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ABSTRACT 

 
Given the alarming rates of nonalcoholic fatty liver disease (NAFLD) in Mexican-origin women, 

there is a dire need to develop personalized, culturally-sensitive interventions in this largely 

understudied population. National estimates of NAFLD prevalence indicate that Mexican-origin 

women suffer disproportionately relative to other racial groups, including other US-based 

Hispanic subgroups. Accordingly, risk factors for NAFLD include obesity and type 2 diabetes, 

both of which are highly prevalent in Mexican-origin women. Risk of NAFLD is further 

increased in Mexican-origin women by a greater frequency of a single nucleotide polymorphism, 

rs738409, occurring in the PNPLA3 gene, which represents an Ile148Met substitution (C>G). 

This allele confers a substantially greater susceptibility to NAFLD and various stages of 

progressive NAFLD, including risk and severity of cirrhosis and hepatocellular carcinoma. In the 

absence of pharmaceutical agents, lifestyle interventions targeting modest weight loss 

(approximately 5% body weight) have been shown to result in significant clinical reductions in 

liver fat. Interestingly, treatment response to dietary interventions, independent of weight loss, 

has been previously shown to be modified by PNPLA3 genotype status in Hispanic pediatric 

populations and non-Hispanic White adult populations; however, the mechanisms underpinning 

these effects remain largely unknown. This highlights an important research gap that when 

addressed, will add to our understanding of how PNPLA3 genotype may modify response to 

dietary interventions aimed at reducing levels of hepatic steatosis in Mexican-origin adults. 

Additionally, limited qualitative research has been conducted in the area of NAFLD health risk 

among Mexican-origin women to inform the development of future interventions in this 

population. This type of research is needed to add nuance to our understanding of perceived risk 
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and levels awareness and knowledge related to NAFLD among Mexican-origin women. 

Accordingly, the objective of this dissertation was to accomplish the following: 1) systematically 

review the state of existing weight loss interventions for U.S. Hispanic women so that future 

interventions aimed at treating NAFLD can effectively build upon the literature, 2) assess 

whether PNPLA3 genotype modifies the relationship between dietary factors and levels of 

hepatic steatosis in a sample of Mexican-origin adults, and 3) ascertain levels of awareness and 

knowledge related to NAFLD risk among Mexican-origin women as well as perceptions related 

to NAFLD and liver disease more broadly. Overall, findings from this dissertation included the 

following: 1) there is a dearth of rigorous randomized controlled trials targeting dietary and 

physical activity behaviors in U.S. Hispanic women, however existing interventions highlight 

several considerations for future NAFLD interventions in this population, 2) no significant 

interactions between PNPLA3 genotype status and dietary intake were identified among our 

sample of Mexican-origin adults, however, efforts to enhance and replicate the study are 

warranted, and 3) low levels of NAFLD awareness and knowledge may contribute to 

misperceptions related to NAFLD risk factors and low perceived risk of liver disease among 

Mexican-origin women. Findings from this dissertation serve to inform the development of 

future personalized, culturally-sensitive interventions aimed at treating NAFLD in Mexican- 

origin women. 
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CHAPTER ONE 
 

1.1 INTRODUCTION 

 

NAFLD is considered the hepatic manifestation of metabolic syndrome and is defined as 

steatosis affecting >5% of hepatocytes, not caused by excess alcohol intake, hepatitis B or C, 

autoimmune hepatitis, iron overload, drugs, or toxins (Abd El-Kader & El-Den Ashmawy, 2015; 

Chalasani et al., 2012). NAFLD encompasses a histological spectrum ranging from nonalcoholic 

fatty liver, characterized by steatosis with no or minor inflammation, to nonalcoholic 

steatohepatitis (NASH), a more aggressive form of liver disease distinguished by the presence of 

inflammation with or without fibrosis (Abd El-Kader & El-Den Ashmawy, 2015; Chalasani et 

al., 2012). While simple steatosis of the liver does not typically lead to complications (Spengler 

& Loomba, 2015), 10-15% of patients with NASH will go on to develop cirrhosis and associated 

complications such as liver failure and hepatocellular carcinoma (HCC) (L. A. Adams et al., 

2005; Masuzaki, Karp, & Omata, 2016). Further, NASH is significantly associated with 

increased risk of both mortality from cardiovascular and liver-related causes and all-cause 

mortality (Ekstedt et al., 2006). National estimates of NAFLD prevalence indicate that Mexican- 

origin women suffer disproportionately relative to other ethnic groups with a prevalence of 

28.7% compared to 16.5% in non-Hispanic White women and 16.3% in non-Hispanic Black 

women (Lazo, Bilal, & Perez-Escamilla, 2015; Lazo et al., 2013). Further, rates of NAFLD are 

higher in Mexican-origin women with obesity, ranging from 38% to 52% in obesity class I and II 

categories, respectively (Lazo et al., 2013). 
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Risk factors for NAFLD include obesity and type 2 diabetes, both of which are highly evidenced 

among Mexican-origin women relative to women in other ethnic groups (Control & Prevention, 

2017). Additionally, genetic risk factors are thought to play an important role in the ethnic 

disparities observed in NAFLD severity and progression (Saab, Manne, Nieto, Schwimmer, & 

Chalasani, 2016) . One SNP, rs738409, in the PNPLA3 gene has been shown to confer the 

greatest risk relative to other NAFLD-linked SNPs in a dose-dependent fashion. Specifically, this 

SNP has been associated with substantially greater susceptibility to various stages of NAFLD, 

including NASH, cirrhosis, and HCC (Browning et al., 2004; Lazo et al., 2015; Romeo et al., 

2008; Saab et al., 2016; Severson, Besur, & Bonkovsky, 2016). In the United States (U.S.), the 

PNPLA3 rs7380409 SNP is more common among Hispanic individuals with a minor allele 

frequency of 49% compared to 23% in European Americans and 17% in African Americans 

(Romeo et al., 2008). Even among different Hispanic subgroups, Mexican-origin individuals are 

considerably more likely to carry at least one copy of the risk allele. In a study by Martinez et al. 

(2017), the frequency of the allele among Mexican adults was estimated to be as high as 77% 

and those carrying two copies of the risk allele were found to have a 2-fold greater risk of NASH 

and 2.3-fold greater risk for liver fibrosis (Martinez, Larrieta, Kershenobich, & Torre, 2017). 

 
 

In the absence of pharmaceutical agents, lifestyle modification, including weight loss initiated by 

changes in dietary and physical activity (PA) behaviors, is the recommended therapy for NAFLD 

(Chalasani et al., 2018; Chalasani et al., 2012; Harrison & Day, 2007; Tilg & Moschen, 2010). 

Evidence suggests comprehensive weight loss interventions consisting of a dietary and PA 

component are most effective in improving body weight and even resolving the condition 
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(Kenneally, Sier, & Moore, 2017). Genetics may play a critical role in modifying the effect of 

diet interventions on NAFLD severity and progression (P. Dongiovanni & Valenti, 2017). The 

rs738409 C>G variant in PNPLA3 (adiponutrin) confers susceptibility to NAFLD by enabling 

the accumulation of PNPLA3 protein at the surface of hepatic lipid droplets, thereby inhibiting 

the activity of local lipases and impairing the mobilization of triglycerides from these droplets 

(BasuRay, Smagris, Cohen, & Hobbs, 2017). Given the transcriptional up-regulation of PNPLA3 

that occurs during carbohydrate loading (Huang et al., 2010), it is thought that high dietary 

carbohydrate and sugar consumption may exacerbate the effect of the variant by causing an even 

greater increase in PNPLA3 protein accumulation and consequently, triglyceride levels in the 

liver (Jaimie N. Davis et al., 2010; P. Dongiovanni & Valenti, 2017). Additionally, carriers of 

this variant may benefit more than non-carriers from hypocaloric, low-carbohydrate diets,  

despite similar weight loss (Sevastianova et al., 2011), and less from supplementation of omega- 

3 polyunsaturated fatty acids (PUFAs) (E. Scorletti et al., 2015), highlighting the potential ability 

of the variant to modify treatment response to dietary interventions. To date, the few studies that 

have attempted to characterize interactions between PNPLA3 rs738409 genotype status and 

dietary intake in relation to NAFLD outcomes have been primarily conducted in pediatric 

populations (Jaimie N. Davis et al., 2010; Santoro et al., 2012). Understanding the complex 

interactions between genetics and diet as they relate to NAFLD in Mexican-origin adults may 

offer an opportunity to tailor future NAFLD lifestyle interventions based on each participant’s 

unique genetic background. 
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Current guidelines for the treatment of NAFLD recommend a weight loss of at least 5% of body 

weight to improve steatosis, but greater (>7%) weight loss may be required to observe additional 

histologic and clinical improvements (Chalasani et al., 2018; Romero-Gomez, Zelber-Sagi, & 

Trenell, 2017). Despite the high rates of NAFLD in Hispanic populations, representation of 

Hispanic individuals in clinical trials to treat NAFLD remains low (P. Patel, Muller, & Paul, 

2020). A recent systematic review and meta-analysis of NAFLD therapeutic clinical trials in 

North America found that of the 2,983 patients enrolled in eligible trials, only 346 (11.6%) 

Hispanic participants were represented and information on country of origin was not reported 

limiting the ability to inform differential risk profiles (P. Patel et al., 2020). Additionally, despite 

evidence indicating that weight loss can reduce steatosis and associated clinical parameters 

(Romero-Gomez et al., 2017), literature informing best practices to engage Mexican-origin 

women in lifestyle intervention programs to treat NAFLD is scarce. Moreover, few studies have 

qualitatively explored the topic of NAFLD in Mexican-origin women, including information 

related to levels of perceived risk, awareness, and knowledge of NAFLD. Effectively, there is a 

need for studies informing the development of interventions to accelerate translational research 

to improve NAFLD outcomes for Mexican-origin women. This dissertation seeks to address 

these gaps in the literature by gathering the necessary preliminary data to inform the 

development of a future personalized, culturally-sensitive intervention to treat NAFLD in 

Mexican-origin women. 
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1.2 SPECIFIC AIMS 

 

This dissertation addressed the following specific aims: 

 

Aim 1. To systematically review previously tested weight loss interventions in U.S. Hispanic 

women and provide evidence for the effectiveness of these interventions on weight loss 

outcomes. 

 

Aim 1a. To identify areas for future research and provide suggestions for investigators seeking 

to develop weight loss interventions for Hispanic women living in the U.S. 
 

Aim 2. To assess whether the effects of PNPLA3 genotype on liver fat is modified by dietary 

intake, and if so, identify which specific dietary factors interact with genotype status in a sample 

of 288 Mexican-origin adults. 

 

Aim 3. To recruit a subsample of women from Specific Aim 2 and use a mixed-methods 

approach to assess levels of NAFLD awareness and knowledge. 

 

Aim 3a. To identify sources of NAFLD-related health information and explore perceptions 

related to NAFLD and risk of liver disease more broadly. 
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1.3 BACKGROUND AND SIGNIFICANCE 

 

Obesity in the U.S. 

 

Since the 1970s, obesity rates (≥30 kg/m²) have increased dramatically with current estimates 

reaching 42% (Hales CM, 2020; Q. Zhang & Wang, 2004). Prevalence of severe obesity (≥40 

kg/m²) has followed a similar increasing trend with a current prevalence of 9.2% (Hales CM, 

2020), nearly doubling its prevalence of 4.7% in 1999-2000 (Hales CM, 2020). Obesity increases 

risk for several chronic conditions, including at least five of the 10 leading causes of death in the 

U.S. (Haslam DW and James, 2005; Kochanek KD, 2019). These include heart disease (Eckel & 

Krauss, 1998), cancer (Renehan, Tyson, Egger, Heller, & Zwahlen, 2008), stroke (Suk et al., 

2003), kidney disease (Fox et al., 2004), and diabetes (Shai et al., 2006), which together, 

accounted for over half of all age-adjusted deaths in the U.S. in 2018 (Kochanek KD, 2019). By 

2030, it is projected that almost half of U.S. adults will have obesity (Ward et al., 2019). 

 
 

The U.S. obesity epidemic brings with it an enormous financial burden (Tremmel, Gerdtham, 

Nilsson, & Saha, 2017) and impact on the nation’s healthcare system (Office of the Surgeon et 

al., 2001). These include, but are not limited to, direct and indirect medical costs for diagnostic 

and treatment services, productivity costs from work absenteeism, disability, and premature 

death (Finkelstein, Trogdon, Cohen, & Dietz, 2009; Hammond & Levine, 2010; Trogdon, 

Finkelstein, Hylands, Dellea, & Kamal-Bahl, 2008). The considerable health and economic 

consequences of this growing public health crisis underscore the need to develop and implement 

effective obesity prevention and treatment interventions; however, disseminating interventions 

across populations can be challenging (McCrabb et al., 2019). 
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Obesity-Related Health Disparities 

 

While rates of obesity have increased across all ages, gender-ethnic groups, and education and 

income levels since the 1970s (Q. Zhang & Wang, 2004), ethnic disparities in prevalence rates 

persist (K. D. Miller et al., 2018; U.S. Department of Health and Human Services, 2020b). 

Currently, U.S. Hispanic adults have among the highest rates of overweight and obesity with a 

prevalence of 80% compared to 70% in non-Hispanic Whites (U.S. Department of Health and 

Human Services, 2020b). Among U.S. Hispanic women, 50% are obese compared to a rate of 

38% in non-Hispanic White women (U.S. Department of Health and Human Services, 2020b). 

Accordingly, U.S. Hispanic women have higher rates of type 2 diabetes and chronic liver disease 

and greater risk of mortality from these obesity-related chronic diseases (Aguayo-Mazzucato et 

al., 2019; Kim et al., 2019; A. J. Kposowa, 2013; Rodríguez & Campbell, 2017). 

 
 

NAFLD and Related Definitions 

 

NAFLD is defined as the presence of hepatic steatosis, by imaging or histology, when other 

secondary causes of hepatic steatosis (e.g. hepatitis C, significant alcohol consumption, use of 

certain medications, certain hereditary disorders) have been ruled out (Chalasani et al., 2018). 

NAFLD can be categorized based on histology into either nonalcoholic fatty liver (NAFL) or 

NASH. Patients with NAFL have >5% hepatic steatosis while diagnosis of NASH requires > 5% 

hepatic steatosis plus evidence of liver cell injury (i.e. ballooning) (Chalasani et al., 2018). 

NAFL has been found to be generally benign and results indicating whether or not NAFL is 

associated with increased mortality are mixed (Y. Liu, Zhong, Tan, Hao, & Hu, 2019). NASH, 

however, is a more severe state, which, if left untreated, can progress to cirrhosis and HCC (L. 

A. Adams et al., 2005; Chalasani et al., 2018). 
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Link Between Obesity and NAFLD 

 

Rising rates of NAFLD have paralleled the rising rates of obesity and type 2 diabetes (Angulo, 

2007; Ogden, Carroll, Kit, & Flegal, 2014). NAFLD prevalence increases with obesity status 

with the following prevalence rates of hepatic steatosis and steatohepatitis (respectively): 15% 

and 3%, in non-obese individuals, 65% and 20% in individuals with class I/II obesity, and 85% 

and 40% in individuals with morbid obesity (Divella, Mazzocca, Daniele, Sabbà, & Paradiso, 

2019; R. Fan, Wang, & Du, 2018). 

 
 

The pathophysiology linking obesity and NAFLD is complex (Angulo, 2007), however the role 

of insulin resistance (IR) as a critical factor in the development of NAFLD is well-documented 

(Bugianesi, Moscatiello, Ciaravella, & Marchesini, 2010; Buzzetti, Pinzani, & Tsochatzis, 2016). 

When IR occurs, it increases the rate of de novo lipogenesis (DNL) and impairs the inhibition of 

lipases in adipose tissue (Buzzetti et al., 2016). Increasing fat mass in both men and women is 

associated with increased fatty acid release from adipose tissue into systemic circulation and to 

the liver (Mittendorfer, Magkos, Fabbrini, Mohammed, & Klein, 2009). Within the liver, fat 

begins to accumulate when the rate of fatty acid uptake and synthesis is greater than the rate of 

fatty acid oxidation and secretion (Fabbrini, Sullivan, & Klein, 2010). Accordingly, in 

individuals with NAFLD, it is observed that the rate of free fatty acid (FFA) release from  

adipose tissue and subsequent deposition into the liver is increased, as well as rates of DNL 

(Fabbrini et al., 2010). Additionally, dysregulation of FFA uptake from plasma due to decreased 

expression of genes involved in fatty acid transport has been observed in NAFLD patients with 

obesity (Greco et al., 2008). The influx of FFA and dysregulation of mechanisms involved in the 
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export of fat out of the liver leads to mitochondrial dysfunction and the subsequent production of 

reactive oxygen species and other harmful molecules (Cusi, 2009), creating an inflammatory 

environment in the liver (i.e. NASH). Additionally, IR has been shown to exacerbate the 

dysfunction of adipose tissue by inducing the release of adipokines and cytokines (e.g. TNF-a 

and IL-6) creating a feedback loop and continuation of IR (Buzzetti et al., 2016). Another way in 

which IR creates an inflammatory state within the liver is via the microbiome and production of 

endotoxins, which contribute to systemic inflammation (Buzzetti et al., 2016). As such, the link 

between obesity and NAFLD is heavily mediated by IR and its effects on adipose tissue, the 

microbiome, and DNL in the liver. 

 
 

Natural History of NAFLD 

 

The majority of individuals with NAFLD have NAFL that will not progress to NASH. However, 

an estimated 10-20% of those with NAFLD will develop NASH, and an estimated 20-41% will 

go on to demonstrate progression of fibrosis (Z. M. Younossi, Koenig, et al., 2016b). From those 

who demonstrate fibrosis progression, an estimated 9% will progress to cirrhosis (Buzzetti et al., 

2016). Fibrosis has been shown to be the main determinant of mortality among NASH patients 

(Diehl & Day, 2017). 

 
 

Etiology of NAFLD 

 

The “Multiple Hit” Hypothesis 

 

In efforts to describe the etiology of NAFLD and mechanisms underpinning progression to 

NASH and more serious liver states, the “multiple-hit” pathogenesis hypothesis was generated, 

rendering the previous two-hit hypothesis obsolete (Buzzetti et al., 2016). The new hypothesis 
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expanded the list of factors that act in parallel to contribute to the development and progression 

of NAFLD, including genetic risk factors, epigenetic changes, and changes in the intestinal 

microbiome (Buzzetti et al., 2016). The newer theory acknowledges the role of the environment, 

diet, and genetics as parallel factors that contribute to IR and dysbiosis of the microbiome 

(Buzzetti et al., 2016). Dietary factors found to be associated with increased risk of NAFLD 

include general high caloric intake, intake of industrial sources of fructose, and high intake of 

sugary beverages (Buzzetti et al., 2016). Genetic and environmental factors may predispose 

certain individuals to greater levels of IR, hepatic steatosis, and inflammation, such as previously 

identified interactions between dietary intake and NAFLD-related SNPs that lead to higher levels 

of hepatic steatosis in homozygous risk allele carriers (Jaimie N. Davis et al., 2010; Santoro et 

al., 2012). Together, these multiple, but parallel, factors contribute to the initial “hit” of IR 

(Buzzetti et al., 2016). IR causes increased DNL, adipose tissue lipolysis, and release of 

adipokines and cytokines from adipose tissue (Buzzetti et al., 2016). The resulting efflux of FFA 

to the liver leads to increased levels of triglycerides in the liver and lipotoxicity. Consequently, 

mechanisms within the mitochondria and endoplasmic reticulum are disrupted which leads to the 

overproduction of inflammatory molecules, which perpetuates mitochondrial damage (Buzzetti 

et al., 2016). Increased concentration of oxidative stress and inflammatory molecules (derived 

both locally from the liver and extrahepatically from adipose tissue and the intestinal 

microbiome) serve as additional “hits” to the liver and contribute to the progression from NAFL 

to NASH (Buzzetti et al., 2016). Genetic factors are also “hits” that may also explain, in part, 

why certain individuals progress to NASH and fibrosis while others do not (Buzzetti et al., 

2016). 
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Liver Fibrogenesis 

 

Fibrosis occurs in the liver when there is an imbalance in the production and degradation of 

extracellular matrix (ECM). Within the liver, hepatic stellate cells (HSC) are the predominant 

source of myofibroblasts which produce collagen-rich ECM (Schwabe, Tabas, & Pajvani, 2020). 

In fibrotic or cirrhotic NASH, HSC activation and fibrogenesis occur in response to hepatocyte 

cell death and inflammation (Schwabe et al., 2020). When hepatocyte stress and death occur as a 

result of increased levels of oxidative stress and cytokines, macrophages are recruited and secrete 

profibrogenic compounds (Schwabe et al., 2020). One of these compounds is cytokine 

transforming growth factor beta (TGF-ß), a potent activator of HSCs and key mediator of 

fibrosis in NASH (Schwabe et al., 2020). Additionally, during hepatocyte ballooning (i.e. a sign 

of injury and a key feature in NASH that is associated with increased mortality from chronic 

liver disease), hepatocytes directly secrete compounds that further activate HSCs. Sustained 

activation of HSCs lead to the overproduction and deposition of ECM, a biologically-active 

system consisting of collagen, proteins, and non-protein components that regulate the expression 

of cells within the ECM (Karsdal et al., 2015). During fibrogenesis, extensive remodeling of the 

ECM occurs which favors fibroblast activation and inhibits collagen degradation (Wynn, 2008). 

In summary, sustained liver cell injury from persistent inflammation leads to the recruitment of 

immune cells that secrete profibrogenic compounds, leading to the activation of collagen- 

producing HSCs. The ongoing fibrogenesis, paired with sustained inflammation in the liver, 

contribute to an altered ECM architecture that can eventually lead to reduced liver function and 

hepatocarcinogenesis (Ogunwobi et al., 2019; Yang, Nakamura, & Roberts, 2011). 
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NAFLD in the U.S. 

 

Over three decades, NAFLD has rapidly emerged as the most common liver disorder in the U.S., 

contributing substantially to the clinical and economic burden of chronic liver disease in the 

population (Shaker, Tabbaa, Albeldawi, & Alkhouri, 2014; Spengler & Loomba, 2015; Z. M. 

Younossi, Blissett, et al., 2016). The dramatic increase in prevalence of NAFLD in the U.S. from 

6% in 1988 (Z. M. Younossi et al., 2011) to current estimates of 24% (Z. Younossi et al., 2018) 

presents a staggering challenge to both medical professionals and researchers to characterize the 

complex mechanisms underpinning this chronic condition in order to more effectively prevent 

and treat it. Rates of NAFLD are consistently observed to be highest among Hispanic individuals 

(Browning et al., 2004; Lazo et al., 2015; C. D. Williams et al., 2011), particularly among 

Mexican Americans (33%) (Fleischman, Budoff, Zeb, Li, & Foster, 2014; Kallwitz et al., 2015). 

Hispanic individuals with NAFLD are also more likely to develop NASH (N. E. Rich et al., 

2018), the more severe form of NAFLD. NASH is significantly associated with increased risk of 

both mortality from cardiovascular and liver-related causes and all-cause mortality (Ekstedt et 

al., 2006). Similar disparities are observed in liver cancer (Siegel et al., 2015) where incidence in 

Hispanics is double that in non-Hispanic Whites (Siegel et al., 2015) while remaining one of the 

most fatal cancers with a 5-year cause-specific survival for Hispanics being 20% and 22% for 

men and women, respectively (Siegel et al., 2015). While simple steatosis of the liver does not 

typically lead to complications (Spengler & Loomba, 2015), 10-15% of patients with NASH will 

go on to develop cirrhosis and associated complications such as liver failure and HCC (L. A. 

Adams et al., 2005; Masuzaki et al., 2016). Concerningly, NAFLD-related HCC is estimated to 

be increasing every year by 9% (Z. M. Younossi et al., 2015). While incidence of liver cancer for 

men has stabilized over the past decade, new cases of liver cancer for women are rapidly 
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increasing (Siegel, Miller, & Jemal, 2018). Additionally, if obesity trends continue, it is 

projected that liver transplant waitlists will increase by greater than 50% by 2030 (Parikh et al., 

2019). Taken together, the marked increase of NAFLD over the past 50 years and 

disproportionate rates of this disease and associated progressive liver states such as liver cancer 

in the U.S. Hispanic population warrant investigation into effective therapeutic interventions 

designed specifically for this large and growing racial subgroup. 

 
 

NAFLD Risk Factors 

 

Disproportionate rates of NAFLD in the Hispanic population may be partly attributable to higher 

rates of obesity, metabolic syndrome (Hirode & Wong, 2020), and IR, though significant 

differences persist when these conditions are controlled for (Schneider, Lazo, Selvin, & Clark, 

2014). Additionally, non-Hispanic Blacks, despite their high levels of NAFLD risk factors 

including obesity and components of metabolic syndrome, maintain low levels of NAFLD 

(Schneider et al., 2014). Given these findings, it has been proposed that the distribution of 

adiposity and levels of triglycerides may play a larger role in the ethnic variation in NAFLD 

prevalence as Hispanics tend to have both higher visceral fat and serum triglyceride levels than 

non-Hispanic Blacks (Browning et al., 2004; Guerrero, Vega, Grundy, & Browning, 2009; 

Schneider et al., 2014). Additional factors that may predispose Hispanic women to NAFLD and 

NASH include excess caloric consumption, greater consumption of carbohydrates, previously 

shown to be associated with NASH (Toshimitsu et al., 2007), higher proportion of body fat, 

higher waist-to-hip ratios (Lopez-Alvarenga, Montesinos-Cabrera, Velazquez-Alva, & Gonzalez- 

Barranco, 2003), and greater frequencies of specific genotypes involved in liver fat 

accumulation, such as PNPLA3 (Pan & Fallon, 2014; Romeo et al., 2008). 
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Genetics of NAFLD 

 

Heritability of NAFLD 

 

NAFLD is considered a complex disease given that NAFLD risk consists of a combination of 

environmental and genetic factors (Eslam & George, 2016). Family and twin studies have 

demonstrated the potentially high heritability of NAFLD, including heritability of hepatic 

steatosis and circulating liver enzymes. Twin studies, the gold standard for measuring 

heritability, have utilized sophisticated imaging technologies to estimate the heritability of 

hepatic steatosis and fibrosis to be 0.52 and 0.50, respectively (Loomba et al., 2015). 

 
 

NAFLD-Related SNPs 

 

Genome-wide association studies (GWAS) have identified novel SNPs, including the 2008 

discovery of PNPLA3 rs7390409 (Romeo et al., 2008), shown to increase risk and severity of 

NAFLD. Over 15 genetic variants have been directly associated with predisposition to NAFLD 

development and progression, however, considering the role of IR in NAFLD pathophysiology, 

it is likely many more variants affect NAFLD indirectly via effects on pathways related to IR 

(Eslam & George, 2016). Of the known variants directly affecting NAFLD severity and 

progression, PNPLA3 rs738409 is one of the few (exceptions are TM6SF2 rs58542926, GCKR 

rs780094, APOB) to be associated with various stages of the NAFLD spectrum (Eslam & 

George, 2016). Specifically, PNPLA3 rs738409 has been associated with increased risk of 

hepatic steatosis, NASH, fibrosis, and HCC (Eslam & George, 2016). Related to HCC, 

homozygous carriers for the variant may experience up to double the risk of HCC (Y. L. Liu et 

al., 2014). Importantly, in a meta-analysis of studies reporting the effect of PNPLA3 on fibrosis 

and HCC risk, study populations were predominantly homogeneous Caucasian groups from 
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Europe and the U.S. (Singal et al., 2014), despite the significantly greater rates of NAFLD and 

HCC in Hispanic populations. Overall, more research is needed in diverse racial groups to 

observe if the effect of PNPLA3 on NAFLD and liver outcomes is modified by race and/or 

ethnicity (Romeo et al., 2008; Singal et al., 2014). 

 
 

NAFLD Diagnosis and Recommendations 

 

Diagnosis of NAFLD requires the following: 1) the presence of hepatic steatosis by imaging or 

histology, 2) the ruling out of significant alcohol consumption (20 and 30 grams per day for 

women and men, respectively) and history of conditions that can lead to hepatic steatosis, 

including viral hepatitis, and 3) the ruling out of concurrent conditions that can lead to the 

accumulation of fat in the liver (Hashimoto, Taniai, & Tokushige, 2013). Imaging modalities for 

assessment of hepatic steatosis and diagnosis of NAFL include ultrasonography, computed 

tomography, and magnetic resonance imaging (MRI) (Hashimoto et al., 2013). However, each 

method comes with its own limitations, including operator-dependency, poor sensitivity to detect 

mild amounts of liver fat, and expense, respectively (Hashimoto et al., 2013). Importantly, use of 

liver enzymes (from blood testing) alone have been found to significantly underestimate 

prevalence of NAFLD compared to use of imaging (Z. M. Younossi, Koenig, et al., 2016b). The 

gold standard for diagnosis of NASH and fibrosis remains liver biopsy (Chalasani et al., 2018). 

While not diagnostic, noninvasive tools exist to assess levels of advanced fibrosis. These include 

imaging devices such as transient elastography (FibroScan®), MR elastography (MRE), and 

scores based on age, laboratory tests, and anthropometric information. Scores developed for 

assessment of NAFLD risk include NAFLD fibrosis score, FIB-4 index, FibroScan-AST (FAST) 

score, and the aminotransferase to platelet ratio index. These tools, along with the collection of 
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comorbid metabolic diseases, have great clinical utility and can help identify patients at the 

greatest risk for whom a biopsy should be considered (Chalasani et al., 2018). 

 
 

Recommendations 

 

Recommendations for treatment of NAFLD consist of lifestyle modification, including changes 

in dietary and PA behaviors, and overall weight loss (Chalasani et al., 2018). Weight loss of > 

5% of body weight has been associated with improvements in hepatic steatosis (Chalasani et al., 

2018). However, a greater reduction of > 7% is needed to improve NASH outcomes, including 

inflammation and fibrosis (Musso, Cassader, Rosina, & Gambino, 2012). Overall, NAFLD 

treatment guidelines have been reported from the following major organizations: The European 

Association for the Study of the Liver (EASL), European Association for the Study of Diabetes 

(EASD), the European Association for the Study of Obesity (EASO), the American Association 

for the Study of Liver Diseases (AASLD), the European Society for Clinical Nutrition and 

Metabolism (ESPEN), and the Italian Association for the Study of Liver (AISF). While all of 

these organizations recommend lifestyle change, energy restriction, weight loss, and moderate- 

intensity PA for NAFLD management, subtle differences exist in recommendations between 

organizations. While all of the organizations recommend a weight loss of at least 7% initial body 

weight, only the AASLD includes a specific recommendation of 3%-5% weight loss to improve 

steatosis and a reduction of 7%-10% body weight for improvement of liver histology (E. F. 

Miller, 2020). Guidelines from ESPEN also differ from the others in their inclusion of a 

recommendation of >10% weight loss to improve liver fibrosis. Additionally, while the 

EASL/EASD/EASO recommend low to moderate fat and moderate to high carbohydrate 

consumption and the AISF recommends both low fat and low carbohydrate consumption, the 
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AASLD and ESPEN do not specify macronutrient composition goals (E. F. Miller, 2020). 

Additionally, the EASL/EASD/EASO and AISF are the only organizations to recommend 

reducing fructose intake and only the AISF does not include a recommendation to reduce or 

abstain from alcohol (E. F. Miller, 2020). 

 
 

Lifestyle Interventions for NAFLD Treatment 

 

Currently, no U.S. Food and Drug Administration (FDA) approved drugs are widely available 

for treatment of NAFLD (Chalasani et al., 2018). As such, the cornerstone treatment remains 

changes in lifestyle behaviors (i.e. diet and PA) and weight loss (>5% body weight) (Chalasani et 

al., 2018). Weight loss interventions for NAFLD treatment have generally aimed at 5%-10% 

weight loss, with even greater reductions (> 10%) for NASH patients with overweight and 

obesity (Ahmed, Mikail, Mustafa, Ibrahim, & Othman, 2019). For NASH specifically, weight 

loss is particularly important, as it has been shown to not only reduce the efflux of FFA to the 

liver but also improve overall insulin sensitivity, both leading to histological improvements 

within the liver (Vilar-Gomez et al., 2016). A 2019 systematic review and meta-analysis of 22 

randomized controlled trials (RCTs) for NAFLD treatment found that weight loss produced 

statistically and clinically significant improvements in several clinical biomarkers, including 

alanine aminotransferase (ALT), aspartate transaminase (AST), histological markers, liver 

stiffness (used as a proxy for liver fibrosis), and NAFLD activity score (Koutoukidis et al., 

2019). No evidence, however, supported significant histological improvements in liver fibrosis 

with weight loss interventions (Koutoukidis et al., 2019). As expected, more-intense weight loss 

interventions (stricter calorie goals of 1000-1500 kcals/day, supervised aerobic exercise) have 

produced greater reductions in weight; however, findings indicating whether or not these more- 
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intensive interventions led to greater improvements in other clinical factors related to NAFLD 

were mixed (Koutoukidis et al., 2019). In general, greater weight loss seems to lead to greater 

improvements in liver histology, which remains critical for treatment of more advanced stages of 

NAFLD (Ahmed et al., 2019). However, the liver does not seem to benefit as much from weight 

loss interventions when high baseline levels of fibrosis are present as compared to earlier stages 

of NAFLD, including NAFL and NASH (Koutoukidis et al., 2019). Overall, while reductions in 

liver fat have been observed with a weight loss of 3%-5%, greater weight loss (>7%) seems to be 

required for improvements in liver histology with even greater weight loss (>10%) needed to 

improve early stages of fibrosis. 

 
 

Dietary Interventions 

 

Dietary modification within lifestyle interventions for NAFLD treatment have generally focused 

on the following: 1) Ensuring adequate intake of fruits and vegetables, 2) Consuming a 

Mediterranean-like diet, and 3) Reducing total caloric intake and intake of specific nutrients such 

as fructose, saturated fat, and total fat (Ahmed et al., 2019). The majority of dietary interventions 

for NAFLD treatment aimed at producing weight loss have tested the effects of four diet 

interventions: low carbohydrate (<40% kcals from carbohydrates), low fat (<25% kcals from 

fat), low calorie (1000-1200 kcals/day for women, 1500-1800 kcals/day for men), and very low 

calorie diets (VLCD) (200-800 kcals/day) (J.-G. Fan & Cao, 2013; Moore, Cunningham, 

Dashek, Mucinski, & Rector, 2020). VLCDs are not generally recommended except with 

medical supervision when rapid weight loss is desired in patients with severe obesity and may 

lead to worsened liver damage and even liver failure (Chalasani et al., 2018; McCarthy & 

Rinella, 2012). Low-carbohydrate diets tend to produce greater short-term reductions in serum 
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ALT (after 16-weeks) (Ryan, Abbasi, Lamendola, Carter, & McLaughlin, 2007) and intrahepatic 

lipids (IHL) (after 48-hours) (Kirk et al., 2009) compared to low-fat diets despite similar weight 

loss (Moore et al., 2020). However, no significant differences in IHLs were observed after 3 

months between the two diets (Kirk et al., 2009). In a 6-month dietary intervention that tested the 

effects of a low-fat hypocaloric or low-carbohydrate hypocaloric diet, similar significant 

reductions in IHL were observed between the two groups (Haufe et al., 2011). Given these 

findings, it is suspected that caloric restriction, rather than macronutrient composition, is the key 

mediating variable of the observed long-term improvements in lipid profiles (Moore et al., 2020). 

Overall, more RCTs of longer duration are needed to test the effects of these two dietary 

interventions in order to identify if there are any unique long-term benefits of either diet when 

significant weight loss does not occur (Moore et al., 2020). 

 
 

Mediterranean Diet Interventions 

 

Mediterranean diet (MD) interventions have consistently demonstrated efficacy in reducing risk 

of NAFLD. Consuming a Mediterranean-like diet, irrespective of weight loss, has been 

demonstrated to reduce levels of hepatic steatosis by 40% and increase insulin sensitivity among 

patients with IR and biopsy-proven NAFLD after just six weeks (Ryan et al., 2013). 

Additionally, when compared to a low glycemic index diet (LGI) (50-55% LGI carbohydrate, 

30% fat, 15-20% protein), and American Diabetes Association (ADA) diet (50–55% 

carbohydrate of mixed glycemic index, 30% fat and 15–20% protein), patients with type 2 

diabetes and obesity randomized to an isocaloric Mediterranean-style diet (35% LGI 

carbohydrate, 45% fats high in MUFA content, 20% protein) experienced greater reductions in 

serum ALT after 6 and 12 months (Fraser, Abel, Lawlor, Fraser, & Elhayany, 2008). Given the 
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MD is characterized by greater intakes of dietary fat and the effectiveness of MD interventions 

(when compared to other clinically-relevant diets such as the LGI and ADA diets), in improving 

NAFLD clinical outcomes, it is likely that high intake of dietary fat in itself is not associated 

with increased hepatic steatosis (Fraser et al., 2008). Rather, it is likely the joint effects of 

reduced carbohydrate intake and replacement of dietary saturated fat with dietary MUFAs and 

PUFAs that contribute most to improvements in liver outcomes. This would explain, at least in 

part, why interventions testing the effects of a MD as well as interventions that specifically focus 

on increasing MUFA and PUFA intake have all demonstrated considerable effectiveness in 

reducing levels of hepatic steatosis (Della Pepa et al., 2017). 

 
 

Physical Activity Interventions 

 

Similar to dietary interventions, interventions focused solely on increasing levels of PA also 

seem to exert independent beneficial effects on NAFLD outcomes (Ahmed et al., 2019; Keating, 

Hackett, George, & Johnson, 2012). In a review and meta-analysis of 12 controlled interventions 

with a combined 439 participants, exercise interventions alone produced significant reductions in 

hepatic steatosis when compared to non-exercise controls (Keating et al., 2012). The independent 

effects of exercise from diet change on reducing levels of hepatic steatosis were also examined in 

a 2016 meta-analysis of 28 interventions and a meta-regression found that individuals with 

greater BMI were more likely to benefit from exercise interventions (Orci et al., 2016). 

Importantly, the benefit of exercise on hepatic steatosis seems to occur even in the absence of 

weight loss and at exercise levels below current recommendations (Brouwers, Hesselink, 

Schrauwen, & Schrauwen-Hinderling, 2016; Keating et al., 2012). Both aerobic and resistance 

exercise training, without weight loss, are observed to lead to reduced concentrations of lipids in 
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the liver (Brouwers et al., 2016; Sullivan, Kirk, Mittendorfer, Patterson, & Klein, 2012; Winn et 

al., 2018). Additionally, PA has consistently been shown to significantly decrease peripheral IR 

across all age groups (Fedewa, Gist, Evans, & Dishman, 2014; Keating et al., 2012). Significant 

improvements in liver enzymes, however, are not always observed in exercise alone 

interventions (Orci et al., 2016). The mechanism for the direct benefits of exercise alone on the 

liver remains unclear, however, animal models suggest that changes in lipogenic enzymes may 

mediate some of the observed positive effects (Rector et al., 2008). Optimal type, intensity, and 

dose of exercise training for individuals with NAFLD have yet to be established (Ahmed et al., 

2019; Keating & Adams, 2016). 

 
 

Racial/Ethnic Representation in NAFLD Treatment Interventions 

 

When discussing the evidence for the effectiveness of lifestyle interventions for treatment of 

NAFLD, it is important to highlight existing disparities in clinical trial enrollment (P. Patel et al., 

2020). This is particularly important given the high rates of NAFLD in Hispanics and historically 

low representation of this population in behavioral weight loss interventions (Haughton et al., 

2018). In a recent 2020 systematic review and meta-analysis, authors found that across the 38 

clinical trials for NAFLD treatment in North America included in the review, which represented 

a total of 2983 patients, only 346 (11.6%) were Hispanic (P. Patel et al., 2020). Out of the 21 

trials conducted in the U.S., no clinical trials recruited only Hispanic participants (P. Patel et al., 

2020), presenting an important gap in the current literature. Among the trials that did recruit 

higher numbers of Hispanic participants, interventions were focused on testing the effects of 

pharmaceuticals rather than lifestyle changes (P. Patel et al., 2020). Additionally, authors found 

that only half the studies reported information related to the number of Hispanics participating in 



32 
 

 

the studies (P. Patel et al., 2020). Given the high burden of NAFLD in Hispanic populations and 

disparities in prevalence and associated mortality figures, greater efforts to focus on Hispanic 

populations while increasing representation of Hispanics in clinical trials for treatment of this 

disease are warranted. 

 
 

Evidence Supporting a Culturally Sensitive Precision Approach to NAFLD Treatment  

The need for a culturally-sensitive, genotype-informed treatment approach to NAFLD is based 

upon the following premises: 1) Culture shapes health perceptions and affects engagement in 

health behaviors, 2) In the absence of pharmaceuticals, weight loss (and accordingly, weight loss 

interventions) is the recommended course of treatment for NAFLD, 3) Greater characterization 

of recent weight loss interventions focused specifically on U.S. Hispanic women is needed to 

identify effective intervention strategies to inform future NAFLD treatment interventions, and 4) 

Interactions between the PNPLA3 rs738409 variant and dietary factors have been identified in 

Hispanic pediatric populations with NAFLD, but have yet to be explored in Mexican-origin adult 

populations. These interactions may present new opportunities to identify targets for dietary 

therapies for individuals with NAFLD. Literature supporting the above stated premises is 

summarized below. 

 
 

Culture and Health Perceptions 

 

The term “culture” refers to “the shared ideas, meanings, and values acquired by individuals as 

members of society” (Medicine, 2004). Culture is socially transmitted as it is learned through 

interactions with others and different forms of media (Medicine, 2004). Through these 

interactions, meanings of words related to health and illness and associated beliefs are passed 
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through generations and shape health perceptions, preferences, and barriers related to health 

information and health behavior (Lindberg, Stevens, & Halperin, 2013b; Medicine, 2004; Paré, 

Body, Gilstorf, & Lucarelli, 2019; Unger & Schwartz, 2012). 

 
 

Cultural factors may affect general and disease-specific health beliefs. Previous qualitative work 

conducted in female Hispanic immigrants have highlighted the importance of family influence 

and cultural practices as factors that influence health beliefs and behaviors (C. R. Adams, 2003; 

Coe, Benitez, Tasevska, Arriola, & Keller, 2018; Coronado, Thompson, Tejeda, & Godina, 

2004; Hartweg & Isabelli, 2007; Lindberg et al., 2013b; Mendelson, 2002). In one of these 

studies, in-depth ethnographic interviews with Mexican American women revealed the 

perception of health as an integrated and holistic experience. Specifically, women described how 

their physical ailments often arose during times of social and emotional stress and the importance 

of spirituality as a coping mechanism for restoring emotional balance (Mendelson, 2002). This 

belief has also been identified as an important cultural influence on perceived risk factors for 

chronic disease, specifically type 2 diabetes. The belief that disease manifests from emotional 

turbulence has been reported by both Adams et al. (2003), when Latinas with type 2 diabetes 

attributed the onset of their disease to events that induced emotional stress (C. R. Adams, 2003; 

Coronado et al., 2004), and Jezewki et al. (2002), when Mexican Americans with type 2 diabetes 

cited powerful emotions as the cause of their diabetes (Jezewski & Poss, 2002). The importance 

of religion in health perception was highlighted in a survey of 104 Hispanic patients with 

diabetes, when almost 80% of patients reported they developed diabetes because it was God’s 

will, while the same number of patients reported it was only God who could control it (Zaldivar 

& Smolowitz, 1994). Cultural beliefs may also interact with treatment preferences as the use of 
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traditional home remedies have been identified by some Hispanics to be the preferred course of 

treatment for type 2 diabetes and general illness (Coronado et al., 2004; Sanchez-Birkhead, 

Kennedy, Callister, & Miyamoto, 2011). Additionally, Hispanics with type 2 diabetes may view 

insulin as toxic, which can act as a barrier to complying with prescribed treatment regimens (Hu, 

Amirehsani, Wallace, & Letvak, 2012). Overall, folk beliefs, religion, and family dynamics 

among Hispanic populations have been found to significantly influence perceived risk factors for 

chronic disease (C. R. Adams, 2003; Coronado et al., 2004; Jezewski & Poss, 2002; Mendelson, 

2002), preferences and management of treatment and pain (Hu et al., 2012; Juarez, Ferrell, & 

Borneman, 1998), and cancer screening behaviors, (Boyer, Williams, Callister, & Marshall, 

2001). These findings warrant the need for further exploration of disease-specific health 

perceptions for other chronic diseases that disproportionately affect U.S. Hispanics, including 

NAFLD. To our knowledge, this information does not currently exist, and would inform the 

development of health intervention strategies that take into consideration the unique cultural 

milieu and values held by Hispanic populations and the effects they have on health and disease 

perception (Caballero, 2011; Mendelson, 2002). 

 
 

Culture and Diet 

 

Hispanic immigrants living in the U.S. tend to have dietary preferences and beliefs related to 

healthy foods that reflect the food environment of their country of origin (Park et al., 2011). For 

example, studies have found that foreign-born Hispanic households consume greater intakes of 

fruits and vegetables and prepare more meals in the home compared to their US-born Hispanic 

counterparts (Virudachalam, Long, Harhay, Polsky, & Feudtner, 2014). However, dietary habits 

have been found to significantly change as a result of prolonged residency in the U.S. (>15 
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years) (Dubowitz, Subramanian, Acevedo-Garcia, Osypuk, & Peterson, 2008; Gerchow et al., 

2014). 

 
 

For U.S Hispanic women specifically, cultural factors influence ingredient selection (Ayala, 

Mueller, Lopez-Madurga, Campbell, & Elder, 2005; Dubowitz et al., 2008), food preparation 

(Coe et al., 2018), timing of meals (Coe et al., 2018), and perception of “healthy’ vs. “unhealthy” 

foods (Lindberg et al., 2013b). Qualitative work consisting of interviews and focus groups have 

identified specific factors related to the dynamic acculturation process and immigration 

experience that affect dietary behaviors in U.S. Hispanic women. These include, but are not 

limited to, loss of perceived accessibility to traditional foods, fresh foods, and markets and 

increased access and reliance on convenience foods (Paré et al., 2019), loss of traditional food 

rituals (Coe et al., 2018; Paré et al., 2019), lack of education on how to prepare foods (Hartweg  

& Isabelli, 2007), decreased socioeconomic resources, a lack of social support in the U.S., and a 

desire to “fit in” (Paré et al., 2019). These factors and others likely explain why Mexican 

American women in the U.S. tend to adopt unhealthy dietary patterns, characterized by greater 

intake of saturated fat, and sugar, compared to their Mexican counterparts (Batis, Hernandez- 

Barrera, Barquera, Rivera, & Popkin, 2011). 

 
 

Certain sociocultural beliefs held by U.S. Hispanic women may also impede efforts to adopt 

healthy dietary behaviors. For example, in a qualitative assessment of 75 low-income Hispanic 

women, participants cited beliefs related to the need to take care of their families, traditional 

food preparation, and perceptions related to body weight as barriers to healthy eating (A. 

Ramirez, P. Chalela, K. Gallion, & L. F. Velez, 2007). Specifically, women described how 
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difficult it was for them to deviate from traditional foods, often cooked with lard, and how the 

perception of fuller figures to be more “healthy looking” was a barrier to eating healthfully (A. 

Ramirez et al., 2007). Additionally, Hispanic women have cited cultural factors such as 

machismo (for fear of jealous spouses/partners) and familismo (putting the family’s needs before 

their own) as barriers to engaging in PA (A. Ramirez et al., 2007). Given the intimate link 

between culture, dietary habits, and PA behaviors, as well as the unique barriers faced by U.S. 

Hispanic women when attempting to engage in health lifestyle behaviors, efforts to tailor 

traditional lifestyle interventions to be more culturally relevant are warranted (Lindberg et al., 

2013b). 

 
 

Weight Loss Interventions for Hispanic Women 

 

Cultural, social, and economic factors shape the way U.S. Hispanic women think and act 

regarding diet, PA, and weight loss (Lindberg et al., 2013b; Lindberg, Stevens, Vega-López, et 

al., 2012). These factors justify the need to tailor weight loss intervention strategies so that they 

are relevant within the cultural context of this population. Indeed, evidence from existing weight 

loss interventions that included Hispanic women suggests that Hispanic women may not 

experience the same level of benefits from traditional weight loss interventions as their NHW 

counterparts (Lindberg & Stevens, 2007). While some reviews have summarized the 

effectiveness of diet and PA interventions in Hispanic populations (Corona, Flores, & Arab, 

2016; Lindberg & Stevens, 2007; L. G. Perez et al., 2013), no research has comprehensively 

summarized the effectiveness of weight loss interventions designed specifically for U.S. 

Hispanic women. Overall, greater characterization of recent weight loss interventions focused 

specifically on U.S. Hispanic women is needed to identify which intervention strategies are more 
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effective and identify suggestions for future research. This information will be particularly 

relevant and useful to the development of interventions to treat NAFLD in U.S. Hispanic women 

given weight loss remains the current recommended therapy. 

 
 

PNPLA3, Dietary Intake, and Treatment Response 

 

To date, few studies have attempted to identify potential gene-diet interactions between PNPLA3 

risk allele carrier status and dietary factors in relation to NAFLD outcomes. The majority of 

these studies (Jaimie N. Davis et al., 2010; Nobili, Bedogni, Donati, Alisi, & Valenti, 2013; V. 

Nobili et al., 2014; Santoro et al., 2012) were conducted in pediatric populations with NAFLD. 

Only one of these studies included Hispanic children and adolescents (Jaimie N. Davis et al., 

2010). Findings from these studies in pediatric populations have identified multiple dietary 

factors that interact with the PNPLA3 SNP, including total carbohydrates (specifically sugar) 

(Jaimie N. Davis et al., 2010), fructose-sweetened beverages (V. Nobili et al., 2014), omega-6- 

omega-3 PUFAs (Santoro et al., 2012), and omega-3 fatty acids (Nobili et al., 2013). However, 

physiological differences that occur with age, including the development of chronic diseases, use 

of medications, and prolonged exposure to environmental factors justify the need to explore 

these interactions in adult populations. 

 
 

In one of only three studies to our knowledge to explore interactions between PNPLA3 genotype 

status and dietary intake in an adult population, significant interactions between omega-3 fatty 

acids and genotype status in relation to omega-3 tissue enrichment and liver fat percentage were 

observed in NAFLD patients by the end of a 15-18 month placebo RCT (E. Scorletti et al., 

2015). In this study, investigators performed a multivariate linear regression to test the effect of 
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genotype on omega-3 enrichment and change in liver fat percentage in response to receiving 4 

grams of Omacor® (1,840 mg of eicosapentaenoic acid (EPA) and 1,520 mg of docosahexaenoic 

acid (DHA) as ethyl esters) or placebo for 15-18 months (E. Scorletti et al., 2015). After 

controlling for baseline liver fat percentage and relevant covariates, results demonstrated that 

PNPLA3 rs738409 GG status (i.e., presence of two risk alleles) was negatively associated with 

DHA tissue enrichment and greater levels (~10%) of hepatic steatosis by the end of the 

intervention (E. Scorletti et al., 2015). Notably, the dosage of EPA+DHA used in the study was 

nearly 34 times the amount U.S. adults typically intake from foods daily (~100 mg/d) (Cave et 

al., 2020). Therefore, it is still unclear as to whether this interaction would occur in the context of 

usual daily intake of omega-3 fatty acids in adult populations. In a different study, no significant 

interactions were observed between genotype status and coffee consumption (defined as subjects 

who drank > 4 times per week for 5 years) in relation to risk of acute alcoholic hepatitis in a 

cross-sectional analysis of 183 Caucasian adults (S. Liangpunsakul et al., 2018). In the last study 

to our knowledge to explore these interactions in adults, Stojkovic et al. (2014) stratified 4,827 

participants by BMI status (i.e. normal or overweight) in addition to genotype status (e.g. CC, 

CG, or GG) and observed a significant interaction between PNPLA3 genotype and sucrose intake 

in relation to serum triglycerides among only normal-weight participants in the highest tertile of 

sucrose intake (S. Liangpunsakul et al., 2018). Additionally, the G-allele was associated with 

lower triglycerides only among overweight participants in the lowest tertile of carbohydrate 

intake and omega-6-omega-3 ratio (S. Liangpunsakul et al., 2018). These data suggest that the 

magnitude and direction of the effect of genotype status on liver-related outcomes may depend 

on weight status and may be further modified by level of dietary intake of carbohydrate, sucrose, 

and omega 6-omega3 ratio (S. Liangpunsakul et al., 2018). 



39 
 

 

Importantly, PNPLA3 rs738409 risk allele carrier status has been shown to influence treatment 

response to NAFLD dietary interventions, including response to weight loss (Sevastianova et al., 

2011) and supplementation with omega-3 fatty acids (E. Scorletti et al., 2015). During a 6-day 

hypocaloric (1000 kcal deficit/d), low-carb (<20 g/d) intervention, Sevastianova et al. (2011) 

reported participants who were homozygous risk allele carriers (GG individuals) experienced 

almost 3 times greater reductions in hepatic steatosis compared to homozygous wild-type carriers 

(CC individuals) (Sevastianova et al., 2011). Importantly, there were no significant post- 

intervention differences in changes in body weight, peripheral lipolysis, or whole-body insulin 

sensitivity between the two groups, and authors speculate the difference in hepatic steatosis 

reduction were related to baseline levels of serum insulin, which have been found to be lower in 

GG vs. CC individuals (Sevastianova et al., 2011). Other studies have found PNPLA3 risk allele 

carriers may potentially benefit less from NAFLD interventions previously demonstrated to be 

effective in reducing levels of hepatic steatosis. Results from the 15-18 month double blind 

placebo controlled trial (described above) indicated that homozygous risk allele carriers 

experienced significantly less reductions in hepatic steatosis compared to homozygous non- 

carriers (E. Scorletti et al., 2015). Additionally, while not a recommended NAFLD intervention 

per se, statins (commonly used as a preventative pharmaceutical for cardiovascular disease 

(CVD)) may protect against NAFLD progression (Chalasani et al., 2018), and these protective 

effects may occur less in PNPLA3 rs738409 risk allele carriers vs. non-carriers (P. Dongiovanni 

et al., 2015). Given the potential for this SNP to modify response to existing therapeutic 

interventions, it has been recommended that possible interactions with dietary factors be  

explored further (P. Dongiovanni & Valenti, 2017). 
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1.4 CONTRIBUTION OF DISSERTATION TO LITERATURE 

 

This dissertation serves to provide the necessary information to inform the development of a 

future culturally-sensitive, genotype-informed lifestyle intervention for treatment of NAFLD in 

Hispanic, Mexican-origin women. The three objectives of this dissertation aim to fill critical 

gaps in the NAFLD research literature. A better understanding of existing weight loss 

interventions for U.S. Hispanic women will allow for future weight loss interventions for 

NAFLD treatment to build upon the most up-to-date research (Specific Aim 1). Exploring 

interactions between PNPLA3 rs738409 carrier status and dietary intake offers an opportunity to 

identify potential therapeutic targets, contributing to a precision-based approach to NAFLD 

treatment (Specific Aim 2). Assessing awareness, knowledge, and perceptions related to NAFLD 

among the most at-risk U.S. women will provide the first qualitative exploration of this rapidly 

growing liver disease and risk factor for liver cancer (Specific Aim 3). Taken together, the 

findings gleaned from this dissertation serve to accelerate the development of effective lifestyle 

interventions to treat NAFLD in Mexican-origin women. 

 
 

1.5 OVERVIEW OF DISSERTATION FORMAT 

 

This dissertation follows a manuscript-based format and contains within it the introduction, 

methods, results, and discussion from four separate manuscripts (three are included in 

Appendices A-C). Chapters Two, Three, and Four, address Specific Aims 1, 2, and 3, 

respectively. Chapter Two presents a systematic review that comprehensively summarized 

existing weight loss interventions in U.S. Hispanic women. Chapter Three summarizes the 

findings from an exploration of interactions between a high-risk, NAFLD-linked SNP (i.e. 

PNPLA3rs738409) and literature-informed dietary factors among a sample of Mexican-origin 
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adults. Chapter Four presents the findings from a mixed-methods study seeking to assess 

awareness, knowledge, and perceptions related to NAFLD among a sample of Spanish- and 

English-speaking Mexican-origin women. Individual study limitations are summarized within 

the discussion section of Chapters Two, Three, and Four. The last chapter, Chapter Five, will 

present conclusions and future directions while contextualizing each chapter’s findings within 

the current literature as they relate to the objective of the dissertation. 
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CHAPTER TWO – SYSTEMATIC REVIEW 

 
2.1 RATIONALE 

Weight loss remains the cornerstone treatment for NAFLD, and as such, interventions aimed at 

treating NAFLD should be informed by the most up-to-date findings from existing weight loss 

interventions. The overall objective of this to review was to characterize previously tested weight 

loss interventions in U.S. Hispanic women in order to glean important considerations for 

designing future interventions aimed at treating NAFLD in Mexican-origin women. 

 
 

2.2 INTRODUCTION 

 

Hispanic women will comprise 25% of all women in the U.S. by 2050 if current population 

growth trends continue (Paz & Massey, 2016; Ramos, Jurkowski, Gonzalez, & Lawrence, 2010) 

Hispanic women experience disproportionate rates of obesity with a rate of 50% compared to 

38% in non-Hispanic White women (Hales, Carroll, Fryar, & Ogden, 2017). Obesity is 

associated with many chronic diseases and health conditions including hypertension, type 2 

diabetes, chronic liver disease, heart disease, several cancers, body pain, depression, and overall 

low quality of life (Bhaskaran et al., 2014; Kasen, Cohen, Chen, & Must, 2008; Klein et al., 

2004; Luppino et al., 2010; Pi-Sunyer, 2002). Consequently, U.S. Hispanic women are more 

likely to develop type 2 diabetes and chronic liver disease compared to non-Hispanic White 

women and are significantly more likely to die from these conditions (Augustine J. Kposowa, 

2013; Ong, Pitts, & Younossi, 2008). Efforts to improve modifiable lifestyle behaviors, such as 

diet and PA, to reduce the obesity burden and improve health in Hispanic women, are urgently 

needed. 
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Current guidelines for weight management include the use of comprehensive lifestyle 

interventions consisting of diet, PA, and behavior therapy (Jensen et al., 2014). When effective, 

these interventions typically result in a weight loss of approximately 18 lbs. in a 6-month period 

or 1-2 lbs. per week (Jensen et al., 2014). However, long-term maintenance of weight loss 

remains a challenge as short-term weight loss is typically followed by a regain of 30-50% of 

initial body weight over the subsequent 2-3 years (Wadden et al., 2011; Wing et al., 2004). 

Within the field of behavioral weight loss interventions, Hispanic women remain considerably 

underrepresented. A recent systematic review found that Hispanics in general have comprised 

less than 10% of participants in behavioral weight loss interventions (Haughton et al., 2018).  

One of the largest lifestyle interventions to include Hispanic women, The Diabetes Prevention 

Program (DPP), was a landmark trial that demonstrated a comprehensive weight loss 

intervention can reduce incidence and progression of diabetes (Knowler et al., 2002). By the 

completion of the study, weight loss in the lifestyle arm was similarly effective in Hispanic 

women and non-Hispanic White women with -5.9% and -4.5% loss of initial body weight after 

30 weeks, respectively (West, Elaine Prewitt, Bursac, & Felix, 2008). The success of the lifestyle 

arm in inducing short-term weight loss in Hispanic women was likely due, in part, to the range of 

culturally-sensitive materials and strategies implemented to take into consideration the ethnic 

diversity of study participants (e.g., the use of community lay workers often culturally-matched 

to participants, culturally-sensitive cooking materials) (Diabetes Prevention Program Research, 

2002; Hoskin et al., 2014; West et al., 2008). Although the DPP was a large trial, only 16% 

(n=154) of the intensive lifestyle intervention (ILI) group identified as Hispanic women and 

information including level of acculturation, years in the U.S., and country of origin were not 

collected, thereby limiting generalizability to different sub-populations within the Hispanic 
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community (West et al., 2008). In the Look AHEAD trial, the longest randomized trial to 

evaluate the effectiveness of lifestyle modification on weight and cardiovascular-related health 

outcomes, Hispanic women comprised only 9% (n=240) of participants in the ILI group and 

weight loss achieved by year 1 was slowly regained over the next 3 to 7 years, including among 

Hispanic women (West et al., 2019; Wing et al., 2016). Additionally, similar to the DPP, the 

multicomponent lifestyle intervention delivered to participants makes it difficult to ascertain 

which specific intervention components were effective in inducing the observed weight loss. 

 
 

Our hypothesis is that Hispanic women are uniquely and importantly different from non- 

Hispanic White women when establishing effective programs for weight management. Cultural, 

social, and economic factors shape the way Hispanic women think and act regarding diet, PA, 

and weight loss. Further, actual and perceived barriers Hispanic women face while attempting to 

implement lifestyle changes need to be considered as influential elements in developing effective 

interventions. For example, among Mexican American women, weight loss efforts may be 

influenced by a desire for a curvier figure, a desire to feel a part of American society, social 

hierarchies found within the home, concerns over spending time on themselves, familial 

pressures, and a lack of social/familial support (Lindberg & Stevens, 2011; McLaughlin et al., 

2017). Additionally, structural barriers to diet and PA, such as the built environment, food 

deserts, and related issues in regards to access to healthy food may impede efforts to lose weight 

(Gerchow et al., 2014; Larsen, Pekmezi, Marquez, Benitez, & Marcus, 2013; Tiedje et al., 2014). 

The process of acculturation has been identified as a factor affecting diet and PA behaviors both 

positively and negatively in individuals immigrating to the U.S. (Winham, Palmer, Armstrong 

Florian, & Shelley, 2018). For Hispanic women, greater acculturation is positively associated 
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with greater levels of total PA throughout the day (Corral & Landrine, 2008; Slattery et al., 2006; 

Wolin, Colditz, Stoddard, Emmons, & Sorensen, 2006) and increased likelihood of engaging in 

recommended amount of PA (Vermeesch & Stommel, 2014). While data are limited, 

westernized dietary acculturation for Hispanic women is characterized as increased intakes of 

saturated fat, sugar, dessert, and low-fat milk and decreased intake of corn tortillas, low-fiber 

bread, and high-fat milk (Batis et al., 2011). Given this evidence, the role of socio-cultural  

factors such as level of acculturation and immigrant status remain important to understand and 

assess while seeking to improve weight loss efforts in Hispanic women. Additionally, woven  

into these factors are specific values, customs, and perceptions rooted in cultural gender norms 

that affect the engagement of Hispanic women in weight loss efforts (Larsen et al., 2013; 

Lindberg & Stevens, 2011). For example, Hispanic women may perceive a fuller figure to be 

more “healthy-looking” and desirable and may be deterred from engaging in PA by their 

husbands (Bautista, Reininger, Gay, Barroso, & McCormick, 2011; Larsen et al., 2013; Lindberg 

& Stevens, 2011; A. G. Ramirez, P. Chalela, K. Gallion, & L. F. Velez, 2007). Hispanic women 

may find it difficult to adopt healthier eating and cooking habits that would promote weight 

control for fear of the impact these changes would have on their family (Larsen et al., 2013). 

These unique barriers faced by Hispanic women attempting to engage in healthy lifestyle 

behaviors warrant interventions that are tailored to the needs of Hispanic individuals in general 

but more specifically, the needs of Hispanic women. For this reason, we have opted to focus this 

review on weight loss interventions that include only Hispanic women. 

 
 

To date, systematic reviews focused exclusively on U.S. Hispanic women exist for diabetes risk 

factors management (Carolan-Olah, Duarte-Gardea, & Lechuga, 2017), cancer screening 
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(Jerome-D'Emilia, 2015; Luque et al., 2019), factors associated with PA (Tovar, Walker, & Rew, 

2018), and maternal health and breastfeeding (Bigman, Wilkinson, Perez, & Homedes, 2018). 

Multiple reviews have examined only PA interventions in Hispanic adults (Ickes & Sharma, 

2012; Joseph, Royse, & Benitez, 2019; Loya, 2018). In a systematic review by Corona et al. 

(2016) authors examined lifestyle interventions in adult Latinas but did not summarize 

information related to the effectiveness of the interventions in inducing weight loss, study socio- 

economic factors, and recruitment variables, and no quality assessment of studies was performed 

(Corona et al., 2016). The current review will extend the literature by providing a comprehensive 

and rigorous examination of weight loss interventions in Hispanic women and will include an in- 

depth synthesis of participant characteristics, intervention design, and study quality while using a 

predetermined measure for intervention success. 

 
 

The purpose of this systematic review was to characterize previously tested weight loss 

interventions in Hispanic women in the U.S. and to identify areas for future research. 

Additionally, components of successful interventions (those that have achieved clinically 

meaningful weight loss of >3% (Jensen et al., 2014) were identified so that future interventions 

can build on previous findings and ensure meaningful progress is made. A weight loss of >3% is 
 

associated with clinically meaningful reductions in risk factors for diabetes such as hemoglobin 

A1c and blood glucose (Jensen et al., 2014) and therefore was chosen as a predetermined 

measures of intervention effectiveness. 

 
 

In the current manuscript, the term “Hispanic” is representative of individuals who classify 

themselves as a person of Mexican, Cuban, South or Central American, Puerto Rican, or other 
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Spanish culture or origin, regardless of race. Importantly, the on-going Hispanic Community 

Health Study / Study of Latinos (HCHS/SOL) continues to provide new insights into factors 

involved in the prevention and treatment of chronic disease among Hispanic/Latino persons from 

different countries of origin (Daviglus et al., 2012; Kaplan et al., 2014). We acknowledge the 

considerable heterogeneity of the term “Hispanic” and will recognize other terms (e.g. 

Latino/a/x, etc.) and/or subgroups (e.g. Mexican American, etc.) within our search strategy in 

efforts to be as inclusive as possible. 

 
 

2.3 METHODS AND ANALYSIS 

 

Study Registration 

 

The systematic review protocol was reported in accordance with the reporting guidance in the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocol (PRISMA-P) 

statement (Shamseer et al., 2015). The PRISMA checklist is provided in Appendix A 

Supplementary File 1. As a systematic review of published studies, ethics approval was not 

required. The protocol for this review was registered in advance with the International 

Prospective Register of Systematic Reviews (PROSPERO) (Registration Number: 

CRD42019119094) (registration number: CRD42019119094; date of registration: April 2, 2019). 

 
 

Search Strategy 

 

We comprehensively searched the following databases from each database’s inception to July 2, 

2019: PubMed, Embase, Scopus, Web of Science (Science Citation Index and Social Sciences 

Citation Index), PsycINFO, CINAHL, Chicano Database, SPORTDiscus, CAB Abstracts, and 

Google Scholar. We searched the reference lists of included studies for further references to 
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relevant articles. We also scanned reference lists of existing reviews relevant to this systematic 

review for additional trials. The search was limited to publications written in the English 

language. See Appendix B Table S1 for the full PubMed search strategy used for this review. 

 
 

Study Eligibility Criteria 

 

Studies were selected according to the criteria outlined in Table 1. Inclusion criteria were 

defined in line with the PICOS framework. 
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Table 1: Inclusion and Exclusion Criteria 
 
 

PICOS Strategy Inclusion criteria Exclusion criteria 

P – Population Hispanic women, 18+ years 

old, living in the U.S. 

Studies that recruited both men and 

women (however, studies that included 

men and children as a strategy to 

engage women will be kept), studies 

focused on children and/or adolescents 

that allowed parents to attend, patients 

who are hospitalized or 

institutionalized), patients with eating 

disorders, patients who have recently 

undergone bariatric surgery 

I – Intervention Lifestyle interventions ≥ 12 

weeks in duration, targeting diet 

and/or physical activity to 

reduce body weight 

Surgical procedures, nonsurgical 

devices and procedures, 

pharmacological treatments, 

complementary/alternative treatments, 

dietary supplements intended for weight 

loss, population-focused health 

promotion campaigns, and interventions 

that do not focus on modifying weight, 

interventions to prevent excessive 

weight gain during pregnancy 

C – Comparison For RCTs, wait-list control or 

usual care 

 

For quasi-experimental, no 

comparison required 

 

O – Outcome Studies reporting objectively 

measured weight change 

(expressed as change in lbs or 

kg or BMI (kg/m2)) as a 
primary or secondary outcome 

Self-reported measures of weight 

change 

S – Study design RCTs and quasi-experimental 

studies 

Reviews, observational studies (cross 

sectional, case-control and cohort 

studies), case reports, case series, in 

vitro studies, animal studies, secondary 

analyses of trials, and survey 

development studies 
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Study Participants 

 

Our decision to focus our review on Hispanic women living in the U.S. stems from the 

knowledge that U.S. Hispanic women have unique attitudes, barriers, and facilitators related to 

weight loss with important socio-cultural contextual factors specific to the U.S. (e.g. 

acculturation, built environment, high burden of obesity and related disease) meriting focused 

examination. Additionally, racial/ethnic- and sex-specific models exploring predictors of weight 

loss have demonstrated differences in key predictors of weight loss, further justifying the need to 

independently focus on Hispanic women (West et al., 2019). 

 
 

Interventions 

 

Lifestyle interventions ≥ 12 weeks in duration, a minimum timeframe associated with short-term 

weight loss (Wadden, Webb, Moran, & Bailer, 2012), targeting diet and/or PA to reduce body 

weight were included. This included dietary interventions targeting weight, PA interventions 

targeting weight, and a combination of both with and without behavioral modification. Dietary 

interventions were defined as interventions where diet is modified through changes in diet- 

related behaviors (e.g. portion control, stimulus control, cooking skills, etc.). Physical activity 

interventions were defined as interventions where PA was modified through changes in PA- 

related behaviors (e.g. increasing leisure-time PA, reducing sedentary behavior, etc.). 

Interventions were excluded based on intervention delivery modality, but modality were tracked 

as a component that may influence program effects. Additionally, interventions delivered by a 

range of different interventionists (e.g. students, physicians, community health workers, etc.) 

were included. 
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Outcomes and Prioritization 

 

Studies included in this review must have reported weight or body mass index (BMI) (kg/m2) as 

a primary or secondary outcome. Changes in risk factors for chronic disease (e.g. blood glucose, 

hemoglobin A1c, and lipids) included as primary or secondary outcomes in the eligible studies 

were also summarized. 

 
 

Study Selection 

 

Results from the search were uploaded by J.L.P. into Endnote citation manager software. The 

Endnote file was then uploaded onto the Covidence platform where it could be accessed by the 

authors performing the selection process. Three researchers (K.M., M.L.P., and G.B.) 

independently assessed the articles generated from the search strategy for eligibility. Articles 

were first divided into three equal sections (A, B, C), whereafter K.M. reviewed sections A+B, 

M.L.P. reviewed sections B+C, and G.B. reviewed A+C. The study selection process occurred in 

three phases: first, exclusion by title, then by abstract, and finally by full-text. 

 
 

Data Extraction 

 

Two authors (K.M. and M.L.P.) independently extracted the following data from the 15 final 

studies: author information, year of publication, study objective, eligibility information, study 

design, intervention characteristics, comparator and description, outcomes and time points for 

assessments, culturally-sensitive strategies, participant characteristics (e.g. age, country of origin, 

acculturation), and recruitment, retention, and adherence information (when available). Both 

authors independently entered this information on a standardized data extraction template, which 

was piloted first by K.M. and M.L.P. on the first three included studies. Discrepancies in data 
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extraction were resolved by a third reviewer (D.G.). When there were multiple publications for 

an included study, including protocol and lessons learned papers, data was retrieved from each in 

order to retrieve all information relevant to the review. If during data extraction, study 

information was either inadequately described or missing from the publication, K.M. contacted 

the publication’s corresponding author up to three times to request the information. 

 
 

Quality Assessment 

 

Quality in all studies will be independently assessed by K.M. and M.L.P. using the Effective 

Public Health Practice Project Quality Assessment Tool (EPHPP) (Thomas, Ciliska, Dobbins, & 

Micucci, 2004). This standardized tool, developed by the Effective Public Health Practice 

Project in Canada, was chosen since it can be used to evaluate a range of intervention study 

designs including RCTs and pre-and post- studies, both of which may be included in the review. 

The EPHPP evaluates study quality by assessing the following six domains: 1) selection bias; 2) 

study design; 3) confounders; 4) blinding; 5) data collection; and 6) withdrawals/dropouts. Based 

on the results from these six domains, this tool then assigns studies with one of three global 

ratings: ‘weak’, ‘moderate’, or ‘strong’. Based on the results from these six domains, this tool 

then assigns studies with one of three global ratings: ‘weak’, ‘moderate’, or ‘strong’. Two 

authors (K.M. and D.G.) independently assessed the quality of each of the final 15 studies and 

entered data into an established standardized template created for this tool. Discrepancies in 

ratings were discussed to arrive at a final global rating for each study. 
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Data Synthesis 

 

Given the substantial clinical, methodological, and statistical heterogeneity present in the 

included studies, a meta-analysis was not possible. The mixture of RCTs and quasi-experimental 

studies involving different populations (e.g. age), intervention features (e.g. intervention focus 

such as diet, PA, or both, duration, and strategies), and statistical methodologies (e.g. intent-to- 

treat analyses, missing information related to significance, standard deviation (SD), and 

confidence intervals) precluded our ability to pool results. In these situations, it is recommended 

that a qualitative synthesis be conducted (Rao et al., 2017). Findings are presented in data 

summary tables and have been narratively synthesized within the text. 

 
 

Data Management 

 

Results from the search through the electronic databases were uploaded by J.L.P. into EndNote 

citation manager software and duplicates removed. The EndNote file was then uploaded to 

Covidence systematic review software (Veritas Health Innovation, Melbourne, Australia). K.M., 

M.L.P., and G.B. then independently began the reviewing process. 

 
 

2.4 RESULTS 

 

The searches of the 10 databases retrieved 9,858 articles. Our searches of other resources (e.g. 

reference lists) identified no additional studies that appeared to meet the inclusion criteria. Once 

duplicates were removed, a total of 5,423 records remained and were screened. We excluded 

5,309 records based on titles and abstracts. We obtained the full-text of the remaining 114 

articles. During full-text review, most studies did not meet inclusion criteria because they 

included other racial/ethnic subgroups (31/114; 27%), were not focused specifically on Hispanic 
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women (20/114; 18%), or did not include weight change as a primary or secondary outcome 

(15/114; 13%). Five studies had additional manuscripts (e.g. protocol paper, lessons learned 

paper, etc.) that provided information relevant to the review (Arredondo et al., 2015; N. K. 

Olvera, B,; Scherer R et al., 2008; Perry et al., 2017; Sorkin et al., 2013; Toobert et al., 2010). 

Figure 1 presents a complete flow diagram, which resulted in the final 15 studies to be 

summarized in this review (Arredondo et al., 2017; Baldwin, 2015; Berry et al., 2011; Cousins et 

al., 1992; Faucher & Mobley, 2010; Harralson et al., 2007; Koniak-Griffin et al., 2015; Lindberg, 

Stevens, Vega-Lopez, et al., 2012; Marquez & Wing, 2013; McCurley et al., 2017; O'Brien et al., 

2015; N. Olvera et al., 2010; Seguin et al., 2019; Sorkin et al., 2014; Toobert et al., 2011). 
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow 

Diagram 
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Characteristics of Included Studies 

 

The characteristics of included studies are presented in Appendix B Table S3. Of the 15 final 

studies, publication dates ranged from 1992 to 2019 with eight (53%) published 2013 and later 

(Arredondo et al., 2017; Baldwin, 2015; Koniak-Griffin et al., 2015; Marquez & Wing, 2013; 

McCurley et al., 2017; O'Brien et al., 2015; Seguin et al., 2019; Sorkin et al., 2014). Of the 

included studies, nine were RCTs (Arredondo et al., 2017; Berry et al., 2011; Cousins et al., 

1992; Faucher & Mobley, 2010; Koniak-Griffin et al., 2015; Marquez & Wing, 2013; N. Olvera 

et al., 2010; Sorkin et al., 2014; Toobert et al., 2011) (including two cluster RCTs) and six were 

quasi-experimental utilizing a pre-/post-test design (Baldwin, 2015; Harralson et al., 2007; 

Lindberg, Stevens, Vega-Lopez, et al., 2012; McCurley et al., 2017; O'Brien et al., 2015; Seguin 

et al., 2019). Nine (60%) of the studies were pilot studies (Baldwin, 2015; Berry et al., 2011; 

Faucher & Mobley, 2010; Lindberg, Stevens, Vega-Lopez, et al., 2012; Marquez & Wing, 2013; 

McCurley et al., 2017; O'Brien et al., 2015; Seguin et al., 2019; Sorkin et al., 2014). Study 

sample sizes ranged from 15 to 436 participants with six (40%) having sample sizes below fifty 

(Baldwin, 2015; Faucher & Mobley, 2010; Lindberg, Stevens, Vega-Lopez, et al., 2012; 

Marquez & Wing, 2013; O'Brien et al., 2015; Seguin et al., 2019). Of the 15 studies, five (33%) 

included participant family members or a friend (Berry et al., 2011; Cousins et al., 1992; 

Marquez & Wing, 2013; N. Olvera et al., 2010; Sorkin et al., 2014). One study recruited 

mothers with a young child (Berry et al., 2011), two recruited mothers and daughters (N. Olvera 

et al., 2010; Sorkin et al., 2014), one included mothers and their families (Cousins et al., 1992), 

and another study recruited a participant plus their close friend or “comadre” (Marquez & Wing, 

2013). The 10 remaining studies recruited Hispanic women alone. 
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Of the trials reviewed, four (27%) of interventions were 12 weeks in duration (Baldwin, 2015; 

Marquez & Wing, 2013; N. Olvera et al., 2010; Seguin et al., 2019), one (7%) of the 

interventions was 16 weeks (Sorkin et al., 2014), one (7%) was 20 weeks (Faucher & Mobley, 

2010), three (20%) were 6 months (Berry et al., 2011; Koniak-Griffin et al., 2015; McCurley et 

al., 2017), three (20%) were 12 months(Cousins et al., 1992; Lindberg, Stevens, Vega-Lopez, et 

al., 2012; O'Brien et al., 2015), two (13%) were 24 months (Arredondo et al., 2017; Toobert et 

al., 2011), and one (7%) included a 12-week (first year) and a 16-week cohort (second year) 

(Harralson et al., 2007). The majority of studies (12/15; 80%) had no follow-up assessment after 

the active intervention was completed; one had a 12-week follow-up (Marquez & Wing, 2013) 

and two had 3-month follow-ups (Berry et al., 2011; Koniak-Griffin et al., 2015). 

 
 

Eligibility criteria within the included studies also varied widely. Twelve trials (80%) recruited 

participants with no reported existing medical conditions (Arredondo et al., 2017; Baldwin,  

2015; Berry et al., 2011; Cousins et al., 1992; Faucher & Mobley, 2010; Harralson et al., 2007; 

Koniak-Griffin et al., 2015; Lindberg, Stevens, Vega-Lopez, et al., 2012; Marquez & Wing, 

2013; McCurley et al., 2017; N. Olvera et al., 2010; Seguin et al., 2019) while two trials  

recruited participants with type 2 diabetes (13%) (Sorkin et al., 2014; Toobert et al., 2011) and 

one recruited participants with prediabetes (O'Brien et al., 2015). Of the studies reviewed, six 

trials (40%) had no weight or BMI inclusion criteria (Arredondo et al., 2017; Baldwin, 2015; 

Harralson et al., 2007; N. Olvera et al., 2010; Seguin et al., 2019; Toobert et al., 2011), six (40%) 

recruited individuals with BMI > 25 kg/m2 (Berry et al., 2011; Faucher & Mobley, 2010; 

Koniak-Griffin et al., 2015; McCurley et al., 2017; O'Brien et al., 2015; Sorkin et al., 2014), one 

study recruited individuals with BMI > 30 kg/m2 (Lindberg, Stevens, Vega-Lopez, et al., 2012), 
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one study recruited individuals with BMI between 27-50 kg/m2 (Marquez & Wing, 2013), and 

one recruited individuals who were 20-100% above their ideal body weight (Cousins et al., 

1992). Some studies were designed with minimal eligibility criteria as a means to increase reach 

of participants and enhance generalizability of findings (Lindberg, Stevens, Vega-Lopez, et al., 

2012; Toobert et al., 2011). 

 
 

Intervention Characteristics of Included Studies 

 

The intervention characteristics of included studies can be found in Appendix B Table S4. 

Twelve (80%) of the included studies tested the effects of a diet plus PA intervention (Baldwin, 

2015; Berry et al., 2011; Cousins et al., 1992; Koniak-Griffin et al., 2015; Lindberg, Stevens, 

Vega-Lopez, et al., 2012; Marquez & Wing, 2013; McCurley et al., 2017; O'Brien et al., 2015; 

N. Olvera et al., 2010; Seguin et al., 2019; Sorkin et al., 2014; Toobert et al., 2011), while two 

(13%) focused only on PA (Arredondo et al., 2017; Harralson et al., 2007), and one (7%) 

focused only on diet (Faucher & Mobley, 2010). Of the nine RCTs included in the study, 

comparator groups varied and included standard care control (Faucher & Mobley, 2010; Toobert 

et al., 2011), manual only/mailed handouts (Cousins et al., 1992; Sorkin et al., 2014), wait-list 

control (Berry et al., 2011), attention-control groups (Arredondo et al., 2017; Koniak-Griffin et 

al., 2015), minimal intervention control groups (N. Olvera et al., 2010), and the same 

intervention plus or minus a friend (Marquez & Wing, 2013). 

 
 

In general, detail in reporting of intervention setting, delivery, and materials varied among the 15 

studies. The majority of interventions took place in community-based settings such as churches, 

parks, community centers, schools, and community-based organizations. The intervention setting 



59 
 

 

was not reported or not described in detail (e.g., “community setting”) in four (27%) of the 

studies (Baldwin, 2015; Cousins et al., 1992; Lindberg, Stevens, Vega-Lopez, et al., 2012; 

Sorkin et al., 2014; Toobert et al., 2011). Two (13%) included home visits as part of the 

intervention (Koniak-Griffin et al., 2015; Sorkin et al., 2014). All of the included trials were 

delivered in-person and interventionists varied including promotoras (Arredondo et al., 2017; 

Berry et al., 2011; Faucher & Mobley, 2010; Koniak-Griffin et al., 2015; McCurley et al., 2017; 

O'Brien et al., 2015), nursing students (Baldwin, 2015), community health educators (Berry et 

al., 2011; Seguin et al., 2019), registered dieticians (Cousins et al., 1992; Marquez & Wing, 

2013; N. Olvera et al., 2010; Toobert et al., 2011), the primary researcher (Faucher & Mobley, 

2010), research assistants (Faucher & Mobley, 2010), clinicians (Lindberg, Stevens, Vega- 

Lopez, et al., 2012), lifestyle community coaches (Sorkin et al., 2014), and teams of experts in 

psychology, counseling, nutrition, and exercise (N. Olvera et al., 2010). One trend observed 

among studies was the use of promotoras de salud whose roles included recruitment, leading 

education classes, translating during classes, conducting motivational interviewing calls, helping 

participants set goals, calling participants who missed classes to check in, and conducting audits 

of built environment in order to serve as a community advocate for environmental change. Of the 

six studies utilizing promotoras, most (n=4) included in-depth descriptions of the study’s 

promotora training process (Arredondo et al., 2015; Koniak-Griffin et al., 2015; McCurley et al., 

2017; O'Brien et al., 2015). 

 
 

All of the included studies contained group-based classes or meetings while two (13%) also 

included the use of motivational interviewing by phone (Arredondo et al., 2017) or in groups 

(Baldwin, 2015), and two others included the use of Individual Teaching and Coaching (Koniak- 
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Griffin et al., 2015) and booster telephone calls (Sorkin et al., 2014) as part of the intervention. 

Two trials offered in-person maintenance sessions, consisting of additional monthly sessions 

over four (McCurley et al., 2017) or six (Cousins et al., 1992) months. Of the 15 trials, eight 

(53%) reported specific nutrition goals related to calorie reduction (Cousins et al., 1992; 

Marquez & Wing, 2013; Sorkin et al., 2014) or reducing or increasing consumption of certain 

food groups (Baldwin, 2015; Berry et al., 2011; Cousins et al., 1992; Marquez & Wing, 2013; N. 

Olvera et al., 2010; Seguin et al., 2019; Toobert et al., 2011). Eight (53%) reported specific PA 

goals related to minutes or steps of PA per day or week (Baldwin, 2015; Berry et al., 2011; 

Koniak-Griffin et al., 2015; Marquez & Wing, 2013; O'Brien et al., 2015; Seguin et al., 2019; 

Sorkin et al., 2014; Toobert et al., 2011). Three (20%) studies reported a standard (McCurley et 

al., 2017; O'Brien et al., 2015) or personalized weight loss goal (Sorkin et al., 2014) for 

participants. 

 
 

Of the 15 included trials, six (40%) reported a theoretical framework for the intervention 

(Arredondo et al., 2017; Berry et al., 2011; Lindberg, Stevens, Vega-Lopez, et al., 2012; 

McCurley et al., 2017; N. Olvera et al., 2010; Seguin et al., 2019). Of these six, one was guided 

by the Social-Ecological Model (SEM) and tested a multi-level intervention targeting each of the 

four layers of the framework (i.e. individual, interpersonal, organizational, and environmental) 

(Arredondo et al., 2017). Five trials reported guiding their intervention with Social Cognitive 

Theory (SCT) (Berry et al., 2011; Lindberg, Stevens, Vega-Lopez, et al., 2012; McCurley et al., 

2017; N. Olvera et al., 2010; Seguin et al., 2019), and one of these four combined SCT with Self- 

Determination Theory (McCurley et al., 2017). Three trials (20%) reported modeling their 
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intervention after the DPP (Marquez & Wing, 2013; O'Brien et al., 2015; Sorkin et al., 2014) but 

made no mention of a specific theoretical framework. 

 
 

Outcomes of Included Studies  

 

Outcome information of included studies are summarized in Appendix B Table S5. Mean age of 

participants across studies ranged from 27.8 to 58 years. Proxy measures of acculturation were 

most often utilized by studies and included participants’ country of origin, preferred language 

(English or Spanish), generation status, and average years in the U.S. Instruments used to 

characterize acculturation included the Acculturation Rating Scale for Mexican Americans 

(ARMSA)(I. H. Cuellar, L.; Jasso R. , 1980), the Acculturation Rating Scale for Mexican 

Americans-II (ARSMA-II)(I. A. Cuellar, B.; Gonzalez, G., 1995), a 5-item scale (General 

Acculturation Index) (Balcazar, Castro, & Krull, 1995), and the Short Acculturation Scale for 

Hispanics (Marin, 1987). One did not report any measures of acculturation (Baldwin, 2015). The 

majority of studies included primarily participants of Mexican descent (Arredondo et al., 2017; 

Berry et al., 2011; Cousins et al., 1992; Faucher & Mobley, 2010; Koniak-Griffin et al., 2015; 

Lindberg, Stevens, Vega-Lopez, et al., 2012; McCurley et al., 2017; N. Olvera et al., 2010; 

Sorkin et al., 2014; Toobert et al., 2011), and a smaller number included participants of 

Dominican (Marquez & Wing, 2013), Columbian (Marquez & Wing, 2013), Caribbean (O'Brien 

et al., 2015), Puerto Rican (Harralson et al., 2007; Marquez & Wing, 2013), Honduran (Faucher 

& Mobley, 2010), or Central American (O'Brien et al., 2015) descent. Two studies did not report 

country of origin (Baldwin, 2015; Seguin et al., 2019). 
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Within the 15 studies, considerable heterogeneity was observed in study outcomes. To be 

included in the review, studies needed to include weight as a primary or secondary outcome, 

however, other study outcomes included a wide range of clinical, behavioral, and psychosocial 

outcomes. 

 
 

Clinical Outcomes 

 

Most studies (9/15; 60%) specified change in BMI (Arredondo et al., 2017; Baldwin, 2015; 

Berry et al., 2011; N. Olvera et al., 2010; Toobert et al., 2011) or body weight (in lbs or 

kg)(Faucher & Mobley, 2010; Marquez & Wing, 2013; O'Brien et al., 2015; Sorkin et al., 2014) 

as a primary or secondary outcomes; six studies included both BMI and body weight (Cousins et 

al., 1992; Harralson et al., 2007; Koniak-Griffin et al., 2015; Lindberg, Stevens, Vega-Lopez, et 

al., 2012; McCurley et al., 2017; Seguin et al., 2019), although one of these studies did not report 

magnitude of change in BMI (Harralson et al., 2007). Aside from body weight/BMI, the most 

common clinical outcomes reported were waist circumference and hemoglobin A1c (HbA1c), 

followed by blood pressure, fasting glucose, and lipids. Importantly, one goal of this systematic 

review was to identify successful weight loss interventions based on a pre-defined measure of > 

3% reduction in initial weight. This categorization of interventions could not be performed for 

two reasons: 1) the large number of studies that only reported BMI, not body weight (33%), and 

2) the small number of studies (27%) that reported weight loss as a percentage of baseline 

weight. 
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Behavioral Outcomes 

 

Diet and PA outcomes varied widely across the 15 studies. All dietary intake outcomes were 

self-reported and included assessment of intake of individual food groups, total calories, % total 

calories from different macronutrients, and glycemic load. The most common diet-related 

outcome was fruit and vegetable consumption (3/15; 20%) (Lindberg, Stevens, Vega-Lopez, et 

al., 2012; Seguin et al., 2019; Sorkin et al., 2014). PA outcomes included self-reported measures, 

objective measures, and measures of physical and cardiorespiratory fitness. Of the eight studies 

that included PA-related outcomes (levels of PA, physical fitness, and /or cardiorespiratory 

fitness) (Arredondo et al., 2017; Baldwin, 2015; Koniak-Griffin et al., 2015; Marquez & Wing, 

2013; McCurley et al., 2017; N. Olvera et al., 2010; Seguin et al., 2019; Toobert et al., 2011), 

half of the studies exclusively relied on self-reported measures (4/8; 50%) (Baldwin, 2015; 

Marquez & Wing, 2013; McCurley et al., 2017; Toobert et al., 2011). 

 
 

Psychosocial Outcomes 

 

Nine of fifteen total studies included psychosocial outcomes (Baldwin, 2015; Berry et al., 2011; 

Harralson et al., 2007; Marquez & Wing, 2013; McCurley et al., 2017; O'Brien et al., 2015; 

Seguin et al., 2019; Sorkin et al., 2014; Toobert et al., 2011) with the most common being stress 

(Baldwin, 2015; Berry et al., 2011; Harralson et al., 2007; McCurley et al., 2017; O'Brien et al., 

2015; Toobert et al., 2011), social support (Marquez & Wing, 2013; O'Brien et al., 2015; Sorkin 

et al., 2014; Toobert et al., 2011), and self-efficacy (related to diet, PA, and weight) (Berry et al., 

2011; Marquez & Wing, 2013; Seguin et al., 2019; Toobert et al., 2011). Six studies assessed 

changes in social support during the intervention (Toobert et al., 2011) and significant 

improvements in social support was found in three of these studies (Marquez & Wing, 2013; 
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Sorkin et al., 2014; Toobert et al., 2011). Additionally, in one study, a positive relationship was 

observed between weight loss at 12 weeks and friend social support for eating habits (Marquez 

& Wing, 2013). In all nine trials, statistically significant improvements in one or more 

psychosocial outcomes were observed by the end of the intervention. 

 
 

Effectiveness of Interventions on Weight Loss 

 

Pilot Studies 

 

Of the nine pilot studies, five used a quasi-experimental pre-/post-test design. Among the 12- 

week interventions, one trial reported a significant mean decrease in weight (-1.5 kg, 95% -2.5- 

0.5) (p = 0.009) (Seguin et al., 2019) and the other reported a significant mean decrease in BMI 

(-3.22 kg/m2, SD not reported) (p <0.05) (Baldwin, 2015). However, reported mean change in 

BMI reflected only the 38/48 women and 11/15 women who completed outcome assessments, 

respectively, and no intent-to-treat analyses were performed. Within the three remaining quasi- 

experimental pilot studies, only two reported significant weight loss (Lindberg, Stevens, Vega- 

Lopez, et al., 2012; O'Brien et al., 2015). In a 12-month diet plus PA intervention with Mexican 

American women, one study reported a significant weight loss at 12 months of -7.2 kg (SD±6.8) 

(p<0.0001) in women who completed the intervention and did not become pregnant which 

accounted for 55% of their sample (26/47) (Lindberg, Stevens, Vega-Lopez, et al., 2012). When 

calculating the percentage of participants who lost > 5% of their baseline weight, authors 

performed an intent-to-treat analysis to arrive at 74% of the 40 enrolled participants (Lindberg, 

Stevens, Vega-Lopez, et al., 2012). The second 12-month intervention reported a mean weight 

loss of 10.8 lbs (95% CI:-5.6, -16.0) (p<0.001) with 58% of participants achieving > 5% weight 
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loss and 42% achieving the > 7% weight loss goal by the end of the intervention (O'Brien et al., 
 

2015). Greater than half of completers (11/19) achieved > 5% weight loss (O'Brien et al., 2015). 
 

 

 

Among the four RCT pilot studies, only a diet plus PA intervention led to significant weight loss 

compared to control (Sorkin et al., 2014). In one of the trials that led to differences in weight 

change between conditions (although changes were not statistically significant), it is worth 

noting that an intent-to-treat analysis was used and the control group also experienced weight 

loss, albeit less than half of the weight loss by the intervention group, by the end of the study 

(Faucher & Mobley, 2010). In another RCT pilot study, investigators compared the effects of a 

12-week behavioral weight loss intervention in a Partner Lifestyle Group (PLG) consisting of 

female friends/partners (or “comadres”) to the same intervention with the women alone in the 

Individual Lifestyle Group (ILG) (Marquez & Wing, 2013). Authors performed an intent-to-treat 

analysis to account for unavailable data (Marquez & Wing, 2013). At the end of 24 weeks (12 

weeks post-intervention), the PLG and ILG achieved a significant weight loss of -4.7 kg 

(SD=5.0) (p< 0.01) and -5.0 kg (SD=6.4) (p< 0.01), respectively (Marquez & Wing, 2013). 

However, when compared to ILG, weight loss in the PLG was not statistically significant 

(Marquez & Wing, 2013). Notably, almost 50% of all enrolled participants achieved the weight 

loss goal of 5% (Marquez & Wing, 2013). In the other RCT pilot study to include an intent-to- 

treat analysis, mother and daughter dyads in the intervention arm lost significantly more weight 

than control dyads, however mothers in the control group experienced a weight gain of 1.3 lbs 

during the 16-week study, which may have influenced the results (Sorkin et al., 2014). In the 

last RCT pilot study, no significant difference in weight loss was reported between the 
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intervention and wait-list control conditions, however, retention figures and sample sizes for 

each condition were not reported (Berry et al., 2011). 

 
 

Non-Pilot Studies 

 

In the remaining six studies, three different study designs were utilized and half of the studies did 

not report key details regarding weight loss outcomes including magnitude of weight loss 

(Harralson et al., 2007; N. Olvera et al., 2010) and SD (Harralson et al., 2007; Koniak-Griffin et 

al., 2015). Three of these six interventions led to significant weight loss compared to baseline 

(Harralson et al., 2007) or control (Arredondo et al., 2017; Toobert et al., 2011). In a 12 and 16- 

week PA intervention, participants experienced a mean weight loss of 2 lbs (SD and significance 

not reported) and significant reduction in BMI (p=0.001), however the magnitude of change 

from baseline was not reported (Harralson et al., 2007). Additionally, results reflect only 

completers, which accounted for only 52% (118/225) of the study sample (Harralson et al., 

2007). Two cluster RCTs tested the effects of a diet plus PA (N. Olvera et al., 2010) and a PA 

alone intervention (Arredondo et al., 2017). In the 24-month PA intervention, only 12-month 

data is reported (Arredondo et al., 2017). At 12 months, although significant differences were 

observed in BMI between the intervention and attention-control group, the control group 

experienced a considerable increase in weight compared to the intervention group (Arredondo et 

al., 2017). Additionally, almost half of the intervention participants failed to attend any of the PA 

classes, bringing into question whether conclusions can be made about intervention effectiveness 

(Arredondo et al., 2017). In a 12-week cluster RCT, two schools were randomized to either a diet 

plus PA intervention or minimal intervention control (N. Olvera et al., 2010). No significant 

changes in BMI were reported and magnitude of BMI change was not reported (N. Olvera et al., 
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2010). In the largest RCT of the included studies (n=280), women randomized to a diet plus PA 

intervention experienced a greater reduction of BMI than the standard care control after an 

intent-to-treat analysis was performed to account for missing data (Toobert et al., 2011). 

However, significant differences in BMI at baseline between arms was not controlled for in the 

analysis, which may have influenced findings (Toobert et al., 2011). In another RCT to test the 

effects of added family members in a diet plus PA intervention, women randomized to the 

Individual Group (IG) and Family Group (FG) experienced significantly greater reductions in 

BMI than the manual only control (Cousins et al., 1992). While the FG experienced a greater 12 

month reduction in BMI than the IG, this difference was not significant (Cousins et al., 1992). In 

one of the few interventions to include a follow-up assessment, participants in the intervention 

arm experienced a weight loss of 1.46 lbs and 2.25 lbs at six (post-intervention) and nine months 

(follow-up), respectively. However, no significant differences were found between intervention 

and control arms (Koniak-Griffin et al., 2015). 

 
 

Culturally-Sensitive Strategies 

 

The most common culturally-sensitive strategies employed by the 15 included studies were the 

use of bilingual and bicultural research staff, intervention delivery in Spanish, translated 

materials, intervention content that reflected Hispanic culture (e.g. traditional and common 

foods, Latin dancing and Zumba, health of the family), the inclusion of family members, PA for 

the home, and the use of a Community Advisory Board (CAB) during intervention development 

and/or adaptation. Other strategies included flexible scheduling, family events before or after the 

intervention, enrollment visit in a group-setting, minimal written materials, intervention 

materials that included topics such as traditional health and food beliefs and topics related to 
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immigration, the inclusion of a friend or “comadre”, and tailored program planning based on 

acculturation (Appendix B Table S4). While many studies provided detailed descriptions (either 

in the outcomes paper or associated manuscript) of the culturally-sensitive strategies and/or 

adaptations (made to an existing intervention) used in the studies (Arredondo et al., 2017; Berry 

et al., 2011; Cousins et al., 1992; Koniak-Griffin et al., 2015; Lindberg, Stevens, Vega-Lopez, et 

al., 2012; Marquez & Wing, 2013; O'Brien et al., 2015; N. K. Olvera, B,; Scherer R et al., 2008; 

Perry et al., 2017; Sorkin et al., 2014; Toobert et al., 2011), some lacked description (Baldwin, 

2015; Harralson et al., 2007; McCurley et al., 2017). For example, one study stated they covered 

Latino cultural elements such as foods, ethnicity-related risk factors, and cultural beliefs but gave 

no further description (McCurley et al., 2017). 

 
 

Process Evaluation and Program Evaluation 

 

Overall, information on recruitment strategies and effectiveness were not well described. Most 

studies included descriptions of recruitment strategies in their methods but failed to report on 

each strategy’s relative effectiveness. This precludes our ability to identify which specific 

recruitment strategies were most effective. Of the 15 studies, the most common recruitment 

strategies included face-to-face at churches, community centers and clinics, media (e.g. radio and 

T.V.), and health fairs. In one study that did report on recruitment strategy effectiveness, 

Lindberg et al., found that about half of participants learned about the study from family and 

friends and half were recruited via flyers (Lindberg, Stevens, Vega-Lopez, et al., 2012). In 

another study by Seguin et al., the use of a CAB who recruited from churches, school, and 

community events yielded the most participants (Seguin et al., 2019). In another study, it was 

found that study staff were considerably more effective in conducting recruitment calls than a 
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third party hired onto the study (Toobert et al., 2011). Overall, many studies did not report either 

one or more of the following: recruitment goals, duration of recruitment efforts, and numbers of 

individuals interested and screened. 

 
 

Many studies evaluated retention, attendance, program fidelity, and acceptability by including 

process measures throughout the intervention. Ten (67%) studies sought participant feedback via 

mid-intervention and/or post-intervention surveys/focus groups/interviews to assess acceptability 

of the intervention (Arredondo et al., 2017; Harralson et al., 2007; Koniak-Griffin et al., 2015; 

Marquez & Wing, 2013; McCurley et al., 2017; O'Brien et al., 2015; N. K. Olvera, B,; Scherer R 

et al., 2008; Sorkin et al., 2013). Common feedback among participants across studies was a 

desire for more or longer nutrition and exercise sessions (O'Brien et al., 2015; N. K. Olvera, B,; 

Scherer R et al., 2008; Seguin et al., 2019) or additional content (McCurley et al., 2017). 

Additionally, women across studies seemed to enjoy and desire more group-based activities 

(O'Brien et al., 2015; N. K. Olvera, B,; Scherer R et al., 2008; Seguin et al., 2019). Five (33%) 

studies reported strategies to assess intervention fidelity including completion of 

logs/surveys/checklists) by promotoras (Arredondo et al., 2015; McCurley et al., 2017) or class 

leaders (Seguin et al., 2019), study staff meetings (Arredondo et al., 2015; Koniak-Griffin et al., 

2015), and/or observation of intervention sessions by an additional study staff member (O'Brien 

et al., 2015). In general, intervention fidelity was reported to be acceptable across these five 

studies. Five (33%) studies included additional analyses to identify potential moderators, 

mediators, and dose-response effects (Arredondo et al., 2017; Faucher & Mobley, 2010; Koniak- 

Griffin et al., 2015; Marquez & Wing, 2013; O'Brien et al., 2015). One study found that those 

who attended more classes and completed more teaching and coaching contacts experienced 
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significant reductions in BMI, weight, and waist circumference compared to those with less 

intervention contacts (Koniak-Griffin et al., 2015). Another study found self-weighing to be 

significantly associated with weight loss when study arms were combined (Faucher & Mobley, 

2010). Although not directly related to weight or BMI, one study found greater class attendance 

to be associated with adherence to 2008 Physical Activity Guidelines and smaller waist 

circumference (Arredondo et al., 2017). 

 
 

Three studies evaluated the effect of greater intervention attendance and/or adherence on weight 

loss (Koniak-Griffin et al., 2015; Marquez & Wing, 2013; O'Brien et al., 2015). In one study, 

investigators split the intervention arm into a high intensity and low/medium intensity group 

based upon class attendance and coaching contacts completed and found that those in the high 

intensity group experienced significantly greater decreases in BMI, weight, and waist 

circumference from baseline (over time) compared to the low/medium intensity group (Koniak- 

Griffin et al., 2015). In two other studies, weight loss at the end of the intervention was 

positively associated with the number of sessions attended (Marquez & Wing, 2013; O'Brien et 

al., 2015) and number of diaries submitted (Marquez & Wing, 2013). 

 
 

Overall, retention in the included studies ranged from 51% (Cousins et al., 1992) to 100% 

(Marquez & Wing, 2013). One study did not report retention data (Berry et al., 2011). The most 

commonly used retention strategies included study visit and class reminders, following up with 

participants after they missed a visit, financial incentives and raffles, flexible scheduling, 

providing transportation to study visits, and encouraging close contact of study staff with 

participants. Many studies did not report reasons for attrition, however in the ones that did, most 
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were related to work and time conflicts. Four (27%) studies compared characteristics of 

completers and non-completers. Two studies found no significant differences between the two 

groups (Arredondo et al., 2017; Koniak-Griffin et al., 2015) while the remaining two both found 

completers were more likely to be older (Harralson et al., 2007; Toobert et al., 2011). 

 
 

Risk of Bias and Quality Assessment 

 

A summary of risk of bias and quality assessment for all included studies are shown in Figure 2 

(individual study ratings are summarized in Appendix B Table S6). Overall, of the 15 studies, 

10 were classified as ‘weak’ (Baldwin, 2015; Berry et al., 2011; Cousins et al., 1992; Faucher & 

Mobley, 2010; Harralson et al., 2007; Lindberg, Stevens, Vega-Lopez, et al., 2012; Marquez & 

Wing, 2013; O'Brien et al., 2015; Seguin et al., 2019; Toobert et al., 2011) and five as  

‘moderate’ (Arredondo et al., 2017; Koniak-Griffin et al., 2015; McCurley et al., 2017; N.  

Olvera et al., 2010; Sorkin et al., 2014). All studies received a ‘weak’ rating for selection bias 

due to 1) self-selection as participants in all of the included studies were community members 

volunteering to take part in the study and/or 2) low or unreported agreement in percentage of 

eligible individuals agreeing to participate. Within the study design domain, all RCTs were 

classified as ‘strong’ while all quasi-experimental studies were classified as ‘moderate’. Given a 

lack of control group in the quasi-experimental studies, it was expected these studies would score 

lower as they provide weaker evidence when compared to RCTs. Blinding in all of the studies 

was scored as ‘moderate’ due to 1) a lack of description as to whether the outcome assessor(s) 

was blinded to the intervention and/or treatment arm and/or 2) lack of description as to whether 

study participants were aware of the research question. Notably, 5 out of 6 quasi-experimental 

studies did not adjust for confounders and therefore received a “weak” rating in the confounders 



72 
 

 

domain. In general, studies used data collection methods for height and weight that have been 

validated and found to be reliable. With regard to participant withdrawals and dropouts, studies 

that reported > 60% of participants completing the study and > 80% of participants completing 

the study were scored as ‘moderate’ or ‘strong’, respectively. Studies that reported < 60% 

follow-up rate or those that did not report retention or attrition figures were scored as ‘weak’. 

Across studies, main areas for improvement were related to self-selection of participants, lack of 

adjustments for confounders, blinding of assessors, high dropout rates, and lack of description 

regarding participant withdrawals. 

 

Figure 2: Summary of Risk of Bias and Quality Assessment 

 

Global Rating refers to the final assigned score for the study based on the five individual domains. All domains are 

weighed equally 

Withdrawals and Dropouts assesses if retention or attrition figures were reported and how many participants 

completed the study 

Data Collection Methods assesses if the data collection tools for the study were valid and reliable 
Blinding assesses whether participants were blind to the research question and if outcome assessors were aware of 

the intervention or exposure status of participants 

Confounders assesses whether differences between groups at Baseline were controlled for in the study design or 

analysis 

Study Design assesses whether the groups were randomized, how they were randomized, and if this was appropriate 

Selection Bias assesses if study participants are likely to be representative of the target population and the 
percentage of selected individuals who agreed to participate 
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2.5 DISCUSSION 

 

The findings from this systematic review revealed limited weight loss interventions for Hispanic 

women in the U.S. Among the 15 included studies, eight led to significant improvements in 

either BMI or weight from baseline (Baldwin, 2015; Lindberg, Stevens, Vega-Lopez, et al., 

2012; O'Brien et al., 2015; Seguin et al., 2019) or compared to the control arm (Arredondo et al., 

2017; Harralson et al., 2007; Sorkin et al., 2014; Toobert et al., 2011). However, the majority of 

studies were short in duration and pilot in nature. Considerable heterogeneity in study design, 

control groups, participant characteristics, intervention format and materials, and study outcomes 

was found across studies. A wide variety in intervention strategies has also been observed in 

other systematic reviews of lifestyle and PA interventions in U.S. Hispanics/Latinos (Corona et 

al., 2016; Ickes & Sharma, 2012; Loya, 2018; L. G. Perez et al., 2013). Of the 15 included 

studies, 40% were published in the past five years (since 2015), displaying a potential growing 

interest in developing and testing weight loss interventions focused on Hispanic women. 

However, despite this growing trend, a paucity of lifestyle interventions targeting weight loss in 

Hispanic/Latino populations has been identified by previous research (Haughton et al., 2018; 

Pagoto et al., 2012). Notably, a review by Haughton et al., evaluated the representation of 

racial/ethnic subgroups in behavioral weight loss interventions conducted between 2009 and 

2015, and found that Hispanic/Latino populations accounted for less than 9% of participants 

while non-Hispanic whites accounted for almost 60% (Haughton et al., 2018). Overall, the lack 

of standardized reporting of weight loss, including different weight outcomes (BMI vs. weight) 

and inconsistent reporting of SD, standard error, and p-values, makes it challenging to evaluate 

effectiveness across different studies. This heterogeneity will likely provide obstacles for future 

meta-analyses, which are needed to assess the totality of the evidence. Further, most of the 
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articles included in the current review were pilot studies with small sample sizes. It is important 

to recognize that pilot studies should focus on feasibility, process, and description rather than 

comparisons between groups of outcomes (Kraemer, Mintz, Noda, Tinklenberg, & Yesavage, 

2006; Tickle-Degnen, 2013). By nature, pilot studies usually have small sample sizes and are 

measured more descriptively and qualitatively than RCTs (Tickle-Degnen, 2013). Additionally 

small pilot studies commonly either overestimate or underestimate the true effect size of the 

intervention (Kistin & Silverstein, 2015; Kraemer et al., 2006). Given the large number of pilot 

studies in the current review, it is important to acknowledge what pilot studies can and cannot 

provide, and given these implicit limitations, we must be careful when assessing clinical and 

behavioral endpoints not related to feasibility and validity. For this reason, we chose to 

summarize effectiveness of the interventions in pilot studies separately. 

 
 

Study duration among the included articles varied widely. As expected, pilot studies tended to be 

shorter in duration and the vast majority of trials included in the review did not have follow-up 

periods after the intervention had ended. Importantly, a 2007 systematic review of weight-loss- 

focused RCTs found that maximum weight loss tended to occur during the first 6 months and 

plateaued at approximately 6 months (Franz et al., 2007). Authors of this review also concluded 

that participants in the clinical trials appeared to benefit from continued follow-up support that 

included monthly, biweekly or weekly, and quarterly face-to-face and telephone contacts (Franz 

et al., 2007). This idea was reinforced by participants in Toobert et al. (2007) who, during their 

exit interviews, stated that as in-person sessions faded, they felt less responsibility to themselves 

and to the program (Toobert et al., 2011). Future weight loss interventions in Hispanic women 

should target at least 6 months in duration in order to maximize weight loss and should develop 
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plans for continued support and follow-up visits in order to assess the magnitude of weight 

change over time. The lack of studies with follow-up measures was also noted in previous 

systematic reviews of obesity treatment and PA interventions in U.S. Latinos (Ickes & Sharma, 

2012; L. G. Perez et al., 2013). 

 
 

Across all 15 studies, interventions resulting in significant weight loss tended to test the effects  

of a diet plus PA interventions and report clear PA goals. The number of combined diet plus PA 

interventions was expected given previous research suggesting that programs based on PA alone 

are not as effective as combined diet plus PA interventions for weight loss (Johns, Hartmann- 

Boyce, Jebb, Aveyard, & Group, 2014). Interventions were delivered by a wide range of 

students, community members, and professionals and whether or not these individuals were 

bilingual or bicultural was often not described. This information may be particularly relevant 

given previous findings from focus groups where Mexican American immigrant women 

expressed a strong preference for female Mexican interventionists (Lindberg, Stevens, & 

Halperin, 2013a; Lindberg, Stevens, Vega-Lopez, et al., 2012). From the studies that reported 

adapting their interventions from the DPP or other existing programs, some did not include any 

further information on which specific constructs were carried over or emphasized and how they 

informed the study’s intervention strategies. This lack of description limits the replicability of the 

intervention and our ability to understand causal mechanisms of change. 

 
 

Social support has been identified as an important factor in the adoption of healthy lifestyle 

behaviors in Hispanic populations (Ickes & Sharma, 2012; Ingram, Ruiz, Mayorga, & Rosales, 

2009). A previous 2012 review by Ickes et al. found that increasing social support was a focus in 
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65% of PA interventions in Hispanic adults (Ickes & Sharma, 2012). In the current review, 

participant feedback across studies stated they enjoyed group sessions (O'Brien et al., 2015; N. 

K. Olvera, B,; Scherer R et al., 2008; Seguin et al., 2019), and felt that a widened social support 

network was a facilitator to engaging in exercise (Harralson et al., 2007). The use of promotoras 

was also found to contribute a sense of social support for participants throughout an intervention 

by facilitating behavior change by motivating participants and providing a sense of emotional 

and social support (Koniak-Griffin et al., 2015). Future studies should continue to target social 

support as a means to facilitate the adoption of healthy lifestyle behaviors in U.S. Hispanic 

women as efforts to improve social support seem to be appreciated by participants. However, the 

extent to which social support facilitates weight loss in diet and PA interventions remains 

unclear. 

 
 

When conducting narrative syntheses, it is recommended that authors explore potential 

moderator variables to help identify how, why, and for whom interventions are working (Popay 

et al., 2006). This task was particularly challenging due to the large number of pilot studies and 

little overlap existing between the interventions across components such as intervention duration, 

delivery, and strategies. Of the six studies that utilized promotoras to deliver the interventions, 

only two led to significant weight loss (Arredondo et al., 2017; O'Brien et al., 2015). Of these, 

one was a RCT (n=436) testing the effects of a PA intervention which resulted in significant 

weight loss at 12 months compared to the attention-control group (Arredondo et al., 2017), and 

the other was a pre-/post-test diet plus PA feasibility study (n=20) that resulted in significant 

weight loss at 12 months (O'Brien et al., 2015). In a 2013 systematic review, Perez et al. found 

the obesity treatment interventions that yielded the largest effect sizes were delivered in a wide 
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range of settings (e.g. church, healthcare, community center) by differing interventionists (e.g. 

healthcare professionals, promotoras, registered dieticians) (L. G. Perez et al., 2013). In the 

present review, no clear or consistent effect of promotoras on weight loss was observed across 

studies. The addition of one or more family members or friends was a common characteristic of 

interventions for U.S. Hispanic women. While five studies (33%) included either a family 

member or friend, only two (13%) tested the effects of this added member compared to the 

woman alone (Cousins et al., 1992; Marquez & Wing, 2013). In these two interventions, no 

additional benefit on participant weight loss was observed from the inclusion of family (Cousins 

et al., 1992) or a close friend (Marquez & Wing, 2013). Overall, more research is needed to 

determine whether the inclusion of family or friends in an intervention promotes greater weight 

loss in U.S. Hispanic women. 

 
 

Overall, little overlap was found in the various acculturation measures utilized and only a few 

used validated measures. Notably, a 2010 study by Wallace et al. identified 26 acculturation 

measures focused on Hispanics used in the literature (Wallace, Pomery, Latimer, Martinez, & 

Salovey, 2010). Of these, only a few were found to be reliable and valid, including the ARMSA, 

ARSMA-II, and 12-item Bidimensional Acculturation Scale for Hispanics (Wallace et al., 2010). 

Importantly these multidimensional measures assess several aspects of Hispanic culture 

including but not limited to language, country of origin, and cultural identity, making them more 

comprehensive and favorable than using any of these measures alone (Wallace et al., 2010). 

Nearly all participants in the included studies were reported to be less acculturated limiting our 

ability to determine whether or not acculturation promoted weight loss. Our findings parallel 

those of a previous review of weight loss interventions in Hispanic adults where similar issues 
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with the lack of use of standardized measures acculturation was reported (Lindberg & Stevens, 

2007). Future studies should strive to incorporate validated and reliable measures so that 

meaningful comparisons can be made across study populations. 

 
 

The present review found that the majority of studies provided in-depth descriptions of culturally 

sensitive strategies utilized. This finding differed from a finding from a previous 2007 review of 

weight loss interventions in U.S. Hispanic populations by Lindberg et al. (2007), which found 

that studies commonly failed to describe the culturally-sensitive strategies implemented by the 

studies (Lindberg & Stevens, 2007). While descriptions of these strategies seem to have 

improved, authors should refrain from using vague terms in their description of the adaptations 

to enhance replicability of the intervention. In a 2013 review of obesity treatment interventions 

in U.S. Hispanic Latinos, Perez et al. (2013) highlights the importance of utilizing culturally 

relevant strategies in obesity-related research and, when possible, developing interventions that 

target multiple levels of the SEM in acknowledgment of the barriers faced by many attempting to 

change their diet and PA behaviors (L. G. Perez et al., 2013). 

 
 

Previous weight loss intervention research has established that greater attendance and 

intervention completion are associated with greater weight loss (Moroshko, Brennan, & O'Brien, 

2011). Importantly, monitoring participants’ intervention engagement may offer insight into why 

some interventions work while others do not. For example, in a dietary intervention study by 

Lippke et al. (2016), changes in action planning and coping planning emerged as effect 

mediators only if engagement in the intervention was at a certain level (Lippke, Corbet, Lange, 

Parschau, & Schwarzer, 2016). In the current review, despite the number of studies having 
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participants keep food and PA logs, only one study reported the number of submitted logs as a 

measure of intervention adherence (Marquez & Wing, 2013). This makes it difficult to identify 

whether participants were engaging in self-monitoring behaviors and ultimately the ability of the 

investigators to assess whether these behaviors mediated the effects of the intervention. 

 
 

A number of gaps remain regarding which intervention strategies are most effective for Hispanic 

women in the U.S. Based on the findings of this review, the following guidance can be made: 

 
 

1. In general, a paucity of rigorous RCTs testing the effect of diet and PA interventions on 

weight loss among Hispanic women exists. This review identified several pilot studies 

that resulted in significant weight loss. There is a need to advance research by testing 

large, adequately-powered interventions of > 6 months in order to test the effectiveness of 

interventions on weight loss. Large RCTs should strive to address common quality issues 

related to self-selection, blinding of assessors, and high attrition rates. 

2. The country of origin of participants should more routinely be collected given the vast 

heterogeneity within the Hispanic and/or Latino population, and is an underutilized 

variable for a majority of studies in this review. Additionally, reliable and valid measures 

of acculturation should be used to allow meaningful comparisons to be made across 

studies. 

3. Reporting on recruitment, retention, attendance, and adherence should consider including 

information regarding which recruitment strategies were most effective and which 

retention strategies were most accepted and beneficial for participants. 
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4. Future studies should consider intent-to-treat analyses particularly given the low retention 

observed in many of the included studies. 

5. Studies should include direction and magnitude of change in weight loss and standard 

deviation data to allow for meta-analyses. 

6. When appropriate, changes in diet, PA, and behavioral outcomes should be documented 

to allow for analysis of potential mediators of intervention effectiveness, primarily weight 

loss. 

7. Reporting on weight loss should include crude weight and percentage of baseline body 

weight lost. This is because percentage weight change takes into consideration baseline 

differences in weight and height while crude weight loss does not. Additionally, authors 

should report the number of participants who achieved 3%, 5%, and >10% weight loss 

given these markers have each been associated with clinically meaningful improvements 

in a range of biomarkers. 

8. Future research in adult Hispanic women should test approaches that overcome 

commonly reported barriers to participation in weight loss studies (e.g., transportation 

and time conflicts). 

9. For replicability and transparency purposes, authors should consider publishing protocol 

papers to ensure important details regarding intervention delivery and strategy are fully 

described. 

 
 

Limitations of this review include the low number of studies that included weight loss as a 

percentage of baseline weight. This impeded our ability to use a predetermined measure of 

intervention success on weight loss, which in turn led to our inability to identify characteristics 
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of successful interventions. Similar challenges have been reported in other systematic reviews 

evaluating the effectiveness of weight loss interventions in Hispanic and other populations 

(Corona et al., 2016; R. L. Williams, Wood, Collins, & Callister, 2015). 

 
 

Given our inclusion criteria stated that studies must have reported weight change as a primary or 

secondary outcome, it is likely that weight loss was not always the primary focus of an 

intervention included in this review. This might have been the case for some of the interventions 

that only targeted PA and may have implications for the design, including statistical power, and 

content of the interventions. 

 
 

We acknowledge that limiting this review to studies that included 100% Hispanic women fails to 

recognize the many studies that recruited both Hispanic men and women. However, our choice to 

focus on Hispanic women was informed by their unique attitudes, barriers, and facilitators 

related to diet, PA, and weight loss that interact with unique socio-cultural contextual factors 

including gender role strains and the immigration experience. Additionally, research has shown 

that differences exist in key predictors of weight loss when using racial/ethnic-and-sex specific 

models (West et al., 2019). We feel that these factors highlight the need to focus specifically on 

Hispanic women. 

 
 

The large number of pilot studies included in this review complicate our ability to make 

conclusions about the state of weight loss interventions in U.S. Hispanic women. Specifically, 

the small sample sizes, short duration, pre-post design, and focus, for many of the studies, on 

feasibility, limit our ability to conclude whether or not interventions demonstrate initial efficacy 



82 
 

 

or future effectiveness. We have attempted to mitigate this issue by separately evaluating the 

pilot studies, however evaluation of a greater number of RCTs is needed before any sound 

conclusions regarding effectiveness can be made. 

 
 

Despite these limitations, a number of strengths in the review should be acknowledged. To our 

knowledge, this review is the first to rigorously evaluate and summarize weight loss 

interventions in U.S. for Hispanic women. This included developing a comprehensive search 

strategy with a detailed data extraction process reflected in the review’s tables. This review was 

the first to use a validated and reliable risk-of-bias and quality assessment of included studies 

and summarize important process measures, which the authors determined was important given 

the large number of pilot studies. The large number of pilot studies reviewed could hint that a 

number of RCTs are currently being developed or are underway making the comprehensive list 

of suggestions for future research particularly timely. 

 
 

In summary, weight loss interventions in U.S. Hispanic women display considerable 

heterogeneity in methods and reporting and are pilot in nature, impeding the ability to make 

meaningful conclusions about the effectiveness of these interventions. However, there seems to 

be growing interest in developing these interventions. Future research should test the effects of 

large, adequately powered RCTs with appropriate control groups. This review serves as a step 

towards assessing and building upon the current landscape of existing weight loss interventions 

for this population. 



83 
 

 

CHAPTER THREE – IDENTIFYING GENE X DIET INTERACTIONS 

 

 
3.1 RATIONALE 

 

Gene-diet interactions are ubiquitous and may partially explain why some individuals do or do 

not develop a given disease (Y. Heianza & L. Qi, 2017). Since 2005, GWASs have offered the 

opportunity to identify genetic variants SNPs associated with a given trait, including complex 

diseases. However, identifying causal mechanisms underpinning the link between identified 

variants and disease risk is challenging given differences in levels of environmental exposures 

and interactions occurring between the genome and environment (Visscher et al., 2017). 

Exploring gene-diet interactions related to complex diseases offers the opportunity to identify 

lifestyle factors that may magnify disease risk in certain individuals and add nuance to our 

understanding of how to more accurately assess individual levels of disease risk (Y. Heianza & 

L. Qi, 2017). This understanding is critical to moving towards a more precision-based approach 

for interventions and eventual clinical care recommendations. 

 
 

The study described in this chapter focuses on a common variant reported to have the strongest 

known effect on risk for NAFLD (explains 5.3% of total variance in genetic susceptibility) 

(Sookoian & Pirola, 2011). A 2016 meta-analysis of 35 studies found the PNPLA3 rs738409 

variant was strongly associated with various conditions within the NAFLD spectrum, including 

levels of hepatic steatosis and risk of NAFLD, NASH, and HCC (Salameh et al., 2016). The 

PNPLA3 gene has been previously demonstrated to be sensitive to dietary intake as evidenced by 

the upregulation of PNPLA3 expression in hepatocytes induced by carbohydrate feeding and 

insulin (F. V. Bruschi, M. Tardelli, T. Claudel, & M. Trauner, 2017). Additionally, research 
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suggests PNPLA3 genotype status may interact with certain dietary factors in relation to NAFLD 

outcomes in Hispanic pediatric populations and in non-Hispanic adult populations. Interactions, 

however, have yet to be explored in Mexican-origin adults, a population with high prevalence of 

the variant who suffers a disproportionate burden of NAFLD and HCC. As such, the current 

study sought to identify if interactions occurred between the high-risk PNPLA3 SNP and a 

priori-selected dietary variables (informed by the findings of previous research) in relation to 

levels of hepatic steatosis among a sample of Mexican-origin adults. Given we had access to a 

participant sample, which included both men and women, analyses were performed in the full 

sample of 288 Mexican-origin adults. However, a sensitivity analysis excluding men was 

performed to explore the possibility of sex differences in interactions and directly inform future 

NAFLD interventions for Mexican-origin women, specifically. Findings from this study provide 

insight into the potential effectiveness of targeted dietary intervention strategies that can be 

incorporated into NAFLD interventions for treatment of this disease in Mexican-origin adults. 

 
 

3.2 INTRODUCTION 

 

NAFLD is the most common cause of chronic liver disease in the U.S. (Perumpail et al., 2017; Z. 

 

M. Younossi et al., 2020). Increasing rates of NAFLD have paralleled the rising rates of obesity 

and type 2 diabetes (Z. M. Younossi et al., 2020). National estimates of NAFLD prevalence 

indicate that Mexican-origin adults suffer disproportionately relative to both non-Hispanic 

populations and other Hispanic/Latino subgroups, including Hispanics of Dominican and Puerto 

Rican origin (Fleischman et al., 2014; Lazo et al., 2013). For the majority of individuals, 

NAFLD will manifest as simple NAFL; however, for some, NAFLD will progress into a more 

severe form of NAFLD called NASH. If NASH is left untreated, it can progress to fibrosis, 
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cirrhosis, and HCC (Argo & Caldwell, 2009; Chalasani et al., 2018; Harrison, Torgerson, & 

Hayashi, 2003; Z. M. Younossi, Koenig, et al., 2016a). Similar disparities are observed in HCC 

where incidence in Hispanics is double that in non-Hispanic Whites (Siegel et al., 2015) while 

remaining one of the most fatal cancers with a 5-year cause-specific survival for Hispanics of 

20% and 22% for men and women, respectively (Siegel et al., 2015). Currently, NAFLD is the 

fastest growing indication for liver transplantation in the U.S. (Parikh et al., 2019) raising further 

concern related to access to life-saving medical procedures and care for Hispanics/Latinos 

(Cholankeril et al., 2018; Mathur, Schaubel, Gong, Guidinger, & Merion, 2010). 

 
 

Genetics play a key role in explaining differences in NAFLD prevalence observed among 

various Hispanic/Latino subgroups (Fleischman et al., 2014; Saab et al., 2016). Even after 

controlling for a range of demographic (e.g. age, sex) and clinical (e.g. BMI, waist 

circumference, hypertension, serum lipids, IR, etc.) risk factors, rates of NAFLD in Mexican- 

origin adults were found to be significantly higher than participants of Dominican and Puerto 

Rican-origin (Fleischman et al., 2014). One SNP in the PNPLA3 rs738409 locus has consistently 

been associated with increased risk of NAFLD and HCC (Browning et al., 2004; Lazo et al., 

2015; Martinez et al., 2017; Romeo et al., 2008; Saab et al., 2016; Severson et al., 2016; Xu, 

Tao, Zhang, Deng, & Chen, 2015). The SNP represents an Ile148Met substitution (C>G) in the 

PNPLA3 gene, a gene that encodes a protein involved in the export of triglycerides out of the 

liver (F. V. Bruschi, M. Tardelli, T. Claudel, & M. Trauner, 2017). In the first study to identify 

this variant, Romeo et al. (2008) showed those carrying two copies of the risk allele displayed 

levels of hepatic fat content that were > 2-fold higher than non-carriers (Romeo et al., 2008). In 

the U.S., the variant is more common in Hispanic individuals with a minor allele frequency 
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(MAF) of (0.49) compared to (0.23) in European Americans and (0.17) in African Americans 

(Romeo et al., 2008). The frequency of the variant is found to be particularly high among 

Mexicans in Mexico. In a 2017 study by Martinez et al., the MAF of the SNP was found to be 

(0.77) among 211 Mexican adult patients diagnosed with NAFLD (Martinez et al., 2017). In the 

same study, patients carrying two copies of the risk allele showed 3.8 times more risk of having 

NASH (p < 0.05, CI 95%: 3.03-4.79) and 2.32 times more risk of fibrosis (p < 0.05, 95% CI 1.77 

~ 3.23) (Martinez et al., 2017). 

 

 

Current guidelines for the treatment of NAFLD recommend weight loss, PA, and diet 

modification (Chalasani et al., 2018; Romero-Gomez et al., 2017). While the American 

Association for the Study of Liver Diseases (AASLD) does not currently recommend a specific 

macronutrient composition for NAFLD management, reducing carbohydrate intake (particularly 

fructose) and increasing omega-3 and monounsaturated fatty acid intake have been associated 

with improvements in NAFLD outcomes independent of weight loss (Barrera & George, 2014). 

While a mechanism directly explaining the role of fructose in NAFLD pathogenesis is poorly 

understood, increased intake of omega-3 fatty acids have been found to reduce liver steatosis by 

increasing fatty acid oxidation and reducing lipogenesis (Pettinelli et al., 2009). Interestingly, 

genetics may play a critical role in modifying the effect of these dietary factors on NAFLD 

severity and progression (J. N. Davis et al., 2010; P. Dongiovanni & Valenti, 2017; Santoro et 

al., 2012; Sevastianova et al., 2011). The rs738409 C>G polymorphism confers susceptibility to 

NAFLD by enabling the accumulation of PNPLA3 protein at the surface of hepatic lipid 

droplets, thereby inhibiting the activity of local lipases and impairing the mobilization of 

triglycerides from these droplets (BasuRay et al., 2017). Given the transcriptional up-regulation 
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of PNPLA3 that occurs during carbohydrate loading (Baulande, Lasnier, Lucas, & Pairault, 2001; 

Huang et al., 2010), it is thought that high dietary sugar consumption may exacerbate the effect  

of the variant by causing an even greater increase in PNPLA3 protein accumulation and 

consequently, triglyceride levels in the liver (P. Dongiovanni & Valenti, 2017). Additionally, 

carriers of this variant seem to benefit more than non-carriers from hypocaloric, low- 

carbohydrate diets, despite similar weight loss (Sevastianova et al., 2011) while seeming to 

benefit less from supplementation with certain omega-3 fatty acids (E. Scorletti et al., 2015). 

These studies highlight the potential for the variant to modify treatment responses to therapeutic 

NAFLD interventions in homozygous individuals. Identifying interactions between the variant 

and specific dietary factors offers an opportunity to understand why carriers may respond 

differently compared to non-carriers to various diet and supplement interventions for NAFLD 

treatment. 

 
 

Understanding the complex interactions between genetics and diet as they relate to NAFLD may 

offer an opportunity to advance the field of precision medicine by allowing the tailoring of 

lifestyle interventions based on each participant’s unique genetic background (P. Dongiovanni & 

Valenti, 2017). In a study among 127 Caucasian, African American, and Hispanic children and 

adolescents, a significant interaction was observed between PNPLA3 genotype status and omega- 

6/omega-3 PUFA intake in relation to liver fat content (Santoro et al., 2012). In another study, 

significant interactions were observed between PNPLA3 genotype status and total carbohydrate 

and total sugar intake in relation to liver fat content among a sample of 153 Hispanic children  

and adolescents (Jaimie N. Davis et al., 2010). To date, few studies have attempted to 

characterize the interactions between PNPLA3 risk allele carrier status and dietary intake in adult 
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populations (for exceptions see (Eleonora Scorletti et al., 2015), (Stojkovic et al., 2014), and (S. 

Liangpunsakul et al., 2018)); however, to our knowledge, interactions have yet to be investigated 

in Mexican-origin adults. Additionally, to our knowledge, no studies have attempted to explore 

interactions between this variant and dietary intake in relation to levels of hepatic steatosis as 

assessed by non-invasive transient elastography (Fibroscan®), an assessment method widely 

used for its high-accuracy and utility guiding clinical management strategies in patients with 

liver disease (Pang et al., 2014). The current study seeks to address these gaps. Based on the 

findings of previous research that included Hispanic participants (Jaimie N. Davis et al., 2010; 

Santoro et al., 2012), our hypothesis is that gene-diet interactions exist between dietary 

carbohydrate intake and PNPLA3 genotype status such that the association of a high- 

carbohydrate diet with levels of hepatic steatosis is stronger in adults carrying one or two risk or 

G alleles. We also hypothesized that a significant interaction would exist between omega-6 to 

omega-3 PUFA ratio and PNPLA3 genotype status. The purpose of the current study was to 

determine if genotype status modified the relationship between specific dietary factors, including 

total carbohydrate, total sugar, added sugar, fructose, omega-6-omega-3 ratio, and liver steatosis, 

in a sample of MO adults (n=288) and separately in a sample of Mexican-origin women (n=185). 

 
 

3.3 METHODS 

 

Study Population 

 

The current analysis utilized participants from an ongoing, cross-sectional study. As part of this 

study, participants completed an in-person, 45-60 minute study visit at a clinic specializing in 

liver health. During the study visit, participants provided a sample of DNA by buccal swabs and 

completed demographic, behavioral, and psychosocial questionnaires, a brief physical 
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assessment, and transient elastography (Fibroscan®). Three 24-hour dietary recalls were 

conducted over the phone in the 1-2 weeks after their study visit. Participants were recruited 

from community-based locations frequented by Mexican-origin community members such as 

churches, outdoor markets, community events, and health fairs. Study visits occurred between 

May 2019 and March 2020. All study procedures were approved by The University of Arizona 

Institutional Review Board (IRB #1902380787). 

 

Given a sample size of 288, an allele frequency of 0.5, an alpha of 0.05, a standardized beta of 

 

0.26 for the genotype based on prior findings (Speliotes et al., 2011), a standardized beta for the 

dietary variable of 0.5, we have >80% power to detect a significant interaction with a 

standardized beta of ~0.24 (r2 ~ 0.028). 

 

Eligibility Criteria 

 

Stringent eligibility criteria for the cross-sectional study were established. Participants were 

required to: 1) self-identify as Mexican-origin; 2) be 18-64 years of age; 3) have a BMI ≥ 25 

kg/m²; 4) be able to provide informed consent; and 5) have the ability to speak, read, and write in 

English and/or Spanish. Given that estimates of NAFLD increase with obesity, only individuals 

with overweight or obesity were recruited. Individuals were excluded if they 1) had uncontrolled 

high blood pressure or type 2 diabetes; 2) reported ongoing or recent alcohol consumption >21 

standard drinks on average per week in men and >14 standard drinks on average per week in 

women; 3) were taking any medication or supplement known to affect body composition or 

history of exposure to hepatotoxic drugs; 4) had any syndrome or disease known to affect body 

composition or fat distribution; 5) participated in any structured exercise, nutrition, or weight- 
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loss program within 6 months of recruitment; 6) previously had bariatric surgery; 7) were 

currently pregnant or breastfeeding; 8) were previously diagnosed with liver disease or liver 

cancer, and 9) had an active, chronic gastrointestinal disorder (e.g. inflammatory bowel disease, 

ulcerative colitis, Crohn's disease, celiac disease). 

 
 

Study Measures 

 

Anthropometrics 

 

Height, weight, and waist circumference were assessed during the study visit using standardized 

protocols (Lohman, Roche, & Martorell, 1988). Body weight was measured with the participant 

in street clothes, without shoes, on a calibrated scale to the nearest 0.1 kg (Tanita WB-100A). 

Height was measured to the nearest 0.1 cm using a stadiometer. BMI was subsequently 

calculated as weight divided by height squared (kg/m2). Waist circumference was measured in 

the horizontal plane directly at the umbilicus using a Gulick measuring tape-recorded to the 

nearest 0.1 cm. Two measurements were taken for waist circumference unless measurements 

differed by more than 2.0 cm, in which case a third measurement was taken. The average of the 

two measurements closest to each other was recorded for data collection. 

 
 

Dietary Assessment 

 

Dietary intake was assessed by three 24-hour dietary recalls on 2 weekdays and 1 weekend day. 

All recalls were administered by The University of Arizona Cancer Center Behavioral 

Measurement and Interventions Shared Resource (BMISR) via telephone. Trained bilingual 

dietary technicians, many of whom were Mexican-origin, conducted all recalls in each 

participant’s preferred language using the validated multiple-pass method (Joan M. Conway, 
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Ingwersen, Vinyard, & Moshfegh, 2003). Visual serving size guides (food amounts booklets) 

were provided to all participants to assist in estimating portion sizes. Additional information 

regarding usual intake (i.e., “reflective of normal intake”, “more than normal”, “less than 

normal”) and any reason for unusual intake (e.g., special occasion, ate a buffet) was also 

collected. To reflect the marketplace throughout the study, dietary intake data were collected 

using Nutrition Data System for Research (NDSR) software versions 2018 and 2019, developed 

by the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN. Final 

calculations were completed using NDSR version 2018, (July 31, 2020). The NDSR time-related 

database updates analytic data while maintaining nutrient profiles true to the version used for 

data collection. Information on key dietary variables of interest, including total calories, % total 

calories from protein, fat, omega-3 PUFAs, omega-6 PUFAs, carbohydrates, fructose, total 

sugar, and added sugar, omega-6-omega-3 ratio, intakes of dietary fiber (g), insoluble fiber (g), 

and soluble fiber (g), and glycemic index and load were obtained from the NDS-R software and 

averaged to obtain an estimate of usual intake. Added sugars were defined as only those 

sugars/syrups added to foods during food preparation or commercial food processing (e.g., high 

fructose corn syrup). In order to estimate average or usual intake, only participants who 

completed at least two 24-hour dietary recalls were included in the analyses. 

 
 

To assess plausibility of caloric intake, we assessed the distribution of the residuals of a linear 

regression of body weight and average caloric intake and intended to exclude participants with 

residuals > 3SD from the residual mean. No participants met these criteria; therefore, all 288 

participants were included in the final analyses. 
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Given the fact that dietary recalls took place 1-2 weeks after the in-person study visit where 

participants had the option to review transient elastography (Fibroscan®) results with a liver 

specialist, there was a possibility that participants had modified their diet based on potential 

recommendations made by the specialist (e.g. increase PA, lose weight). This would mean that 

the dietary recall data collected from these participants was potentially not reflective of usual 

intake. To account for this possibility, participant comments received during the 24-hour dietary 

recall were reviewed by two authors (K.M. and V.B.). KM. and V.B independently reviewed and 

coded participant comments to determine whether comments were reflective of day-to-day 

fluctuations in diet (e.g., “not feeling well”, “birthday”, “busy”, and “special occasion”) or long- 

term diet changes intended to produce weight loss (e.g., “trying to lose weight” and “restricting 

carbs/fat/portions”). Agreement between coders was high (97%). Discrepancies were resolved 

via discussion between coders. All comments coded as long-term diet changes were excluded in 

a sensitivity analysis. 

 
 

Liver Steatosis 

 

Transient elastography (FibroScan®) was used to measure liver steatosis based on controlled 

attenuation parameters (CAP) scores and liver fibrosis in kilopascals (kPa). A trained 

physician/technician performed the transient elastography (Fibroscan®). This method provides 

non-invasive, fast, reliable, and reproducible measures of liver steatosis and stiffness (used as a 

surrogate of liver fibrosis) with good intra- and interobserver levels of agreement (Mikolasevic et 

al., 2016). 
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Genotyping 

 

Two buccal swabs (Whatman OmniSwab) were collected from each participant (one from each 

cheek). Genomic DNA was isolated from the buccal swabs by the University of Arizona 

Genetics Core, quantitated, and used as the template in a TaqMan® SNP Genotyping assay to 

determine the genotype at the rs738409 SNP, located in codon 148 of PNPLA3. Genotypes were 

determined for 100% of participants and the minor allele (G) frequency was 51%. Risk allele 

carrier status was defined by PNPLA3 rs738409 genotype and individuals were categorized as 

CC, CG, and GG genotypes, corresponding to 0, 1, or 2 risk alleles, respectively. 

 
 

Statistical Procedures 

 

All continuous variables were examined visually for normality. Normally distributed variables 

were summarized as mean ± standard deviation and skewed variables were summarized as 

median and interquartile range (IQR). One-way analysis of variance was used to compare 

continuous variables between genotypes. If there were overall significant differences between 

genotype groups for any given continuous variable (p < 0.05), post-hoc pairwise comparisons 

were used. Chi-squared tests were used to compare categorical variables between genotype 

groups. BMI was non-normally distributed and thus log-transformed before analysis. Multiple 

linear regression was used to assess whether a diet x genotype interaction existed on the outcome 

of interest, liver steatosis. An additive model was used such that genotypes were coded as 0, 1, or 

2 which indicated the number of G risk-alleles. The following dietary variables were selected a 

priori based on the scientific literature and their association with liver steatosis: total 

carbohydrate intake (J. N. Davis et al., 2010), total sugar intake (J. N. Davis et al., 2010), omega- 

3 PUFA intake (Eleonora Scorletti et al., 2015), and omega n-6 to n-3 PUFA ratio (Santoro et al., 
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2012). Covariates included in the model were sex, age, and BMI. Waist circumference was 

considered as a model covariate but was not included due to its high collinearity with BMI. All 

models were checked for the assumptions of linear regression: linearity, normality of residuals, 

and homoscedasticity. Only individuals with complete data were included in the final models. A 

significance level of P < 0.05 was set. All analyses were conducted in R Studio version 3.6.2 

(Team, 2013). 

 
 

Of the 778 individuals interested in the study, 720 were screened and 316 were eventually 

enrolled. Three hundred and seven participants had complete available demographic and clinical 

data from the cross-sectional study visit. Of these 307 participants, 288 (94%) completed at least 

two dietary recalls and therefore were included in the final sample. Specifically, nineteen 

participants were excluded for not completing at least two dietary recalls. A recruitment flow 

diagram outlining how the final sample of 288 participants was reached is summarized in Figure 

3. 
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Individuals not screened (n=58) 

Not interested (n=8) 
Disclosed fatty liver diagnosis (n=14) 

Disclosed NAFLD diagnosis (n=6) 

Disclosed cirrhosis diagnosis (n=1) 

Disclosed end-stage liver cancer diagnosis 

(n=1) 

Not Hispanic/Latino (n=1) 

Not Mexican-origin (n=3) 

Time constraints (n=3) 

Disclosed BMI too low (n=2) 

Disclosed was on kidney dialysis (n=1) 

Did not live in Tucson (n=1) 

Did not meet age requirement (n=3) 

Did not begin online screening (n=3) 

Incomplete screening (n=11) 

Completed 2 or 3 24-hr 

dietary recalls (n=288) 

Participants who did not 

complete > 2 dietary recalls 

(n=19) 

Completed 1 recall (n=9) 

Completed 0 recalls (n10) 

Participants with complete 

data from study visit (n=307) 

Enrolled participants whose 

data is unavailable (n=9) 

Not eligible after enrollment 

(n=8) 

Withdrew participation (n=1) 

Enrolled 

(n=316) 

 

Figure 3: Cross-Sectional Study Recruitment Flow Diagram 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Sensitivity Analyses 

 

A sensitivity analysis was conducted for all models that excluded participants with diet recall 

comments that reflected participants were in the process of making dietary changes intended to 

Final sample with 

complete data (n=288) 

Eligible 

(n=440) 

Screened 

(n=720) 

Individuals screened and not eligible 

(n=280) 

History of liver disease (n=48) 
BMI (n=73) 

Taking weight loss medications (n=20) 

Not Hispanic/Latino (n=4) 

Not Mexican-origin (n=4) 
Excess alcohol consumption (n=21) 

Chronic GI condition (n=31) 

Uncontrolled chronic disease (n=3) 

Current cancer diagnosis without treatment 

(n=1) 

Participating in a weight reduction program 

(n=1) 

Pregnant/breastfeeding (n=5) 
Did not meet age requirement (n=19) 

Taking hepatotoxic drug (n=28) 

History of hepatotoxic drug use (n=9) 

Did not live in Tucson (n=5) 

History of bariatric surgery (n=6) 

Treatment for condition known to affect 

body composition (n=2) 

Interested 

(n=778) 
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produce weight loss (n=24). A second sensitivity analyses was conducted which excluded men 

(n=103) to explore interactions in MO women which would directly inform the development of 

future intervention strategies developed for MO women. 

 
 

3.4 RESULTS 

 

Participant Characteristics 

 

Full demographic and clinical characteristics of participants by PNPLA3 genotype are 

summarized in Table 2. There were no significant differences in age, weight, BMI, waist 

circumference, liver fibrosis, income level, diabetes status, nor insurance status between 

genotype groups. Mean liver steatosis values differed significantly between the three genotypes: 

(CC: 285.5 ± 53.4 dB/m; CG: 283.7 dB/m (44.5); GG: 302.4 dB/m (50.8)). 

 
 

Dietary variables by genotype for the final sample of 288 are summarized in Table 3. No 

significant differences in dietary variables were observed between the groups except for soluble 

fiber. 
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Table 2: Demographic and Clinical Characteristics of Mexican-Origin Subjects by 

Genotype (n=288)1 
 

Variable CC (n=72) CG (n=139) GG (n=77) P-value2 

Sex, n (%) 

Male 

Female 

 

23 (31.9) 
49 (68.1) 

 

54 (38.8) 
85 (61.2) 

 

26 (33.8) 
51 (66.2) 

0.56 

Age (y), mean ± SD 44.9 ± 12.1 44.2 ± 10.8 45.5 ± 10.8 0.69 

Weight (kg), median 
(IQR) 

86.6 (74.1, 
99.5) 

84.6 (77.6, 
93.5) 

87.5 (76.0, 
100.2) 

0.50 

BMI (kg/m2), median 
(IQR) 

31.3 (28.0, 
35.8) 

31.1 (28.9, 
34.2) 

32.6 (29.3, 
36.3) 

0.27 

Waist Circumference 
(cm), median (IQR) 

103.3 (97.0, 
116.1) 

103.0 (96.4, 
111.1) 

106.8 (99.2, 
113.9) 

0.18 

Liver Steatosis (db/m)3, 

mean ± SD 

285.5 ± 53.4 283.7 ± 44.5a 302.4 ± 50.8b 0.02 

Liver Fibrosis (kPa)4, 

median (IQR) 

5.1 (4.1, 5.9) 5.0 (4.4, 6.2) 5.0 (4.5, 6.6) 0.50 

Income Levela, n (%) 

<$29k 

$30K-59K 
>$60K 

 

35 (48.6) 

24 (33.3) 
13 (18.1) 

 

61 (43.9) 

55 (39.6) 
23 (16.5) 

 

47 (61.0) 

21 (27.3) 
9 (11.7) 

0.18 

Diabetes, n (% Yes) 6 (8.3) 14 (10.1) 8 (10.4) 0.90 

Insurance, n (% Yes) 41 (56.9) 92 (66.2) 45 (58.4) 0.33 
1All variables presented as either mean ± SD or median (IQR). Values with different superscripts are significantly 

different (p-value =0.05) 
2P values represent overall significance between genotypes using ANOVAs with Bonferroni adjustments and chi- 

square tests 
3Possible CAP values for liver steatosis ranged from 100 to 400 dB/m 
4Liver stiffness used to estimate levels of liver fibrosis, values begin at 2 kPa with no end value 
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Table 3: Self-Reported Repeat 24-hour Recall Dietary Intake of Mexican-Origin Subjects 

by Genotype (n=288)1 
 

 CC (n=72) CG (n=139) GG (n=77) P-value2 

Energy (kcals) 1459 
(1160,1682) 

1426 (1166, 
1822) 

1430 (1079, 
1730) 

0.42 

Protein (g/d) 66.4 (53.5, 
78.0) 

63.4 (49.4, 79.2) 61.9 (47.8, 73.7) 0.45 

Protein (% of 
energy) 

18.8 (14.9, 
23.7) 

17.4 (15.1, 20.8) 17.9 (14.6, 20.6) 0.24 

Fat (g/d) 55.8 (40.4, 
73.0) 

56.3 (40.0, 74.0) 54.5 (39.4, 65.7) 0.57 

Fat (% of energy) 33.8 (30.5, 
37.8) 

33.4 (30.0, 39.4) 36.6 (30.8, 39.0) 0.72 

n-3 PUFA (g/d) 1.3 (0.9, 1.9) 1.3 (0.8, 2.0) 1.2 (0.8, 1.7) 0.51 

n-3 PUFA (% of 
energy) 

0.8 (0.6, 1.1) 0.8 (0.6, 1.1) 0.8 (0.6, 1.0) 0.55 

n-6 PUFA (g/d) 11.2 (7.6, 15.9) 10.9 (7.9, 15.3) 10.8 (6.4, 14.0) 0.34 

n-6 PUFA (% of 
energy) 

6.7 (5.6, 8.5) 6.8 (5.8, 8.5) 6.6 (5.2, 7.6) 0.36 

n-6/n-3 PUFA 8.3 (7.0, 9.2) 8.4 (7.5, 9.9) 8.3 (7.3, 10.0) 0.71 

Carbohydrates 
(g/d) 

175.4 (132.4, 
208.3) 

166.9 (131.9, 
218.3) 

169.0 (120.3, 
211.1) 

0.44 

Carbohydrates 
(% of energy) 

46.1 (42.0, 
51.2) 

46.7 (41.8, 51.3) 45.1 (39.4, 51.3) 0.65 

Fructose (g/d) 13.6 (7.9, 21.2) 13.3 (7.8, 20.5) 13.3 (6.6, 20.9) 0.74 

Fructose (% of 
energy) 

3.8 (2.6, 5.6) 3.5 (2.5, 5.5) 3.7 (2.0, 5.8) 0.78 

Total sugar (g/d) 59.4 (46.4, 
85.3) 

64.6 (45.7, 87.7) 61.7 (45.4, 84.6) 0.75 

Total sugar (% of 
energy) 

17.6 (13.2, 
22.9) 

17.6 (14.1, 23.1) 18.1 (13.8, 24.3) 0.84 

Added sugar (g/d) 35.5 (19.7, 
52.9) 

39.2 (23.3, 57.8) 35.5 (22.3, 57.7) 0.73 

Added sugar (% 
of energy) 

9.3 (5.9, 13.5) 10.6 (7.0, 15.5) 10.3 (6.4, 16.1) 0.449 

Dietary fiber 

(g/d) 
16.8 (11.8, 

22.2) 
14.9 (11.0, 21.1) 13.7 (11.0, 18.6) 0.055 

Insoluble fiber 
(g/d) 

10.2 (8.1, 14.5) 9.6 (7.0, 13.6) 8.8 (6.9, 12.0) 0.115 

Soluble fiber (g/d) 5.7 (4.5, 8.0) 5.1 (3.9, 7.5)a 4.8 (3.5, 6.1)b 0.024 

Glycemic index 56.4 ± 4.9 56.7 ± 4.6 57.6 ± 5.1 0.303 

Glycemic load 90.1 (66.3, 
104.0) 

87.2 (65.8, 
110.7) 

89.2 (62.3, 
108.6) 

0.619 
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1All variables presented as median (IQR) except for glycemic index, presented as mean ± SD. Values with different 

superscripts are significantly different (p-value =0.05) 
2P values represent overall significance between genotypes using ANOVAs with Bonferroni adjustments and chi- 

square tests 

 

 
In the primary analysis, no dietary variables significantly predicted levels of hepatic steatosis and 

no statistically significant interactions were observed. Results from the sensitivity analysis 

excluding subjects who reported systematic dietary changes intended to produce weight loss 

were similar to the results from the primary analysis. Although, in this sensitivity analysis, the 

association between dietary fat intake (% kcals/d) and hepatic steatosis was close to statistical 

significance (regression co-efficient = 0.850, p = 0.053). In the second sensitivity analysis which 

excluded men, soluble fiber intake significantly predicted levels of hepatic steatosis (regression 

co-efficient = 0.077, p = 0.024), however, no statistically significant gene-diet interactions were 

observed. 

 

3.5 DISCUSSION 

We investigated interactions between a priori-selected dietary factors and PNPLA3 rs738409 in 

relation to levels of hepatic steatosis assessed by transient elastography (Fibroscan®) in a sample 

of MO adults with overweight or obesity. This study did not identify any significant gene-diet 

interactions. To our knowledge, this was the first study to explore interactions between rs738409 

(Ile148Met) and dietary intake in Mexican-origin adults, a population disproportionately 

burdened by NAFLD with among the highest prevalence of this high-risk SNP. 

 

Other studies have reported significant interactions between PNPLA3 genotype status and total 

carbohydrate intake (% kcals/d) (J. N. Davis et al., 2010), total sugar intake (% kcals/d) (J. N. 

Davis et al., 2010), fructose-sweetened beverages (V. Nobili et al., 2014), and omega-6-omega-3 

ratio (Santoro et al., 2012) in pediatric populations. In the first study to explore interactions 
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between dietary variables and PNPLA3 genotype status in relation to levels of hepatic steatosis in 

153 Hispanic children and adolescents, Davis et al. (2010) showed that hepatic fat fraction was 

significantly and positively related to carbohydrate intake (% of energy/d) and total sugar intake 

(% of energy/d) in the GG group (n=45) only (J. N. Davis et al., 2010). Additionally, a trend was 

observed for added sugar intake (% of energy/d) (J. N. Davis et al., 2010). Similarly, it was  

found that hepatic fat fraction, in addition to ALT levels, were significantly influenced by an 

interaction between omega-6-omega-3 PUFA ratio and PNPLA3 genotype in a racially diverse 

sample of 127 children and adolescents (Santoro et al., 2012). Interactions have also been 

explored between this SNP and dietary patterns (Valerio Nobili et al., 2014). In a prospective 

study by Nobili et al. (2014), significant interactions were observed between PNPLA3 rs738409 

and intake of sweetened beverages related to the severity of steatosis among Italian children and 

adolescents with obesity such that the variant was more strongly associated with steatosis in 

those who reported consuming sweetened beverages > 1x/week (Valerio Nobili et al., 2014). In 

the same study, a significant interaction was observed between the variant and intake of 

vegetable intake such that the association of the variant with steatosis was weaker in participants 

who consumed a diet low in vegetables (Valerio Nobili et al., 2014). 

 
 

Notably, our study was conducted in an adult population. In study conducted in the United 

Kingdom by Scorletti et al. (2015), 103 adult patients with histologically-confirmed NAFLD 

were randomized to receive either 4 grams of Omacor® (1,840 mg of EPA and 1,520 mg of 

DHA as ethyl esters) or placebo for 15-18 months and outcomes included changes in three liver- 

related variables: omega-3 PUFA enrichment, end of study liver fat percentage, and serum 

triglycerides (Scorletti et al., 2014). After controlling for baseline liver fat percentage and 
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relevant covariates, results demonstrated that PNPLA3 rs738409 GG status (i.e., those who 

carried two risk alleles) was negatively associated with DHA tissue enrichment and greater 

levels (~10%) of hepatic steatosis by the end of the intervention (Eleonora Scorletti et al., 2015). 

While this placebo-controlled study identified a significant interaction between DHA and 

PNPLA3 genotype status, the dosage of EPA+DHA used in the study was nearly 34x the amount 

U.S. adults typically intake from foods daily (~100 mg/d) (Cave et al., 2020). Therefore, it is 

possible that detecting these interactions with normal dietary intake is more difficult given the 

large discrepancy in normal dietary intake and the quantity or dose of what may be supplemented 

in a clinical trial. In another study to detect a significant interaction between PNPLA3 genotype 

status and dietary intake (sucrose intake, carbohydrate intake, and omega-6-omega-3 ratio) in 

relation to serum triglycerides among adults in Sweden, investigators stratified the 4,827 

participants by BMI status (i.e. normal or overweight) in addition to genotype status (e.g. CC, 

CG, or GG) (Stojkovic et al., 2014). Interestingly, an interaction between rs738409 and sucrose 

intake in relation to serum triglycerides was only significant among normal-weight participants 

in the highest tertile of sucrose intake (Stojkovic et al., 2014). Additionally, the G-allele was 

associated with lower triglycerides only among overweight participants in the lowest tertile of 

carbohydrate intake and omega-6-omega-3 ratio (Stojkovic et al., 2014). These data suggest that 

the magnitude and direction of the effect of the rs738409 variant on liver-related outcomes may 

depend on weight status and may be further modified by level of dietary intake of carbohydrate, 

sucrose, and omega-6-omega-3 ratio (Stojkovic et al., 2014). Given we did not have the power to 

stratify by BMI status in the current study, it is possible that while interactions could not be 

detected overall, they were present among certain strata of dietary intake and BMI. 
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Another potential explanation as to why we did not observe any significant interactions may be 

related to the considerable underreporting of calories among our study participants across 

genotype groups. Our study participants reported consuming an average of 1,496 ± 540 kcal per 

day (fix mean for all groups combined) whereas the average kcal intake for American adults for 

2009-2010 was 2172.7 ± 18.8 kcal per day (Ford & Dietz, 2013). Individuals at the greatest risk 

of underreporting have consistently been found to be women with overweight (Bothwell et al., 

2009) or obesity (Bothwell et al., 2009; Wehling & Lusher, 2019), less education, and less 

income, all prevalent characteristics among our study participants and U.S. Hispanics (Bothwell 

et al., 2009; Olendzki et al., 2008) more broadly. Despite the stringent dietary assessment 

methodology utilized in this study, which included the use of three 24-hour dietary recalls and 

the five-step Automated Multiple-Pass Method (J. M. Conway, Ingwersen, & Moshfegh, 2004), 

it is plausible that the level of underreporting observed in this study limited our ability to detect 

gene-diet interactions by contributing to greater statistical “noise” (Qi, 2012). Additionally, the 

high level of underreporting may have influenced the effect size of dietary intake on levels of 

hepatic steatosis, contributing to reduced statistical power. Power to detect the subtle effects of 

these interactions relies heavily on the magnitude of the association between the given 

environmental exposure and outcome (Luan, Wong, Day, & Wareham, 2001; Qi, 2012). 

Therefore, it is critical that instruments used to measure diet exposures are accurate, as 

measurement error can affect regression coefficients and reduce the ability to detect gene- 

environment interactions (Luan et al., 2001). Additionally, it is possible that measurement error 

related to portion size estimation contributed to underreporting among our participants. While we 

attempted to reduce potential error by providing all participants with food amount booklets, 

which were used by BMISR staff during recalls to help guide participants, significant 
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underreporting persisted across genotype groups. In the only other cross-sectional study to our 

knowledge to explore interactions between PNPLA3 genotype and dietary intake and assess 

average daily caloric intake among adult participants, Stojkovic et al. (2014) observed significant 

interactions and reported an average daily caloric intake around 2,300 kcals/day (Stojkovic et al., 

2014). One potential strategy to address the possibility of underreporting in future studies is the 

use of an objective dietary assessment method, particularly a dietary biomarker. 

 
 

Additionally, while hepatic fat fraction increased in a dose-dependent fashion based on the 

number of risk alleles in Davis et al. (2010) (J. N. Davis et al., 2010) and Santoro et al. (2012) 

(Santoro et al., 2012), this was not the case in our study, where levels of hepatic steatosis were 

slightly lower in adults carrying one risk allele (i.e. CG individuals) vs. those carrying none (i.e. 

GG individuals). Potential explanations for this observation could be related to variables that 

were not summarized in the current study previously shown to be associated with levels of 

hepatic steatosis, including measures of body composition (Abenavoli et al., 2015), and recent 

weight gain (W. J. Zhang et al., 2014) or recent weight loss (Koutoukidis et al., 2019). Regarding 

dietary intake, average glycemic load was also observed to be lower in CG individuals. While 

this difference was not significant, it may have contributed, at least in part, to lower levels of 

hepatic steatosis (Parker & Kim, 2019). 

 
 

Strengths and Limitations 

 

Strengths in the current study include our focus on MO adults who have among the highest rates 

of obesity (U.S. Department of Health and Human Services, 2020b), NAFLD (Fleischman et al., 

2014; Lazo et al., 2013), and prevalence of the PNPLA3 variant (Martinez et al., 2017; Romeo et 
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al., 2008). Our stringent data assessment methodology included the use of three 24-hour dietary 

recalls performed by bilingual and bicultural research assistants. Additionally, our eligibility 

criteria helped to control for potentially confounding variables, including alcohol intake, history 

and current use of hepatotoxic medications, and conditions known to influence nutrient 

absorption. 

 
 

This study is not without its limitations. Self-reported dietary assessment methods are subject to 

bias resulting from a loss of memory of foods consumed, conscious omission of foods, 

misjudgment of portion size, and social desirability. Another study limitation was related to the 

timing of the recalls, which took place after the in-person study visit. Future studies should be 

designed so that diet is assessed before in-person study visits take place, particularly if 

participants will be receiving any sort of lifestyle recommendations as part of the study or during 

follow-up discussions with medical professionals. However, we attempted to address this 

potential source of bias in our analyses by having two researchers independently review 

participant comments provided in the dietary recall records and performing a subsequent 

sensitivity analysis excluding participants who reported active dietary changes intended to 

produce weight loss. Lastly, our study sample was restricted to participants with overweight or 

obesity. Given the existence of lean NAFLD and research suggesting interactions between 

PNPLA3 genotype status and dietary intake may be modified by weight status, it would have 

been beneficial to include individuals with BMI in the normal range. 
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Implications of Research 

 

Given the dearth of research examining these interactions in Mexican-origin adults, future 

studies are needed to enhance and replicate this study. To address issues related to 

underreporting of caloric intake, future studies should consider the use of strategies shown to 

reduce measurement error, including a blended approach of multiple 24-hour recalls and a food 

frequency questionnaire (Mitry et al., 2019). Additionally, the use of digital images in 24-hour 

dietary recalls may improve estimates of portion size (Kirkpatrick et al., 2016). 

 
 

While still an emerging area, the field of precision nutrition is well on its way in identifying key 

genetic variants that can be used to guide dietary intervention recommendations (Y. Heianza & 

L. Qi, 2017). However, major challenges persist related to replicability of findings in diverse 

populations and inaccurate assessment of dietary exposures (Y. Heianza & L. Qi, 2017). Given 

the rapidly increasing rates of NAFLD in Mexican-origin populations, future research should 

continue exploring interactions between NAFLD-related SNPs, found to significantly increase 

risk and severity of NAFLD, and dietary intake in this population (P. Dongiovanni & Valenti, 

2017). The need to focus specifically on Mexican-origin populations, who represent over 60% of 

U.S. Hispanics, is warranted given it is projected that U.S. Hispanics will represent 

approximately 30% of the country’s population by 2050 (Passel JF, 2008). 
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CHAPTER FOUR – NAFLD KNOWLEDGE AND MISPERCEPTIONS 

 

 
4.1 RATIONALE 

 

Qualitative research can be a useful tool in bridging the community and their specific needs to 

research through the informed development of community-specific health intervention strategies 

(Lewin, Glenton, & Oxman, 2009). Qualitative exploration is particularly useful when “depth” of 

understanding related to a specific topic is desired (Akard et al., 2013). When these methods are 

purposefully mixed with quantitative methods, the result can provide a level of understanding 

that each method used independently could not achieve (Tashakkori & Creswell, 2007). 

 
 

While chronic diseases, such as heart disease and type 2 diabetes, highly prevalent in the 

Mexican-origin community have been qualitatively explored (C. R. Adams, 2003; Coronado et 

al., 2004; Larson, Mathews, Torres, & Lea, 2017), little exists in the field of liver disease. As 

such, there is a dearth of evidence on how to effectively tailor interventions aimed at treating 

NAFLD in Mexican-origin adults. This chapter sought to address this gap in the research 

literature by using a mixed-methods approach, which integrated quantitative findings collected 

from a large sample of Mexican-origin women and rich, qualitative data to add an in-depth 

understanding of the participant experience related to liver disease. The purpose of this study 

was to ascertain levels of NAFLD awareness and knowledge and explore perceptions related to 

NAFLD and liver disease more broadly. Findings from this study served to identify specific 

knowledge deficits that could be targeted in future NAFLD interventions in Mexican-origin 

women. 
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4.2 INTRODUCTION 

 

Over the past 30 years, global liver cirrhosis deaths have increased by over 50% (Mokdad et al., 

2014). While major causes of liver cirrhosis vary by country (Mokdad et al., 2014), NAFLD has 

become an increasingly important risk factor for cirrhosis and has an estimated global prevalence 

of 25% (Z. M. Younossi, 2019). NAFLD, a metabolic disorder that refers to a spectrum of 

conditions ranging from benign nonalcoholic fatty liver through NASH to liver cirrhosis 

(Chalasani et al., 2018), is also the fastest growing indication for HCC, a highly fatal cancer 

(Siegel et al., 2015; Tapper & Parikh, 2018). Characterization of NAFLD includes the detection 

of hepatic steatosis by imaging or histology in the absence of other secondary causes of steatosis 

such as hepatitis C virus, significant alcohol consumption, use of certain medications, and related 

hereditary disorders (Chalasani et al., 2018). 

 
 

In the United States, rates of NAFLD are consistently observed to be highest among Hispanic 

individuals, particularly Mexican Americans, where prevalence is 23% compared to 14% in non- 

Hispanic Whites and 13% in non-Hispanic Blacks (Nicole E. Rich et al., 2018). Importantly, 

these rates demonstrate greater prevalence in individuals with obesity and type 2 diabetes, 

conditions that also disproportionately burden Hispanics (A. J. Kposowa, 2013; Rodriguez & 

Campbell, 2017). Similar disparities are observed in mortality from cirrhosis and liver cancer 

(Tapper & Parikh, 2018; U.S. Department of Health and Human Services, 2020a). Since 2009, 

Hispanics have experienced among the greatest increase in deaths from cirrhosis (Tapper & 

Parikh, 2018). Additionally, incidence of HCC in Hispanics is double that in non-Hispanic 

Whites (Siegel et al., 2015). Although incidence of liver cancer for men has stabilized over the 

past decade, new cases of liver cancer for women are rapidly increasing (Siegel et al., 2018). 
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Arizona, the site for this study, as well as Kansas, have experienced the greatest annual increase 

in liver cancer mortality since 1999 (Tapper & Parikh, 2018). 

 
 

Mexican Americans remain the largest Hispanic subgroup in the U.S. comprising about 63% of 

the Hispanic population (Ennis SR, 2011). Notably, chronic liver disease (CLD) and liver 

cirrhosis are the fourth leading cause of death in Mexico and the seventh leading cause of death 

in U.S. Hispanics (Heron, 2019; Méndez-Sánchez et al., 2018). However, differences exist in the 

most frequent cause of cirrhosis between the two countries. In Mexico, hepatitis C virus and 

alcoholic liver disease share as the leading causes of cirrhosis (Méndez-Sánchez et al., 2018), 

while in the U.S., NASH and alcoholic liver disease represent the most frequent causes (Méndez- 

Sánchez et al., 2018). These differences can likely be attributed to a range of factors, including 

higher rates of obesity, type 2 diabetes, and abdominal obesity among US-based Mexican 

Americans, all risk factors for NASH (Flores et al., 2018). 

 
 

Awareness of NAFLD remains low worldwide and in the United States (Singh et al., 2018; 

Wieland et al., 2015). Disease awareness and knowledge are integral components of health 

behavior theory— including the information- motivation-behavior (IMB) model (Fisher, Fisher, 

& Harman, 2003), health belief model (Rosenstock, Strecher, & Becker, 1988), social cognitive 

theory (Bandura, 1998)— which strive to elucidate why people do and do not engage in for both 

positive and negative personal health practices. Knowledge is acquired information and 

information has been defined as “an initial prerequisite” for successfully carrying out a given 

health behavior (Fisher et al., 2003). In this context, knowledge refers to the sum of acquired 

information related to a disease or specific behavior, and level of knowledge has been shown to 
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directly affect such factors as motivation, behavioral capability and objective skills, and 

perceived self-efficacy related to given health behaviors (Fisher et al., 2003). Increasing the 

levels of awareness and knowledge of NAFLD risk is particularly critical given that the disease 

is both treatable in its initial stages and in many cases, preventable with the adoption of health 

behaviors consistent with a healthy diet, weight management, and PA (Chalasani et al., 2018). 

 
 

There is a dearth of research on how to effectively tailor interventions for NAFLD prevention 

and treatment in U.S. Hispanic women. While previous studies have explored general risk factors 

for liver disease (Flores, Lang, Salmerón, & Bastani, 2012; Islam, Flores, Ramirez, Bastani, & 

Salmeron, 2014) and hepatitis virus (Flores et al., 2012; Islam et al., 2014), among Mexican- 

origin adults, no prior studies have focused specifically on NAFLD awareness, knowledge, and 

perceived health risks. This mixed methods study sought to fill in gaps by examining NAFLD- 

related knowledge and beliefs among high-risk Mexican-origin women within a community- 

based sample in Southern Arizona. The goal of this article is to present findings on awareness of 

NAFLD, sources of knowledge, and misperceptions about the disease in order to inform future 

NAFLD prevention and treatment intervention strategies specific to Mexican-origin adults in the 

United States. 

 
 

4.3 MATERIALS AND METHODS 

 

The study was conducted in Tucson, Arizona between May 2019 and March 2020 and employed 

a convergent parallel design. Quantitative and qualitative data were collected concurrently, 

analyzed independently, and then presented and interpreted in unison in the results and 

discussion sections. An adapted questionnaire was used to obtain the quantitative data while 
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semi-structured interviews provided the qualitative data. Qualitative data were weighted greater 

than quantitative given the study’s objective of gaining an in-depth understanding of knowledge, 

perceptions, and information sources related to NAFLD and liver disease. All study procedures 

were approved by the University of Arizona Institutional Review Board (IRB #1902380787). 

 
 

Quantitative 

 

The purpose of the questionnaire was to assess awareness, knowledge, and perceptions related to 

fatty liver disease, identify key information sources, and measure exposure of three liver diseases 

and conditions related to NAFLD through questions related to family diagnoses. 

 
 

Study Participation 

 

Participants completed the adapted questionnaire as part of an ongoing, cross-sectional study 

focused on liver disease. As part of this study, participants attended a single study visit that took 

place in a clinic specializing in the treatment of liver disease located in Tucson, Arizona. During 

the visit, participants were asked to complete a range of questionnaires including demographics, 

medical history, psychosocial factors, lifestyle behaviors, and awareness and knowledge of 

NAFLD. Anthropometric measures including weight, height, and waist circumference were 

measured by bilingual, bicultural research assistants using protocol-driven methods and body 

mass index (BMI) was calculated by dividing weight in kg by height in meters squared (kg/m2). 

Additionally, all women completed a non-invasive transient elastography (FibroScan®, TE) to 

measure levels of liver steatosis or fat (decibels per meter or dB/m) and liver stiffness 

(kilopascals or kPa), a proxy for liver fibrosis, and had the opportunity to discuss their results 

with one of two doctors, one of whom was Mexican-origin. Based on the results from the 
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transient elastography (Fibroscan®), participants were categorized as having either less than 

mild, mild, moderate, or severe levels of hepatic steatosis. Related to liver stiffness, participants 

were categorized as having either no or little fibrosis, moderate fibrosis, severe fibrosis, or 

advanced fibrosis. Participants were recruited using community-based approaches including 

face-to-face recruitment efforts at churches, community events and markets, and health fairs. 

Recruitment occurred from May 2019 to March 2020 and study visits took place in an ongoing 

manner throughout this time period. 

 
 

Eligibility criteria for the cross-sectional study are briefly described here: 1) self-identify as 

being of Mexican-origin; 2) 18-64 years of age; 3) BMI of > 25 kg/m²; 4) ability to speak, read, 

and write in English and/or Spanish; and 5) ability to provide informed consent. Women were 

not eligible to participate if 1) currently diagnosed with uncontrolled vascular or metabolic 

disease (e.g., high blood pressure, type 2 diabetes); 2) consumed >14 standard alcoholic 

beverages/week; 3) taking medication or dietary supplements known to affect body composition; 

 

4) had any syndrome or disease known to affect body composition; 5) participated in structured 

exercise, diet, or weight-loss program within six months of recruitment; 6) previously had 

bariatric surgery; 7) pregnant or breastfeeding; 8) previously diagnosed with liver disease or liver 

cancer; 9) had a history of exposure to hepatotoxic drugs; and 10) had active, chronic 

gastrointestinal disorder (e.g. inflammatory bowel disease, ulcerative colitis, Crohn's disease, 

celiac disease). 
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NAFLD Awareness and Knowledge Questionnaire 

 

A questionnaire, developed by Ghevariya et al. (2014), was adapted for use in the current study 

(Ghevariya et al., 2014). As part of the adaptation for the current study, four questions were 

added related to cirrhosis and liver cancer as a way to expand the assessment to knowledge and 

awareness of conditions that can develop from NAFLD. The following questions were added, 

“Have you ever heard of cirrhosis?”, “Has your doctor ever mentioned cirrhosis?”, and “Has 

one of your family members been diagnosed with cirrhosis or liver cancer?” Participants 

completed the brief questionnaires from May 2019 to March 2020. 

 
 

Qualitative 

 

Qualitative Research Design 

 

Qualitative interviews were conducted in order to explore the level of awareness and knowledge 

related to NAFLD, identify common information sources, and identify perceptions related to 

NAFLD and NAFLD risk. Semi-structured interviews were chosen as the method for qualitative 

inquiry in order to examine individual knowledge of the disease and avoid bias from other 

participant responses and group interaction typical in focus group settings. 

 
 

Study Participants 

 

We recruited a subset of participants who completed the cross-sectional study who had also 

checked “yes” to a question asking if they were interested in participating in future semi- 

structured interviews. To be eligible for the qualitative interviews, participants needed to have 

liver steatosis scores of ≥ 280 dB/m at screening, indicative of NAFLD. We opted to recruit only 

those with suspected NAFLD to gather information specifically on those with the greatest risk of 
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progressive liver disease. A purposeful sampling approach was utilized in efforts to recognize the 

effects of participant language preference and generation status on health knowledge and 

perception. Recruitment for the interviews took place from August 2019 to February 2020. 

 
 

Sample size 

 

The final sample consisted of 11 US-born (as defined by 2nd generation or above), English- 

speaking Mexican-origin women and 15 foreign-born (1st generation, Spanish-speaking 

Mexican-origin women A recruitment diagram for the quantitative and qualitative methods is 

presented in Figure 4. It has been proposed that a sample of size of 20 people (Green J, 2004), 

but no more than 50 people (Ritchie, Lewis, Nicholls, & Ormston, 2013), for interview-based 

qualitative studies is appropriate to reach data saturation at which point little new information is 

generated while accommodating the complexity of the data. In the current study, data saturation 

was achieved at 26 participants resulting in a final sample of 26 women. 
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Figure 4: Recruitment Flow Diagram for Study Quantitative and Qualitative Methods 

 

 
aEligibility criteria as follows: 1) self-identify as being of Mexican-origin; 2) 18-64 years of age; 3) BMI of > 25 

kg/m²; 4) ability to speak, read, and write in English and/or Spanish; and 5) ability to provide informed consent. 

Women were not eligible to participate if 1) currently diagnosed with uncontrolled vascular or metabolic disease 

(e.g., high blood pressure, type 2 diabetes); 2) consumed >14 standard alcoholic beverages/week; 3) taking 

medication or dietary supplements known to affect body composition; 4) had any syndrome or disease known to 

affect body composition; 5) participated in structured exercise, diet, or weight-loss program within six months of 

recruitment; 6) previously had bariatric surgery; 7) pregnant or breastfeeding; 8) previously diagnosed with liver 

disease or liver cancer; 9) had a history of exposure to hepatotoxic drugs; and 10) had active, chronic gastrointestinal 

disorder (e.g. inflammatory bowel disease, ulcerative colitis, Chron's disease, celiac disease) 
bEligibility criteria as follows: liver steatosis scores of ≥ 280 dB/m at screening, indicative of NAFLD 

 

Moderator guide development 

 

The moderator guide used for the interviews was developed by a bilingual, bicultural doctoral 

student (K.M.) and two researchers with experience in qualitative research (M.D.H, and D.G.) 

and Hispanic population studies. Questions were developed taking into consideration the 

available literature on NAFLD awareness and knowledge. As part of the IMB model, it is 

advocated that elicitation research, in the form of open-ended questions, be conducted in a 

representative sample of the target population as the first-step to better understand and promote 

Ongoing, cross-sectional study for liver disease cohort 
of Mexican-origin adults (n=307)a

 

Women who completed nonalcoholic fatty liver 
disease (NAFLD) questionnaire (n=194) 

Semi-structured interviews with subsample of womenb 

11 English-speaking, 2nd generation or greater 

15 Spanish-speaking, 1st generation 
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health behaviors through health interventions (Fisher et al., 2003). We therefore aimed to 

empirically elicit levels of awareness and knowledge to identify specific deficits that could be 

targeted in future health interventions. Questions were specifically grounded within the 

“information” construct within the IMB model (Fisher et al., 2003). Two University of Arizona 

(UA) Prevention Research Center Community Action Board (CAB) members who were 

Mexican-origin women contributed to the development of the moderator guide. The moderator 

guide was piloted with two members from the UA CAB and revised for clarity thereafter. Probes 

were included and used when needed. The English and Spanish moderator guides used are 

available as Appendix C Supplementary File 1 and 2, respectively. 

 
 

Semi-structured interviews 

 

Bilingual and bicultural research staff led the in-person, semi-structured interviews; K.M. 

performed all English interviews and R.V. led all Spanish interviews. Interviews were conducted 

on weekdays and weekends to accommodate participant schedules. Interviewers followed the 

moderator guide. Interviews were designed to be, on average, between 45-60 minutes in 

duration. All interviews were audio-recorded. Summary sheets were drafted by the interviewer 

after each interview to refer back to during data analysis. Participants were compensated $25 for 

their time. All interviews took place at the University of Arizona Collaboratory for Metabolic 

Disease Prevention & Treatment in Tucson, AZ. 
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Data Management and Analytic Methods 

 

All participant demographic, clinical, and socioeconomic data were collected and managed using 

REDCap electronic data capture tools hosted at The University of Arizona (Harris et al., 2019; 

Harris et al., 2009). 

 
 

Quantitative 

 

Descriptive statistics were used to summarize participant characteristics. Continuous variables 

were examined visually for normality and skewed variables (all except liver steatosis), were 

presented as median and interquartile range. Liver steatosis values were normally distributed and 

therefore presented as mean, standard deviation, and range. All analyses were performed using R 

Studio version 3.6.2 (R Core Team Team, 2013). 

 
 

Qualitative 

 

Audio recordings were transcribed by bilingual, bicultural research assistants in the respective 

language of the participants. Spanish transcripts were then translated to English. Spanish phrases, 

idioms, and words that were contextually important were left in Spanish to avoid 

misrepresentation or loss of meaning. Transcripts were spot checked against recordings for 

accuracy by research assistants and then imported into NVivo 12 software which facilitated data 

management and analysis. Coding was conducted by a trained doctoral student (K.M) and a 

qualitative researcher with extensive coding experience (R.C). To analyze the data, K.M. and 

R.C. employed Braun and Clarke’s six phases of thematic analysis. First, transcripts were 

reviewed to become familiar with the data. Next, K.M. and R.C. independently coded three 

transcripts and met to discuss any discrepancies until the initial set of codes were developed. A 



117 
 

 

codebook was drafted and continuously updated as codes were revised or added. Coding was an 

iterative process and transcripts were reread to test the applicability of the coding scheme. Third, 

a series of conversations took place between K.M and R.C. where codes were discussed and 

combined into candidate themes. Themes were then reviewed to ensure they adequately reflected 

the data and codes. 

 
 

4.4 RESULTS 

 

Demographic and clinical characteristics of the 194 Mexican-origin women who completed the 

questionnaire are summarized in Table 4. Participants ranged in age from 19 to 64 years with a 

median age of 47 years. The majority of women (70%) were 1st generation and primarily spoke 

Spanish at home (73%). Most women were married or living with a domestic partner (69%) and 

over half of the women (61%) were employed. Participants’ level of formal education fell into 

five categories: less than high school (19%), high school or GED (32.5%), some college 

(14.4%), Bachelor’s degree (8.8%), and graduate degree or higher (25.2). Fifty-eight percent of 

women had health insurance and 64% reported currently having a primary care provider. The 

median BMI in our sample was 32.3 kg/m2, which fell within the obese category. Liver steatosis 

in our sample ranged from 164 dB/m to 400 dB/m, corresponding to a range of low steatosis to 

severe steatosis. Liver stiffness ranged from 2.2 to 38.3, corresponding to a range of no or mild 

liver scarring to advanced liver scarring. Results from the questionnaire are summarized in Table 

5. 
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Table 4: Characteristics of Mexican-Origin Female Participants (n=194) 

 
 Total Sample (n=194) 

Characteristics n/median %/IQR 

Age (yrs) 47 (38, 54) 

Weight (kg) 82.9 (74.0, 93.1) 

BMI (kg/m2) 32.3 (29.5, 35.8) 

Liver steatosis (CAP)a 

Less than mild, n (%) 

Mild, n (%) 

Moderate, n (%) 

Severe, n (%) 

288 

28 

35 

34 
97 

48.6 (164.0-400.0) 

14.5 

18 

17.5 
50 

Liver stiffness (kPa)b 
No or mild scarring, n (%) 

Moderate, n (%) 

Severe, n (%) 
Advanced, n (%) 

5.0 

163 

25 

4 

2 

(4.3, 6.1) 

84.0 

12.9 

2.1 

1.0 

Currently married or living with 

domestic partner (% yes) 

133 68.6 

Employed (% yes) 118 60.8 

Health insurance (% yes) 112 57.7 

Primary care provider (% yes) 118 60.8 

Self-reported diabetes (% yes) 21 10.8 

Primary language spoken at home   

English 52 26.8 

Spanish 142 73.2 

Foreign born 136 70.1 

U.S. born 58 29.9 

Generation statusc   

1st generation 136 70.1 

2nd generation 35 18.0 

3rd generation 7 3.6 

4th generation or greater 16 8.3 

Income   

<$29,999 100 51.5 

$30,000-59,000 68 35.1 

>$60,000 26 13.4 

Last grade completed   

Less than high school 37 19.1 

High school or GED 63 32.5 

Some college 28 14.4 

Bachelor’s degree 17 8.8 

Graduate degree or higher 49 25.2 
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aLiver steatosis expressed as mean, standard deviation (SD), and range given normal distribution. Possible CAP 

values for liver steatosis ranged from 100 to 400. Steatosis grade was categorized as the following: less than 238 = 

less than mild steatosis, 238-260 dB/m = mild steatosis, 261-290 dB/m = moderate steatosis, higher than 290 dB/m 

= severe steatosis 
bLiver stiffness used to estimate levels of liver fibrosis. Possible values began at 2 kPa with no maximum value. 
Fibrosis score was categorized as the following: 2-7 kPa = no liver scarring or mild liver scarring, 7.1-10 kPa = 
moderate liver scarring, 10.1-14 kpa = severe liver scarring, 14 or higher = advanced liver scarring 
cGeneration status categories were described as the following: 1st generation = born in Mexico, 2nd generation = born 

in United States, either parent born in Mexico, 3rd generation = born in United States, both parents born in United 

States, all grandparents  born in Mexico, 4th generation = born in United Status, both parents born in United States,  

at least one grandparent born in Mexico with remainder born in the United States 

 

 

 

Table 5: Participant Responses to Nonalcoholic Fatty Liver Disease Awareness and Related 

Conditions Questionnaire (n=194) 

 
Question n % 

Has your doctor ever mentioned fatty liver?   

Yes 34 17.5 

No 160 82.5 

Has one of your family members been diagnosed 
with fatty liver? 

  

Yes 44 22.7 

No 150 77.3 

Fatty liver is hereditary   

True 66 34.0 

False 128 66.0 

Has your doctor ever mentioned cirrhosis?   

Yes 14 7.2 

No 180 92.8 

Has one of your family members been diagnosed 
with cirrhosis? 

  

Yes 35 18.0 

No 159 82.0 

Has one of your family members ever been 
diagnosed with liver cancer? 

  

Yes 25 12.9 

No 169 87.1 
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Fatty Liver and NAFLD Awareness and Knowledge 

 

Twenty-six of the larger sample of 194 women took part in the semi-structured interviews. One 

of the primary goals of the interview was to assess the level of NAFLD awareness and identify 

knowledge related to the condition. Specifically, women were asked the question, “Can you tell 

me a bit about what you know about nonalcoholic fatty liver disease (NAFLD)?” When 

presenting quotes below, we have chosen to include the following participant information: 

Spanish/English (language preference) and age. 

 
 

Although almost one quarter of the overall sample had family members who had been diagnosed 

with fatty liver disease, overall knowledge levels about NAFLD were very low amongst those 

who participated in the interviews. For almost half of the women, initial conversations that took 

place during recruitment with study staff were the first time they had heard about NAFLD or 

fatty liver more broadly. A 26-year old, Spanish-speaking woman described meeting with study 

staff during a back-to-school community event, “I wasn’t really aware of this topic until the day 

they were giving out backpacks. I learned information about this study there because I didn’t 

know anything about it beforehand. I also knew that the liver sometimes fails, but I never really 

knew why.”(S, 26) A 56-year old, Spanish-speaking participant shared a similar experience, 

saying: “I actually wasn’t aware of this disease. Before getting the study done, I didn’t know 

about it.” (S, 56). Additionally, while a few women stated they had heard about fatty liver 

before, they did not recall any detailed information related to the condition. One 61-yr old 

Spanish-speaking woman with a family history of cirrhosis said, “I am going to be honest, 

beforehand, I had heard something about fatty liver, but I don’t remember the specifics.” (S, 51) 
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English-speaking participants more frequently stated they had heard of NAFLD before the study 

as compared to their Spanish-speaking counterparts. Spanish-speaking participants more 

frequently made statements like “I didn’t even know it existed” (S, 33); “I didn’t know this 

disease existed” (S, 43); “I didn’t know anything about it prior to getting the study done” (S, 

50); and “I actually wasn’t aware of this disease” (S, 56). In contrast, among English-speaking 

women, statements about pre-study NAFLD awareness included “I just know I’ve heard it 

mentioned” (E, 53); “I know it existed but…” (E, 38) and “I’ve read it on my own searching” 

(E, 42). However, despite a greater level of awareness to NAFLD among English-speaking 

women, knowledge related to risk factors, etiology, symptoms, and general understanding of the 

disease was very limited among all women. 

 
 

Pre-study knowledge about liver disease mostly centered around cirrhosis, not NAFLD. As one 

50-yr old, English-speaking participant summarized, "Um…before this, I really didn't know 

anything about it [NAFLD]...I had only heard of…like cirrhosis of the liver. That’s it. I had 

never heard of fatty liver." (E, 50) Even women who had heard of fatty liver before the study 

were not aware of the association with dietary intake and other lifestyle behaviors. 

 
 

A few participants contrasted the lack of general awareness of NAFLD to the comparatively 

higher level of awareness of other chronic diseases, such as diabetes, heart disease and cancer. In 

doing so, a few women explained this lack of awareness as stemming from the liver not being a 

common area of concern for most participants and their families. One 26-year old Spanish- 

speaking participant shared that she had first heard about NAFLD at a health fair where she 

engaged with study staff who were recruiting for the study on-site. During her interview, she 
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stated: “This is something one isn’t aware of because one doesn’t normally pay attention to the 

liver. Everyone says ‘oh, I have diabetes because it runs in the family’, but no one pays attention 

to the liver." (S, 26). Another participant shared, “You know [about] like heart disease, diabetes, 

and all that before your liver, there’s not a lot of things known about it.” (E, 38) 

 
 

While not a common theme, three participants specifically mentioned the link between 

medication use and liver disease. In two of these cases, the women mentioned that medication 

had contributed to the progression of liver disease in a now deceased family member, although 

details related to the medication and the family member’s experience were not known. When 

recalling the loss of her brother, one participant shared, “To be honest with you, I didn’t even 

know this disease existed. One of my brothers passed away three years ago from fatty liver 

disease due to a specific medication he was taking but I’m not quite sure. I’m not sure which 

types of medications are the ones that harmed his health.” (S, 55) 

 
 

NAFLD Information Sources 

 

A second central aim of the qualitative research was to explore where participants were receiving 

information related to fatty liver and liver health more broadly. After assessing knowledge levels 

of NAFLD, interviewers asked the question, “How did you learn about this?” 

 
 

Most participants who had heard of NAFLD before the study had been exposed to it through 

people they knew. This finding was supported by our quantitative data, which showed that a 

majority of participants learned of NAFLD from family (29%) and friends (24%). Findings from 

the questionnaire indicated that 23% (44/194) of participants had family members who had been 
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diagnosed with fatty liver, 18% (35/194) with cirrhosis, and 13% (25/194) with liver cancer. 

When asked to share what she knew about NAFLD, one 23-yr old, English-speaking participant 

with a family history of fatty liver disease and liver cancer shared, “So my brother has it and I 

had never heard of it before that.” (E, 23). Another young English-speaking participant was 

visibly distressed when she shared: 

 
 

Well, um I mean…Personally, I just recently um lost a family member to liver cancer and um I 

mean I know in the past he…I mean…let's just say he was a drunk. He would drink like…a lot. 

So I just heard that you know that affects it. So that's one of the…how I know a little bit like oh 

well maybe his drinking problem could have caused this cancer now, like developed it, or 

affected his liver. (E, 27) 

 
 

While family history of liver disease afforded participants basic awareness of different 

conditions affecting the liver, in most cases participants’ knowledge and understanding of the 

diseases were minimal. Participants who had family members with liver disease recalled very 

limited information related to the exact cause or nature of their family member’s condition. 

When we asked one English-speaking participant how she had first heard about NAFLD, she 

stated, “Mostly from talking with you because I have no idea. My husband said he had fatty liver 

disease, but he didn't think it was a big thing. And then my daughter was diagnosed with it years 

ago and she's in her 20s.”(E, 62) Likewise, another woman expressed confusion about the cause 

of a recent family member’s passing, saying: 
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A week ago, my husband’s first cousin who was the only daughter passed away from a liver 

disease. But she had some other issues with her bones and joints, and I didn’t really understand 

exactly what happened. I called my mother-in-law and she told me that the medications she was 

taking for her bones and joints affected her liver. Therefore, I don’t remember what else 

happened, but I do know she passed away due to her liver. (S, 50) 

 
 

Notably, both our quantitative and qualitative findings revealed that only a minority of study 

participants learned about NAFLD from formal sources such as medical staff, formal education, 

or health campaigns. Only one participant mentioned having spoken to her doctor about NAFLD 

during the interviews, and over 80% of participants who filled out the modified questionnaire 

checked never having heard of fatty liver from their doctors. Participants also noted a lack of 

information about NAFLD from formal health informational campaigns. One 38-yr old English- 

speaking participant mentioned, “I know it existed but I never like see it on TV or anything like 

that like in a big way like ‘oh my god you have to take care of it.’” (E, 38) Even participants who 

had completed higher education noted a dearth of information related to liver disease. A 26-yr 

old English-speaking participant who had completed both college and graduate school expressed 

frustration that she had never learned of NAFLD at school. She shared, “And it's something that 

you don't learn about. Like I have a four-year degree and a lot of it was like I had to take 

nutrition classes. I had to take all these science classes. I had to take a lot of bio classes. Nobody 

ever told me this.” (E, 26) 

 
 

Many participants described how they had conducted their own research via the internet, 

television, or reading in order to learn more, particularly those with a family history of liver 
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disease. One 42-yr old, English-speaking participant shared “I've read it on my own searching 

just because my family has a history of liver disease. Both my parents passed away because of 

liver. My dad had liver cancer and then my mother had liver cirrhosis…Because of their history 

and what went on with them, which was recent, it made me want to look into it, so I started 

reading up on it.” (E, 42). In some situations, participants’ exposure to NAFLD seemed fleeting, 

particularly when the person had read about it in an email or in a brief appearance on television 

or a video. It was common for participants to express uncertainty about where they had heard the 

information or recall specifics of what they had learned. One woman shared, “I have heard 

about it and I think I got it from watching movies on YouTube.” (S, 37) For some women, 

learning about NAFLD through their participation in the study had inspired them to perform their 

own research to learn more about the disease. As one 50-yr old, Spanish-speaking participant 

summarized: “I didn’t know anything about it prior to getting the study done, this was when I 

started going online and reading more about it.” (S, 50). 

 
 

Perceptions Related to NAFLD and Relation to Perceived Risk 

 

During the course of the interviews, one key misperception related to NAFLD emerged that led 

women to misinterpret their risk for liver disease. To explore NAFLD perceptions, we asked the 

women two consecutive questions: “Is there anything you would like to share that you learned 

from your participation in this research study?” and “Was there something you learned from the 

study that was different from what you had previously thought?” 

 
 

During the interviews, several participants expressed how they believed that only people who 

consumed alcohol were at risk for liver disease. For example, one young English-speaking 
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woman stated that through her participation in the study, "I learned that you could have a fatty 

liver without alcohol. That’s, I honestly like that was one of my biggest I guess breakthroughs.” 

(E, 26). Participants generally connected alcohol consumption with cirrhosis of the liver, a 

condition that was recognized as a serious health threat. When asked to share what she knew 

about NAFLD before the study, one 43-yr old Spanish-speaking participant stated, “Well, I 

didn’t know this disease existed, specifically on this topic. I was under the impression that people 

who have liver problems are the ones who drink alcohol. This usually leads to cirrhosis, 

something of that sort. But I hadn’t heard about fatty liver."(S, 43) 

 
 

The misperception that only those who consume alcohol were at risk of liver disease contributed 

to some women expressing low levels of perceived risk for the broader spectrum of liver 

diseases. Given that many women in the sample reported low levels of alcohol consumption, 

they did not consider themselves at-risk for liver disease. As such, during the course of the study, 

many women expressed they felt surprised when they learned that other dietary factors besides 

alcohol could contribute to the development of liver disease. During her study visit, one 62-yr 

old, English-speaking participant described her feelings after learning she had severe liver 

steatosis and moderate liver scarring: "I was surprised considering that I don't drink and that I 

don't have any of those external…that would affect liver. I mean either drug use or whatever that 

would affect. But I don't have those in my life."(E, 62). Another participant recalled her response 

to seeing her liver ultrasound results, which indicated a high level of liver steatosis, “So I was 

thinking like well, I don't drink, I've never drank in my life. So it's like, well, it could also be a 

part of genetics or it could be like the way I eat. So, I know it wasn't triggering because of the 

alcohol because I don’t consume it.” 
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4.5 DISCUSSION 

 

Findings from the interviews revealed a low level of pre-study NAFLD awareness and 

knowledge among women. Approximately half of the participants described learning of NAFLD 

and fatty liver disease for the first time during study recruitment into the parent study. 

Information sources for knowledge related to liver health were predominantly informal, derived 

from conversations with family and friends or brief exposures via the television and internet. 

This finding was consistent with our quantitative data which showed high rates of liver disease 

diagnosis, including fatty liver, cirrhosis, and liver cancer, amongst participants’ families and 

very low rates of participants’ having heard of NAFLD through a medical practitioner. As such, 

misperceptions about NAFLD were common amongst study participants, most notably the belief 

that only those who consumed alcohol could develop liver disease. 

 

While our findings support prior data showing overall low rates of NAFLD awareness amongst 

the general population in the United States (Singh et al., 2018; Wieland et al., 2015) and around 

the world (Alemany-Pages et al., 2020; W. Zhang et al., 2019), to our knowledge this is the first 

study to document this phenomenon specifically amongst US-based Mexican-origin adults. 

Study participants displayed some knowledge related to liver disease (specifically cirrhosis). 

However, they shared very little prior knowledge of the nature and risk factors of NAFLD 

specifically. This finding is particularly important given the high rates of NAFLD in Mexican- 

origin adults relative to other Hispanic and non-Hispanic subgroups in the United States 

(Kallwitz et al., 2015; Nicole E. Rich et al., 2018). A lack of awareness of the breadth of risk 

factors for liver disease, particularly non-alcoholic risk factors, has been previously reported in 

US-based and Mexican adults (Flores et al., 2012). Several study participants noted that 



128 
 

 

knowledge of NAFLD and liver disease more generally paled in comparison to community-level 

awareness of type 2 diabetes and cancer, which are generally well-known. 

 

Of particular note, our qualitative and quantitative results indicate a dearth of NAFLD related 

information dissemination from medical professionals to this high-risk population. This finding 

may reflect the well-documented barriers to healthcare access amongst US-based Hispanics and 

particularly foreign-born Hispanics, an issue that produces and compounds grave health 

disparities (Velasco-Mondragon, Jimenez, Palladino-Davis, Davis, & Escamilla-Cejudo, 2016), 

or a lack of specific discussion by healthcare providers of this health risk when medical 

interactions do occur. Moreover, over 70% of our participants were 1st generation and healthcare 

access in Mexico has also been historically limited for a wide swath of Mexican citizens, 

particularly those born in low-income and rural communities and those who grew up prior the 

advent of universal healthcare in Mexico in 2004 (Barraza-Lloréns, Bertozzi, González-Pier, & 

Gutiérrez, 2002). These binational barriers to healthcare access likely contribute to the 

comparatively low levels of NAFLD awareness amongst Mexican-born populations as compared 

to their US-born counterparts (Flores et al., 2012), a finding confirmed by this study. Moreover, 

the lack of information dissemination from doctors to study participants may reflect the 

incomplete NAFLD literacy amongst health professionals in Mexico (Islam et al., 2014) and the 

United States (Marjot et al., 2018; P. J. Patel et al., 2018), which can impede effective 

communication with patients about this critical disease state. 

 

In addition, the results of this cross-sectional, mixed methods study reflect the potential need for 

alternative strategies to communicate NAFLD risk in Mexican-origin women. Informal networks 

for health information dissemination are common and may prove effective in increasing 
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knowledge of NAFLD health risks among Mexican-origin populations in the United States. The 

importance of family, friends, and mass media as sources for general health, diabetes, and cancer 

information in the Hispanic community has been well documented (Cheong, 2007; Clayman, 

Manganello, Viswanath, Hesse, & Arora, 2010). However, given the low levels of general 

awareness about NAFLD and the lack of formal information sources targeting Hispanics, in 

concert with NAFLD’s immense and disproportionate burden amongst Mexican-origin 

populations, testing of evidence-based strategies for information dissemination in regards to this 

disease state may be particularly relevant. While most participants cited family as their primary 

source of information about liver disease, even in cases of NAFLD diagnosis within the family, 

these familial information sources generally did not correlate to high degrees of specific 

knowledge about the disease. 

 

The overall low levels of NAFLD awareness and knowledge observed in this study population 

carry important implications for how we understand individuals’ assessment of risk and 

vulnerability for NAFLD in Mexican-origin populations. Risk perception has been found to be a 

critical component of several theories for health behavior change given its association with 

engagement in health behaviors (Ferrer & Klein, 2015). Although we did not directly assess 

levels of perceived risk for NAFLD or other liver diseases in our study, we observed that the lack 

of information about NAFLD produced misperceptions that affected the women’s perceived risk 

of liver disease. Further efforts to robustly characterize risk perceptions related to NAFLD, 

cirrhosis, and HCC among Mexican-origin women are needed. 

 

Specifically, this study adds to our understanding of how high levels of alcohol-induced cirrhosis 

in Mexican-origin populations impact liver health knowledge and perceptions amongst US- 



130 
 

 

based Hispanics. The majority of study participants made a clear association between liver 

disease and alcohol and were far more likely to have heard of alcohol-related liver disease than 

NAFLD. Similarly, high community-level knowledge of excessive alcoholic consumption as a 

risk factor for liver disease among US-based and Mexican adults was reported by Flores et al. 

(2012) (Flores et al., 2012). This finding may be attributed, in part, to the fact that Mexico ranks 

first in the world for alcohol induced liver cirrhosis and death (Roman, Zepeda-Carrillo, Moreno- 

Luna, & Panduro, 2013). Study participants cited high rates of cirrhosis in their families and 

recognized the gravity of liver disease. 

 

The disproportionate burden of liver-related mortality among Mexican-origin people is not due 

to alcohol alone (Flores et al., 2018; Méndez-Sánchez et al., 2018). It is possible the historic 

prevalence of alcohol-induced cirrhosis in Mexico acted to obfuscate other important risk factors 

for liver disease, producing misperceptions regarding the risk factors and causal mechanisms of 

liver disease. A number of participants stated that, prior to study participation, they had believed 

that only those who consume alcohol were at risk of developing liver disease and had very 

limited knowledge of nonalcoholic lifestyle risk factors for liver disease. This belief contributed 

to an overall low level of pre-study perceived risk among our sample of women. Our findings 

were consistent with those of Alemany-Pages et al. (2020), where Portuguese participants with 

type 2 diabetes displayed similar high levels of cirrhosis awareness but had poor understanding 

of its connection to fatty liver (Alemany-Pages et al., 2020). 

 

Implications of Research 

 

The relatively low levels of healthcare access and utilization in US-based Hispanics compared to 

other racial subgroups is relevant when considering the clinical implications of this study (Gary, 
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Narayan, Gregg, Beckles, & Saaddine, 2003). This reduced access limits opportunities for 

information dissemination and makes it critical that practitioners utilize patient interactions as a 

means to address potential misperceptions related to risk for NAFLD, particularly the role of 

non-alcoholic etiological factors in the development of liver diseases. In addition, healthcare 

providers should harness the high level of community awareness of type 2 diabetes amongst 

Hispanic immigrants (Smith-Miller, Berry, & Miller, 2017) in order to inform their patients 

about NAFLD risk as well as the shared risk factors between the two disease states (Anstee, 

Targher, & Day, 2013; Z. M. Younossi et al., 2019). 

 

Moreover, the results of our study offer important lessons for how best to structure public health 

interventions. Community based intervention strategies for NAFLD prevention and treatment 

may be particularly useful rather than relying on clinic-based settings alone, given low rates of 

health care access and utilization in this community (Velasco-Mondragon et al., 2016). However, 

in studies that do take place in clinic-based settings, NAFLD education can be integrated into 

existing programs for diabetes prevention given the shared risk factors related to obesity and 

diet. Additionally, interventions should be geared toward the family as a whole rather than the 

individual given that families are often conduits for health knowledge and that NAFLD risk is 

patterned along lines of genetic susceptibility (Bhadoria et al., 2017; Caussy et al., 2017). Indeed, 

even after controlling for important confounders, first-degree relatives of patients with NAFLD- 

cirrhosis had 12 times greater risk of advanced fibrosis (Caussy et al., 2017). These data suggest 

that targeting the family as a unit both for health interventions and data collection related to 

family history of liver disease may prove fruitful. 
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Lastly, low levels of NAFLD awareness and knowledge necessitate efforts to raise awareness of 

the spectrum of liver diseases and their associated risk factors. Targeting health knowledge 

through campaigns (Philis-Tsmikas et al., 2020) and health education interventions (Lindberg, 

Stevens, Vega-López, et al., 2012; Okosun, Davis-Smith, & Seale, 2012; Lilian G. Perez et al., 

2013) have been shown to significantly increase engagement in health-promoting behaviors 

among Hispanics in the United States. This approach was previously utilized to raise awareness 

of prediabetes and has been remarkably successful based on those reported to have taken the test 

and went on to locate a lifestyle change program (Prevention, 2020). A feasible approach to 

disseminate NAFLD health information may be to incorporate NAFLD education into existing 

type 2 diabetes campaigns. 

 
 

Future Research 

 

Future qualitative research is necessary to add nuance to our understanding of the potential 

impact of NAFLD in this high-risk population and how best to address it. Areas of additional 

research should include the exploration of intrafamilial communication specifically focused on 

liver disease to expand our understanding of the way in which health information is shared 

between family members and the effects this communication channel has on disease perception. 

Additionally, future research should more thoroughly evaluate NAFLD health risk in the 

“motivation” and “behavior” constructs of the IMB model (Fisher et al., 2003). An idea would be 

to use a priori-designed survey items to explore associations between perceived and objective 

risk of liver diseases in Mexican-origin adults and how these factors affect motivation to adopt 

dietary behaviors found to protect against NAFLD. Lastly, additional research into awareness 

and knowledge of NAFLD in Mexico would greatly inform our understanding of the binational 
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transmission of information related to this disease state. Taken in concert, these findings would 

be useful in informing the development of future culturally-sensitive lifestyle interventions 

aimed at prevention, early diagnosis, and treatment of NAFLD in this at-risk population. 

 
 

Strengths and Limitations 

 

A key strength was the grounding of our research questions within the IMB model. Specifically, 

we identified key information deficits and misperceptions related to NAFLD health risk. Another 

strength was the decision to focus on a more homogeneous group of women with some shared 

life experience in relation to residing in Southern Arizona and being overweight/obese and 

female. Additionally, the use of a mixed-methods approach allowed the researchers to provide a 

voice to the experiences of study participants that served to contextualize the results of the 

quantitative questionnaire. In an effort to acknowledge the well-documented associations 

between acculturation and health perceptions in US Hispanics (Abraido-Lanza, Echeverria, & 

Florez, 2016), we also explored potential differences in responses using acculturation proxies. 

This study also has several limitations. First, the presentation of NAFLD-related prevalence and 

risk factors during study recruitment biased survey answers related to pre-study NAFLD 

knowledge and information sources. This led the researchers to exclude responses to related 

survey questions, which would have provided more expansive data regarding generalized 

knowledge and awareness of NAFLD in the study population. 
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CHAPTER FIVE – CONCLUSIONS AND FUTURE DIRECTIONS 

 
Given weight loss remains the cornerstone treatment for NAFLD, findings and recommendations 

provided within Chapter Two (Specific Aim 1) can directly inform the development of NAFLD 

treatment interventions. Findings from this systematic review identified several considerations. 

While findings revealed a dearth of rigorous RCTs among U.S. Hispanic women, interventions 

that produced significant weight loss tended to focus on modifying both diet and PA behaviors 

and set clear PA goals for participants. Future interventions aiming at treating NAFLD in 

Mexican-origin women should therefore consider targeting both diet and PA behaviors to 

achieve the greatest amount of weight loss while setting and communicating specific PA goals 

for participants. Indeed, this recommendation is in line with the evidence that NAFLD 

interventions that focus on both diet and PA behaviors result in the greatest improvements in 

NAFLD outcomes (Chalasani et al., 2018). Consistent with the literature, we found that low 

retention rates in intervention programs remain a significant challenge (Lindberg & Stevens, 

2007; L. G. Perez et al., 2013). In the few studies that did report reasons for attrition, work and 

time conflicts were the most common and should be considered in future NAFLD interventions 

in Mexican-origin women. Additionally, future studies should ensure comparisons are made 

between the participant characteristics in completers and non-completers to identify which 

participants potentially need greater study support. These findings warrant the need for future 

NAFLD interventions to develop strong, literature-informed retention protocols that take into 

consideration work and time conflicts and detailed reporting of reasons for withdraw or attrition. 

 
 

Regarding study duration, while a small number of studies of shorter duration did produce 

significant weight loss, previous research suggests that maximum weight loss in interventions 
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tends to occur during the first 6 months before plateauing (Franz et al., 2007). Future NAFLD 

interventions should therefore consider a duration of at least 6 months to ensure a maximum 

benefit is reached for participants. Additionally, future NAFLD interventions should consider 

testing different strategies for maintenance of weight loss produced during the intervention to 

expand upon the literature and identify which strategies are most effective in retaining beneficial 

intervention effects. 

 
 

While we did not determine whether interventions that targeted social support produced 

significantly greater weight loss than those that did not, our review did note consistent  

participant feedback across studies relaying an appreciation for efforts to widen social support 

networks. This finding was consistent with the literature as social support has been consistently 

identified to be a key factor in the adoption of certain health behaviors in Hispanic women (Ickes 

& Sharma, 2012; Ingram et al., 2009). Given these findings, future NAFLD interventions 

focused on Mexican-origin women should consider targeting social support, perhaps through the 

use of group-based education sessions, promotoras, or the inclusion of family members or 

friends. 

 
 

Finally, future NAFLD interventions should consider addressing other common limitations of 

existing weight loss interventions identified by this review. These include the limited use and 

reporting of behavior theory, lack of reporting related to recruitment effectiveness, blinding of 

outcome assessors, and inconsistent reporting of weight change. Notably, only six studies (6/15; 

40%) reported guiding the intervention with a theoretical framework. Additionally, although 

three studies (3/15; 20%) reported modeling their intervention after the DPP, it was unclear 
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whether or not all DPP behavioral theory constructs were used to inform the intervention and 

unclear which specific DPP strategies were carried over. The significant lack of reporting related 

to the recruitment process, including details related to number of individuals interested, screened, 

and enrolled and the relative effectiveness of individual recruitment strategies, impedes efforts to 

guide sample size and budget estimates in future interventions. Of particular relevance, we noted 

a lack of reporting related to the number of participants who lost 5%, 7%, and 10% of their initial 

body weight. Previous NAFLD weight loss interventions have characterized the clinical 

significance of these three weight loss goals, including an important distinction between weight 

loss needed to reduce levels of hepatic steatosis (>5% initial body weight) and weight loss 

needed to improve NASH and levels of fibrosis (7-10% initial body weight) (Chalasani et al., 

2018). Therefore, it is critical that future NAFLD interventions report the number of participants 

who achieved these different levels of weight loss as well as their associated benefits on liver- 

related outcomes. 

 

Chapter Three (Specific Aim 2) investigated interactions between a priori-selected dietary 

factors and PNPLA3 rs738409 in relation to levels of hepatic steatosis assessed by transient 

elastography (Fibroscan®) in a sample of Mexican-origin adults with overweight or obesity. 

Human and animal studies have consistently shown the PNPLA3 gene to be highly sensitivity to 

dietary intake of carbohydrates as well as diets high in fat (Hoekstra et al., 2010; Johansson et 

al., 2009). Cross-sectional studies conducted in both non-Hispanic and Hispanic pediatric 

populations have previously identified significant interactions between PNPLA3 genotype status 

and total carbohydrate intake (% kcals/d) (J. N. Davis et al., 2010), total sugar intake (% kcals/d) 

(J. N. Davis et al., 2010), fructose-sweetened beverages (V. Nobili et al., 2014), and omega-6- 
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omega-3 PUFA ratio (Santoro et al., 2012). Additionally, randomized controlled trials suggest 

that PNPLA3 genotype status may modify response to dietary interventions, specifically response 

to a hypo-caloric, low-carbohydrate and omega-3 PUFA intervention, in adult populations (E. 

Scorletti et al., 2015; Sevastianova et al., 2011). Taken together, these findings led us to 

hypothesize that significant gene-diet interactions would be identified in a sample of Mexican- 

origin adults. However, no significant interactions were identified. 

 
 

Despite exceeding our recruitment target, which would have given us >80% power to detect 

these interactions, it is plausible that the considerable level of underreporting among study 

participants impaired our ability to detect these modest effect sizes. Compared to the average 

American adult (Ford & Dietz, 2013), participants in our sample underreported an average of 

nearly 700 kcals per day. As such, it is plausible that the effect size of the dietary variables on 

levels of hepatic steatosis was reduced, resulting in lower power to detect the gene-diet 

interactions. One potential explanation for the under-reporting may be related to random error 

from inaccurate estimation of portion sizes. Traditional dietary assessment methods, including 

24-hour dietary recalls and food frequency questionnaires, are subject to error due to inaccurate 

portion size estimates (Cypel, Guenther, & Petot, 1997). A particularly relevant consideration 

given our study population is the infrequent use of standard measurements during food 

preparation in traditional Mexican culture (Lindberg et al., 2013b). While we attempted to reduce 

error from portion size estimation by providing all participants with food amounts booklets, it is 

possible that participants were not accustomed to using and/or thinking about food in relation to 

standard food measurements, contributing to inaccuracy of portion size estimations. Providing 3- 

D portion-size estimation aids (PSEAs) such as food models, household utensils, or both, may 
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have helped participants better visualize portion size quantities. Indeed, a study by Chambers et 

al. (2000) reported that participants found 2-D aids to be more difficult to use in estimating 

portion size when compared to 3-D aids that were visually similar to the actual portions and 

containers of food items (Chambers Iv, Godwin, & Vecchio, 2000). Moreover, a 2017 systematic 

review by Almiron-Roig et al. found that combining multiple PSEAs may increase accuracy of 

portion size estimation among minority ethnic populations, however, this study did not include 

Hispanic individuals (Almiron-Roig, Aitken, Galloway, & Ellahi, 2017). Overall, research 

assessing the utility of different PSEAs among Mexican-origin individuals is lacking. Future 

research is needed to assess the cognitive processes Hispanic, and more specifically, Mexican- 

origin, individuals employ when recalling portion size. Understanding these strategies could 

inform the development of new or modification of existing new PSEAs that could help improve 

portion size estimation and accuracy of 24-hour dietary assessments in Hispanic and Mexican- 

origin populations. Another option for future studies to improve accuracy of dietary assessment 

would be the inclusion of a biomarker as a means to verify self-reported dietary intake (Hedrick 

et al., 2012). Biomarker calibrated self-reported dietary assessments have been found to reduce 

bias commonly associated with self-reported methods and more clearly elucidate associations 

between diet and disease risk (Tinker et al., 2011). The use of biomarkers for sugar, fructose, and 

PUFA intake would be particularly relevant in studies exploring associations between dietary 

intake and NAFLD. While some biomarkers for dietary sugar intake show promise, controlled 

feeding studies are needed to assess the validity, reliability, and sensitivity of these biomarkers 

for different study designs (Davy & Jahren, 2016). Additionally, research suggests that sex may 

modify the relationship between 24-hour urinary sucrose and fructose values and 
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cardiometabolic risk factors, warranting the need for focused examination of future validation 

studies on Mexican-origin women (Ramne et al., 2020). 

 
 

It is also possible that confounding factors known to influence levels of hepatic steatosis that 

were not assessed as part of the study affected our ability to detect the individual effects of each 

nutrient. For example, recent weight gain (W. J. Zhang et al., 2014) and recent weight loss 

(Koutoukidis et al., 2019) are associated with changes in levels of hepatic steatosis and whether 

or not participants experienced either was not collected as part of the study. 

 
 

In conclusion, while we did not observe any significant interactions between PNPLA3 genotype 

status and dietary intake among Mexican-origin adults, enhancement of dietary assessment 

strategies to address statistical power concerns and replication of the study in the same 

population is needed before sound conclusions can be made. Only then can findings support (or 

not support) the development of a PNPLA3rs738409 genotype-informed intervention for 

treatment of NAFLD in Mexican-origin adults. 

 

In Chapter Four (Specific Aim 3), quantitative and qualitative findings revealed low awareness 

of NAFLD among Mexican-origin women recruited from a Southern Arizona community. 

Participants reported to most likely hear about liver disease through their family and friends, 

often due to a family member’s medical diagnosis. A lack of formal information sources specific 

to NAFLD may have contributed to the development of misperceptions related to common risk 

factors for liver disease, which in turn contributed to a lower perceived risk among the women. 

Findings suggested that greater efforts should be placed on raising awareness of NAFLD and 
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non-alcoholic risk factors for liver disease more broadly, particularly among populations at high 

risk for progressive non-alcoholic liver disease and low access to healthcare. 

 
 

Related to the development of future NAFLD interventions, results from Chapter Four highlight 

the need to incorporate high levels of NAFLD education to address knowledge deficits and 

misperceptions related to risk of NAFLD and liver disease more broadly. Importantly, given the 

lack of interventions aimed at treating NAFLD in U.S. Hispanic populations (P. Patel et al., 

2020), the effects of a NAFLD education intervention on NAFLD-related outcomes in this 

population remain unknown. With its emphasis on information as a determinant of performance 

in health behaviors, both alone and through its effects on “motivation” and “behavior skills”, 

investigators should consider the Information-Motivation-Behavior (IMB) (Fisher et al., 2003) 

model to guide the development of future NAFLD interventions. By doing so, the effects of a 

NAFLD education intervention can be assessed through changes in the model’s “motivation” and 

“behavioral skills” constructs. The findings gleaned from such an intervention would inform the 

development of more complex behavioral interventions that target multiple behaviors in multiple 

levels of influence (e.g. interpersonal, organizational, community, etc.). 

 
 

As part of the future NAFLD intervention’s educational materials, investigators should 

emphasize the role of non-alcoholic risk factors for liver disease and address the misperception 

that only those who consume excessive amounts of alcohol can develop liver disease. In doing 

so, investigators may target the participants’ level of perceived risk for liver disease, which may 

in turn affect other important health behavior constructs, notably the “motivation” construct 

within the IMB model (Fisher et al., 2003). Notably, the Health Belief Model also takes into 
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consideration the effect of perceived susceptibility, as well as perceived severity, on the 

likelihood of engaging in health-promoting behaviors. Therefore, the IMB and Health Belief 

Model may be particularly useful as theoretical underpinnings for future NAFLD intervention 

strategies in this population. Given the high levels of awareness surrounding liver cirrhosis and 

the high perceived severity of this disease, educational materials may benefit from clearly 

demonstrating the how NAFLD, if left untreated, can progress to cirrhosis. An efficient strategy 

may be to integrate NAFLD education into existing interventions for the prevention and 

management of type 2 diabetes given the overlap in risk factors, including diets high in refined 

sugars and obesity. 

 
 

Based on our findings, investigators should keep in mind that individuals interested in 

participating in NAFLD interventions may have experienced greater exposure to liver disease 

through family diagnoses of cirrhosis and liver cancer. Indeed, this will require investigators to 

be particularly sensitive when interacting with individuals interested in participating and study 

participants. Investigators should also keep in mind that familial experiences with liver disease 

do not necessarily translate to high levels of liver disease knowledge as this was a pattern noted 

throughout the study’s interviews. This finding suggests that the increasing rates of NAFLD, 

cirrhosis, and liver cancer in the U.S. may not necessarily lead to greater levels of knowledge 

related to liver disease etiology, further underscoring the need for interventions to incorporate 

high levels of NAFLD and liver disease education. 
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ABSTRACT: 

Background: In the U.S., Hispanic women experience a disproportionate rate of obesity and 

obesity-related chronic diseases. At the same time, Hispanic women remain considerably 

underrepresented in behavioral weight loss interventions. The purpose of this review is to 

systematically evaluate the evidence related to the effectiveness of weight loss interventions 

among Hispanic women in the U.S. This review will identify elements of successful weight loss 

interventions as well as areas for future research. Methods/Design: The following databases will 

be searched to identify all relevant articles (from inception onwards): PubMed, Embase, Scopus, 

Web of Science (Science Citation Index and Social Sciences Citation Index), PsycINFO, 

CINAHL, Chicano Database, SPORTDiscus, CAB Abstracts, and Google Scholar. We will 

include randomized controlled trials and quasi-experimental studies of adult women (> 18 years) 

from Hispanic/Latino background living in the United States. Eligible interventions will target 

weight-related behaviors (including diet, physical activity, behavior modification and/or their 

combinations). The review’s primary outcome will be weight change (expressed as change in 

lbs/kg or body mass index (BMI) (kg/m2)). Three reviewers will independently screen and select 

data and two will extract data. The methodological quality (or risk of bias) of individual studies 

will be appraised using the Effective Public Health Practice Project Quality Assessment Tool. A 

narrative synthesis will describe quality and content of the evidence. Discussion: The aim of this 

systematic review is to critically examine existing weight loss interventions for Hispanic women 

in the U.S. and provide quality evidence for the effectiveness of these interventions on weight 

loss. Further, this review seeks to identify characteristics of effective interventions and suggest 

future directions for research efforts targeting weight loss in this population. This review will 

inform the development of future weight loss interventions for this population. 

 

KEYWORDS: Hispanic, weight loss, culturally-sensitive, intervention, diet, physical activity 

PROSPERO registration number: CRD42019119094 
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BACKGROUND 

Hispanic women will comprise 25% of all women in the U.S. by 2050 if current population 

growth trends continue.(1, 2) Hispanic women experience disproportionate rates of obesity with 

a rate of 50% compared to 38% in non-Hispanic white (NHW) women.(3) Obesity is associated 

with many chronic diseases and health conditions including hypertension, type 2 diabetes, 

chronic liver disease, heart disease, several cancers, body pain, depression, and overall low 

quality of life.(4-8) Consequently, Hispanic women are more likely to develop type 2 diabetes 

and chronic liver disease compared to NHW women and are significantly more likely to die from 

these conditions.(9, 10) Efforts to improve modifiable lifestyle behaviors, such as diet and 

physical activity, to reduce the obesity burden and improve health in Hispanic women, are 

urgently needed. 

 

Current guidelines for weight management include the use of comprehensive lifestyle 

interventions consisting of diet, physical activity, and behavior therapy.(11) When effective, 

these interventions typically result in a weight loss of approximately 18 lbs. in a 6-month period 

or 1-2 lbs. per week.(11) However, long-term maintenance of weight loss remains a challenge as 

short-term weight loss is typically followed by a regain of 30-50% of initial body weight over the 

subsequent 2-3 years.(12, 13) Within the field of behavioral weight loss interventions, Hispanic 

women remain considerably underrepresented. A recent systematic review found that Hispanics 

in general have comprised less than 10% of participants in behavioral weight loss 

interventions.(14) One of the largest lifestyle interventions to include Hispanic women, The 

Diabetes Prevention Program (DPP), was a landmark trial that demonstrated a comprehensive 

weight loss intervention can reduce incidence and progression of diabetes.(15) By the 

completion of the study, weight loss in the lifestyle arm was similarly effective in Hispanic 

women and NHW women with -5.9% and -4.5% loss of initial body weight after 30 weeks, 

respectively.(16) The success of the lifestyle arm in inducing short-term weight loss in Hispanic 

women was likely due, in part, to the range of culturally-sensitive materials and strategies 

implemented to take into consideration the ethnic diversity of study participants (e.g., the use of 

community lay workers often culturally-matched to participants, culturally-sensitive cooking 

materials).(16-18) Although DPP was a large trial, only 16% (n=154) of the intensive lifestyle 

intervention (ILI) group identified as Hispanic women and information including level of 

acculturation, years in the U.S., and country of origin were not collected, thereby limit 

ing generalizability to different sub-populations within the Hispanic community.(16) In the Look 

AHEAD trial, the longest randomized trial to evaluate the effectiveness of lifestyle modification 

on weight and cardiovascular-related health outcomes, Hispanic women comprised only 9% 

(n=240) of participants in the ILI group and weight loss achieved by year 1 was slowly regained 

over the next 3 to 7 years, including among Hispanic women.(19, 20) Additionally, similar to the 

DPP, the multicomponent lifestyle intervention delivered to participants makes it difficult to 

ascertain which specific intervention components were effective in inducing the observed weight 

loss. 

 

Our hypothesis is that Hispanic women are uniquely and importantly different from NHW 

women when establishing effective programs for weight management. Cultural, social, and 

economic factors shape the way Hispanic women think and act regarding diet, physical activity, 

and weight loss. Further, actual and perceived barriers Hispanic women face while attempting to 
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implement lifestyle changes need to be considered as influential elements in developing effective 

interventions. For example, among Mexican-American women, weight loss efforts may be 

influenced by a desire for a curvier figure, a desire to feel a part of American society, social 

hierarchies found within the home, concerns over spending time on themselves, familial 

pressures, and a lack of social/familial support.(21, 22) Additionally, structural barriers to diet 

and physical activity, such as the built environment, food deserts, and related issues in regards to 

access to healthy food may impede efforts to lose weight.(23-25) The process of acculturation 

has been identified as a factor affecting diet and physical activity behaviors both positively and 

negatively in individuals immigrating to the U.S.(26) For Hispanic women, greater acculturation 

is positively associated with greater levels of total physical activity throughout the day(27-29) 

and increased likelihood of engaging in recommended amount of physical activity.(30) While 

data are limited, westernized dietary acculturation for Hispanic women is characterized as 

increased intakes of saturated fat, sugar, dessert, and low-fat milk and decreased intake of corn 

tortillas, low-fiber bread, and high-fat milk (31) Given this evidence, the role of socio-cultural 

factors such as level of acculturation and immigrant status remain important to understand and 

assess while seeking to improve weight loss efforts in Hispanic women. Additionally, woven 

into these factors are specific values, customs, and perceptions rooted in cultural gender norms 

that affect the engagement of Hispanic women in weight loss efforts.(21, 25) For example, 

Hispanic women may perceive a fuller figure to be more “healthy-looking” and desirable and 

may be deterred from engaging in physical activity by their husbands.(21, 25, 32, 33) Hispanic 

women may find it difficult to adopt healthier eating and cooking habits that would promote 

weight control for fear of the impact these changes would have on their family.(25) These unique 

barriers faced by Hispanic women attempting to engage in healthy lifestyle behaviors warrant 

interventions that are tailored to the needs of Hispanic individuals in general but more 

specifically, the needs of Hispanic women. For this reason, we have opted to focus this review 

on weight loss interventions that include only Hispanic women. 

 

To date, systematic reviews focused exclusively on U.S. Hispanic women exist for diabetes risk 

factors management(34), cancer screening(35, 36), factors associated with physical activity(37), 

and maternal health and breastfeeding.(38) Multiple reviews have examined only physical 

activity interventions in Hispanic adults.(39-41) In a systematic review by Corona et al., authors 

examined lifestyle interventions in adult Latinas but did not summarize information related to the 

effectivess of the interventions in inducing weight loss, study socio-economic factors, and 

recruitment variables, and no quality assessment of studies was performed.(42) The current 

review will extend the literature by providing a comprehensive and rigorous examination of 

weight loss interventions in Hispanic women and will include an in-depth synthesis of 

participant characteristics, intervention design, and study quality while using a predetermined 

measure for intervention success. 

 

The purpose of this systematic review is to characterize previously tested weight loss 

interventions in Hispanic women in the U.S. and to identify areas for future research. 

Additionally, components of successful interventions (those that have achieved clinically 

meaningful weight loss of >3%(11)) will be identified so that future interventions can build on 

previous findings and ensure meaningful progress is made. A weight loss of >3% is associated 

with clinically meaningful reductions in risk factors for diabetes such as hemoglobin A1c and 
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blood glucose(11) and therefore was chosen as a predetermined measures of intervention 
effectiveness. 

 

In the current manuscript, the term “Hispanic” is representative of individuals who classify 

themselves as a person of Mexican, Cuban, South or Central American, Puerto Rican, or other 

Spanish culture or origin, regardless of race. Importantly, the on-going Hispanic Community 

Health Study / Study of Latinos (HCHS/SOL) continues to provide new insights into factors 

involved in the prevention and treatment of chronic disease among Hispanic/Latino persons from 

different countries of origin.(43, 44) We acknowledge the considerable heterogeneity of the term 

“Hispanic” and will recognize other terms (e.g. Latino/a/x, etc.) and/or subgroups (e.g. Mexican 

American, etc.) within our search strategy in efforts to be as inclusive as possible. 

 

METHODS AND ANALYSIS 

Study registration 

This systematic review protocol is being reported in accordance with the reporting guidance in 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocol (PRISMA-P) 

statement.(45) The PRISMA checklist is provided in Supplemetary File 1. As a systematic 

review of published studies, ethics approval will not be required. This review has been registered 

with the International Prospective Register of Systematic Reviews (PROSPERO) (registration 

number: CRD42019119094; date of registration: April 2, 2019. 

 

Study eligibility criteria 

Studies will be selected according to the criteria outlined in Table 1. 
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Table 1: Inclusion and Exclusion Criteria 
 
 

PICOS Strategy Inclusion criteria Exclusion criteria 

P – Population Hispanic women, 18+ years 

old, living in the U.S. 

Studies that recruited both men and 

women (however, studies that included 

men and children as a strategy to 

engage women will be kept), studies 

focused on children and/or adolescents 

that allowed parents to attend, patients 

who are hospitalized or 

institutionalized), patients with eating 

disorders, patients who have recently 

undergone bariatric surgery 

I - Intervention Lifestyle interventions ≥ 12 

weeks in duration, targeting diet 

and/or physical activity to 

reduce body weight 

Surgical procedures, nonsurgical 

devices and procedures, 

pharmacological treatments, 

complementary/alternative treatments, 

dietary supplements intended for weight 

loss, population-focused health 

promotion campaigns, and interventions 

that do not focus on modifying weight, 

interventions to prevent excessive 

weight gain during pregnancy 

C - Comparison For RCTs, wait-list control or 

usual care 

 

For quasi-experimental, no 

comparison required 

 

O - Outcome Studies reporting objectively 

measured weight change 

(expressed as change in lbs or 

kg or BMI (kg/m2)) as a 
primary or secondary outcome 

Self-reported measures of weight 

change 

S – Study design RCTs and quasi-experimental 

studies 

Reviews, observational studies (cross 

sectional, case-control and cohort 

studies), case reports, case series, in 

vitro studies, animal studies, secondary 

analyses of trials, and survey 

development studies 
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Study Participants 
Our decision to focus our review on Hispanic women living in the U.S. stems from the 

knowledge that U.S. Hispanic women have unique attitudes, barriers, and facilitators related to 

weight loss with important socio-cultural contextual factors specific to the U.S. (e.g. 

acculturation, built environment, high burden of obesity and related disease) meriting focused 

examination. Additionally, racial/ethnic- and sex-specific models exploring predictors of weight 

loss have demonstrated differences in key predictors of weight loss, further justifying the need to 

independently focus on Hispanic women.(20) 

 

Interventions 

Lifestyle interventions ≥ 12 weeks in duration, a minimum timeframe associated with short-term 

weight loss(46), targeting diet and/or physical activity to reduce body weight will be included. 

This will include dietary interventions targeting weight, physical activity interventions targeting 

weight, and a combination of both with and without behavioral modification. Dietary 

interventions will be defined as interventions where diet is modified through changes in diet- 

related behaviors (e.g. portion control, stimulus control, cooking skills, etc.). Physical activity 

interventions will be defined as interventions where physical activity is modified through 

changes in physical activity-related behaviors (e.g. increasing leisure-time physical activity, 

reducing sedentary behavior, etc.). Interventions will not be excluded based on intervention 

delivery modality, but modality will be tracked as a component that may influence program 

effects. Additionally, interventions delivered by a range of different interventionists (e.g. 

students, physicians, community health workers, etc.) will be included. 

 

Outcomes and prioritization 

Studies to be included in this review must report weight or body mass index (BMI) (kg/m2) as a 

primary or secondary outcome. Changes in risk factors for chronic disease (e.g. blood glucose, 

hemoglobin A1c, and lipids) included as primary or secondary outcomes in eligible studies will 

be summarized. Characteristics of interventions that have induced a clinically meaningful weight 

loss of >3%(11) will be summarized. 

 

Data sources and search strategy 
The following databases will be searched by a professional librarian (JLP) for all relevant articles 

from inception onwards: PubMed, Embase, Scopus, Web of Science (Science Citation Index and 

Social Sciences Citation Index), PsycINFO, CINAHL, Chicano Database, SPORTDiscus, CAB 

Abstracts, and Google Scholar. A detailed description of the search strategy for PubMed is 

included as Supplementary File 2. Reference lists from all eligible studies will be hand- 

searched in addition to reference lists of related reviews. The search will be supplemented with 

suggestions from experts in the field. The search will be limited to publications written in the 

English language. 

 

Data management 
Results from the search through the electronic databases will be uploaded by JLP into EndNote 

citation manager software and duplicates removed. The EndNote file will then be uploaded to 

Covidence systematic review software (Veritas Health Innovation, Melbourne, Australia). KM, 

MLP, and GB will then independently begin the reviewing process. 
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Selection process 
Excluding duplicates, articles generated from the search strategy will be divided into three equal 

sections (A, B, C). Then, three authors (KM, MLP, GB) will independently perform an initial 

title and abstract review in the following manner: KM will review A+B, MLP will review B+C, 

and GB will review A+C. The three authors will then meet and results will be discussed until a 

consensus is reached regarding eligible studies. In the next step, remaining articles will be read 

in full text format independently by KM and MLP. Discrepancies at these two screening steps 

will be resolved by DG and the set of articles to be reviewed will be finalized. 

 

Data extraction 

Data from these articles will be extracted independently by KM and MLP and reviewed by GB. 

Extracted data from the articles will be collected by KM and MLP using a standardized template 

form developed specifically for this review and cross-referenced by GB for any discrepancies. If 

data extraction for an eligible study cannot be accomplished due to information inadequately 

described or missing in the full-text article, KM will contact the publication’s corresponding 

author via email up to three times to request the information. KM and MLP will pilot the 

standardized template on a subsample of eligible studies and make any appropriate adjustments 

to the data collection fields as necessary before continuing with the remaining studies. In the case 

there are multiple publications for an eligible study, data will be extracted from each manuscript 

in order to retrieve all information relevant to this review. Intervention materials, such as 

educational materials provided to participants, will be requested from trial authors and published 

as supplementary materials in the final review.(47) 

 

Data to be extracted from eligible articles are as follows: 

1. Author and year of publication 

2. Participant population (age, important eligibility criteria such as weight classification or 

disease state) 

3. Socio-cultural factors (acculturation level and Hispanic subgroup or country of origin, if 

available) 

4. Study design (randomized-controlled trial or quasi-experimental design) 

5. Recruitment variables (setting, strategy, and effectiveness) 

6. Intervention characteristics (duration, study materials, study delivery setting, intervention 

modality, theoretical frameworks/behavior change techniques, and culturally-sensitive 

strategies implemented) 

7. Comparator (if available) and description 

8. Study outcome information (weight loss and/or changes in BMI included as primary or 

secondary outcome) and changes in other risk factors for chronic disease (e.g. blood 

glucose, hemoglobin A1c, and lipids) included as the secondary study outcomes (if 

available) 

9. Retention and adherence rates 

 

Quality Assessment 

Quality in all studies will be independently assessed by KM and MLP using the Effective Public 

Health Practice Project Quality Assessment Tool (EPHPP).(48) This standardized tool, 

developed by the Effective Public Health Practice Project in Canada, was chosen since it can be 
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used to evaluate a range of intervention study designs including RCTs and pre-and post- studies, 

both of which may be included in the review. The EPHPP evaluates study quality by assessing 

the following six domains: 1) selection bias; 2) study design; 3) confounders; 4) blinding; 5) data 

collection; and 6) withdrawals/dropouts. When using this tool, each of these six domains are 

rated from weak (1 point) to strong (3 points) and these are averaged to provide a total quality 

score for the study. Validity and reliability for this tool meets accepted standards.(48) For the 

current review, all studies to be included in the review will have a copy of the EPHPP attached, 

and both KM and MLP will independently assess each article. Any discrepancies will be 

resolved by DG. Because we are not conducting a meta-analysis, there will be no data synthesis, 

and therefore no sensitivity analysis will be conducted with the results from this assessment. 

 

Data Analysis 

A narrative synthesis of eligible studies will be conducted. This will include qualitatively 

summarizing all extracted data. Quantitative summaries of extracted data such as the proportion 

of studies to achieve a clinically meaningful weight loss of >3%(11) and frequencies of specific 

intervention characteristics (e.g. use of theoretical framework, study delivery setting, culturally- 

sensitive strategies implemented) will be reported. KM will synthesize all of the data and this 

will be reviewed by MLP. Discrepancies will be resolved by DG. These summaries will be used 

to assess the effectiveness of weight loss interventions for Hispanic women in the U.S. and 

address gaps in the existing literature. After synthesizing the data, we will identify areas for 

future research. 

 

DISCUSSION 

This review will be among the first to provide quality evidence for the effectiveness of weight 

loss interventions developed specifically for Hispanic women in the U.S. and identify salient 

features of effective interventions. This information will be useful to inform the development of 

future weight loss interventions for this population. Potential limitations include a limited 

number of eligible studies, studies with small samples sizes, insufficient detail of sample 

eligibility and/or intervention strategies and characteristics as well as the exclusion of studies 

published in non-English languages. Any amendments made to this protocol while conducting 

the study will be described in PROSPERO and outlined in the final published manuscript. 

Findings from this review will be widely disseminated through conference presentations and 

peer-reviewed publications. 
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SUPPLEMENTARY MATERIAL 

 

SUPPLEMENTARY FILE 1: PRISMA-P (Preferred Reporting Items for Systematic 

review and Meta-Analysis Protocols) 2015 checklist: recommended items to address in a 

systematic review protocol* 

Section and 

topic 

Item 

No 

Checklist item (Page No.#) 

ADMINISTRATIVE INFORMATION 
 

Title:    

 1a Identify the report as a protocol of a systematic review 1 

Identification    

Update 1b If the protocol is for an update of a previous systematic review, identify as 
such 

N/A 

Registration 2 If registered, provide the name of the registry (such as PROSPERO) and 

registration number 

5 

Authors:    

Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors; 

provide physical mailing address of corresponding author 

1-3 

 3b Describe contributions of protocol authors and identify the guarantor of the 

review 

20 

Contributions   

Amendments 4 If the protocol represents an amendment of a previously completed or 

published protocol, identify as such and list changes; otherwise, state plan for 

documenting important protocol amendments 

18 

Support:    
20 Sources 5a Indicate sources of financial or other support for the review 

Sponsor 5b Provide name for the review funder and/or sponsor 

Role of 

sponsor or 

funder 

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in 

developing the protocol 

INTRODUCTION 
 

Rationale 6 Describe the rationale for the review in the context of what is already known 6-10 

Objectives 7 Provide an explicit statement of the question(s) the review will address with 

reference to participants, interventions, comparators, and outcomes (PICO) 

9-10,12 

METHODS 
 

Eligibility 
criteria 

8 Specify the study characteristics (such as PICO, study design, setting, time 
frame) and report characteristics (such as years considered, language, 

publication status) to be used as criteria for eligibility for the review 

12-13 

Information 

sources 

9 Describe all intended information sources (such as electronic databases, 

contact with study authors, trial registers or other grey literature sources) 

with planned dates of coverage 

14 

Search strategy 10 Present draft of search strategy to be used for at least one electronic database, 

including planned limits, such that it could be repeated 

Supplementary 

File 2 

Study records:    
14 Data 

management 

11a Describe the mechanism(s) that will be used to manage records and data 

throughout the review 
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Selection 

process 

11b State the process that will be used for selecting studies (such as two 
independent reviewers) through each phase of the review (that is, screening, 
eligibility and inclusion in meta-analysis) 

15 

Data 

collection 

process 

11c Describe planned method of extracting data from reports (such as piloting 

forms, done independently, in duplicate), any processes for obtaining and 

confirming data from investigators 

15-16 

Data items 12 List and define all variables for which data will be sought (such as PICO 

items, funding sources), any pre-planned data assumptions and 

simplifications 

16 

Outcomes and 

prioritization 

13 List and define all outcomes for which data will be sought, including 

prioritization of main and additional outcomes, with rationale 

14 

Risk of bias in 

individual 

studies 

14 Describe anticipated methods for assessing risk of bias of individual studies, 

including whether this will be done at the outcome or study level, or both; 

state how this information will be used in data synthesis 

16-17 

Data synthesis 15a Describe criteria under which study data will be quantitatively synthesised 17 

 15b If data are appropriate for quantitative synthesis, describe planned summary 

measures, methods of handling data and methods of combining data from 

studies, including any planned exploration of consistency (such as I2, 

Kendall’s τ) 

17 

 15c Describe any proposed additional analyses (such as sensitivity or subgroup 

analyses, meta-regression) 

N/A 

 15d If quantitative synthesis is not appropriate, describe the type of summary 

planned 

17 

Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as publication bias 

across studies, selective reporting within studies) 

N/A 

Confidence in 

cumulative 

evidence 

17 Describe how the strength of the body of evidence will be assessed (such as 

GRADE) 

N/A 

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and 

Elaboration (cite when available) for important clarification on the items. Amendments to a review protocol 

should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the PRISMA-P 

Group and is distributed under a Creative Commons Attribution Licence 4.0. 

 
From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P 

Group. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration 
and explanation. BMJ. 2015 Jan 2;349(jan02 1):g7647. 

 

SUPPLEMENTARY FILE 2: Morrill SR PubMed Search Strategy (07/02/2019) 

HISPANIC 

"Hispanic Americans"[Mesh] 

OR Hispanic[Title/Abstract] OR Hispanics[Title/Abstract] OR Central American[Title/Abstract] 

OR Central Americans[Title/Abstract] OR Chicano[Title/Abstract] OR Chicanos[Title/Abstract] 

OR Chicana[Title/Abstract] OR Chicanas[Title/Abstract] OR Cuban[Title/Abstract] OR 

Cubans[Title/Abstract] OR Dominican[Title/Abstract] OR Dominicans[Title/Abstract] OR Latin 

American[Title/Abstract] OR Latin Americans[Title/Abstract] OR Latin[Title/Abstract] OR 

Latina[Title/Abstract] OR Latinas[Title/Abstract] OR Latino[Title/Abstract] OR 

Latinos[Title/Abstract] OR LatinX[Title/Abstract] OR Mexican[Title/Abstract] OR 
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Mexicans[Title/Abstract] OR Puerto Rican[Title/Abstract] OR Puerto Ricans[Title/Abstract] OR 

South American[Title/Abstract] OR South Americans[Title/Abstract] OR Spanish 

speaker[Title/Abstract] OR Spanish speakers[Title/Abstract] OR Spanish 

speaking[Title/Abstract] 

 

WOMEN 

"Women"[Mesh] OR "Female"[Mesh]) OR "Mothers"[Mesh] 
 

OR woman[Title/Abstract] OR women[Title/Abstract] OR female[Title/Abstract] OR 

females[Title/Abstract] OR feminine[Title/Abstract] OR mother[Title/Abstract] OR 

mothers[Title/Abstract] OR daughter[Title/Abstract] OR daughters[Title/Abstract] OR 

grandmother[Title/Abstract] OR grandmothers[Title/Abstract] OR aunt[Title/Abstract] OR 

aunts[Title/Abstract] OR sister[Title/Abstract] OR sisters[Title/Abstract] OR 

mujer[Title/Abstract] OR mujeres[Title/Abstract]) OR madre[Title/Abstract] OR 

madres[Title/Abstract] OR abuela[Title/Abstract] OR abuelas[Title/Abstract] OR 

tia[Title/Abstract] OR tias[Title/Abstract] OR hermana[Title/Abstract] OR hermanas 

[Title/Abstract] 

 

WEIGHT 

"Body Weight Changes"[Mesh] OR "Body Mass Index"[Mesh] OR "Body 

Weight"[Mesh:NoExp] OR "Body Weight Maintenance"[Mesh] OR "Ideal Body Weight"[Mesh] 

OR "Overweight"[Mesh] OR "Overnutrition"[Mesh] OR "Waist Circumference"[Mesh] OR 

"Waist-Height Ratio"[Mesh] 

OR body mass index[Title/Abstract] OR BMI[Title/Abstract] OR body weight[Title/Abstract] 

OR overweight[Title/Abstract] OR over nutrition[Title/Abstract] OR 

overnutrition[Title/Abstract] OR weight gain[Title/Abstract] OR weight loss[Title/Abstract] OR 

weight maintenance[Title/Abstract] OR weight management[Title/Abstract] OR 

obesity[Title/Abstract] OR obese[Title/Abstract] OR waist circumference[Title/Abstract] OR 

waist-height ratio[Title/Abstract] OR waist-to-height ratio[Title/Abstract] 

 

INTERVENTIONS 

"Diet, Reducing"[Mesh] OR "Weight Reduction Programs"[Mesh] OR "Diet"[Mesh] 

OR reducing diet[Title/Abstract] OR reducing diets[Title/Abstract] OR diet[Title/Abstract] OR 

diets[Title/Abstract] OR dietary[Title/Abstract] OR weight reduction[Title/Abstract] OR weight 

loss[Title/Abstract] OR losing weight[Title/Abstract] OR eating habit[Title/Abstract] OR eating 

habits[Title/Abstract] OR food intake[Title/Abstract] OR food restriction*[Title/Abstract] OR 

eating behavior[Title/Abstract] OR eating behaviors[Title/Abstract] 

OR “Physical Exertion"[Mesh] OR "Physical Fitness"[Mesh] OR "Exercise Therapy"[Mesh] OR 

"Exercise"[Mesh] OR "Sports"[Mesh] OR "Physical Education and Training"[Mesh] 

OR (movement*[Title/Abstract] OR physical exertion[Title/Abstract] OR physical 

activity[Title/Abstract] OR physical activities[Title/Abstract] OR physical fitness[Title/Abstract] 

OR sport[Title/Abstract] OR sports[Title/Abstract] OR exercis*[Title/Abstract] 

OR "Women's Health Services"[Mesh] OR "Health Promotion"[Mesh] OR "Life Style"[Mesh] 

OR intervention*[Title/Abstract] OR health promotion*[Title/Abstract] OR life 

style*[Title/Abstract] OR lifestyle*[Title/Abstract] 
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AGE 

NOT ("Child"[Mesh] OR "Infant"[Mesh] OR "Adolescent"[Mesh]) NOT "Adult"[Mesh] 

 

FINAL SEARCH (combining above listed search sets): 

HISPANIC AND WOMEN AND WEIGHT AND INTERVENTIONS AND AGE 

 

Limit: English language only 
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ABSTRACT: 

Background: Obesity rates in Hispanic women residing in the United States (U.S.) are 

disproportionately high, increasing risk of obesity-related disease and mortality. The 

effectiveness of interventions targeting weight loss in this demographic remains largely 

unknown. Purpose: The purpose of this review was to systematically evaluate the evidence 

related to the effectiveness of weight loss interventions conducted among U.S. Hispanic women 

and provide guidance for future research. Methods: Bibliographic databases (n=10, from each 

database’s inception to July 2, 2019) were searched using the PRISMA guidelines for systematic 

reviews. Randomized controlled trials (RCTs) and quasi-experimental studies with weight 

change outcomes were included. Results were described in a narrative synthesis. Results: 5,423 

articles were assessed for eligibility based on inclusion criteria; 15 studies were included in the 

final review. Nine trials were RCTs and six were quasi-experimental studies; all but six were 

pilot studies. Most studies recruited overweight or obese women with no existing medical 

conditions and did not follow participants beyond the intervention. All trials were delivered in- 

person. Intervention strategies and content and weight change outcomes were highly variable. 

Conclusions: RCTs with statistically powered sample size are needed to robustly test the effects 

of weight loss interventions in this population. 

 

ABBREVIATIONS: 

U.S., United States; SES, socioeconomic status; PA, physical activity; PRISMA, Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses; randomized control trials, RCTs; 

BMI, body mass index; EPHPP, Effective Public Health Practice Project Quality Assessment 

Tool; SD, standard deviation; SEM, Social-Ecological Model; SCT, Social Cognitive Theory; 

DPP, Diabetes Prevention Program; Acculturation Rating Scale for Mexican Americans; 

ARSMA-II, Acculturation Rating Scale for Mexican Americans-II; HbA1c, hemoglobin A1c; 

PLG, Partner Lifestyle Group; ILG, Individual Lifestyle Group; IG, Individual Group; FG, 

Family Group; CAB, Community Advisory Board 



185 
 

 

INTRODUCTION 

Increasing rates of obesity observed in Hispanic women living in the United States (U.S.) have 

prompted efforts to develop, test, and refine weight loss interventions for this rapidly growing 

population.[1] Almost 50% of U.S. Hispanic women are obese[2] placing them at increased risk 

of chronic diseases such as type 2 diabetes, hypertension, cardiovascular disease, select cancers, 

liver disease, and their associated mortality.[3-7] 

 

Modest weight reduction in participants with overweight and obesity has been shown to improve 

a range of metabolic and cardiovascular disease risk factors including glycemic control, blood 

pressure, triglycerides, and cholesterol levels.[1, 8, 9] A 3-5% weight loss goal has become a 

standard in weight loss interventions for both prevention and treatment of chronic diseases.[10] 

Despite disproportionate rates of obesity, Hispanics remain considerably underrepresented in 

behavioral weight loss research.[11] Barriers to participation in research include language 

barriers, mistrust related to health care coverage, competing demands on time, lack of childcare, 

fear of unintended outcomes, and fear of deportation among immigrants.[12, 13] The generally 

high participant attrition rates observed in weight loss interventions provides another challenge 

to trials that are able to successfully recruit Hispanics, however it remains unclear if ethnicity 

and demographic variables related to socioeconomic status (SES) significantly predict dropout 

rates.[14] These challenges have led to the use of culturally-sensitive recruitment and 

intervention strategies to engage Hispanics in clinical research[15], yet, guidance on how to 

effectively tailor interventions for Hispanic women, particularly in relation to effective weight 

loss, remains unclear. 

 

In the U.S., Hispanic women face unique barriers and facilitators related to the adoption of 

weight-related behaviors. Cultural practices and beliefs related to food, family traditions and 

values, and religion have been identified as factors that may decrease the relevancy of standard 

weight loss intervention strategies for Hispanic women.[16, 17] For example, interventions 

relying on participants precisely measuring food intake may not be compatible with traditional 

Mexican culture where foods and recipes are prepared “to taste”.[17] Lived experiences related 

to immigration and the dynamic acculturation process have also been identified as important 

factors affecting lifestyle choices of Hispanic women. Indeed, acculturation has been linked to 

poorer diet quality and greater use of tobacco.[18-20] Ways in which acculturation is associated 

with the adoption of healthier food choices may relate to perceived accessibility to healthy, 

affordable foods, change in legal status, presence of an extended family member, a desire to “fit 

in”, and health reasons.[21] In a 2011 review, Perez-Escamilla and colleagues found an inverse 

association between acculturation and both dietary quality and obesity, although the mechanism 

underpinning these nonlinear relationships remains unclear.[19] Importantly, acculturation is 

strongly associated with positive changes in SES and access to health care which may act as 

moderators or mediators of the relationship between acculturation and lifestyle behaviors.[19] 

 

Although a number of previous reviews have summarized physical activity (PA) and diabetes 

(i.e. prevention and therapeutic) interventions for Hispanics in the U.S., only three have 

summarized weight loss interventions. A 2007 review by Lindberg et al., summarized the 

findings of three weight loss interventions recruiting Hispanics/Latinos but did not summarize 

information related to retention strategies, attendance, intervention delivery, setting, and other 



186 
 

 

study outcomes.[22] The remaining two reviews published in 2013 and 2016 summarized 

evidence-based obesity treatment interventions for Latino adults, both men and women, but did 

not include information related to recruitment and retention, theoretical frameworks, culturally- 

sensitive intervention strategies, and other study outcomes outside of weight loss.[5, 23] 

 

The purpose of this study was to expand on other reviews by providing an up-to-date, rigorous 

and comprehensive synthesis of the literature, including examining risk of bias and quality 

assessment. Specifically, this review summarizes recruitment methods and effectiveness, 

participant characteristics, intervention strategies, process measures, and outcomes related to 

weight change, including clinical, behavioral, and psychosocial outcomes. 

 

Objectives: 

The goals of the systematic review were to: 

1. Characterize previously tested weight loss interventions in adult, Hispanic women living 

in the U.S. 

2. Provide evidence for the effectiveness of these interventions on weight loss outcomes. 

3. Identify components of successful interventions (those that have achieved clinically 

meaningful weight loss of >3%[24]) 

4. Identify areas for future research and provide suggestions for investigators seeking to 

develop weight loss interventions for Hispanic women living in the U.S. 

 

The authors would like to state that while the term “Hispanic” was used in the current manuscript 

to represent individuals who classify themselves as a person of Mexican, Cuban, South or 

Central American, Puerto Rican, or other Spanish culture or origin, regardless of race, we 

acknowledge the considerable heterogeneity within the Hispanic/Latino population. We included 

other terms (e.g. Latino/a/x, etc.) and/or subgroups (e.g. Mexican American, etc.) within our 

search strategy in an effort to be as inclusive as possible, and we included the terms used by each 

individual study. For example, if a study described participants as “Latinos”, we referred to the 

same participants as “Latinos” in the current manuscript. 

 

METHODS 

The current systematic review was prepared according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) Statement for reporting systematic reviews 

and meta-analyses. The protocol for this review was registered in advance with the International 

Prospective Register of Systematic Reviews (PROSPERO) (Registration Number: 

CRD42019119094). A detailed protocol for this systematic review has been published 

elsewhere.[25] 

 

Search strategy and eligibility criteria 

We comprehensively searched the following databases from each database’s inception to July 2, 

2019: PubMed, Embase, Scopus, Web of Science (Science Citation Index and Social Sciences 

Citation Index), PsycINFO, CINAHL, Chicano Database, SPORTDiscus, CAB Abstracts, and 

Google Scholar. We searched the reference lists of included studies for further references to 

relevant articles. We also scanned reference lists of existing reviews relevant to this systematic 
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review for additional trials. The search was limited to publications written in the English 
language. See Table S1 for the full PubMed search strategy used for this review. 

 

Inclusion criteria were defined in line with the PICOS framework and are summarized below: 

• Population: Hispanic women, 18 years and older, residing in the U.S.; studies could 
include participant friend and/or family members 

• Intervention: Lifestyle interventions ≥ 12 weeks in duration, targeting diet and/or PA to 

reduce body weight 

• Comparator: For randomized controlled trials (RCTs), wait-list control or usual care; for 

quasi-experimental, no comparison was required 

• Outcomes: Studies reporting objectively measured weight change (expressed as change in 
lbs or kg or body mass index (BMI) (kg/m2)) as a primary or secondary outcome 

• Study design: RCTs and quasi-experimental studies 

 

Studies that recruited both men and women, studies that included any number of participants 

who did not identify as Hispanic or Latino, studies that focused on children and/or adolescents 

that allowed parents to attend, and studies recruiting patients with eating disorders were 

excluded. Interventions that included complementary/alternative treatments or dietary 

supplements intended for weight loss were excluded, as well as interventions focused on 

preventing excessive weight gain during pregnancy. Complete exclusion criteria for each of the 

PICOS components outlined above is available in Table S2. 

 

Study selection 
Results from the search were uploaded by J.L.P. into Endnote citation manager software. The 

Endnote file was then uploaded onto the Covidence platform where it could be accessed by the 

authors performing the selection process. Three researchers (K.M., M.L.P., and G.B.) 

independently assessed the articles generated from the search strategy for eligibility. Articles 

were first divided into three equal sections (A, B, C), whereafter K.M. reviewed sections A+B, 

M.L.P. reviewed sections B+C, and G.B. reviewed A+C. The study selection process occurred in 

three phases: first, exclusion by title, then by abstract, and finally by full-text. 

 

Data extraction 

Two authors (K.M. and M.L.P.) independently extracted the following data from the 15 final 

studies: author information, year of publication, study objective, eligibility information, study 

design, intervention characteristics, comparator and description, outcomes and time points for 

assessments, culturally-sensitive strategies, participant characteristics (e.g. age, country of origin, 

acculturation), and recruitment, retention, and adherence information (when available). Both 

authors independently entered this information on a standardized data extraction template, which 

was piloted first by K.M. and M.L.P. on the first three included studies. Discrepancies in data 

extraction were resolved by a third reviewer (D.G.). When there were multiple publications for 

an included study, including protocol and lessons learned papers, data was retrieved from each in 

order to retrieve all information relevant to the review. If during data extraction, study 

information was either inadequately described or missing from the publication, K.M. contacted 

the publication’s corresponding author up to three times to request the information. 
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Quality assessment 
To assess study quality, the Effective Public Health Practice Project Quality Assessment Tool 

(EPHPP)[26] was used. The EPHPP has been validated, is reliable for use in both RCTs and 

quasi-experimental studies[27], and has been judged to be appropriate for use in systematic 

reviews of effectiveness[28]. This tool evaluates study quality by assessing six different 

domains: 1) selection bias; 2) study design; 3) confounders; 4) blinding; 5) data collection; and 

6) withdrawals/dropouts. Based on the results from these six domains, this tool then assigns 

studies with one of three global ratings: ‘weak’, ‘moderate’, or ‘strong’. Two authors (K.M. and 

D.G.) independently assessed the quality of each of the final 15 studies and entered data into an 

established standardized template created for this tool. Discrepancies in ratings were discussed to 

arrive at a final global rating for each study. 

 

Data synthesis 
Given the substantial clinical, methodological, and statistical heterogeneity present in the 

included studies, a meta-analysis was not possible. The mixture of RCTs and quasi-experimental 

studies involving different populations (e.g. age), intervention features (e.g. intervention focus 

such as diet, PA, or both, duration, and strategies), and statistical methodologies (e.g. intent-to- 

treat analyses, missing information related to significance, standard deviation (SD), and 

confidence intervals) precluded our ability to pool results. In these situations, it is recommended 

that a qualitative synthesis be conducted.[29] Findings are presented in data summary tables and 

have been narratively synthesized within the text. 

 

RESULTS 

The searches of the 10 databases retrieved 9,858 articles. Our searches of other resources (e.g. 

reference lists) identified no additional studies that appeared to meet the inclusion criteria. Once 

duplicates were removed, a total of 5,423 records remained and were screened. We excluded 

5,309 records based on titles and abstracts. We obtained the full-text of the remaining 114 

articles. During full-text review, most studies did not meet inclusion criteria because they 

included other racial/ethnic subgroups (31/114; 27%), were not focused specifically on Hispanic 

women (20/114; 18%), or did not include weight change as a primary or secondary outcome 

(15/114; 13%). Five studies had additional manuscripts (e.g. protocol paper, lessons learned 

paper, etc.) that provided information relevant to the review.[30-34] Figure 1 presents a 

complete flow diagram, which resulted in the final 15 studies to be summarized in this 

review.[17, 35-48] 
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow 

Diagram 
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Characteristics of included studies 

The characteristics of included studies are presented in Table S3. Of the 15 final studies, 

publication dates ranged from 1992 to 2019 with eight (53%) published 2013 and later.[35, 36, 

41-44, 46, 47] Of the included studies, nine were RCTs[35, 37-39, 41, 42, 45, 47, 48] (including 

two cluster RCTs) and six were quasi-experimental utilizing a pre-/post-test design.[17, 36, 40, 

43, 44, 46] Nine (60%) of the studies were pilot studies.[17, 36, 37, 39, 42-44, 46, 47] Study 

sample sizes ranged from 15 to 436 participants with six (40%) having sample sizes below 

fifty[17, 36, 39, 42, 44, 46]. Of the 15 studies, five (33%) included participant family members 

or a friend[37, 38, 42, 45, 47]. One study recruited mothers with a young child[37], two 

recruited mothers and daughters[45, 47], one included mothers and their families[38], and 

another study recruited a participant plus their close friend or “comadre”[42]. The 10 remaining 

studies recruited Hispanic women alone. 
 

Of the trials reviewed, four (27%) of interventions were 12 weeks in duration[36, 42, 45, 46], 

one (7%) of the interventions was 16 weeks[47], one (7%) was 20 weeks[39], three (20%) were 
6 months,[37, 41, 43], three (20%) were 12 months[17, 38, 44], two (13%) were 24 months[35, 

48], and one (7%) included a 12-week (first year) and a 16-week cohort (second year)[40]. The 

majority of studies (12/15; 80%) had no follow-up assessment after the active intervention was 

completed; one had a 12-week follow-up[42] and two had 3-month follow-ups[37, 41]. 

 

Eligibility criteria within the included studies also varied widely. Twelve trials (80%) recruited 

participants with no reported existing medical conditions[17, 35-43, 45, 46] while two trials 

recruited participants with type 2 diabetes (13%)[47, 48] and one recruited participants with 

prediabetes[44]. Of the studies reviewed, six trials (40%) had no weight or BMI inclusion 

criteria[35, 36, 40, 45, 46, 48], six (40%) recruited individuals with BMI > 25 kg/m2 [37, 39, 41, 

43, 44, 47], one study recruited individuals with BMI > 30 kg/m2 [17], one study recruited 

individuals with BMI between 27-50 kg/m2 [42], and one recruited individuals who were 20- 

100% above their ideal body weight[38]. Some studies were designed with minimal eligibility 

criteria as a means to increase reach of participants and enhance generalizability of findings.[17, 

48] 

 

Intervention characteristics of included studies 

The intervention characteristics of included studies can be found in Table S4. Twelve (80%) of 

the included studies tested the effects of a diet plus PA intervention[17, 36-38, 41-48], while two 

(13%) focused only on PA[35, 40], and one (7%) focused only on diet[39]. Of the nine RCTs 

included in the study, comparator groups varied and included standard care control[39, 48], 

manual only/mailed handouts[38, 47], wait-list control[37], attention-control groups[35, 41], 

minimal intervention control groups[45], and the same intervention plus or minus a friend[42]. 

 

In general, detail in reporting of intervention setting, delivery, and materials varied among the 15 

studies. The majority of interventions took place in community-based settings such as churches, 

parks, community centers, schools, and community-based organizations. The intervention setting 

was not reported or not described in detail (e.g., “community setting”) in four (27%) of the 

studies[17, 36, 38, 47, 48]. Two (13%) included home visits as part of the intervention[41, 47]. 

All of the included trials were delivered in-person and interventionists varied including 
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promotoras[35, 37, 39, 41, 43, 44], nursing students[36], community health educators[37, 46], 

registered dieticians[38, 42, 45, 48], the primary researcher[39], research assistants[39], 

clinicians[17], lifestyle community coaches[47], and teams of experts in psychology, counseling, 

nutrition, and exercise[45]. One trend observed among studies was the use of promotoras de 

salud whose roles included recruitment, leading education classes, translating during classes, 

conducting motivational interviewing calls, helping participants set goals, calling participants 

who missed classes to check in, and conducting audits of built environment in order to serve as a 

community advocate for environmental change. Of the six studies utilizing promotoras, most 

(n=4) included in-depth descriptions of the study’s promotora training process[30, 41, 43, 44]. 

 

All of the included studies contained group-based classes or meetings while two (13%) also 

included the use of motivational interviewing by phone[35] or in groups[36], and two others 

included the use of Individual Teaching and Coaching[41] and booster telephone calls[47] as 

part of the intervention. Two trials offered in-person maintenance sessions, consisting of 

additional monthly sessions over four[43] or six[38] months[38, 43]. Of the 15 trials, eight 

(53%) reported specific nutrition goals related to calorie reduction[38, 42, 47] or reducing or 

increasing consumption of certain food groups[36-38, 42, 45, 46, 48]. Eight (53%) reported 

specific PA goals related to minutes or steps of PA per day or week[36, 37, 41, 42, 44, 46-48]. 

Three (20%) studies reported a standard[43, 44] or personalized weight loss goal[47] for 

participants. 

 

Of the 15 included trials, six (40%) reported a theoretical framework for the intervention[17, 35, 

37, 43, 45, 46]. Of these six, one was guided by the Social-Ecological Model (SEM) and tested a 

multi-level intervention targeting each of the four layers of the framework (i.e. individual, 

interpersonal, organizational, and environmental)[35]. Five trials reported guiding their 

intervention with Social Cognitive Theory (SCT)[17, 37, 43, 45, 46], and one of these four 

combined SCT with Self-Determination Theory[43]. Three trials (20%) reported modeling their 

intervention after the DPP[42, 44, 47] but made no mention of a specific theoretical framework. 

 

Outcomes of included studies 

Outcome information of included studies are summarized in Table S5. Mean age of participants 

across studies ranged from 27.8 to 58 years. Proxy measures of acculturation were most often 

utilized by studies and included participants’ country of origin, preferred language (English or 

Spanish), generation status, and average years in the U.S. Instruments used to characterize 

acculturation included the Acculturation Rating Scale for Mexican Americans (ARMSA)[49], 

the Acculturation Rating Scale for Mexican Americans-II (ARSMA-II)[50], a 5-item scale 

(General Acculturation Index)[51], and the Short Acculturation Scale for Hispanics[52]. One did 

not report any measures of acculturation[36]. The majority of studies included primarily 

participants of Mexican descent[17, 35, 37-39, 41, 43, 45, 47, 48], and a smaller number 

included participants of Dominican[42], Columbian[42], Caribbean[44], Puerto Rican[40, 42], 

Honduran[39], or Central American[44] descent. Two studies did not report country of origin[36, 

46]. 

 

Within the 15 studies, considerable heterogeneity was observed in study outcomes. To be 

included in the review, studies needed to include weight as a primary or secondary outcome, 
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however, other study outcomes included a wide range of clinical, behavioral, and psychosocial 
outcomes. 

 

Clinical Outcomes 

Most studies (9/15; 60%) specified change in BMI[35-37, 45, 48] or body weight (in lbs or 

kg)[39, 42, 44, 47] as a primary or secondary outcomes; six studies included both BMI and body 

weight[17, 38, 40, 41, 43, 46], although one of these studies did not report magnitude of change 

in BMI[40]. Aside from body weight/BMI, the most common clinical outcomes reported were 

waist circumference and hemoglobin A1c (HbA1c), followed by blood pressure, fasting glucose, 

and lipids. Importantly, one goal of this systematic review was to identify successful weight loss 

interventions based on a pre-defined measure of > 3% reduction in initial weight. This 

categorization of interventions could not be performed for two reasons: 1) the large number of 

studies that only reported BMI, not body weight (33%), and 2) the small number of studies 

(27%) that reported weight loss as a percentage of baseline weight. 

 

Behavioral Outcomes 

Diet and PA outcomes varied widely across the 15 studies. All dietary intake outcomes were 

self-reported and included assessment of intake of individual food groups, total calories, % total 

calories from different macronutrients, and glycemic load. The most common diet-related 

outcome was fruit and vegetable consumption (3/15; 20%)[17, 46, 47]. PA outcomes included 

self-reported measures, objective measures, and measures of physical and cardiorespiratory 

fitness. Of the eight studies that included PA-related outcomes (levels of PA, physical fitness, 

and /or cardiorespiratory fitness)[35, 36, 41-43, 45, 46, 48], half of the studies exclusively relied 

on self-reported measures (4/8; 50%)[36, 42, 43, 48]. 
 

Psychosocial Outcomes 

Nine of fifteen total studies included psychosocial outcomes[36, 37, 40, 42-44, 46-48] with the 

most common being stress[36, 37, 40, 43, 44, 48], social support[42, 44, 47, 48], and self- 

efficacy (related to diet, PA, and weight)[37, 42, 46, 48]. Six studies assessed changes in social 

support during the intervention[48] and significant improvements in social support was found in 

three of these studies[42, 47, 48]. Additionally, in one study, a positive relationship was 

observed between weight loss at 12 weeks and friend social support for eating habits[42]. In all 

nine trials, statistically significant improvements in one or more psychosocial outcomes were 

observed by the end of the intervention. 

 

Effectiveness of interventions on weight loss 

Pilot Studies 

Of the nine pilot studies, five used a quasi-experimental pre-/post-test design. Among the 12- 

week interventions, one trial reported a significant mean decrease in weight (-1.5 kg, 95% -2.5- 

0.5) (p = 0.009)[46] and the other reported a significant mean decrease in BMI (-3.22 kg/m2, SD 

not reported) (p <0.05)[36]. However, reported mean change in BMI reflected only the 38/48 

women and 11/15 women who completed outcome assessments, respectively, and no intent-to- 

treat analyses were performed. Within the three remaining quasi-experimental pilot studies, only 

two reported significant weight loss[17, 44]. In a 12-month diet plus PA intervention with 

Mexican American women, one study reported a significant weight loss at 12 months of -7.2 kg 
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(SD±6.8) (p<0.0001) in women who completed the intervention and did not become pregnant 

which accounted for 55% of their sample (26/47)[17]. When calculating the percentage of 

participants who lost > 5% of their baseline weight, authors performed an intent-to-treat analysis 

to arrive at 74% of the 40 enrolled participants[17]. The second 12-month intervention reported a 

mean weight loss of 10.8 lbs (95% CI:-5.6, -16.0) (p<0.001) with 58% of participants achieving 

> 5% weight loss and 42% achieving the > 7% weight loss goal by the end of the 

intervention[44]. Greater than half of completers (11/19) achieved > 5% weight loss[44]. 

Among the four RCT pilot studies, only a diet plus PA intervention led to significant weight loss 

compared to control[47]. In one of the trials that led to differences in weight change between 

conditions (although changes were not statistically significant), it is worth noting that an intent- 

to-treat analysis was used and the control group also experienced weight loss, albeit less than 

half of the weight loss by the intervention group, by the end of the study[39]. In another RCT 

pilot study, investigators compared the effects of a 12-week behavioral weight loss intervention 

in a Partner Lifestyle Group (PLG) consisting of female friends/partners (or “comadres”) to the 

same intervention with the women alone in the Individual Lifestyle Group (ILG)[42]. Authors 

performed an intent-to-treat analysis to account for unavailable data[42]. At the end of 24 weeks 

(12 weeks post-intervention), the PLG and ILG achieved a significant weight loss of -4.7 kg 

(SD=5.0) (p< 0.01) and -5.0 kg (SD=6.4) (p< 0.01), respectively[42]. However, when compared 

to ILG, weight loss in the PLG was not statistically significant[42]. Notably, almost 50% of all 

enrolled participants achieved the weight loss goal of 5%[42]. In the other RCT pilot study to 

include an intent-to-treat analysis, mother and daughter dyads in the intervention arm lost 

significantly more weight than control dyads, however mothers in the control group experienced 

a weight gain of 1.3 lbs during the 16-week study, which may have influenced the results[47]. In 

the last RCT pilot study, no significant difference in weight loss was reported between the 

intervention and wait-list control conditions, however, retention figures and sample sizes for 

each condition were not reported[37]. 

 

Non-Pilot Studies 

In the remaining six studies, three different study designs were utilized and half of the studies did 

not report key details regarding weight loss outcomes including magnitude of weight loss[40, 45] 

and SD[40, 41]. Three of these six interventions led to significant weight loss compared to 

baseline[40] or control[35, 48]. In a 12 and 16-week PA intervention, participants experienced a 

mean weight loss of 2 lbs (SD and significance not reported) and significant reduction in BMI 

(p=0.001), however the magnitude of change from baseline was not reported[40]. Additionally, 

results reflect only completers, which accounted for only 52% (118/225) of the study 

sample[40]. Two cluster RCTs tested the effects of a diet plus PA[45] and a PA alone 

intervention[35]. In the 24-month PA intervention, only 12-month data is reported[35]. At 12 

months, although significant differences were observed in BMI between the intervention and 

attention-control group, the control group experienced a considerable increase in weight 

compared to the intervention group[35]. Additionally, almost half of the intervention participants 

failed to attend any of the PA classes, bringing into question whether conclusions can be made 

about intervention effectiveness[35]. In a 12-week cluster RCT, two schools were randomized to 

either a diet plus PA intervention or minimal intervention control[45]. No significant changes in 

BMI were reported and magnitude of BMI change was not reported[45]. In the largest RCT of 

the included studies (n=280), women randomized to a diet plus PA intervention experienced a 
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greater reduction of BMI than the standard care control after an intent-to-treat analysis was 

performed to account for missing data[48]. However, significant differences in BMI at baseline 

between arms was not controlled for in the analysis, which may have influenced findings[48]. In 

another RCT to test the effects of added family members in a diet plus PA intervention, women 

randomized to the Individual Group (IG) and Family Group (FG) experienced significantly 

greater reductions in BMI than the manual only control[38]. While the FG experienced a greater 

12 month reduction in BMI than the IG, this difference was not significant[38]. In one of the few 

interventions to include a follow-up assessment, participants in the intervention arm experienced 

a weight loss of 1.46 lbs and 2.25 lbs at six (post-intervention) and nine months (follow-up), 

respectively. However, no significant differences were found between intervention and control 

arms[41]. 

 

Culturally sensitive strategies 
The most common culturally-sensitive strategies employed by the 15 included studies were the 

use of bilingual and bicultural research staff, intervention delivery in Spanish, translated 

materials, intervention content that reflected Hispanic culture (e.g. traditional and common 

foods, Latin dancing and Zumba, health of the family), the inclusion of family members, PA for 

the home, and the use of a Community Advisory Board (CAB) during intervention development 

and/or adaptation. Other strategies included flexible scheduling, family events before or after the 

intervention, enrollment visit in a group-setting, minimal written materials, intervention 

materials that included topics such as traditional health and food beliefs and topics related to 

immigration, the inclusion of a friend or ”comadre”, and tailored program planning based on 

acculturation (Table S4). While many studies provided detailed descriptions (either in the 

outcomes paper or associated manuscript) of the culturally-sensitive strategies and/or adaptations 

(made to an existing intervention) used in the studies[17, 31, 32, 35, 37, 38, 41, 42, 44, 47, 48], 

some lacked description[36, 40, 43]. For example, one study stated they covered Latino cultural 

elements such as foods, ethnicity-related risk factors, and cultural beliefs but gave no further 

description[43]. 

 

Process evaluation and program evaluation 

Overall, information on recruitment strategies and effectiveness were not well described. Most 

studies included descriptions of recruitment strategies in their methods but failed to report on 

each strategy’s relative effectiveness. This precludes our ability to identify which specific 

recruitment strategies were most effective. Of the 15 studies, the most common recruitment 

strategies included face-to-face at churches, community centers and clinics, media (e.g. radio and 

T.V.), and health fairs. In one study that did report on recruitment strategy effectiveness, 

Lindberg et al., found that about half of participants learned about the study from family and 

friends and half were recruited via flyers[17]. In another study by Seguin et al., the use of a CAB 

who recruited from churches, school, and community events yielded the most participants[46]. In 

another study, it was found that study staff were considerably more effective in conducting 

recruitment calls than a third party hired onto the study[48]. Overall, many studies did not report 

either one or more of the following: recruitment goals, duration of recruitment efforts, and 

numbers of individuals interested and screened. 
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Many studies evaluated retention, attendance, program fidelity, and acceptability by including 

process measures throughout the intervention. Ten (67%) studies sought participant feedback via 

mid-intervention and/or post-intervention surveys/focus groups/interviews to assess acceptability 

of the intervention[31, 33, 35, 40-44]. Common feedback among participants across studies was 

a desire for more or longer nutrition and exercise sessions[31, 44, 46] or additional content[43]. 

Additionally, women across studies seemed to enjoy and desire more group-based activities[31, 

44, 46]. Five (33%) studies reported strategies to assess intervention fidelity including 

completion of logs/surveys/checklists) by promotoras[30, 43] or class leaders[46], study staff 

meetings[30, 41], and/or observation of intervention sessions by an additional study staff 

member[44]. In general, intervention fidelity was reported to be acceptable across these five 

studies. Five (33%) studies included additional analyses to identify potential moderators, 

mediators, and dose-response effects[35, 39, 41, 42, 44]. One study found that those who 

attended more classes and completed more teaching and coaching contacts experienced 

significant reductions in BMI, weight, and waist circumference compared to those with less 

intervention contacts[41]. Another study found self-weighing to be significantly associated with 

weight loss when study arms were combined[39]. Although not directly related to weight or 

BMI, one study found greater class attendance to be associated with adherence to 2008 Physical 

Activity Guidelines and smaller waist circumference[35]. 

 

Three studies evaluated the effect of greater intervention attendance and/or adherence on weight 

loss[41, 42, 44]. In one study, investigators split the intervention arm into a high intensity and 

low/medium intensity group based upon class attendance and coaching contacts completed and 

found that those in the high intensity group experienced significantly greater decreases in BMI, 

weight, and waist circumference from baseline (over time) compared to the low/medium 

intensity group[41]. In two other studies, weight loss at the end of the intervention was positively 

associated with the number of sessions attended[42, 44] and number of diaries submitted[42]. 

 

Overall, retention in the included studies ranged from 51%[38] to 100%[42]. One study did not 

report retention data[37]. The most commonly used retention strategies included study visit and 

class reminders, following up with participants after they missed a visit, financial incentives and 

raffles, flexible scheduling, providing transportation to study visits, and encouraging close 

contact of study staff with participants. Many studies did not report reasons for attrition, however 

in the ones that did, most were related to work and time conflicts. Four (27%) studies compared 

characteristics of completers and non-completers. Two studies found no significant differences 

between the two groups[35, 41] while the remaining two both found completers were more likely 

to be older[40, 48]. 

 

Risk of bias and quality assessment 

A summary of risk of bias and quality assessment for all included studies are shown in Figure 2 

(individual study ratings are summarized in Table S6). Overall, of the 15 studies, 10 were 

classified as ‘weak’[17, 36-40, 42, 44, 46, 48] and five as ‘moderate’[35, 41, 43, 45, 47]. All 

studies received a ‘weak’ rating for selection bias due to 1) self-selection as participants in all of 

the included studies were community members volunteering to take part in the study and/or 2) 

low or unreported agreement in percentage of eligible individuals agreeing to participate. Within 

the study design domain, all RCTs were classified as ‘strong’ while all quasi-experimental 
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studies were classified as ‘moderate’. Given a lack of control group in the quasi-experimental 

studies, it was expected these studies would score lower as they provide weaker evidence when 

compared to RCTs. Blinding in all of the studies was scored as ‘moderate’ due to 1) a lack of 

description as to whether the outcome assessor(s) was blinded to the intervention and/or 

treatment arm and/or 2) lack of description as to whether study participants were aware of the 

research question. Notably, 5 out of 6 quasi-experimental studies did not adjust for confounders 

and therefore received a “weak” rating in the confounders domain. In general, studies used data 

collection methods for height and weight that have been validated and found to be reliable. With 

regard to participant withdrawals and dropouts, studies that reported > 60% of participants 

completing the study and > 80% of participants completing the study were scored as ‘moderate’ 

or ‘strong’, respectively. Studies that reported < 60% follow-up rate or those that did not report 

retention or attrition figures were scored as ‘weak’. Across studies, main areas for improvement 

were related to self-selection of participants, lack of adjustments for confounders, blinding of 

assessors, high dropout rates, and lack of description regarding participant withdrawals. 

 
 

Figure 2: Summary of Risk of Bias and Quality Assessment 
 

     

  

     

   

     

  

     

 

     

  

     

  

     

 
     

 

 

 
Global Rating refers to the final assigned score for the study based on the five individual domains. All domains are 
weighed equally 

Withdrawals and Dropouts assesses if retention or attrition figures were reported and how many participants 

completed the study 

Data Collection Methods assesses if the data collection tools for the study were valid and reliable 
Blinding assesses whether participants were blind to the research question and if outcome assessors were aware of 

the intervention or exposure status of participants 

Confounders assesses whether differences between groups at Baseline were controlled for in the study design or 

analysis 

Study Design assesses whether the groups were randomized, how they were randomized, and if this was appropriate 
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Selection Bias assesses if study participants are likely to be representative of the target population and the 

percentage of selected individuals who agreed to participate 

 

DISCUSSION 

The findings from this systematic review revealed limited weight loss interventions for Hispanic 

women in the U.S. Among the 15 included studies, eight led to significant improvements in  

either BMI or weight from baseline[17, 36, 44, 46] or compared to the control arm[35, 40, 47, 

48]. However, the majority of studies were short in duration and pilot in nature. Considerable 

heterogeneity in study design, control groups, participant characteristics, intervention format and 

materials, and study outcomes was found across studies. A wide variety in intervention strategies 

has also been observed in other systematic reviews of lifestyle and PA interventions in U.S. 

Hispanics/Latinos.[5, 23, 53, 54] Of the 15 included studies, 40% were published in the past five 

years (since 2015), displaying a potential growing interest in developing and testing weight loss 

interventions focused on Hispanic women. However, despite this growing trend, a paucity of 

lifestyle interventions targeting weight loss in Hispanic/Latino populations has been identified by 

previous research.[11, 55] Notably, a review by Haughton et al., evaluated the representation of 

racial/ethnic subgroups in behavioral weight loss interventions conducted between 2009 and 

2015, and found that Hispanic/Latino populations accounted for less than 9% of participants 

while non-Hispanic whites accounted for almost 60%.[11] Overall, the lack of standardized 

reporting of weight loss, including different weight outcomes (BMI vs. weight) and inconsistent 

reporting of SD, standard error, and p-values, makes it challenging to evaluate effectiveness 

across different studies. This heterogeneity will likely provide obstacles for future meta-analyses, 

which are needed to assess the totality of the evidence. Further, most of the articles included in 

the current review were pilot studies with small sample sizes. It is important to recognize that 

pilot studies should focus on feasibility, process, and description rather than comparisons 

between groups of outcomes.[56, 57] By nature, pilot studies usually have small sample sizes 

and are measured more descriptively and qualitatively than RCTs.[56] Additionally small pilot 

studies commonly either overestimate or underestimate the true effect size of the 

intervention.[57, 58] Given the large number of pilot studies in the current review, it is important 

to acknowledge what pilot studies can and cannot provide, and given these implicit limitations, 

we must be careful when assessing clinical and behavioral endpoints not related to feasibility and 

validity. For this reason, we chose to summarize effectiveness of the interventions in pilot studies 

separately. 

 

Study duration among the included articles varied widely. As expected, pilot studies tended to be 

shorter in duration and the vast majority of trials included in the review did not have follow-up 

periods after the intervention had ended. Importantly, a 2007 systematic review of weight-loss- 

focused RCTs found that maximum weight loss tended to occur during the first 6 months and 

plateaued at approximately 6 months.[59] Authors of this review also concluded that participants 

in the clinical trials appeared to benefit from continued follow-up support that included monthly, 

biweekly or weekly, and quarterly face-to-face and telephone contacts.[59] This idea was 

reinforced by participants in Toobert et al. who, during their exit interviews, stated that as in- 

person sessions faded, they felt less responsibility to themselves and to the program.[48] Future 

weight loss interventions in Hispanic women should target at least 6 months in duration in order 

to maximize weight loss and should develop plans for continued support and follow-up visits in 
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order to assess the magnitude of weight change over time. The lack of studies with follow-up 

measures was also noted in previous systematic reviews of obesity treatment and PA 

interventions in U.S. Latinos.[23, 54] 

 

Across all 15 studies, interventions resulting in significant weight loss tended to test the effects 

of a diet plus PA interventions and report clear PA goals. The number of combined diet plus PA 

interventions was expected given previous research suggesting that programs based on PA alone 

are not as effective as combined diet plus PA interventions for weight loss.[60] Interventions 

were delivered by a wide range of students, community members, and professionals and whether 

or not these individuals were bilingual or bicultural was often not described. This information 

may be particularly relevant given previous findings from focus groups where Mexican 

American immigrant women expressed a strong preference for female Mexican 

interventionists.[16, 17] From the studies that reported adapting their interventions from the DPP 

or other existing programs, some did not include any further information on which specific 

constructs were carried over or emphasized and how they informed the study’s intervention 

strategies. This lack of description limits the replicability of the intervention and our ability to 

understand causal mechanisms of change. 

 

Social support has been identified as an important factor in the adoption of healthy lifestyle 

behaviors in Hispanic populations.[54, 61] A previous 2012 review by Ickes et al. found that 

increasing social support was a focus in 65% of PA interventions in Hispanic adults.[54] In the 

current review, participant feedback across studies stated they enjoyed group sessions[31, 44, 

46], and felt that a widened social support network was a facilitator to engaging in exercise.[40] 

The use of promotoras was also found to contribute a sense of social support for participants 

throughout an intervention by facilitating behavior change by motivating participants and 

providing a sense of emotional and social support.[41] Future studies should continue to target 

social support as a means to facilitate the adoption of healthy lifestyle behaviors in U.S. Hispanic 

women as efforts to improve social support seem to be appreciated by participants. However, the 

extent to which social support facilitates weight loss in diet and PA interventions remains 

unclear. 

 

When conducting narrative syntheses, it is recommended that authors explore potential 

moderator variables to help identify how, why, and for whom interventions are working.[62] 

This task was particularly challenging due to the large number of pilot studies and little overlap 

existing between the interventions across components such as intervention duration, delivery, 

and strategies. Of the six studies that utilized promotoras to deliver the interventions, only two 

led to significant weight loss.[35, 44] Of these, one was a RCT (n=436) testing the effects of a 

PA intervention which resulted in significant weight loss at 12 months compared to the attention- 

control group[35], and the other was a pre-/post-test diet plus PA feasibility study (n=20) that 

resulted in significant weight loss at 12 months[44]. In a 2013 systematic review, Perez et al. 

found the obesity treatment interventions that yielded the largest effect sizes were delivered in a 

wide range of settings (e.g. church, healthcare, community center) by differing interventionists 

(e.g. healthcare professionals, promotoras, registered dieticians).[23] In the present review, no 

clear or consistent effect of promotoras on weight loss was observed across studies. The addition 

of one or more family members or friends was a common characteristic of interventions for U.S. 



199 
 

 

Hispanic women. While five studies (33%) included either a family member or friend, only two 

(13%) tested the effects of this added member compared to the woman alone[38, 42]. In these 

two interventions, no additional benefit on participant weight loss was observed from the 

inclusion of family[38] or a close friend[42]. Overall, more research is needed to determine 

whether the inclusion of family or friends in an intervention promotes greater weight loss in U.S. 

Hispanic women. 

 

Overall, little overlap was found in the various acculturation measures utilized and only a few 

used validated measures. Notably, a 2010 study by Wallace et al. identified 26 acculturation 

measures focused on Hispanics used in the literature.[63] Of these, only a few were found to be 

reliable and valid, including the ARMSA, ARSMA-II, and 12-item Bidimensional Acculturation 

Scale for Hispanics.[63] Importantly these multidimensional measures assess several aspects of 

Hispanic culture including but not limited to language, country of origin, and cultural identity, 

making them more comprehensive and favorable than using any of these measures alone.[63] 

Nearly all participants in the included studies were reported to be less acculturated limiting our 

ability to determine whether or not acculturation promoted weight loss. Our findings parallel 

those of a previous review of weight loss interventions in Hispanic adults where similar issues 

with the lack of use of standardized measures acculturation was reported.[22] Future studies 

should strive to incorporate validated and reliable measures so that meaningful comparisons can 

be made across study populations. 

 

The present review found that the majority of studies provided in-depth descriptions of culturally 

sensitive strategies utilized. This finding differed from a finding from a previous 2007 review of 

weight loss interventions in U.S. Hispanic populations by Lindberg et al., which found that 

studies commonly failed to describe the culturally-sensitive strategies implemented by the 

studies.[22] While descriptions of these strategies seem to have improved, authors should refrain 

from using vague terms in their description of the adaptations to enhance replicability of the 

intervention. In a 2013 review of obesity treatment interventions in U.S. Hispanic Latinos, Perez 

et al. highlights the importance of utilizing culturally relevant strategies in obesity-related 

research and, when possible, developing interventions that target multiple levels of the SEM in 

acknowledgment of the barriers faced by many attempting to change their diet and PA 

behaviors.[23] 

 

Previous weight loss intervention research has established that greater attendance and 

intervention completion are associated with greater weight loss.[14] Importantly, monitoring 

participants’ intervention engagement may offer insight into why some interventions work while 

others do not. For example, in a dietary intervention study by Lippke et al., changes in action 

planning and coping planning emerged as effect mediators only if engagement in the intervention 

was at a certain level.[64] In the current review, despite the number of studies having 

participants keep food and PA logs, only one study reported the number of submitted logs as a 

measure of intervention adherence.[42] This makes it difficult to identify whether participants 

were engaging in self-monitoring behaviors and ultimately the ability of the investigators to 

assess whether these behaviors mediated the effects of the intervention. 
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A number of gaps remain regarding which intervention strategies are most effective for Hispanic 
women in the U.S. Based on the findings of this review, the following guidance can be made: 

 

1. In general, a paucity of rigorous RCTs testing the effect of diet and PA interventions on 

weight loss among Hispanic women exists. This review identified several pilot studies that 

resulted in significant weight loss. There is a need to advance research by testing large, 

adequately-powered interventions of > 6 months in order to test the effectiveness of interventions 

on weight loss. Large RCTs should strive to address common quality issues related to self- 

selection, blinding of assessors, and high attrition rates. 

2. The country of origin of participants should more routinely be collected given the vast 

heterogeneity within the Hispanic and/or Latino population, and is an underutilized variable for a 

majority of studies in this review. Additionally, reliable and valid measures of acculturation 

should be used to allow meaningful comparisons to be made across studies. 

3. Reporting on recruitment, retention, attendance, and adherence should consider including 

information regarding which recruitment strategies were most effective and which retention 

strategies were most accepted and beneficial for participants. 

4. Future studies should consider intent-to-treat analyses particularly given the low retention 
observed in many of the included studies. 

5. Studies should include direction and magnitude of change in weight loss and standard 

deviation data to allow for meta-analyses. 

6. When appropriate, changes in diet, PA, and behavioral outcomes should be documented 

to allow for analysis of potential mediators of intervention effectiveness, primarily weight loss. 

7. Reporting on weight loss should include crude weight and percentage of baseline body 

weight lost. This is because percentage weight change takes into consideration baseline 

differences in weight and height while crude weight loss does not. Additionally, authors should 

report the number of participants who achieved 3%, 5%, and >10% weight loss given these 

markers have each been associated with clinically meaningful improvements in a range of 

biomarkers. 

8. Future research in adult Hispanic women should test approaches that overcome 

commonly reported barriers to participation in weight loss studies (e.g., transportation and time 

conflicts). 

For replicability and transparency purposes, authors should consider publishing protocol papers 

to ensure important details regarding intervention delivery and strategy are fully described. 
 

Limitations of this review include the low number of studies that included weight loss as a 

percentage of baseline weight. This impeded our ability to use a predetermined measure of 

intervention success on weight loss, which in turn led to our inability to identify characteristics 

of successful interventions. Similar challenges have been reported in other systematic reviews 

evaluating the effectiveness of weight loss interventions in Hispanic and other populations.[5, 

65] 

 

Given our inclusion criteria stated that studies must have reported weight change as a primary or 

secondary outcome, it is likely that weight loss was not always the primary focus of an 

intervention included in this review. This might have been the case for some of the interventions 
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that only targeted PA and may have implications for the design, including statistical power, and 
content of the interventions. 

 

We acknowledge that limiting this review to studies that included 100% Hispanic women fails to 

recognize the many studies that recruited both Hispanic men and women. However, our choice to 

focus on Hispanic women was informed by their unique attitudes, barriers, and facilitators 

related to diet, PA, and weight loss that interact with unique socio-cultural contextual factors 

including gender role strains and the immigration experience. Additionally, research has shown 

that differences exist in key predictors of weight loss when using racial/ethnic-and-sex specific 

models.[66] We feel that these factors highlight the need to focus specifically on Hispanic 

women. 

 

The large number of pilot studies included in this review complicate our ability to make 

conclusions about the state of weight loss interventions in U.S. Hispanic women. Specifically, 

the small sample sizes, short duration, pre-post design, and focus, for many of the studies, on 

feasibility, limit our ability to conclude whether or not interventions demonstrate initial efficacy 

or future effectiveness. We have attempted to mitigate this issue by separately evaluating the 

pilot studies, however evaluation of a greater number of RCTs is needed before any sound 

conclusions regarding effectiveness can be made. 

 

Despite these limitations, a number of strengths in the review should be acknowledged. To our 

knowledge, this review is the first to rigorously evaluate and summarize weight loss 

interventions in U.S. for Hispanic women. This included developing a comprehensive search 

strategy with a detailed data extraction process reflected in the review’s tables. This review was 

the first to use a validated and reliable risk-of-bias and quality assessment of included studies 

and summarize important process measures, which the authors determined was important given 

the large number of pilot studies. The large number of pilot studies reviewed could hint that a 

number of RCTs are currently being developed or are underway making the comprehensive list 

of suggestions for future research particularly timely. 

 

CONCLUSION 

In conclusion, weight loss interventions in U.S. Hispanic women display considerable 

heterogeneity in methods and reporting and are pilot in nature, impeding the ability to make 

meaningful conclusions about the effectiveness of these interventions. However, there seems to 

be growing interest in developing these interventions. Future research should test the effects of 

large, adequately-powered RCTs with appropriate control groups. This review serves as a step 

towards assessing and building upon the current landscape of existing weight loss interventions 

for this population. 

 

DEVIATION FROM PROTOCOL 

In efforts to increase transparency and reduce bias when summarizing the effectiveness of weight 

loss interventions, we set a weight loss of > 3% baseline body weight as a marker of a successful 

intervention. During the data extraction process, it became clear that our predetermined measure 

of weight loss success could not be utilized as many of the included studies did not report 

percent weight change. Additionally, given the current environment (Covid-19 pandemic), it was 
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particularly challenging to connect with authors of the included studies. For this reason, we were 

not able to obtain the intervention materials of the included studies as stated in the protocol 

paper. 
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SUPPLEMENTARY MATERIAL 

Table S1: PubMed Search Strategy 

This table contains the current review’s full search strategy for the PubMed database. This 
information is meant to increase transparency and replicability of the search strategy. 

 

Table S2: PICOS Framework 

This table contains the specific inclusion and exclusion criteria as part of the review’s search 

strategy. This information is meant to increase transparency and replicability of the search 

strategy. 

 

Table S3: Characteristics of Included Studies 
This table summarizes the sample size, study objectives, study design, duration of intervention 

and follow-up assessment point(s) (if applicable), and study eligibility criteria of the 15 included 

studies. 

 

Table S4: Intervention Characteristics of Included Studies 

This table summarizes the intervention focus (e.g. physical activity plus diet intervention, 

physical activity only intervention, or diet only intervention), comparator arm, intervention 

setting and delivery modality, intervention format and strategies, interventions 
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goals/recommendations, culturally-sensitive intervention strategies, and theoretical framework 
for the 15 included studies. 

 

Table S5: Outcomes of Included Studies 

This table summarizes the study participant characteristics (e.g. age, Hispanic/Latino subgroup, 

acculturation), study outcomes, data collection time points, weight change (kg or BMI), 

additional significant findings, retention and adherence strategies, and retention, adherence, and 

attendance information of the 15 included studies. 

 

Table S6: Risk of Bias and Quality Assessment of Included Studies 

This table summarizes the individual study ratings for each of the six domains found within the 

risk of bias and quality assessment tool utilized in the study (i.e. the Effective Public Health 

Practice Project Quality Assessment Tool (EPHPP)). For each domain, studies can be scored as 

‘weak’, ‘moderate’, or ‘strong’. Scores of the individual domains can then be coalesced into an 

overall quality score for the study (i.e. ‘weak’, ‘moderate’, or ‘strong’). 
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SUPPLEMENTARY MATERIAL 

 

Table S1: PubMed Search Strategy (07/02/2019)* 
 

Hispanic: "Hispanic Americans"[Mesh] OR Hispanic[tiab] OR Hispanics[tiab] OR 

Central American[tiab] OR Central Americans[tiab] OR Chicano[tiab] OR 

Chicanos[tiab] OR Chicana[tiab] OR Chicanas[tiab] OR Cuban[tiab] OR 

Cubans[tiab] OR Dominican[tiab] OR Dominicans[tiab] OR Latin 

American[tiab] OR Latin Americans[tiab] OR Latin[tiab] OR Latina[tiab] OR 

Latinas[tiab] OR Latino[tiab] OR Latinos[tiab] OR LatinX[tiab] OR 

Mexican[tiab] OR Mexicans[tiab] OR Puerto Rican[tiab] OR Puerto 

Ricans[tiab] OR South American[tiab] OR South Americans[tiab] OR Spanish 

speaker[tiab] OR Spanish speakers[tiab] OR Spanish speaking[tiab] 

Women: "Women"[Mesh] OR "Female"[Mesh]) OR "Mothers"[Mesh] OR woman[tiab] 

OR women[tiab] OR female[tiab] OR females[tiab] OR feminine[tiab] OR 

mother[tiab] OR mothers[tiab] OR daughter[tiab] OR daughters[tiab] OR 

grandmother[tiab] OR grandmothers[tiab] OR aunt[tiab] OR aunts[tiab] OR 

sister[tiab] OR sisters[tiab] OR mujer[tiab] OR mujeres[tiab]) OR madre[tiab] 

OR madres[tiab] OR abuela[tiab] OR abuelas[tiab] OR tia[tiab] OR tias[tiab] 
OR hermana[tiab] OR hermanas [tiab] 

Weight: "Body Weight Changes"[Mesh] OR "Body Mass Index"[Mesh] OR "Body 

Weight"[Mesh:NoExp] OR "Body Weight Maintenance"[Mesh] OR "Ideal 

Body Weight"[Mesh] OR "Overweight"[Mesh] OR "Overnutrition"[Mesh] OR 

"Waist Circumference"[Mesh] OR "Waist-Height Ratio"[Mesh] OR body mass 

index[tiab] OR BMI[tiab] OR body weight[tiab] OR overweight[tiab] OR over 

nutrition[tiab] OR overnutrition[tiab] OR weight gain[tiab] OR weight loss[tiab] 

OR weight maintenance[tiab] OR weight management[tiab] OR obesity[tiab] 

OR obese[tiab] OR waist circumference[tiab] OR waist-height ratio[tiab] OR 
waist-to-height ratio[tiab] 

Interventions: "Diet, Reducing"[Mesh] OR "Weight Reduction Programs"[Mesh] OR 

"Diet"[Mesh] OR reducing diet[tiab] OR reducing diets[tiab] OR diet[tiab] OR 

diets[tiab] OR dietary[tiab] OR weight reduction[tiab] OR weight loss[tiab] OR 

losing weight[tiab] OR eating habit[tiab] OR eating habits[tiab] OR food 

intake[tiab] OR food restriction*[tiab] OR eating behavior[tiab] OR eating 

behaviors[tiab] OR “Physical Exertion"[Mesh] OR "Physical Fitness"[Mesh] 

OR "Exercise Therapy"[Mesh] OR "Exercise"[Mesh] OR "Sports"[Mesh] OR 

"Physical Education and Training"[Mesh] OR (movement*[tiab] OR physical 

exertion[tiab] OR physical activity[tiab] OR physical activities[tiab] OR 

physical fitness[tiab] OR sport[tiab] OR sports[tiab] OR exercis*[tiab] OR 

"Women's Health Services"[Mesh] OR "Health Promotion"[Mesh] OR "Life 

Style"[Mesh] OR intervention*[tiab] OR health promotion*[ tiab] OR life 

style*[tiab] OR lifestyle*[tiab] 

Age: NOT ("Child"[Mesh] OR "Infant"[Mesh] OR "Adolescent"[Mesh]) NOT 
"Adult"[Mesh] 



209 
 

 
 

FINAL SEARCH (combining above listed search sets): 

HISPANIC AND WOMEN AND WEIGHT AND INTERVENTIONS AND AGE 

Limit: English language only 

*This information was originally published in the protocol paper for the current review in 

Systematic Reviews by Morrill KE et al. No changes were made except to replace 

“Title/Abstract” to “tiab” within the search strategy. The information was also formatted into a 

table. This table is distributed under the terms of the Creative Commons Attribution 4.0 

International License: https://creativecommons.org/licenses/by/4.0/ 
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Table S2: PICOS Framework* 
 

PICOS Strategy Inclusion criteria Exclusion criteria 

P – Population Hispanic women, 18+ years old, 

living in the U.S. 

Studies that recruited both men and 

women (however, studies that included 

men and children as a strategy to engage 

women will be kept), studies focused on 

children and/or adolescents that allowed 

parents to attend, patients who are 

hospitalized or institutionalized), 

patients with eating disorders, patients 

who have recently undergone bariatric 

surgery 

I - Intervention Lifestyle interventions ≥ 12 

weeks in duration, targeting diet 

and/or physical activity to 

reduce body weight 

Surgical procedures, nonsurgical devices 

and procedures, pharmacological 

treatments, complementary/alternative 

treatments, dietary supplements intended 

for weight loss, population-focused 

health promotion campaigns, and 

interventions that do not focus on 

modifying weight, interventions to 

prevent excessive weight gain during 

pregnancy 

C - Comparison For RCTs, wait-list control or 

usual care 
 

For quasi-experimental, no 

comparison required 

 

O - Outcome Studies reporting objectively 

measured weight change 

(expressed as change in lbs or kg 

or BMI (kg/m2)) as a primary or 
secondary outcome 

Self-reported measures of weight change 

S – Study design RCTs and quasi-experimental 

studies 

Reviews, observational studies (cross 

sectional, case-control and cohort 

studies), case reports, case series, in vitro 

studies, animal studies, secondary 

analyses of trials, and survey 

development studies 

 

*This table was originally published in the protocol paper for the current review in Systematic 

Reviews by Morrill KE et al. No changes were made to the table. This figure is distributed under 

the terms of the Creative Commons Attribution 4.0 International License: 

https://creativecommons.org/licenses/by/4.0/ 
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Table S3: Characteristics of Included Studies 
 

Study Sample 

Size 

Study Objective Study 

Design 

Duration of 

intervention/f 

ollow-up 

Study Eligibility 

Arredondo 

2017 
 

Arredondo 

2015 

 

(Fe en 

Acciόn, Faith 

in Action) 

n=436 To evaluate the impact of a 

faith-based intervention to 

promote PA in Latinas 

Cluster RCT 24-month 

intervention/ 

No follow-up; 

12-month data 

reported 

Self-identify as a Latina, age 18-65 yrs. old, 

inactive, attend church at least 4x/month for any 

reason, live within 15 min. driving distance of the 

church, access to reliable transportation to get to the 

church, identify no barriers to attend activities at the 

church for next 24 months, not attend other churches 

enrolled in the study, and not have a condition that 

would preclude them from being active 

     PARmedX (if any positive responses to PAR-Q) 

     
Women were excluded if they did not return the 

PARmedX 

Baldwin 

2015 

 

(Women’s 

Path to 

Prevention 

(WPP)) 

n=48 To measure the short-term 

effects of a healthy 

lifestyle, multicomponent 

intervention on a range of 

clinical and behavioral 

outcomes 

Quasi- 

experimental 

(pretest- 

posttest) pilot 

study 

Four 12-week 

cohorts over 2 

years/No 

follow-up 

Women 35 yrs. and older, not pregnant, able to 

speak and understand English or Spanish, and 

received health care provider approval to participate 

in a PA program 

 

No exclusion criteria reported 

Berry 2011 n=56 To test the effects of a 

nutrition and exercise 

education, coping skills 

training, and PA 

intervention on clinical and 

behavioral outcomes in 

Spanish-speaking Women 

RCT pilot 

study 

6-month 

intervention/3 

-month 

follow-up 

BMI ≥ 25 kg/m2 and child between ages of 2-4 yrs. 

No exclusion criteria reported 



213 
 

 

Cousins 1992 n=168 To assess the effectiveness 

of a culturally-sensitive, 

family-based weight loss 

program for CVD risk 

reduction in obese MA 

women 

RCT 12-month 

intervention/N 

o follow-up 

Self-identify as a MA woman, age 18-45 yrs. old, 

and 20-100% above ideal body weight 

 

Women were excluded if they were hypertensive, 
had diabetes, or had any other chronic illness with 

dietary or exercise recommendations that differed 

from the study 

Faucher 

2010 

n=24 The primary aim of this 

pilot study was to evaluate 

a portion control 

intervention compared to 

standard care counseling on 

weight loss in low-income 

MA women 

RCT pilot 

study 

20-week 

intervention/N 

o follow-up 

BMI ≥ 25 kg/m2 and wanted to lose weight 

 

Women were excluded if they had a current 

diagnosis with depression or anxiety disorder, were 

pregnant or planning to be, using steroids (including 

oral contraceptives), taking psychotropic, 

antidepressant, or beta-blocker medications, or had 

any contraindications for exercise 

Harralson 

2007 

 

(Un Corazon 

Saludable: A 

Healthy 

Heart) 

n=225 To address barriers and 

issues surrounding PA by 

implementing a culturally- 

sensitive 

exercise/educational 

program focused on 

decreasing risk factors 

associated with CVD and 
metabolic syndrome 

Quasi- 

experimental 

(pretest- 

posttest) 

1st year = 12 

weeks /No 

follow-up 

 

2nd year = 16 

weeks/No 

follow-up 

No inclusion or exclusion information reported 

Koniak- 

Griffin 2015 

n=223 To evaluate the effects of a 

lifestyle behavior 

intervention delivered by 

promotoras to low-income, 

overweight immigrant 

Latinas 

RCT 6-month 

intervention/3 

-month 

follow-up 

Self-identify as Latina, Spanish or English-speaker, 

age 35-64 yrs., and BMI > 25 kg/m2 
 

Women were excluded if they had impaired physical 

mobility, a history of Type 1 DM, or uncontrolled 

hypertension 
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Lindberg 

2012 

 

(De Por 

Vida, “For 

Life”) 

n=47 Evaluate the feasibility of 

developing and 

implementing a culturally- 

adapted intervention aimed 

at the adoption of 

recommended health 

behaviors to reduce body 

weight in MA women 

Quasi- 

experimental 

(pretest- 

posttest) pilot 

study 

12-month 

intervention/N 

o follow-up 

Self-identify as Mexican or MA, Spanish-speaking, 

18 yrs. and older, BMI > 30 kg/m2 or greater, and 

PAR-Q (participants with any positive responses 

were required to obtain medical clearance before 

enrolling) 

 

Women were excluded if currently pregnant or 

planning to be or recently gave birth, or moving 

outside area within 12 months 

Marquez 

2013 

 

(Comadres 

Weight Loss 

Program) 

n=27 To evaluate the feasibility 

and preliminary efficacy of 

a behavioral weight loss 

intervention for Latinas that 

includes a weight loss 

partner selected from their 

existing social network 

RCT pilot 

study 

12-week 

intervention/1 

2-week 

follow-up 

Self-identify as Hispanic or Latino, age 18-65 yrs., 

BMI between 27-50 kg/m2, and report speaking and 

reading English well 

 

Women were excluded if currently pregnant, > 5% 

weight loss in past 6 months, or had serious medical 

condition or psychological disorder 

McCurley 

2017 

n=61 To evaluate the feasibility, 

acceptability, and 

preliminary effectiveness of 

a peer-educator-led, 

culturally appropriate DPP- 

based lifestyle intervention 

in Hispanic women at high 

risk for Type 2 DM 

Quasi- 

experimental 

(pretest- 

posttest) pilot 

study 

6-month 

intervention/N 

o follow-up 

BMI > 25 kg/m2 

 

Women were excluded if current diagnosis of 

diabetes or stroke, inability to engage in light- 

moderate PA, or planning to move out of the study 

region 

O’Brien 

2015 

n=20 To test the feasibility, 

acceptability, and 

preliminary effectiveness of 

a promotora-led DPP in 

Hispanic women 

Quasi- 

experimental 

(pretest- 

posttest) pilot 

study 

12-month 

intervention/N 

o follow-up 

Age 20 yrs. or greater, BMI > 25 kg/m2, Spanish 

language fluency, and current diagnosis of 

prediabetes 

 

Women were excluded if currently pregnant or 

planning to be, current diagnosis of diabetes, chronic 

conditions affecting ability to engage in PA, had a 
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     medical condition affecting weight, taking 

medications that could affect weight or glucose 

metabolism 

Olvera 2010 

 

Olvera 2008 

 

(The 

BOUNCE 
Study) 

n=46 

pairs 

To assess the efficacy of a 

family-based exploratory 

community study to 

increase physical fitness 

and activity in low-income 

Latino mothers and 
daughters 

Cluster RCT 12-week 

intervention/N 

o follow-up 

No inclusion criteria reported 

 

Women were excluded if current medical condition 
or dietary restriction 

Seguin 2019 

 

Perry 2017 

 

(Mujeres 

Fuertes y 

Corazones 
Saludables) 

n=15 To collect feasibility and 

efficacy of a behavioral PA 

and nutrition intervention 

Quasi- 

experimental 

(pretest- 

posttest) pilot 

study 

12-week 

intervention/ 

No follow-up 

Age 40-70 yrs., Spanish-speaking, physically 

inactive, live locally, and PAR-Q (participants with 

any positive responses were required to obtain 

medical clearance before enrolling) 

 

Women were excluded for health condition 

precluding MVPA 

Sorkin 2014 

 

Sorkin 2013 

 

(Unidas por 

la Vida) 

n=89 

dyads 

To conduct a pilot test of 

theory-driven, culturally- 

responsive, behavior 

lifestyle intervention 

designed to promote weight 

loss and improve dietary 

behavior among high-risk, 

MA women 

RCT pilot 

study 

16-week 

intervention/ 

No follow-up 

Age 18 yrs. or older, mother’s residence within 25 

miles of daughter’s residence, mothers needed to 

have current diagnosis of Type 2 DM and daughters 

needed to have BMI > 25 kg/m2 or greater 

 

No exclusion criteria reported 
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Toobert 

2011 

 

Toobert 

2010 

 

(¡Viva Bien!) 

n=280 To document the extent to 

which the Viva Bien! 

intervention helped Latinas 

with Type 2 DM make 

changes in psychosocial 

factors and multiple 

lifestyle behaviors 

RCT 24-month 

intervention/N 

o follow-up 

Self-identify as Latina, age 30-75 yrs., current 

diagnosis of Type 2 DM for at least 6 months, living 

independently, and have a telephone 

 

Women were excluded if currently on insulin pump, 

developmentally disabled, or had end-stage renal 

disease 

Abbreviations: PA = physical activity, RCT = randomized controlled trial, PARmedX = Physical Activity Medical Examination, 

PAR-Q = Physical Activity Readiness Questionnaire, BMI = body mass index, CVD = cardiovascular disease, MA = Mexican 

American, DM = diabetes mellitus, DPP = Diabetes Prevention Program, MVPA = moderate to vigorous physical activity 
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Table S4: Intervention Characteristics of Included Studies 

 

Study Intervention(s) 

Focus; 

Sample Size 

Comparator; 

Sample Size; 

Description 

Intervention 

Setting; 

Delivery 
Modality 

Intervention 

Format; 

Strategies 

Intervention Goals/ 

Recommendations 

Culturally 

Sensitive 

Intervention 
Strategies 

Theoretical 

Framework 

Arredondo 

2017 

(n=436) 

 

Arredondo 

2015 

 

(Fe en 

Acciόn, 

Faith in 

Action) 

PA intervention 

(n=217) 

Attention 

control related 

to cancer 

screening 

(n=219) 

 

6-weekly 

interactive 

group 

discussions 

(1.5-2 hrs long) 

led by 

promotoras + 4 

optional MI 

calls over 24 

months 

Setting: 

Churches, 

local parks, 

and 

community 

centers 

 

Delivery 

Modality: 

Promotora led 

intervention 

Up to six 1-hr 

PA classes 

offered weekly; 

each PA class 

was followed by 

a review of 

monthly 

handouts and 

short discussion 

on how to apply 

behavior change 

strategies; up to 

three 30-min MI 

calls 

 

Participants 

attended as 

many PA classes 

as they desired 

No specific 

intervention goals/ 

recommendations 

reported 

Promotoras 

 

Bilingual and 

bicultural research 

staff 

 

Training sessions 

for promotoras 

conducted in 

Spanish 

 

Church setting 

 

Many classes 

offered to 

accommodate 

various schedules 

 

Images of Latina 

women in study 

materials, foods 

common in Latino 

diets, music 

selection, Catholic 

prayer cards 

Ecological 

framework for 

health 

behaviors, targeting 

factors related to 

the 

individual, 

interpersonal, 

organizational, and 

environmental 

levels 
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      Pilot tested 

intervention with 

Catholic Latina 

women 

 

Kick-off family 

night event 

 

Baldwin 

2015 

(n=48) 

 

(Women’s 

Path to 

Prevention 

(WPP)) 

Multicomponent 

diet + PA 

intervention 

Not applicable Setting: NR 

(described as 

urban Hispanic 

neighborhood) 

 

Delivery 

Modality: 

Nursing 

students led 

intervention 

12 weekly 

nutrition and 

wellness 

education and 

coping skills 

training classes; 

included walking 

assignments, 

individual health 

coaching, and 

MI groups 

 

Participants 

given glycemic 

index 

information, 

low-carb 

cookbook, PA 

activity plan, 

journal, and 

walking maps 

 

Focus on goal 

setting and plans 

of action 

Participants given 

pedometers and 

were encouraged to 

record time and 

steps/week in daily 

logs 

 

Participants were 

expected to attend 

program’s low- 

intensity classes for 

2 hrs/week and 

expected to walk 3 

hrs/week 

Bilingual students 

 

Translated 

materials 

No specific theory 

reported (adapted 

from National 

Diabetes Education 

Program) 
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Berry 2011 

(n=56) 

Diet + PA + 

coping skills 

training 

intervention + 

Color Me 

Healthy 

intervention for 

children 

Wait-list 

control 

Setting: Local 

church and 

community 

center in 

neighboring 

town 

 

Delivery 

Modality: 

Community 

health educator 

and promotora 

led 

intervention 

Weekly 60- 

minute nutrition 

and exercise 

education and 

coping skills 

training classes 

followed by a 

45-minute 

exercise class 

(12 weeks), once 

per month 

classes for 3 

months, then 3 

months on their 

own 

 

Focus on coping 

skills, social 

problem solving, 

conflict 

resolution, and 

cognitive 

restructuring 

Mothers received a 

pedometer as part of 

the intervention and 

were asked to record 

daily steps 

 

Encouraged to walk 

30–60 min/day on 

most days of the 

week 

 

Mothers were asked 

to increase their 

steps by 500/day for 

the first week and 

then continue to 

increase their steps 

by 500/week until 

they were averaging 

10,000 steps/day 

 

Nutrition education 

focused on healthy, 

low-cost food 

choices, portion 

control, and 

lowering fat and 

calories for mothers 

 

Mothers asked to 

share a nutrition or 

exercise goal to 

Promotoras 

 

Bilingual staff 

 

Intervention was 

refined, adapted, 

and then translated 

at a low literacy 

level 

 

Intervention 

delivered in 

Spanish 

 

Classes included 

examples like 

traditional meals 

made healthier and 

at-home exercises 

due to weather and 

safety concerns 

 

Zumba during PA 

classes 

 

Small walking 

groups with local 

partners 

SCT 
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     work on for the 
coming week 

  

Cousins 

1992 

(n=168) 

Diet + PA 

intervention 

 

IG (sample size 
NR) vs. FG 

(sample size NR) 

Manual only 

group (sample 

size NR) 

 

Bilingual 

manual 

(“Cuidando el 

Corazon”), 

consisting of a 

low-fat eating 

plan, nutrition 

information, 

recipes, an 

exercise 

plan, and 

behavior 

modification 

strategies, 

based 

on a previously 

developed 

program and 

modified 

to reflect the 

cultural values 

of the 

population 

Setting: NR 

 

Delivery 

Modality: 

Bilingual 

registered 

dietitians led 

both the 

individual and 

family group 

intervention 

IG: “Cuidando el 

Corazon” 

manual + 24 

weekly classes 

(individualized 

nutrition, 

feedback on 

subject’s food 

records, 

behavior change 

techniques, 

included group 

exercise, food 

tastings, cooking 

demos, and low- 

fat food videos) 

+ 6 monthly 

maintenance 

classes 

 

FG: 

IG intervention 

with a modified 

version of the 

“Cuidando el 

Corazon” 

manual that 

included 
information on 

Calories were 

limited to 1,200/day 

for women 

 

Fat intake to 

comprise 30% of 

total kcals, saturated 

fat < 10% of total 

kcals, carbohydrates 

about 50% of total 

kcals, protein about 

20% of total kcals, 

cholesterol limited 

to 300 mg/d, sodium 

limited to 1,200 

mg/d 

Bilingual registered 

dietitian 

 

Inclusion of family 
members 

 

Translated 

materials 

 

Bilingual manual 

modified to reflect 

cultural values of 

the population - 

evaluated by 

bilingual health 

educators and 

members of the 

MA community 

 

Cookbook prepared 

with recipes for fat- 

modified traditional 

MA recipes 

No specific theory 

reported 
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    partner support 

and parenting 

skills to 

encourage 

family changes 

in eating and 

exercise 

behaviors 

 

Focus on goal 

setting, portion 

control, problem 

solving and 

relapse 
prevention 

   

Faucher 

2010 

(n=24) 

Diet intervention 

(n=13) 

Standard care 

counseling 

(n=11) 

 

One-time 

counseling on 

weight loss 

included a 

physical exam 

and education 

on portion 

control and 

exercise by a 

promotora and 

a primary care 
provider 

Setting: NR 

 

Delivery 

Modality: 

Primary 

researcher, a 

research 

assistant, and 

promotora led 

intervention 

Four 2-hr group 

meetings at 

weeks 1, 3, 7, 

and 13 focused 

on portion 

control including 

meal sampling, 

recipe sharing, 

use of portion 

control aids 

measuring 

aids, and portion 

control plates 

No specific 

intervention goals/ 

recommendations 

reported 

Promotoras 

 

Visits translated 

from English to 

Spanish 

 

Translated 

materials 

 

Curriculum 

designed in a 

culturally and 

economically- 

sensitive manner 

No specific theory 

reported 
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  (primary 

researcher) 

   Importance of 

health for the whole 

family 

 

Foods prepared for 

classes were MA 

food, low cost, 

quick to prepare 

 

Harralson 

2007 

(n=225) 

 

(Un 

Corazon 

Saludable: 

A Healthy 

Heart) 

PA intervention Not applicable Setting: 

Latino-owned 

gym located in 

mainly Puerto 

Rican 

neighborhood 

 

Delivery 
Modality: NR 

1-hr exercise 

classes 3x/week 

+ 30-min 

education 

modules 

1x/week 
 

Exercise class 

content was 

based on 

recommendation 

s from the 

ACSM 

 

Educational 

modules based 

on a materials by 

AHA and 

NHLBI 

No specific 

intervention goals/ 

recommendations 

reported 

Translated 

materials 
 

Modification of 

favorite Latino 

recipes 

 

Salsa dancing 

No specific theory 

reported 

Koniak- 

Griffin 

2015 

(n=223) 

Diet + PA 

intervention 

(n=111) 

Attention 

Control related 

to 

safety/disaster 

Setting: 

Community 

settings like 

school 

8 weekly 2-hr 

group education 

classes for the 

first 2 months 
followed by 4 

Participants given 

pedometers and 

exercise DVD and 

were encouraged to 
record steps per 

Promotoras 

 

Bilingual RAs and 

bicultural staff 

No specific theory 

reported 
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  training 

(n=112) 
 

6-month 

educational 

program 

consisting of 8 

group classes 

focused on 

safety/disaster 

education 

conducted by 

separate team 

of promotoras 

followed by 8 

contacts of 

Individual 

Teaching 

Coaching to 

discuss class 

material 

classrooms and 

home visits 

 

Delivery 

Modality: 

Promotora led 

intervention 

months of SCT 

and Coaching 

Contacts (4 

home visits plus 

4 phone calls 

delivered over 4 

months) 

 

The first 8 

classes were 

based upon Your 

Heart, Your Life 

or Su Corazon, 

Su Vida, a 

culturally- 

adapted 

education 

program 

developed for 

Latinos by the 

NHLBI (2008) 

 

Focus on goal 

setting, portion 

control, 

managing 

emotional 

eating, and self- 

monitoring 

week of PA in daily 

logs 

 

Use of food diaries 
was encouraged 

 

Participants 

established personal 

goals for lifestyle 

changes. Four key 

messages were 

emphasized: (1) 

healthy food 

choices, (2) portion 

control, (3) 

managing emotional 

eating, and (4) 

increasing physical 

activity, with the 

goal of walking 

10,000 steps/day 

Lifestyle Behavior 

Intervention 

implemented in 

Spanish 

 

Culturally-tailored 

education materials 

(language, healthy 

traditional Latino 

meals, etc.) 

 

Flexible scheduling 

 

Use of a CBPR 

approach including 
CAB involvement 

 

Lindberg 

2012 

(n=47) 

Diet + PA 

intervention 
Not applicable Setting: Local 

health care 

facility 

Phase 1 

consisted of 6 

months of 

Participants given 

CalorieKingTM guide 

and list of 50 

Women only 

participants 
Intervention 

modeled after 

PREMIER Trial 
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(De Por 

Vida, “For 

Life”) 

   

Delivery 

Modality: 

Intervention 

delivered by 2 

Spanish- 

speaking 

Mexican 

women who 

were clinicians 

weekly 90-min 

group sessions 

followed by 6 

months of 

monthly 90-min 

group sessions 

(Phase 2) 

 

Focus on goal- 

setting, 

developing 

specific 

behavior-change 

plans, 

monitoring 

progress, and 

problem-solving 

commonly 

consumed foods 

with calorie content 

in Spanish 

 

Participants 

encouraged to keep 

food diaries – taught 

to tally number of 

servings of different 

food groups 

 

Dietary and PA 

recommendations in 

the program were 

consistent with the 

2005 Dietary 

Guidelines for 

Americans 

Bilingual and 

bicultural female 

interventionists 

 

Enrollment visit 

conducted in a 

group setting 

 

Minimal written 

materials 

 

Small and large- 
group activities 

 

PA for the home 

 

Focus on Mexican 
traditions 

 

Salsa dancing 

Food measurement 

Food journaling for 

limited literacy 

 

Traditional beliefs 

regarding health 

and food 

and Weight Loss 

Maintenance Trials 

 

SCT (Self- 
Management) 
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      Topics central to 

immigration 

experience 

 

Marquez 

2013 

(n=27) 

 

(Comadres 

Weight 

Loss 

Program) 

Diet + PA 

intervention 

 

PLG (n=13) 

Both study 

conditions 

received the 

same culturally- 

adapted version 

of DPP, 

however ILG 

participants did 

not have a 

weight loss 

partner (n=14) 

Setting: 

Research 
center 

 

Delivery 

Modality: 

Intervention 

co-facilitated 

by registered 

dietitian and 

doctoral-level 

interventionist 

12 1-hr weekly, 

group-based 

sessions 

 

Focus on 

improving 

partner 

communication 

and 

collaboration, 

goal setting, 

planning ahead, 

problem solving, 

stimulus control. 

cognitive 

restructuring, 

relapse 

prevention, and 

self-monitoring 

Participants given 

goal of 1,200 or 

1,500 kcals/day for 

< 91 kg or > 91 kg 

respectively; 

recommended 

<30% calories from 

fat 

Participants given 

goal to increase PA 

gradually to >30 

min/day of moderate 

intensity 5d/week, 

goal of 10,000 

steps/day 

 

Participants asked to 

record food (energy 

and fat) intake, PA, 

pedometer steps, and 

body weight in 

diaries 

 

Participants in PLG 

encouraged to 

engage in PA + diet- 

related activities 

together 

Women only 

participants 

 

All female-staff 

Bilingual/bicultural 

Latina 

interventionist 

 
Promoted walking 

and dancing 

 

Inclusion of close 

friend or 

“comadre” 

 

Encouraged 

consumption of 

traditional meals 

and modified 

cooking methods – 

participants 

received a booklet 

with fat kcal 

content of ethnic 

foods 

No specific theory 

reported (modeled 

after DPP) 
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McCurley 

2017 

(n=61) 

Diet + PA 

intervention 

Not applicable Setting: 

Community 
settings 

 

Delivery 

Modality: 

Promotora led 

intervention 

12 weekly, 2-hr 

group-based, 

educational 

lifestyle classes 

followed by 

maintenance 

sessions offered 

Month 3 – 

Month 6 to 

review 

intervention 

materials and 

increase social 

support 

 

Focus on self- 

monitoring, goal 

setting, self- 

efficacy, 

social support, 

social modeling 

of healthy 

behaviors, stress 

and negative 

emotion coping 

skills, 

autonomous 

decision making, 

and enjoyment 

and “fun as 

motivators 

5% weight loss goal Promotoras 

 

Bilingual staff 

 

Translated 

materials 

 

Latino cultural 

elements (foods, 

beliefs, etc.) 

educational content 

 

Promoted walking 

and dancing 

 

Didactic content 

tailored to 

participant 

language, culture, 

SES, using local 

promotora 

expertise and 

feedback 

throughout the 

adaption process 

SCT 

 

Self-Determination 

Theory 

 

Intervention 
modeled after DPP 
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O’Brien 

2015 

(n=20) 

Diet + PA 

intervention 

Not applicable Setting: 

Community- 

based 

organization 

serving 

Latinos 

 

Delivery 

Modality: 
Promotora led 

intervention 

Group-based 

lifestyle 

intervention 

delivered over 

24 sessions; first 

14 weekly 

sessions then 

remaining 10 

delivered bi- 

weekly and then 

monthly 

 

Focus on self- 

monitoring and 

self-management 

Participants were 

given a weight loss 

goal of 7% initial 

body weight, a 

pedometer, and a 

goal of 150 

min/week moderate 

PA 

 

Participants asked to 

record fat and kcal 

intake, daily steps, 

and weight 

Promotoras 

 

Sessions conducted 

in Spanish 

 

Translated 
materials 

 

Latino family 

context for healthy 

behavior change 

 

Culturally- 

appropriate tools 

for dietary self- 

monitoring 

No specific theory 

reported (modeled 

after DPP) 

Olvera 

2010 

(n=46 

pairs) 

 

Olvera 

2008 

 

(The 

BOUNCE 

Study) 

Diet + PA 

intervention 

(n=26 pairs) 

12 weekly 1.5 

hr. meetings 

with an 

instructor which 

included a 

review of 

educational 

handouts and 

45 min. of light 

intensity 

aerobic or sport 

PA sessions 

(n=20 pairs) 

Setting: 

Community 

settings like 

parks and 

schools 

 

Delivery 

Modality: A 

child 

psychologist 

and licensed 

counselor, 

registered 

dietitian/nutriti 

on educators, 

and trained 

Two 45-minute 

sessions of 

group nutrition 

education/week, 

one 45-minute 

group behavioral 

counseling 

session per 

week, and three 

45-minute group 

exercise sessions 

per week 

(6 classes/week 

for 12 weeks) 

Behavioral 

component had 3 

goals: 1) create 

awareness of 

positive physical 

attributes to enhance 

self-acceptance, 2) 

address perceptions 

and distorted 

thoughts about food, 

body weight, and 

exercise, and 3) 

teach effective 

communication, 

problem solving 

techniques, and 

Latino bilingual 

instructors 
 

Lessons taught in 

Spanish or English 

based on preference 

 

Translated 

materials 

 

Latino mother- 

daughter dyads 

 

Focus on dance 

SCT 
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   fitness 

specialists led 

intervention 

Focus on 

learning a new 

skill, self- 

efficacy, 

expecting 

positive 

outcomes, self- 

control by goal 

setting, self- 

monitoring, 

problem solving, 

stimulus control, 

management 

plans that 

included 

intrinsic and 

extrinsic 

rewards, and role 

modeling 

coping strategies to 

handle new 

challenging 

situations 

 

Nutrition education 

had 3 goals: 1) 

reduce intake of 

sugary beverages 

while increasing 

water consumption; 

2) reduced intake of 

saturated fat; and 3) 

develop healthy 

eating strategies 

when dining away 

from home 

Nutrition and 

cooking lessons 

tailored to Latino 

population (food, 

music) 

 

Used acculturation 

level to tailor 

program planning 

 

Formative 

assessment 

included piloting 

materials with 

community 

members and 

revising 

 

Seguin 

2019 

(n=15) 

 

Perry 2017 

 

(Mujeres 

Fuertes y 

Corazones 

Saludables) 

Diet + PA 
intervention 

Not applicable Setting: Rural 

community 

organization 

serving Latinas 

 

Delivery 

Modality: 

Bilingual 

community 

health 

educators 

Two 60-min 

classes held 

2x/week for 12 

weeks; included 

30 min of PA 

and 30 min of 

nutrition 

education 

 

Nutrition classes 

focused on 

following a heart 
healthy diet, 

Participants were 

given goal of 

increasing PA up to 

150 min/week 

 

Participants 

encouraged to keep 

exercise and food 

logs 

 

Behavioral goals 

included the 

following: 1) 

Bilingual class 
leader 

 

Translated 

materials 

 

Culturally-tailored 
foods and recipes 

 

Tailoring of 

materials to 

increase cultural 
relevancy including 

SCT 
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    self-monitoring 

and SMART 

goals, group 

cohesion 

activities, and 

skill building 

 

Focus on self- 

efficacy and 

social support 

prepare healthy 

meals, 2) reduce 

refined carbohydrate 

intake, 3) reduce fat 

intake, and 4) 

consume five fruits 

& vegetables per 

day 

emphasis on family 

and social and 

economic barriers 

 

Latin dancing 

 

Family celebration 

at the end of 

intervention 

 

Use of CBPR 

approach with CAB 

 

Sorkin 

2014 

(n=89 

dyads) 

 

Sorkin 

2013 

 

(Unidas por 

la Vida) 

Diet + PA 

intervention 

(n=53 dyads) 

Comparison 

group 

participants 

(n=36 dyads) 

were mailed 

educational 

materials from 

the National 

Diabetes 

Education 

Program 

Setting: 

Group 

meetings 

(setting not 

specified), 

home visits 

 

Delivery 

Modality: 

Lifestyle 

community 

coach led 

intervention 

Mother-daughter 

dyads attended 4 

group meetings 

which consisted 

of recipe demo 

and 20 min 

exercise, 8 home 

visits with 4 

booster 

telephone calls 

between home 

visits 

 

Focus on self- 

monitoring, goal 

setting, problem 

solving, and 

relapse 

prevention; 
techniques 

Participants given 

personal weight loss 

goal to be achieved 

via reduction in 

caloric intake (1200- 

1800 kcals/day) and 

moderate PA (> 150 

min/week) 

 

Participants were 

encouraged to 

record diet and PA 

daily 

Translated 

materials 

 

Mother-daughter 

dyads 

 

Recipe demos of 

modified Hispanic 

dishes 

 

Zumba and salsa 

dancing for PA 

No specific theory 

reported (modeled 

after DPP) 
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    adapted to 

encourage 

dyadic 

collaboration 

   

Toobert 

2011 

(n=280) 

 

Toobert 

2010 

 

(¡Viva 

Bien!) 

Diet + PA 

intervention 

(n=142) 

Standard care 

(n=138) 
 

In compliance 

with ADA + a 

choice of 1 free 

Kaiser- 

Permanente 

class covering 

the areas 

targeted in the 

intervention 

Setting: 

Community 
settings 

 

Delivery 

Modality: 

Facilitators led 

intervention 

Months 1-6 = 

weekly 4-hr 

meetings 

included 

1 hr. of each 

Mediterranean 

diet potluck, PA, 

stress 

management, 

and social 

support groups 

 

Months 7-12 = 

(above) semi- 

monthly 

 

Months 12-18 = 

(above) monthly 

 

Months 18-24 = 

(above) bi- 

monthly 

Focus on 

problem-solving, 

self-efficacy, 

and social 

support 

Goals of the 

intervention were to 

encourage 

participants to 

a) Follow 

Mediterranean diet 

adapted for Latinas 

b) Practice stress- 

management 

techniques daily 

c) Engage in 30 min 

daily PA 

d) Stop smoking 

e) Participate in 

problem-solving- 

based support 

groups 

Culturally-adapted 

from an established 

lifestyle change 

program 

 

Sessions held in 

Spanish and/or 

English 

 

Colorful translated 

intervention 

pamphlets included 

pictures of Latinas 

 

Flexible scheduling 

 

Added a retreat at 

the start of the 

program 

Family night to 

celebrate 

achievements 

 

Latina dietitian 

Latin dancing 

No specific theory 

reported 
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      Take-home 

intervention DVDs 

and CDs offered 

 

Abbreviations: PA = physical activity, MI = motivational interviewing, NR = not reported, SCT = Social Cognitive Theory, IG = 

Individual Group, FG = Family Group, MA = Mexican American, ACSM = American College of Sports Medicine, AHA = American 

Heart Association, NHLBI = National Heart, Lung, and Blood Institute, RA = research assistant, CBPR = community-based 

participatory research, CAB = community advisory board, PLG = Partner Lifestyle Group, ILG = Individual Lifestyle Group, DPP = 

Diabetes Prevention Program, SES = socioeconomic status, ADA = American Diabetes Association 

 

 

 

 

 

 

 

 

 

 

 
Table S5: Outcomes of Included Studies 

 

Study; 

Sample 

Size 

Study 

Participants 

(age (SD)), 

Hispanic/Latin 

o subgroup, 

measures of 

acculturation) 

Outcomes; 

Data 

Collection 

Time Points 

Weight change 

(kg or BMI) 

Other Outcomes; 

Additional 

Significant 

Findings 

Retention and 

Adherence 

Strategies 

Retention Figures; 

Adherence/Attendance 

Figures 

Arredondo 

2017 
(n=436) 

Differences 

between groups 
n.s. (below 

Primary: 

Accelerometer- 
assessed PA 

Weight change in 

kg NR 

Sig. increases in 

accelerometer and 
self-reported PA, 

Kick-off family 

night included 
dinner, 

Retention: 

At 12 months for total 

sample = 87% (n=380) 
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Arredondo 

2015 

 

(Fe en 

Acciόn, 

Faith in 

Action) 

represents total 

sample): 
 

Mean age: 44.4 

yrs. (9.6) 

 

90.8% born in 

Mexico 

 

Average time in 
U.S: 21 yrs. 

(10.3) 

and self- 

reported PA 

 

Secondary: 

BMI, WC, 3- 

min step test, 

behavioral 

strategies for 

PA 

 

Time points: 

Baseline, 12 

months 

(reported here), 

24 months 

Mean BMI 

change from 

Baseline at 12 

months: 

 

Intervention: -0.1 

kg/m2 (1.9); (Sig. 

NR) 

 

Control: +0.4 

kg/m2 (1.5); (Sig. 

NR) 

 

Mean difference 

in BMI between 

conditions at 12 

months: adjusted 

mean = -0.43 

kg/m2; (P=.04) 

proportion of 

participants 

meeting 2008 PAG, 

and behavioral 

strategies for 

engaging in PA 

compared to control 

at 12 months 

 

Greater class 

attendance 

associated with sig. 

increases in self- 

reported MVPA, 

adherence to 2008 

PAG, and WC 

 

Greater likelihood 

of meeting 2008 

PAG at 12 months 

with every 

additional MI call 

completed 

presentation, and 

introduction to 

promotoras 

 

Promotoras 

called absent 

participants and 

encouraged them 

to attend future 

classes 

 

Monthly raffles 

 

Financial 

incentives for 
each evaluation 

 

Differences between 
conditions n.s. 

 

Attendance: 

The average number of 

classes attended per month 

ranged from 0 to 13, with 

about 40% having attended 

0 classes 

Baldwin 

2015 

(n=48) 

 

(Women’s 

Path to 

Prevention 

(WPP)) 

Mean age: 58 

yrs. (32) 

 

No measures of 

acculturation 

reported 

Primary: 

HbA1c, BMI, 

WHR, BP 

 

Secondary: 
Wellness 

health 

behaviors and 
diabetes and 

Mean weight 

change in kg NR 

 

Mean BMI 

change from 

Baseline: -3.22 

kg/m2; (p<.05); 

SD NR 

Sig. improvements 

in HbA1c, health 

behavior total risk 

score, and PA 

behaviors 

None reported Retention: 

25% drop out rate 

Attendance figures NR 
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  CVD risk 

factors 

 

Time points: 

Baseline, 12 
weeks 

    

Berry 2011 

(n=56) 

Differences 

between groups 

n.s. (below 

represents total 

sample): 

 

Mean age: 29.7 

yrs. (5.3) 

 

100% Foreign- 
born (Mexico) 

 

100% Spanish- 

speaking 

Primary: BMI 

of mother 
 

Other: WC, 

skinfolds, 

fasting 

glucose, 

insulin, lipids, 

frequency of 

health 

promoting 

behaviors, self- 

efficacy for 

eating and 

exercise 

 

Time points: 
Baseline, 9 

months 

Mean weight 

change in kg NR 

 

Mean BMI 

change from 

Baseline: 

 

Intervention: -3.0 

kg/m² 

 

Control: +1.0 

kg/m² 

 

Weight changes 

above calculated 

from Table 1; Sig. 

and SDs NR 

 

Differences in 

weight change 

between 

conditions n.s. 

Mothers 

experienced sig. 

improvements in 

subscapular 

skinfolds, fasting 

blood glucose, 

eating self-efficacy, 

exercise self- 

efficacy, and 

nutrition, and 

exercise knowledge 

Transportation 

provided for 

collection visits 

 

A healthy snack 

was served at 

each class 

 

Childcare was 

always available 

 

Financial 

incentives for 

each evaluation 

Retention and attendance 

figures NR 

Cousins Differences Primary: IG weight Not applicable None reported Retention: 

1992 between groups weight and change from   At 12 months for total 

(n=168) n.s. (below BMI change Baseline:   sample = 51.2% (n=86); 
   3 months: -2.6 kg   Did not report per group 
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 represents total 

sample): 
 

Mean age: 33.4 

yrs. (6.4) 

100% MA 

ARSMA 

identified 

sample as “truly 

bicultural” 

Secondary: 

None reported 

 

Time points: 

Baseline, 3 

months, 6 

months, 12 

months 

6 months: -3.3 kg 

12 months: -2.1 
kg 

 

FG weight 

change from 

Baseline: 

3 months: -3.0 kg 

6 months: -4.5 kg 

12 months: -3.8 

kg 

 

Control change 

from Baseline: 
3 months: -0.9 kg 

6 months: -0.2 kg 

12 months: -0.7 

kg 

 

Weight changes 

above calculated 

from Table 2; Sig. 

and SDs NR 

 

Differences in 

weight loss 

between 

intervention 

groups n.s. 

   

Attendance figures NR 

(although husbands were 

encouraged to attend FG 

classes, fewer than 50% 

attended any) 



235 
 

 

   Both were sig. 

compared to 

control 

   

Faucher 

2010 

(n=24) 

Differences 

between groups 

n.s (below 

represents total 

sample): 

Primary: 

Weight change 

 

Secondary: 

None reported 

Mean weight 

change from 
Baseline: 

 

Intervention: -6.5 
lbs (7.5); n.s. 

Not applicable Incentives for 

classes, retention 

and 

follow-up 

attendance 

Retention: 

Intervention = 63.6% (n=7) 

Control = 55.5% (n=5) 

Attendance figures NR 

 Mean age: 34.9 

yrs. (4.8) 

 

94.7% MA, 

5.3% Honduran 

 

94.7% Spanish 

primary 
language 

Time points: 

Baseline and 

20 weeks 

 

Control: -2.8 lbs 

(10.2); n.s. 

 

Differences in 

weight loss 

between 

conditions n.s. 

 Both groups 

received 

a refrigerator 

magnet and 

postcards with a 

motivational 

message about 

weight loss 

 

  

Average time in 

U.S. (months): 

108.6 (50.9) 

   Raffle at final 

meeting 

 

Harralson 

2007 

(n=225) 

 

(Un 

Corazon 

Saludable: 

A Healthy 

Heart) 

Mean age: 44.1 

yrs. (SD NR) 
 

74% born in 

Puerto Rico, 

17% U.S., and 

9% other Latin 

America 

Primary: 

BMI, WHR, 
BP 

 

Other: 

Perceived 

support and 

stress levels, 

depression 
scores, health 

Mean weight 

change from 
Baseline: 

 

-2 lbs; (Sig. and 

SD NR) 

 

A sig. decrease 

was reported for 

Sig. decreases in 

abdominal obesity, 

WHR, symptoms of 

depression 

 

Sig. improvement 

in self-rated health 

Financial 

incentives for 

each evaluation 

 

Raffle during 

classes 

 

Childcare and 
tokens for 

Retention: 52% (n=118) 

 

Completers compared to 

non-completers were sig. 

more likely to be older, 

foreign-born and sig. less 

likely to be a caregiver, 

receiving public assistance, 

have higher levels of stress, 
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  knowledge, 

and self-rated 

health 

BMI (magnitude 

of change NR) 

 transportation 

provided 

and have lower depression 

scores 

   Attendance figures NR 

Time points: 

1st year of the 

intervention = 

Baseline and 

12 weeks 

   

2nd year of the 

intervention = 

Baseline and 

16 weeks 

   

Koniak- 

Griffin 

2015 

(n=223) 

Intervention: 

Mean age: 43.3 

yrs. (7.4) 
 

Control: Mean 

age: 45.9 yrs. 

(8.2) 

 

Groups did not 

differ in the 

below baseline 

measures: 

 

83.9% born in 
Mexico, 1.8% 

born in U.S. but 

raised in 
Mexico, 14.3% 

Primary vs. 

secondary 

outcomes not 

distinguished 

 

Outcomes 

included BMI, 

weight, WC, 

BP, blood 

lipids and 

glucose, 

dietary habits, 

objective 

measure of PA, 

and knowledge 

of heart disease 

Intervention 

weight change 
from Baseline: 

 

6 months: 

-1.46 lbs; n.s. 

 

9 months: 

-2.25 lbs; n.s. 

 

Control weight 

change from 

Baseline: 

 

6 months: 

-2.78 lbs; n.s. 

 

9 months: 

Sig. decrease in 

WC from Baseline 

at 9 months 

 

Sig. improvements 

in dietary habits at 

6 months and 

maintained at 9 

months (both from 

Baseline and 

compared to 

control) 

 

Sig. increase in 

daily step count 

from Baseline to 9 

months compared 

to control however 

Case 

management 

approach to 

build rapport 

 

Telephone 

reminders for 

classes and 

evaluations 

 

Financial 

incentives for 

each evaluation 

 

Small gifts for 

class attendance 

Retention: 

At 6- and 9-months for total 

sample = 86.5% (n=193) 

and 87% (n=194), 

respectively 

 

Differences between 

conditions n.s. 

 

Attendance: 

8 weekly Classes: 

42 (37.8%) attended all 
classes, 

91 (82%) attended at least 

half 

 

Individual Teaching 

Classes: 86 (77.5%) 
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 Dominican, 

Central or South 

American 

 

54.3% Spanish 

only language 

 

Mean years in 
U.S.: 18.6 yrs. 

(8.3) 

 

5-item scale 

(Balcazar) 

showed low 

acculturation 

despite lengthy 

U.S. residence 

Time points: 

Baseline, 6 

months, 9 

months 

+0.15 lbs; n.s. 

 

Weight changes 

above estimated 

from Table 2; Sig. 

and SDs NR 

 

Changes from 

Baseline (within 

group and 

between groups) 

n.s. 

difference in daily 

minutes of 

moderate PA from 

Baseline to 9 

months between 

groups n.s. 

 

Sig. differences 

from Baseline were 

found for BMI, 

weight, and WC for 

those receiving a 

higher intervention 

dose compared to 

those receiving a 

low intervention 
dose 

Providing 

participants a 

record of their 

health (weight, 

BP, lipids) 

 

Flexible 

scheduling 

 

Frequent 

contacts of 

promotoras with 

participants 

 

Child care and 
bus tokens 

provided 

received targeted number of 

home visits (4) 
 

31 (27.9%) received all 

component of the 

intervention 

Lindberg 

2012 

(n=47) 

 

(De Por 

Vida, “For 

Life”) 

Mean age: 38 

yrs. (11.7) 

 

100% MA 

 

89% born in 

Mexican, 11% 

born in U.S. 

 

100% Preferred 

Spanish 

language 

Primary vs. 

secondary 

outcomes not 

distinguished 

 

Outcomes 

included 

weight loss and 

dietary intake 

 

Time points: 

Baseline, 6 
months, 12 

months 

Mean weight 

change from 
Baseline: 

 

6 months: -5.3 kg 

(5.3); (p<.0001) 

 

12 months: -7.2 

kg (6.8); 

(p<.0001) 

 

74% of all 

participants lost > 

5% of initial 
weight 

Phase 1 (Months 1- 

6): Sig. decrease in 

BMI, total kcals, % 

total calories from 

fat, and refined 

sugar 

 

Phase 1: Sig. 

increases in % total 

calories from 

protein and % total 

calories from 

carbohydrates, 

number of daily 

None reported 

 

Study made to 

mirror “real 

world” setting 

Retention: 

Months 1-6: 66% (n=31) 

 

Months 7-12: 55% (n=26) 

 

Attendance: 

Months 1-6: 62% 

 

Months 7-12: 58% 
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    servings of 
vegetables 

  

Marquez 

2013 

(n=27) 

 

(Comadres 

Weight 

Loss 

Program) 

Differences 

between groups 

n.s. (age 

represents total 

sample): 

 

Mean age: 43.0 

yrs. (10.2) 

 

Acculturation 

measures did not 

differ between 

groups but were 

reported 

separately: 

 

ILG: 

35.7% 

Dominican, 

14.3% Puerto 

Rican, 7.1% 

Colombian, 

42.9% other 

 

21.4% More 

Spanish than 

English 

 

64.3% First 

generation, 

Primary: 

Treatment 

adherence, 

study retention, 

and weight 

change 

 

Secondary: 

Changes in 

psychosocial 

variables and 

self-reported 

PA 

 

Time points: 

Baseline, 12 

weeks, 24 

weeks 

Intervention 

weight change 

from Baseline: 

 

12 weeks: 

-4.3 kg (4.4); 
(p<0.01) 

 

24 weeks: -4.7 kg 

(5.0); (p<0.01) 

 

Control weight 

change from 

Baseline: 

 

12 weeks: 

-4.7 kg (4.2); 

(p<0.01) 

24 weeks: 

-5.0 kg (6.4); 

(p<0.01) 

 

Differences in 

weight loss 

between groups 

n.s. 

 

Almost 50% 

achieved > 5% 

weight loss 

Both groups 

experienced sig. 

increases in weight 

loss efficacy, 

exercise self- 

efficacy, and family 

social support for 

exercise habits at 

12 weeks but only 

weight loss self- 

efficacy was 

maintained at 24 

weeks 

 

Across groups, 

positive 

relationship 

between weight 

loss at 12 weeks 

with number of 

sessions attended, 

number of diaries 

submitted, kcals 

expended, weight 

loss self-efficacy 

and friend social 

support for eating 

habits 

Female weight- 

loss partner 
 

Financial 

incentives for 

each evaluation 

Retention: 

At 12 weeks for total 
sample: 96% (n=26) 

 

At 24 weeks for total 

sample: 100% (n=26, 1 

became pregnant) 

 

Attendance for total 

sample: 
Participants attended 70% 

of 12 sessions 

 
Adherence for total 
sample: 

Participants submitted 68% 

of self-monitoring diaries 

 

Differences in attendance 

and adherence between 

groups n.s. 
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 28.6% Second 

generation 

 

Mean years in 
U.S.: 25.2 (15.3) 

 

PLG: 

30.8% 

Dominican, 

30.8% Puerto 

Rican, 23.1% 

Colombian, 

15.3% other 

 

15.4% More 

Spanish than 

English 

 

69.2% First 

generation, 

30.8% Second 

generation 

 

Mean years in 

U.S.: 32.5 (6.9) 

 

For total sample: 

66% Foreign- 

born (mostly 

Caribbean) 
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McCurley 

2017 

(n=61) 

Mean age: 47.8 

yrs. (10.8) 

 

91.2% born in 

Mexico, 6.8% 

born in U.S., 

2.1% other 

Primary: 

Weight change 

and glucose 

control 

 

Secondary: 

Self-reported 

dietary 

behaviors, self- 

reported PA, 

barriers to 

health behavior 

change, stress, 

depression 

symptoms 

 

Time points: 

Baseline, 3 

months, 6 

months 

Mean weight 

change from 

Baseline: 

 

3 months: -7 lbs; 

n.s. 

 

6 months: 

-6.6 lbs; n.s. 

 

Weight changes 

above estimated 

from Table 2; 

SDs NR 

 

21.6% of women 

achieved 5% 

weight loss goal 

Sig. improvements 

in dietary 

behaviors, 

perceived stress, 

and depression 

symptoms 

 

Improvements for 

any clinical 

indicators n.s. 

Shorter 

intervention 

time-frame (12 

sessions) 

 

Child care 

provided (Dulce 

Mothers) 

Retention: 

6-months: 95% (n=58) 

 

Attendance: 

Participants attended an 

average of 8.02 (3.33) of the 

12 classes 

 

72% attended at least 6 

classes 

 

11.5% attended all 12 
classes 

O’Brien 

2015 

(n=20) 

Mean age: 44.5 

yrs. (13.0) 

 

100% Foreign- 

born 

 

40% born in 

Mexico, 40% 

born in 

Caribbean, 15% 

born in Central 

Primary: 

Weight change 

 

Secondary: 

WC, BP, 

HbA1c, fasting 

glucose, 

insulin, lipids 

 

Exploratory: 

Health literacy, 

health-related 

Mean weight 

change from 

Baseline: 

 

-10.8 lbs (95% 

CI: -5.6, -16.0); 

(p<.001) 

 

42% achieved 7% 

weight loss goal; 

58% achieved > 
5% weight loss 

Sig. decreases in 

WC, diastolic BP, 

LDL, fasting 

insulin 

As exploratory, 

depression 

symptoms sig. 

decreased 

 

Weight change sig. 

correlated with 

None reported Retention: 

12 months: 95% (n=19) 

 

Attendance: 

Participants attended 

average of 71% of sessions 

90% of completers attended 

at least 12 sessions 

 

15% of completers attended 

all 24 sessions 
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 America, 5% 

born in Other 
 

100% Spanish 

language 

dominant 

 

Average years in 
U.S.: 18.9 yrs. 

(14.0) 

quality of life, 

social support, 

stress, and 

depression and 

anxiety as 

mediators or 

moderators of 

weight loss 

 

Feasibility: 

Attendance, 
attrition, 

acceptability 

 

Time points: 

Baseline and 
12 months 

 perceived stress and 

anxiety 
 

Session attendance 

was sig. associated 

with weight loss 

  

Olvera 

2010 

(n=46 

pairs) 

 

Olvera 

2008 

 

(The 

BOUNCE 

Study) 

Intervention: 

Mean age of 

mothers: 

33.3 yrs. (4.6) 

 

Mean age of 

daughters: 9.9 

yrs. (1.1) 

 

Control: 

Mean age of 

mothers: 38.2 

yrs. (10.6) 

Primary: 

physical 

Fitness, daily 

counts per min. 

of MVPA 

 

Secondary: 

BMI, dietary 

fat intake, 

intake of 

sugary 

beverages, fruit 

and vegetable 

consumption 

Weight change in 

kg NR 

 

Decreases in BMI 

n.s. (magnitude of 
change NR) 

Changes in physical 

fitness or self- 

reported PA levels 

in mothers n.s. 

 

Sig. higher levels of 

physical fitness in 

daughters compared 

to control 

 

Changes in av. 

daily counts per 

min of MVPA for 

daughters compared 

to control n.s. 

Participants 

received binders 

with handouts 

and take home 

recipes, 

BOUNCE t- 

shirts, BOUNCE 

water bottle 

 

Small gifts for 

class attendance 

 

If participants 

missed a session, 

they were called 

Retention: 

At 12-weeks for total 

sample: 76% (n=35 pairs) 

 

Differences in retention 

between conditions n.s. 

 

Attendance: 

Intervention: 

Daughters: 61% of sessions 

Mothers: 56% of sessions 

 

Control: 

Daughters: 64% of sessions 

Mothers: 50% of sessions 
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 Mean age of 

daughters: 10.4 

yrs. (1.1) 
 

Groups did not 

differ in the 

below baseline 

measures: 

82% of 

daughters born 

in U.S. 

 

100% of 

mothers born in 

Mexico or 

Central America 

 

62% of mothers 

preferred 

Spanish 

language 

 

Maternal 

preferred 

language used as 

acculturation 

measure 

 

For daughters, 

Short 

Acculturation 
Scale for Latino 

Time points: 

Baseline, 12 
weeks 

  and received 

missing info by 

mail 
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 Youth showed 

85% of girls 

reported low 

acculturation 

     

Seguin 

2019 

(n=15) 

Perry 2017 

 

(Mujeres 

Fuertes y 

Corazones 

Saludables) 

Mean age: 52.2 

(SD NR) 
 

Short 

Acculturation 

Scale for 

Hispanics 

showed 71.4% 

reported low 

acculturation 

Primary vs. 

secondary 

outcomes not 

distinguished 

 

Outcomes 

included 

weight, BMI, 

WC, 

cardiorespirato 

ry fitness, self- 

reported PA, 

dietary 

behavior, self- 

efficacy for 

diet and PA 

 

Time points: 

Baseline, 12 
weeks 

Mean weight 

change from 

Baseline: 

 

-1.5 kg (-2.5, - 

0.5); (p=0.009) 

Sig. decreases in 

WC and sugary 

drinks 

Sig. increase in 

fruits and veggies 

intake 

 

Sig. improvements 

in 6-min walk test 

and PA self- 

efficacy 

Close contact 

maintained with 

all participants 

by class leaders 

 

Reminder calls 

before the day of 

visit 

 

Class leaders 

called 

participants who 

missed class to 

create a plan to 

overcome 

barriers 

Retention: 

12 weeks: 73% (n=11) 

 

Attendance: 

Participants attended an 

average of 62% of classes 

Sorkin 

2014 

(n=89 

dyads) 

 

Sorkin 

2013 

Differences 

between groups 

n.s. (below 

represents total 

sample): 

Primary: 

Feasibility 

outcomes 

(attendance to 

sessions and 

completion of 

home visits, 
acceptability) 

Mean weight 

change from 

Baseline: 

 

Intervention: 

-3.5 lbs (mothers) 

Sig. decreases in 

glycemic load and 

saturated fat intake 

compared to control 

 

Sig. increases in 

health-related social 

support and 

None reported Retention: 

At 16 weeks for total 

sample: 

96.1% (n=171) 

 

Differences between 

conditions n.s. 
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(Unidas 

por la 

Vida) 

Mean age of 

mothers: 52.7 

yrs.  (6.9) 

Mean age of 

daughters: 27.8 

yrs. (7.4) 
 

100% MA 

 

95% of mothers 
and 63% of 

daughters 

Foreign-born 

 

73% of mothers 

and 11% of 

daughters 

Spanish 

language only 

 

Secondary: 

weight loss, 

changes in 

psychosocial 

measures 

 

Time points: 

Baseline, 16 

weeks 

-4.6 lbs (adult 

daughters) 
 

Control: 

+1.3 lbs 

(mothers) 

 

-1.6 lbs (adult 

daughters) 

 

Weight changes 

above calculated 

from Table 1; Sig. 

and SDs NR 

 

Intervention 

group 

experienced sig. 

decreases in 

weight compared 

to control 

(p<0.003) 

persuasion 

compared to control 

 Attendance: 

Intervention: 73% of 

sessions 

 

Participants were more 

likely to complete home 

visit (average 7/8) vs. group 

visits (average 2.2/4) and 

booster phone calls (2.5/4) 

Toobert 

2011 

(n=280) 

 

Toobert 

2010 

 

(¡Viva 

Bien!) 

Intervention: 

Mean age: 55.6 

yrs. (9.7) 
 

Control: Mean 

age: 58.7 yrs. 

(10.3) 

 

Groups did not 

differ in the 

Primary vs. 

secondary 

outcomes not 

distinguished 

 

Outcomes 

included BMI, 

problem- 

solving ability, 

self-efficacy, 

Weight change in 

kg NR 

 

Intervention 

BMI change 

from Baseline: 

 

6 months: -0.8 

kg/m2 (SE NR); 

(p<0.05) 

Sig. improvements 

in problem solving, 

self-efficacy, and 

perceived support 

in intervention 

compared to control 

at 6 months– these 

were maintained at 

12 and 24 months 

Family member 

involvement 
 

Flexible 

assessment times 

 

Follow-up 

reminders 

Retention of Intervention 

participants: 

6 months: 77.5% (n=217) 

 

12 months: 70% (n=197) 

 

24-months: 61.4% (n=172) 

 

Differences between 

conditions n.s. 
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 below baseline 

measures: 

 

15.8% Foreign- 
born 

 

16% Spanish 

preferred 

Speaker 

 

79.6% born in 

USA 

 

ARSMA-II and 
generation status 

showed 40.8% 

reported mostly 

Anglo-oriented 

social support, 

% total calories 

from saturated 

fat, stress- 

management 

practice scores, 

self-reported 

PA, perceived 

social- 

environment 

support for 

disease- 

management, 

HbA1c 

 

Time points: 6 

months, 12 

months, 24 

months 

 

12 months: -1.1 

kg/m2 (SE NR); 

(p<0.05) 

 

24 months: -0.4 

kg/m2 (SE NR); 

(p<0.05) 

 

Control BMI 

change from 

Baseline: 

 

6 months: -0.9 

kg/m2 (SE NR); 
(p<0.05) 

 

12 months: -0.4 

kg/m2 (SE NR); 

(p<0.05) 

 

24 months: -0.5 

kg/m2 (SE NR); 

(p<0.05) 

 

Intervention 

group 

experienced sig. 

decreases in BMI 

compared to 

control (p<0.05) 

Sig. improvements 

in self-management 

and PA compared 

to control at 6 

months were not 

maintained (control 

PA increased) 

 

Sig. reductions in 

% total kcal from 

sat fat and 

engagement in 

social-environment 

support activities 

compared to control 

across 24 months 

 

No maintenance of 

lifestyle or biologic 

outcomes 

Friendly 

competitions 
 

Social 

connection with 

staff and peers 

encouraged 

 

Phone calls and 

cards sent to 

missing 

participants 

 

Taxi service to 

minimize 

transportation 

barriers 

 

Attendance of 

Intervention participants: 
0-6 months: 65% 

6-12 months: 48% 

12-24 months: 46% 

 

Completers were more 

likely to be older and have 

higher health literacy (did 

not differ in BMI, income, 

education, language 

preference, acculturation) 
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Abbreviations: SD = standard deviation, U.S. = United States, PA = physical activity, BMI = body mass index, WC = waist 

circumference, PAG = physical activity guidelines, MI = motivational interviewing, NR = not reported, MVPA = moderate to 

vigorous physical activity, HbA1c = hemoglobin A1c, WHR = waist-to-hip ratio, BP = blood pressure, CVD = cardiovascular disease, 

MA = Mexican American, ARSMA = Acculturation Rating Scale for Mexican Americans, IG = Individual Group, FG = Family 

Group, ILG = Individual Lifestyle Group, PLG = Partner Lifestyle Group, LDL = low-density lipoprotein, ARSMA-II = Acculturation 

Rating Scale for Mexican Americans – II, SE = standard error 
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Table S6: Risk of Bias and Quality Assessment of Included Studies 

Study Selection 

Bias 

Study 

Design 

Confounders Blinding Data 

Collection 

Methods 

Withdrawal 

s and 

Dropouts 

Overall 

Quality 

Score 

Arredond 

o 2017 

 

Weak 
 

Strong 
 

Strong 
 

Moderate 
 

Strong 
 

Strong 
 

Moderate 

Baldwin 
2015 

 

Weak 
 

Moderate 
 

Weak 
 

Moderate 
 

Strong 
 

Moderate 
 

Weak 

Berry 

2011 
 

Weak 

 
Strong 

 
Strong 

 
Moderate 

 
Strong 

 
Weak 

 
Weak 

Cousins 
1992 

 

Weak 
 

Strong 
 

Strong 
 

Moderate 
 

Strong 
 

Weak 
 

Weak 

Faucher 

2010 

 

Weak 
 

Strong 
 

Strong 
 

Moderate 
 

Weak 
 

Weak 
 

Weak 

Harralson 

2007 

 

Weak 
 

Moderate 
 

Weak 
 

Moderate 
 

Weak 
 

Weak 
 

Weak 

Koniak- 

Griffin 
2015 

 
 

Weak 

 
 

Strong 

 
 

Strong 

 
 

Moderate 

 
 

Strong 

 
 

Strong 

 
 

Moderate 

Lindberg 
2012 

 

Weak 
 

Moderate 
 

Weak 
 

Moderate 
 

Strong 
 

Weak 
 

Weak 

Marquez 
2013 

 

Weak 
 

Strong 
 

Strong 
 

Moderate 
 

Weak 
 

Strong 
 

Weak 

McCurley 
2017 

 

Weak 
 

Moderate 
 

Strong 
 

Moderate 
 

Strong 
 

Strong 
 

Moderate 

O’Brien 
2015 

 

Weak 
 

Moderate 
 

Weak 
 

Moderate 
 

Strong 
 

Strong 
 

Weak 

Olvera 

2010 

 

Weak 
 

Strong 
 

Strong 
 

Moderate 
 

Strong 
 

Moderate 
 

Moderate 

Seguin 

2019 

 

Weak 
 

Moderate 
 

Weak 
 

Moderate 
 

Strong 
 

Moderate 
 

Weak 

Sorkin 

2014 
 
 

Weak 

 
 

Strong 

 
 

Strong 

 
 

Moderate 

 
 

Strong 

 
 

Strong 

 
 

Moderate 

Toobert 
2011 

 

Weak 
 

Strong 
 

Weak 
 

Moderate 
 

Strong 
 

Moderate 
 

Weak 
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ABSTRACT: 
Introduction: Mexican-origin women suffer disproportionate rates of nonalcoholic fatty liver 

disease (NAFLD) and research on how to tailor NAFLD treatment interventions for this 

population is lacking. Objectives: The purpose of this study was to assess awareness, knowledge, 

perceptions, and information sources related to NAFLD in a community-based sample of 

Mexican-origin women. Methods: This study employed a convergent parallel mixed-methods 

approach and consisted of a brief modified questionnaire (n=194) and interviews (n=26) amongst 

Mexican-origin women recruited from community-based settings including health fairs, 

churches, and community events. Participants were eligible if they identified as Mexican-origin, 

had a BMI > 25 kg/m2, were 18-64 years of age, had the ability to speak, read, and write in 

English and/or Spanish, and provided informed consent. A purposeful sampling approach was 

used to recruit a subset of women (n=26) who completed the questionnaire with confirmed liver 

steatosis levels indicative of NAFLD (controlled attenuation parameter >280 dB/m). The twenty- 

six participants then completed one on one, in-depth semi-structured interviews to ascertain 

knowledge and understanding of NAFLD. Results: Qualitative findings revealed low awareness 

of risk factors for liver disease, NAFLD specifically. Knowledge of liver disease tended to center 

around cirrhosis, a condition many participants reported was prevalent in their families. 

Quantitative and qualitative findings both found information sources for NAFLD and liver 

disease to be predominantly friends, family, and media. Interviews revealed a misperception 

related to NAFLD risk that liver disease was only caused by high alcohol intake. Conclusion: 

Low levels of NAFLD awareness and knowledge warrant the need for greater efforts to educate 

the general population, perhaps by integrating NAFLD education into existing type 2 diabetes 

educational campaigns and prevention interventions. Additionally, further elicitation research 

conducted in Mexican-origin adults is needed to elucidate key factors within behavioral-theory 

constructs that can be targeted in future interventions tailored to this unique population. 
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INTRODUCTION 

Over the past 30 years, global liver cirrhosis deaths have increased by over 50% (1). While major 

causes of liver cirrhosis vary by country (1), nonalcoholic fatty liver disease (NAFLD) has 

become an increasingly important risk factor for cirrhosis and has an estimated global prevalence 

of 25% (2). NAFLD, a metabolic disorder that refers to a spectrum of conditions ranging from 

benign nonalcoholic fatty liver through nonalcoholic steatohepatitis (NASH) to liver cirrhosis 

(3), is also the fastest growing indication for hepatocellular carcinoma (HCC), a highly fatal 

cancer (4, 5). Characterization of NAFLD includes the detection of hepatic steatosis by imaging 

or histology in the absence of other secondary causes of steatosis such as hepatitis C virus, 

significant alcohol consumption, use of certain medications, and related hereditary disorders (3). 

 

In the United States, rates of NAFLD are consistently observed to be highest among Hispanic 

individuals, particularly Mexican Americans, where prevalence is 23% compared to 14% in non- 

Hispanic Whites (NHWs) and 13% in non-Hispanic Blacks (NHBs) (6). Importantly, these rates 

demonstrate greater prevalence in individuals with obesity and type 2 diabetes, conditions that 

also disproportionately burden Hispanics (7, 8). Similar disparities are observed in mortality 

from cirrhosis and liver cancer (5, 9). Since 2009, Hispanics have experienced among the 

greatest increase in deaths from cirrhosis (5). Additionally, incidence of HCC in Hispanics is 

double that in NHWs (4). Although incidence of liver cancer for men has stabilized over the past 

decade, new cases of liver cancer for women are rapidly increasing (10). Arizona, the site for this 

study, as well as Kansas, have experienced the greatest annual increase in liver cancer mortality 

since 1999 (5). 

 

Mexican Americans remain the largest Hispanic subgroup in the United States comprising about 

63% of the Hispanic population (11). Notably, chronic liver disease (CLD) and liver cirrhosis are 

the fourth leading cause of death in Mexico and the seventh leading cause of death in U.S. 

Hispanics (12, 13). However, differences exist in the most frequent cause of cirrhosis between 

the two countries. In Mexico, hepatitis C virus and alcoholic liver disease share as the leading 

causes of cirrhosis (12), while in the United States, NASH and alcoholic liver disease represent 

the most frequent causes (12). These differences can likely be attributed to a range of factors, 

including higher rates of obesity, type 2 diabetes, and abdominal obesity among US-based 

Mexican Americans, all risk factors for NASH (14). 

 

Awareness of NAFLD remains low worldwide and in the United States (15, 16). Disease 

awareness and knowledge are integral components of health behavior theory— including the 

information- motivation-behavior (IMB) model (17), health belief model (18), social cognitive 

theory (19)— which strive to elucidate why people do and do not engage in for both positive 

and negative personal health practices. Knowledge is acquired information and information has 

been defined as “an initial prerequisite” for successfully carrying out a given health behavior 

(17). In this context, knowledge refers to the sum of acquired information related to a disease or 

specific behavior, and level of knowledge has been shown to directly affect such factors as 

motivation, behavioral capability and objective skills, and perceived self-efficacy related to 

given health behaviors (17). Increasing the levels of awareness and knowledge of NAFLD risk is 

particularly critical given that the disease is both treatable in its initial stages and in many cases, 
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preventable with the adoption of health behaviors consistent with a healthy diet, weight 

management, and physical activity (3). 

There is a dearth of research on how to effectively tailor interventions for NAFLD prevention 

and treatment in U.S. Hispanic women. While previous studies have explored general risk factors 

for liver disease (20, 21) and hepatitis virus (20, 21), among Mexican-origin adults, no prior 

studies have focused specifically on NAFLD awareness, knowledge, and perceived health risks. 

This mixed methods study sought to fill in gaps by examining NAFLD-related knowledge and 

beliefs among high-risk Mexican-origin women within a community-based sample in Southern 

Arizona. The goal of this article is to present findings on awareness of NAFLD, sources of 

knowledge, and misperceptions about the disease in order to inform future NAFLD prevention 

and treatment intervention strategies specific to Mexican-origin adults in the United States. 

 

MATERIALS AND METHODS 

The study was conducted in Tucson, Arizona between May 2019 and March 2020 and employed 

a convergent parallel design. Quantitative and qualitative data were collected concurrently, 

analyzed independently, and then presented and interpreted in unison in the results and 

discussion sections. An adapted questionnaire was used to obtain the quantitative data while 

semi-structured interviews provided the qualitative data. Qualitative data were weighted greater 

than quantitative given the study’s objective of gaining an in-depth understanding of knowledge, 

perceptions, and information sources related to NAFLD and liver disease. All study procedures 

were approved by the University of Arizona Institutional Review Board (IRB #1902380787). 

 

Quantitative 
The purpose of the questionnaire was to assess awareness, knowledge, and perceptions related to 

fatty liver disease, identify key information sources, and measure exposure of three liver diseases 

and conditions related to NAFLD through questions related to family diagnoses. 

 

Study Participation 

Participants completed the adapted questionnaire as part of an ongoing, cross-sectional study 

focused on liver disease. As part of this study, participants attended a single study visit that took 

place in a clinic specializing in the treatment of liver disease located in Tucson, Arizona. During 

the visit, participants were asked to complete a range of questionnaires including demographics, 

medical history, psychosocial factors, lifestyle behaviors, and awareness and knowledge of 

NAFLD. Anthropometric measures including weight, height, and waist circumference were 

measured by bilingual, bicultural research assistants using protocol-driven methods and body 

mass index (BMI) was calculated by dividing weight in kg by height in meters squared (kg/m2). 

Additionally, all women completed a non-invasive transient elastography (FibroScan®, TE) to 

measure levels of liver steatosis or fat (decibels per meter or dB/m) and liver stiffness 

(kilopascals or kPa), a proxy for liver fibrosis, and had the opportunity to discuss their results 

with one of two doctors, one of whom was Mexican-origin. Based on the results from the 

transient elastography, participants were categorized as having either less than mild, mild, 

moderate, or severe levels of hepatic steatosis. Related to liver stiffness, participants were 

categorized as having either no or little fibrosis, moderate fibrosis, severe fibrosis, or advanced 

fibrosis. Participants were recruited using community-based approaches including face-to-face 
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recruitment efforts at churches, community events and markets, and health fairs. Recruitment 

occurred from May 2019 to March 2020 and study visits took place in an ongoing manner 

throughout this time period. 

 

Eligibility criteria for the cross-sectional study are briefly described here: 1) self-identify as 

being of Mexican-origin; 2) 18-64 years of age; 3) BMI of > 25 kg/m²; 4) ability to speak, read, 

and write in English and/or Spanish; and 5) ability to provide informed consent. Women were 

not eligible to participate if 1) currently diagnosed with uncontrolled vascular or metabolic 

disease (e.g., high blood pressure, type 2 diabetes); 2) consumed >14 standard alcoholic 

beverages/week; 3) taking medication or dietary supplements known to affect body composition; 

4) had any syndrome or disease known to affect body composition; 5) participated in structured 

exercise, diet, or weight-loss program within six months of recruitment; 6) previously had 

bariatric surgery; 7) pregnant or breastfeeding; 8) previously diagnosed with liver disease or liver 

cancer; 9) had a history of exposure to hepatotoxic drugs; and 10) had active, chronic 

gastrointestinal disorder (e.g. inflammatory bowel disease, ulcerative colitis, Chron's disease, 

celiac disease). 

 

NAFLD Awareness and Knowledge Questionnaire 

A questionnaire, developed by Ghevariya et al. (2014), was adapted for use in the current study 

(22). As part of the adaptation for the current study, four questions were added related to 

cirrhosis and liver cancer as a way to expand the assessment to knowledge and awareness of 

conditions that can develop from NAFLD. The following questions were added, “Have you ever 

heard of cirrhosis?”, “Has your doctor ever mentioned cirrhosis?”, and “Has one of your family 

members been diagnosed with cirrhosis or liver cancer?” Participants completed the brief 

questionnaires from May 2019 to March 2020. 

 

Qualitative 

Qualitative Research Design 

Qualitative interviews were conducted in order to explore the level of awareness and knowledge 

related to NAFLD, identify common information sources, and identify perceptions related to 

NAFLD and NAFLD risk. Semi-structured interviews were chosen as the method for qualitative 

inquiry in order to examine individual knowledge of the disease and avoid bias from other 

participant responses and group interaction typical in focus group settings. 

 

Study Participants 
We recruited a subset of participants who completed the cross-sectional study who had also 

checked “yes” to a question asking if they were interested in participating in future semi- 

structured interviews. To be eligible for the qualitative interviews, participants needed to have 

liver steatosis scores of ≥ 280 dB/m at screening, indicative of NAFLD. We opted to recruit only 

those with suspected NAFLD to gather information specifically on those with the greatest risk of 

progressive liver disease. A purposeful sampling approach was utilized in efforts to recognize the 

effects of participant language preference and generation status on health knowledge and 

perception. Recruitment for the interviews took place from August 2019 to February 2020. 
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Sample size 
The final sample consisted of 11 US-born (as defined by 2nd generation or above), English- 

speaking Mexican-origin women and 15 foreign-born (1st generation, Spanish-speaking 

Mexican-origin women A recruitment diagram for the quantitative and qualitative methods is 

presented in Figure 1. It has been proposed that a sample of size of 20 people (23), but no more 

than 50 people (24), for interview-based qualitative studies is appropriate to reach data saturation 

at which point little new information is generated while accommodating the complexity of the 

data. In the current study, data saturation was achieved at 26 participants resulting in a final 

sample of 26 women. 

 

Figure 1: Recruitment Flow Diagram for Study Quantitative and Qualitative Methods 
 

 
aEligibility criteria as follows: 1) self-identify as being of Mexican-origin; 2) 18-64 years of age; 3) BMI of > 25 

kg/m²; 4) ability to speak, read, and write in English and/or Spanish; and 5) ability to provide informed consent. 

Women were not eligible to participate if 1) currently diagnosed with uncontrolled vascular or metabolic disease 

(e.g., high blood pressure, type 2 diabetes); 2) consumed >14 standard alcoholic beverages/week; 3) taking 
medication or dietary supplements known to affect body composition; 4) had any syndrome or disease known to 

affect body composition; 5) participated in structured exercise, diet, or weight-loss program within six months of 

recruitment; 6) previously had bariatric surgery; 7) pregnant or breastfeeding; 8) previously diagnosed with liver 

disease or liver cancer; 9) had a history of exposure to hepatotoxic drugs; and 10) had active, chronic gastrointestinal 

disorder (e.g. inflammatory bowel disease, ulcerative colitis, Chron's disease, celiac disease) 
bEligibility criteria as follows: liver steatosis scores of ≥ 280 dB/m at screening, indicative of NAFLD 

Ongoing, cross-sectional study for liver 
disease 

cohort of Mexican-origin adults (n=307)a 

Women who completed nonalcoholic 
fatty 
liver disease (NAFLD) questionnaire 

Semi-structured interviews with subsample 
of 

womenb 

11 English-speaking, 2nd generation or 

greater 15 Spanish-speaking, 1st 
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Moderator guide development 
The moderator guide used for the interviews was developed by a bilingual, bicultural doctoral 

student (K.M.) and two researchers with experience in qualitative research (M.D.H, and D.G.) 

and Hispanic population studies. Questions were developed taking into consideration the 

available literature on NAFLD awareness and knowledge. As part of the IMB model, it is 

advocated that elicitation research, in the form of open-ended questions, be conducted in a 

representative sample of the target population as the first-step to better understand and promote 

health behaviors through health interventions (17). We therefore aimed to empirically elicit 

levels of awareness and knowledge to identify specific deficits that could be targeted in future 

health interventions. Questions were specifically grounded within the “information” construct 

within the IMB model (17). Two University of Arizona (UA) Prevention Research Center 

Community Action Board (CAB) members who were Mexican-origin women contributed to the 

development of the moderator guide. The moderator guide was piloted with two members from 

the UA CAB and revised for clarity thereafter. Probes were included and used when needed. The 

English and Spanish moderator guides used are available as Supplementary File 1 and 2, 

respectively. 

 

Semi-structured interviews 

Bilingual and bicultural research staff led the in-person, semi-structured interviews; K.M. 

performed all English interviews and R.V. led all Spanish interviews. Interviews were conducted 

on weekdays and weekends to accommodate participant schedules. Interviewers followed the 

moderator guide. Interviews were designed to be, on average, between 45-60 minutes in 

duration. All interviews were audio-recorded. Summary sheets were drafted by the interviewer 

after each interview to refer back to during data analysis. Participants were compensated $25 for 

their time. All interviews took place at the University of Arizona Collaboratory for Metabolic 

Disease Prevention & Treatment in Tucson, AZ. 

 

Data management and analytic methods 

All participant demographic, clinical, and socioeconomic data were collected and managed using 

REDCap electronic data capture tools hosted at The University of Arizona (25, 26). 

 

Quantitative 

Descriptive statistics were used to summarize participant characteristics. Continuous variables 

were examined visually for normality and skewed variables (all except liver steatosis), were 

presented as median and interquartile range. Liver steatosis values were normally distributed and 

therefore presented as mean, standard deviation, and range. All analyses were performed using R 

Studio version 3.6.2 (R Core Team 27). 

 

Qualitative 
Audio recordings were transcribed by bilingual, bicultural research assistants in the respective 

language of the participants. Spanish transcripts were then translated to English. Spanish phrases, 

idioms, and words that were contextually important were left in Spanish to avoid 

misrepresentation or loss of meaning. Transcripts were spot checked against recordings for 

accuracy by research assistants and then imported into NVivo 12 software which facilitated data 
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management and analysis. Coding was conducted by a trained doctoral student (K.M) and a 

qualitative researcher with extensive coding experience (R.C). To analyze the data, K.M. and 

R.C. employed Braun and Clarke’s six phases of thematic analysis. First, transcripts were 

reviewed to become familiar with the data. Next, K.M. and R.C. independently coded three 

transcripts and met to discuss any discrepancies until the initial set of codes were developed. A 

codebook was drafted and continuously updated as codes were revised or added. Coding was an 

iterative process and transcripts were reread to test the applicability of the coding scheme. Third, 

a series of conversations took place between K.M and R.C. where codes were discussed and 

combined into candidate themes. Themes were then reviewed to ensure they adequately reflected 

the data and codes. 

 

RESULTS 

Demographic and clinical characteristics of the 194 Mexican-origin women who completed the 

questionnaire are summarized in Table 1. Participants ranged in age from 19 to 64 years with a 

median age of 47 years. The majority of women (70%) were 1st generation and primarily spoke 

Spanish at home (73%). Most women were married or living with a domestic partner (69%) and 

over half of the women (61%) were employed. Participants’ level of formal education fell into 

five categories: less than high school (19%), high school or GED (32.5%), some college 

(14.4%), Bachelor’s degree (8.8%), and graduate degree or higher (25.2). Fifty-eight percent of 

women had health insurance and 64% reported currently having a primary care provider. The 

median BMI in our sample was 32.3 kg/m2, which fell within the obese range. Liver steatosis in 

our sample ranged from 164 dB/m to 400 dB/m, corresponding to a range of low steatosis to 

severe steatosis. Liver stiffness ranged from 2.2 to 38.3, corresponding to a range of no or mild 

liver scarring to advanced liver scarring. Results from the questionnaire are summarized in Table 

2. 

 

Table 1: Characteristics of Mexican-Origin Female Participants (n=194) 

 
 Total Sample (n=194) 

Characteristics n/median %/IQR 

Age (yrs) 47 (38, 54) 

Weight (kg) 82.9 (74.0, 93.1) 

BMI (kg/m2) 32.3 (29.5, 35.8) 

Liver steatosis (CAP)a 288 48.6 (164.0-400.0) 

Less than mild, n (%) 28 14.5 

Mild, n (%) 35 18 

Moderate, n (%) 34 17.5 

Severe, n (%) 97 50 

Liver stiffness (kPa)b 5.0 (4.3, 6.1) 

No or mild scarring, n (%) 163 84.0 

Moderate, n (%) 25 12.9 

Severe, n (%) 4 2.1 

Advanced, n (%) 2 1.0 
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Currently married or living with 
domestic partner (% yes) 

133 68.6 

Employed (% yes) 118 60.8 

Health insurance (% yes) 112 57.7 

Primary care provider (% yes) 118 60.8 

Self-reported diabetes (% yes) 21 10.8 

Primary language spoken at home   

English 52 26.8 

Spanish 142 73.2 

Foreign born 136 70.1 

U.S. born 58 29.9 

Generation statusc   

1st generation 136 70.1 

2nd generation 35 18.0 

3rd generation 7 3.6 

4th generation or greater 16 8.3 

Income   

<$29,999 100 51.5 

$30,000-59,000 68 35.1 

>$60,000 26 13.4 

Last grade completed   

Less than high school 37 19.1 

High school or GED 63 32.5 

Some college 28 14.4 

Bachelor’s degree 17 8.8 

Graduate degree or higher 49 25.2 
aLiver steatosis expressed as mean, standard deviation (SD), and range given normal distribution. Possible CAP 

values for liver steatosis ranged from 100 to 400. Steatosis grade was categorized as the following: less than 238 = 

less than mild steatosis, 238-260 dB/m = mild steatosis, 261-290 dB/m = moderate steatosis, higher than 290 dB/m 

= severe steatosis 
bLiver stiffness used to estimate levels of liver fibrosis. Possible values began at 2 kPa with no maximum value. 
Fibrosis score was categorized as the following: 2-7 kPa = no liver scarring or mild liver scarring, 7.1-10 kPa = 
moderate liver scarring, 10.1-14 kpa = severe liver scarring, 14 or higher = advanced liver scarring 
cGeneration status categories were described as the following: 1st generation = born in Mexico, 2nd generation = born 

in United States, either parent born in Mexico, 3rd generation = born in United States, both parents born in United 

States, all grandparents  born in Mexico, 4th generation = born in United Status, both parents born in United States,  

at least one grandparent born in Mexico with remainder born in the United States 
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Table 2: Participant Responses to Nonalcoholic Fatty Liver Disease Awareness and Related 

Conditions Questionnaire (n=194) 

 

Question n % 

Has your doctor ever mentioned fatty liver?   

Yes 34 17.5 

No 160 82.5 

Has one of your family members been diagnosed 
with fatty liver? 

  

Yes 44 22.7 

No 150 77.3 

Fatty liver is hereditary   

True 66 34.0 

False 128 66.0 

Has your doctor ever mentioned cirrhosis?   

Yes 14 7.2 

No 180 92.8 

Has one of your family members been diagnosed 
with cirrhosis? 

  

Yes 35 18.0 

No 159 82.0 

Has one of your family members ever been 
diagnosed with liver cancer? 

  

Yes 25 12.9 

No 169 87.1 

 

Fatty Liver and NAFLD Awareness and Knowledge 
Twenty-six of the larger sample of 194 women took part in the semi-structured interviews. One 

of the primary goals of the interview was to assess the level of NAFLD awareness and identify 

knowledge related to the condition. Specifically, women were asked the question, “Can you tell 

me a bit about what you know about nonalcoholic fatty liver disease (NAFLD)?” When 

presenting quotes below, we have chosen to include the following participant information: 

Spanish/English (language preference) and age. 

 

Although almost one quarter of the overall sample had family members who had been diagnosed 

with fatty liver disease, overall knowledge levels about NAFLD were very low amongst those 

who participated in the interviews. For almost half of the women, initial conversations that took 

place during recruitment with study staff were the first time they had heard about NAFLD or 

fatty liver more broadly. A 26-year old, Spanish-speaking woman described meeting with study 

staff during a back-to-school community event, “I wasn’t really aware of this topic until the day 

they were giving out backpacks. I learned information about this study there because I didn’t 

know anything about it beforehand. I also knew that the liver sometimes fails, but I never really 
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knew why.”(S, 26) A 56-year old, Spanish-speaking participant shared a similar experience, 

saying: “I actually wasn’t aware of this disease. Before getting the study done, I didn’t know 

about it.” (S, 56). Additionally, while a few women stated they had heard about fatty liver 

before, they did not recall any detailed information related to the condition. One 61-yr old 

Spanish-speaking woman with a family history of cirrhosis said, “I am going to be honest, 

beforehand, I had heard something about fatty liver, but I don’t remember the specifics.” (S, 51) 

 

English-speaking participants more frequently stated they had heard of NAFLD before the study 

as compared to their Spanish-speaking counterparts. Spanish-speaking participants more 

frequently made statements like “I didn’t even know it existed” (S, 33); “I didn’t know this 

disease existed” (S, 43); “I didn’t know anything about it prior to getting the study done” (S, 50); 

and “I actually wasn’t aware of this disease” (S, 56). In contrast, among English-speaking 

women, statements about pre-study NAFLD awareness included “I just know I’ve heard it 

mentioned” (E, 53); “I know it existed but…” (E, 38) and “I’ve read it on my own searching” (E, 

42). However, despite a greater level of awareness to NAFLD among English-speaking women, 

knowledge related to risk factors, etiology, symptoms, and general understanding of the disease 

was very limited among all women. 

 

Pre-study knowledge about liver disease mostly centered around cirrhosis, not NAFLD. As one 

50-yr old, English-speaking participant summarized, "Um…before this, I really didn't know 

anything about it [NAFLD]...I had only heard of…like cirrhosis of the liver. That’s it. I had 

never heard of fatty liver." (E, 50) Even women who had heard of fatty liver before the study 

were not aware of the association with dietary intake and other lifestyle behaviors. 

 

A few participants contrasted the lack of general awareness of NAFLD to the comparatively 

higher level of awareness of other chronic diseases, such as diabetes, heart disease and cancer. In 

doing so, a few women explained this lack of awareness as stemming from the liver not being a 

common area of concern for most participants and their families. One 26-year old Spanish- 

speaking participant shared that she had first heard about NAFLD at a health fair where she 

engaged with study staff who were recruiting for the study on-site. During her interview, she 

stated: “This is something one isn’t aware of because one doesn’t normally pay attention to the 

liver. Everyone says ‘oh, I have diabetes because it runs in the family’, but no one pays attention 

to the liver." (S, 26). Another participant shared, “You know [about] like heart disease, diabetes, 

and all that before your liver, there’s not a lot of things known about it.” (E, 38) 

 

While not a common theme, three participants specifically mentioned the link between 

medication use and liver disease. In two of these cases, the women mentioned that medication 

had contributed to the progression of liver disease in a now deceased family member, although 

details related to the medication and the family member’s experience were not known. When 

recalling the loss of her brother, one participant shared, “To be honest with you, I didn’t even 

know this disease existed. One of my brothers passed away three years ago from fatty liver 

disease due to a specific medication he was taking but I’m not quite sure. I’m not sure which 

types of medications are the ones that harmed his health.” (S, 55) 
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NAFLD Information Sources 
A second central aim of the qualitative research was to explore where participants were receiving 

information related to fatty liver and liver health more broadly. After assessing knowledge levels 

of NAFLD, interviewers asked the question, “How did you learn about this?” 

Most participants who had heard of NAFLD before the study had been exposed to it through 

people they knew. This finding was supported by our quantitative data, which showed that a 

majority of participants learned of NAFLD from family (29%) and friends (24%). Findings from 

the questionnaire indicated that 23% (44/194) of participants had family members who had been 

diagnosed with fatty liver, 18% (35/194) with cirrhosis, and 13% (25/194) with liver cancer. 

When asked to share what she knew about NAFLD, one 23-yr old, English-speaking participant 

with a family history of fatty liver disease and liver cancer shared, “So my brother has it and I 

had never heard of it before that.” (E, 23). Another young English-speaking participant was 

visibly distressed when she shared: 

 

Well, um I mean…Personally, I just recently um lost a family member to liver cancer and um I 

mean I know in the past he…I mean…let's just say he was a drunk. He would drink like…a lot. 

So I just heard that you know that affects it. So that's one of the…how I know a little bit like oh 

well maybe his drinking problem could have caused this cancer now, like developed it, or 

affected his liver. (E, 27) 

 

While family history of liver disease afforded participants basic awareness of different 

conditions affecting the liver, in most cases participants’ knowledge and understanding of the 

diseases were minimal. Participants who had family members with liver disease recalled very 

limited information related to the exact cause or nature of their family member’s condition. 

When we asked one English-speaking participant how she had first heard about NAFLD, she 

stated, “Mostly from talking with you because I have no idea. My husband said he had fatty liver 

disease, but he didn't think it was a big thing. And then my daughter was diagnosed with it years 

ago and she's in her 20s.”(E, 62) Likewise, another woman expressed confusion about the cause 

of a recent family member’s passing, saying: 

 

A week ago, my husband’s first cousin who was the only daughter passed away from a liver 

disease. But she had some other issues with her bones and joints, and I didn’t really understand 

exactly what happened. I called my mother-in-law and she told me that the medications she was 

taking for her bones and joints affected her liver. Therefore, I don’t remember what else 

happened, but I do know she passed away due to her liver. (S, 50) 

 

Notably, both our quantitative and qualitative findings revealed that only a minority of study 

participants learned about NAFLD from formal sources such as medical staff, formal education, 

or health campaigns. Only one participant mentioned having spoken to her doctor about NAFLD 

during the interviews, and over 80% of participants who filled out the modified questionnaire 

checked never having heard of fatty liver from their doctors. Participants also noted a lack of 

information about NAFLD from formal health informational campaigns. One 38-yr old English- 

speaking participant mentioned, “I know it existed but I never like see it on TV or anything like 

that like in a big way like ‘oh my god you have to take care of it.’” (E, 38) Even participants who 
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had completed higher education noted a dearth of information related to liver disease. A 26-yr 

old English-speaking participant who had completed both college and graduate school expressed 

frustration that she had never learned of NAFLD at school. She shared, “And it's something that 

you don't learn about. Like I have a four-year degree and a lot of it was like I had to take 

nutrition classes. I had to take all these science classes. I had to take a lot of bio classes. Nobody 

ever told me this.” (E, 26) 

 

Many participants described how they had conducted their own research via the internet, 

television, or reading in order to learn more, particularly those with a family history of liver 

disease. One 42-yr old, English-speaking participant shared “I've read it on my own searching 

just because my family has a history of liver disease. Both my parents passed away because of 

liver. My dad had liver cancer and then my mother had liver cirrhosis…Because of their history 

and what went on with them, which was recent, it made me want to look into it, so I started 

reading up on it.” (E, 42). In some situations, participants’ exposure to NAFLD seemed fleeting, 

particularly when the person had read about it in an email or in a brief appearance on television 

or a video. It was common for participants to express uncertainty about where they had heard the 

information or recall specifics of what they had learned. One woman shared, “I have heard about 

it and I think I got it from watching movies on YouTube.” (S, 37) For some women, learning 

about NAFLD through their participation in the study had inspired them to perform their own 

research to learn more about the disease. As one 50-yr old, Spanish-speaking participant 

summarized: “I didn’t know anything about it prior to getting the study done, this was when I 

started going online and reading more about it.” (S, 50). 

 

Perceptions related to NAFLD and Relation to Perceived Risk 

During the course of the interviews, one key misperception related to NAFLD emerged that led 

women to misinterpret their risk for liver disease. To explore NAFLD perceptions, we asked the 

women two consecutive questions: “Is there anything you would like to share that you learned 

from your participation in this research study?” and “Was there something you learned from the 

study that was different from what you had previously thought?” 

 

During the interviews, several participants expressed how they believed that only people who 

consumed alcohol were at risk for liver disease. For example, one young English-speaking 

woman stated that through her participation in the study, "I learned that you could have a fatty 

liver without alcohol. That’s, I honestly like that was one of my biggest I guess breakthroughs.” 

(E, 26). Participants generally connected alcohol consumption with cirrhosis of the liver, a 

condition that was recognized as a serious health threat. When asked to share what she knew 

about NAFLD before the study, one 43-yr old Spanish-speaking participant stated, “Well, I 

didn’t know this disease existed, specifically on this topic. I was under the impression that 

people who have liver problems are the ones who drink alcohol. This usually leads to cirrhosis, 

something of that sort. But I hadn’t heard about fatty liver."(S, 43) 

 

The misperception that only those who consume alcohol were at risk of liver disease contributed 

to some women expressing low levels of perceived risk for the broader spectrum of liver 

diseases. Given that many women in the sample reported low levels of alcohol consumption, 
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they did not consider themselves at-risk for liver disease. As such, during the course of the study, 

many women expressed they felt surprised when they learned that other dietary factors besides 

alcohol could contribute to the development of liver disease. During her study visit, one 62-yr 

old, English-speaking participant described her feelings after learning she had severe liver 

steatosis and moderate liver scarring: "I was surprised considering that I don't drink and that I 

don't have any of those external…that would affect liver. I mean either drug use or whatever that 

would affect. But I don't have those in my life."(E, 62). Another participant recalled her response 

to seeing her liver ultrasound results, which indicated a high level of liver steatosis, “So I was 

thinking like well, I don't drink, I've never drank in my life. So it's like, well, it could also be a 

part of genetics or it could be like the way I eat. So, I know it wasn't triggering because of the 

alcohol because I don’t consume it.” 

 

DISCUSSION 

Findings from the interviews revealed a low level of pre-study NAFLD awareness and 

knowledge among women. Approximately half of the participants described learning of NAFLD 

and fatty liver disease for the first time during study recruitment into the parent study. 

Information sources for knowledge related to liver health were predominantly informal, derived 

from conversations with family and friends or brief exposures via the television and internet. 

This finding was consistent with our quantitative data which showed high rates of liver disease 

diagnosis, including fatty liver, cirrhosis, and liver cancer, amongst participants’ families and 

very low rates of participants’ having heard of NAFLD through a medical practitioner. As such, 

misperceptions about NAFLD were common amongst study participants, most notably the belief 

that only those who consumed alcohol could develop liver disease. 

 

While our findings support prior data showing overall low rates of NAFLD awareness amongst 

the general population in the United States (15, 16) and around the world (28, 29), to our 

knowledge this is the first study to document this phenomenon specifically amongst US-based 

Mexican-origin adults. Study participants displayed some knowledge related to liver disease 

(specifically cirrhosis). However, they shared very little prior knowledge of the nature and risk 

factors of NAFLD specifically. This finding is particularly important given the high rates of 

NAFLD in Mexican-origin adults relative to other Hispanic and non-Hispanic subgroups in the 

United States (6, 30). A lack of awareness of the breadth of risk factors for liver disease, 

particularly non-alcoholic risk factors, has been previously reported in US-based and Mexican 

adults (20). Several study participants noted that knowledge of NAFLD and liver disease more 

generally paled in comparison to community-level awareness of type 2 diabetes and cancer, 

which are generally well-known. 

 

Of particular note, our qualitative and quantitative results indicate a dearth of NAFLD related 

information dissemination from medical professionals to this high-risk population. This finding 

may reflect the well-documented barriers to healthcare access amongst US-based Hispanics and 

particularly foreign-born Hispanics, an issue that produces and compounds grave health 

disparities (31), or a lack of specific discussion by healthcare providers of this health risk when 

medical interactions do occur. Moreover, over 70% of our participants were 1st generation and 

healthcare access in Mexico has also been historically limited for a wide swath of Mexican 
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citizens, particularly those born in low-income and rural communities and those who grew up 

prior the advent of universal healthcare in Mexico in 2004 (32). These binational barriers to 

healthcare access likely contribute to the comparatively low levels of NAFLD awareness 

amongst Mexican-born populations as compared to their US-born counterparts (20), a finding 

confirmed by this study. Moreover, the lack of information dissemination from doctors to study 

participants may reflect the incomplete NAFLD literacy amongst health professionals in Mexico 

(21) and the United States (33, 34), which can impede effective communication with patients 

about this critical disease state. 

 

In addition, the results of this cross-sectional, mixed methods study reflect the potential need for 

alternative strategies to communicate NAFLD risk in Mexican-origin women. Informal networks 

for health information dissemination are common and may prove effective in increasing 

knowledge of NAFLD health risks among Mexican-origin populations in the United States. The 

importance of family, friends, and mass media as sources for general health, diabetes, and cancer 

information in the Hispanic community has been well documented (35, 36). However, given the 

low levels of general awareness about NAFLD and the lack of formal information sources 

targeting Hispanics, in concert with NAFLD’s immense and disproportionate burden amongst 

Mexican-origin populations, testing of evidence-based strategies for information dissemination 

in regards to this disease state may be particularly relevant. While most participants cited family 

as their primary source of information about liver disease, even in cases of NAFLD diagnosis 

within the family, these familial information sources generally did not correlate to high degrees 

of specific knowledge about the disease. 

 

The overall low levels of NAFLD awareness and knowledge observed in this study population 

carry important implications for how we understand individuals’ assessment of risk and 

vulnerability for NAFLD in Mexican-origin populations. Risk perception has been found to be a 

critical component of several theories for health behavior change given its association with 

engagement in health behaviors (37). Although we did not directly assess levels of perceived risk 

for NAFLD or other liver diseases in our study, we observed that the lack of information about 

NAFLD produced misperceptions that affected the women’s perceived risk of liver disease. 

Further efforts to robustly characterize risk perceptions related to NAFLD, cirrhosis, and HCC 

among Mexican-origin women are needed. 

 

Specifically, this study adds to our understanding of how high levels of alcohol-induced cirrhosis 

in Mexican-origin populations impact liver health knowledge and perceptions amongst US- 

based Hispanics. The majority of study participants made a clear association between liver 

disease and alcohol and were far more likely to have heard of alcohol-related liver disease than 

NAFLD. Similarly, high community-level knowledge of excessive alcoholic consumption as a 

risk factor for liver disease among US-based and Mexican adults was reported by Flores et al. 

(2012) (20). This finding may be attributed, in part, to the fact that Mexico ranks first in the  

world for alcohol induced liver cirrhosis and death (38). Study participants cited high rates of 

cirrhosis in their families and recognized the gravity of liver disease. 
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The disproportionate burden of liver-related mortality among Mexican-origin people is not due 

to alcohol alone (12, 14). It is possible the historic prevalence of alcohol-induced cirrhosis in 

Mexico acted to obfuscate other important risk factors for liver disease, producing 

misperceptions regarding the risk factors and causal mechanisms of liver disease. A number of 

participants stated that, prior to study participation, they had believed that only those who 

consume alcohol were at risk of developing liver disease and had very limited knowledge of non- 

alcoholic lifestyle risk factors for liver disease. This belief contributed to an overall low level of 

pre-study perceived risk among our sample of women. Our findings were consistent with those 

of Alemany-Pages et al. (2020), where Portuguese participants with type 2 diabetes displayed 

similar high levels of cirrhosis awareness but had poor understanding of its connection to fatty 

liver (29). 

 

Implications of Research 

The relatively low levels of healthcare access and utilization in US-based Hispanics compared to 

other racial subgroups is relevant when considering the clinical implications of this study (39). 

This reduced access limits opportunities for information dissemination and makes it critical that 

practitioners utilize patient interactions as a means to address potential misperceptions related to 

risk for NAFLD, particularly the role of non-alcoholic etiological factors in the development of 

liver diseases. In addition, healthcare providers should harness the high level of community 

awareness of type 2 diabetes amongst Hispanic immigrants (40) in order to inform their patients 

about NAFLD risk as well as the shared risk factors between the two disease states (41, 42). 

Moreover, the results of our study offer important lessons for how best to structure public health 

interventions. Community based intervention strategies for NAFLD prevention and treatment 

may be particularly useful rather than relying on clinic-based settings alone, given low rates of 

health care access and utilization in this community (31). However, in studies that do take place 

in clinic-based settings, NAFLD education can be integrated into existing programs for diabetes 

prevention given the shared risk factors related to obesity and diet. Additionally, interventions 

should be geared toward the family as a whole rather than the individual given that families are 

often conduits for health knowledge and that NAFLD risk is patterned along lines of genetic 

susceptibility (43, 44). Indeed, even after controlling for important confounders, first-degree 

relatives of patients with NAFLD-cirrhosis had 12 times greater risk of advanced fibrosis (44). 

These data suggest that targeting the family as a unit both for health interventions and data 

collection related to family history of liver disease may prove fruitful. 

 

Lastly, low levels of NAFLD awareness and knowledge necessitate efforts to raise awareness of 

the spectrum of liver diseases and their associated risk factors. Targeting health knowledge 

through campaigns (45) and health education interventions (46-48) have been shown to 

significantly increase engagement in health-promoting behaviors among Hispanics in the United 

States. This approach was previously utilized to raise awareness of prediabetes and has been 

remarkably successful based on those reported to have taken the test and went on to locate a 

lifestyle change program (49). A feasible approach to disseminate NAFLD health information 

may be to incorporate NAFLD education into existing type 2 diabetes campaigns. 
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Future research 
Future qualitative research is necessary to add nuance to our understanding of the potential 

impact of NAFLD in this high-risk population and how best to address it. Areas of additional 

research should include the exploration of intrafamilial communication specifically focused on 

liver disease to expand our understanding of the way in which health information is shared 

between family members and the effects this communication channel has on disease perception. 

Additionally, future research should more thoroughly evaluate NAFLD health risk in the 

“motivation” and “behavior” constructs of the IMB model (17). An idea would be to use a priori- 

designed survey items to explore associations between perceived and objective risk of liver 

diseases in Mexican-origin adults and how these factors affect motivation to adopt dietary 

behaviors found to protect against NAFLD. Lastly, additional research into awareness and 

knowledge of NAFLD in Mexico would greatly inform our understanding of the binational 

transmission of information related to this disease state. Taken in concert, these findings would 

be useful in informing the development of future culturally-sensitive lifestyle interventions 

aimed at prevention, early diagnosis, and treatment of NAFLD in this at-risk population. 

 

Strengths and limitations 
A key strength was the grounding of our research questions within the IMB model. Specifically, 

we identified key information deficits and misperceptions related to NAFLD health risk. Another 

strength was the decision to focus on a more homogeneous group of women with some shared 

life experience in relation to residing in Southern Arizona and being overweight/obese and 

female. Additionally, the use of a mixed-methods approach allowed the researchers to provide a 

voice to the experiences of study participants that served to contextualize the results of the 

quantitative questionnaire. In an effort to acknowledge the well-documented associations 

between acculturation and health perceptions in US Hispanics (50), we also explored potential 

differences in responses using acculturation proxies. 

 

This study also has several limitations. First, the presentation of NAFLD-related prevalence and 

risk factors during study recruitment biased survey answers related to pre-study NAFLD 

knowledge and information sources. This led the researchers to exclude responses to related 

survey questions which would have provided more expansive data regarding generalized 

knowledge and awareness of NAFLD in the study population. 

 

To summarize, both quantitative and qualitative findings revealed low awareness of NAFLD 

among Mexican-origin women recruited from a Southern Arizona community. Participants to 

most likely hear about liver disease through their family and friends, often due to a family 

member’s medical diagnosis. A lack of formal information sources specific to NAFLD may have 

contributed to the development of misperceptions related to common risk factors for liver 

disease, which in turn contributed to a lower perceived risk among the women. Findings 

suggested that greater efforts should be placed on raising awareness of NAFLD and non- 

alcoholic risk factors for liver disease more broadly, particularly among populations at high risk 

for progressive non-alcoholic liver disease and low access to healthcare. These findings will 

inform upon the development of future interventions seeking to prevent or treat NAFLD in 

Mexican-origin adults. 
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SUPPLEMENTARY MATERIAL 

Supplementary File 1: English Semi-Structured Interview Moderator Guide 

Introductions 

Hello, my name is [first name]. Thank you for being here with me today. I have us scheduled for 

60-90 minutes together. Does that still work for you? I want to make sure we honor our time 

constraints today. Therefore, while I encourage you to elaborate on your answers to my 

questions, there may be times when I redirect, so that we are able to cover all of the topics while 

we are together. At the end of this interview, you will be compensated $25 for your time. 

To start, I would like to remind you that with this study we are hoping to learn more about what 

the community knows about nonalcoholic fatty liver disease as well as perceptions and beliefs 

surrounding this condition. We are also interested in learning more about meal patterns and 

perspectives of healthy eating. The next set of questions will explore your thoughts and beliefs 

surrounding the idea of genetic testing. With the last set of questions, we are interested in 

gathering suggestions from community members on how to develop programs to treat 

nonalcoholic fatty liver disease and, specifically, how we can tailor these programs to meet the 

needs of Mexican-origin women. 

Your participation in this interview is voluntary and you may stop at any time you wish. 

When we start the interview, I would like to begin voice recording our conversation. Do I have 

your permission to do this? I will also be taking some notes as we go, but the tape recording will 

ensure that I have a record to refer to about our conversation. Your thoughts and experiences are 

really important to us, so we want to do our best to capture your words accurately. I would like 

to remind you that everything that you say will be confidential. All recordings will be securely 

stored here in our research office (The Collaboratory for Metabolic Disease Prevention and 

Treatment). The research team will summarize this interview and use your contribution to 

develop results and conclusions for the research, but any information that can identify you will 

be removed. 

 

I will now begin recording. [Begin recording] 
 

 

Part 1: Assessing information/knowledge, motivation, and behavioral skills related to 

NAFLD health risk 

Knowledge, Perceptions, Beliefs Related to NAFLD and NAFLD health risk 

“So for this first section, I’m going to ask you some questions related to your knowledge and 

beliefs surrounding nonalcoholic fatty liver disease (NAFLD).” 

1. (Knowledge/Beliefs) “Can you tell me a bit about what you know about nonalcoholic 

fatty liver disease (NAFLD)?” 

a. (Information sources) “How did you learn about this?” 
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2. (Perceived Susceptibility) “Do you believe that there are certain people who are more 

likely to get nonalcoholic fatty liver disease? OR Can you tell me about what might make 

someone more likely to “get” nonalcoholic fatty liver disease?” 

3. “Is there anything you’d like to share that you learned from your participation in this 

research study?” 

a. “Was there anything you learned that was different from something you 

previously thought?” 
 

Part 2: Experience Receiving Transient Elastography (Fibroscan) 

“Thank you for sharing. For this next section, I’d like to now bring you back to the day of your 

study visit. Specifically, I want you to think about your experience receiving the liver 

ultrasound.” 

1. “What were some of your initial thoughts upon seeing your liver ultrasound results and 

speaking with the provider (doctor)?” 

a. “Was the information from the provider useful?” 

b. “Are you interested in receiving another free ultrasound in the future?” 

2. “Who did you share results with, if anyone?” 

3. “Can you tell me whether you took any specific action or actions based on the ultrasound 

or as a result of your discussion with the provider (doctor)?” 

4. “If there had been an opportunity to learn more about your risk of nonalcoholic fatty liver 

disease by having your blood drawn or providing a urine sample, would you have been 

interested? Why or why not?” 

 

Closing Statements 

 

Supplementary File 2: Spanish Semi-Structured Interview Moderator Guide 

Introducción 

Hola, mi nombre es [nombre]. Gracias por estar aquí hoy. Tenemos programados 

aproximadamente 60 a 90 minutos para la entrevista de hoy. ¿Eso todavía funciona para usted? 

Quiero asegurarme de que respetamos nuestro tiempo asignado. Por lo tanto, aunque le pedimos 

que elabore sus respuestas a mis preguntas, puede haber ocasiones en las que la redirija hacia el 

tema principal para que podamos cubrir todos los temas que tenemos planeados para el día de 

hoy. Al final de esta entrevista, se le compensará $25.00 por su tiempo. 

 
Para comenzar, me gustaría reiterar que con este estudio esperamos aprender más sobre lo que la 

comunidad sabe sobre la enfermedad del hígado graso no alcohólico, así como las percepciones 

y creencias que rodean esta enfermedad. También, estamos interesados en aprender más sobre 

los patrones de comida y las perspectivas de una alimentación saludable. Las preguntas que le 

haremos a continuación son para explorar sus pensamientos y creencias en torno a la idea de las 

pruebas genéticas. Con el último conjunto de preguntas, estamos interesados en obtener 
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sugerencias de miembros de la comunidad sobre cómo desarrollar programas para tratar la 

enfermedad del hígado graso no alcohólico y, específicamente, cómo podemos adaptar estos 

programas para satisfacer las necesidades de las mujeres de origen mexicano. 

 
Su participación en esta entrevista es voluntaria y puede detenerse en cualquier momento que lo 

desee. 

 
Cuando comencemos la entrevista, me gustaría grabar nuestra conversación. También estaré 

tomando algunas notas a medida que avancemos, pero la grabación de voz asegurará que no se 

me pase ningún detalle de nuestra conversación. ¿Tengo su permiso para grabar? Sus 

pensamientos y experiencias son realmente importantes para nosotros, por lo que queremos hacer 

nuestro mayor esfuerzo para capturar sus palabras con precisión. Me gustaría recordarle que todo 

lo que usted diga será confidencial. La grabación se almacenará de forma segura aquí en nuestra 

oficina (en la Universidad de Arizona –Centro de colaboración para la prevención y el 

tratamiento de enfermedades metabólicas). El equipo de investigación resumirá esta entrevista y 

utilizará su contribución para desarrollar resultados y conclusiones para la investigación, pero se 

eliminará toda información que pueda identificarla. 

 
En este momento comenzare a grabar. [Comience a grabar] 

 

 

 

Parte 1: Evaluación de la información /conocimiento, motivación y habilidades de 

comportamiento relacionadas con el riesgo para la enfermedad del hígado graso no 

alcohólico (EHGNA). 

Conocimientos, percepciones, y creencias relacionadas con EHGNA y el riesgo para EHGNA 

"Entonces, para esta primera sección, voy a hacerle algunas preguntas relacionadas con sus 

conocimientos y creencias en torno a la enfermedad del hígado graso no alcohólico (EHGNA)" 

1. (Conocimiento /creencias) "¿Puede contarme un poco sobre lo que sabe acerca de la 

enfermedad del hígado graso no alcohólico (EHGNA)?" 

a. ¿Cómo se enteró de esto? 

2. (Susceptibilidad percibida) ¿Cree que hay ciertas personas que tienen más probabilidad 

de obtener una enfermedad del hígado graso no alcohólico? O ¿Puede decirme qué podría 

hacer que alguien sea más propenso a "obtener" esta enfermedad? 

3. ¿Hay algo que le gustaría compartir que aprendió de su participación en este estudio de 

investigación? 

a. ¿Aprendió algo diferente de lo que pensaba anteriormente? 
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Part 2: Experience Receiving Transient Elastography (Fibroscan) 

"Gracias por compartir. Para esta próxima sección, me gustaría volver al día de su visita de 

estudio. Específicamente, quiero que piense en su experiencia al recibir el ultrasonido del 

hígado”. 

1. ¿Cuáles fueron algunos de sus pensamientos iniciales al ver los resultados de su 

ultrasonido hepático y hablar con el proveedor (médico)? 

a. ¿Fue útil la información que le dio el doctor? 

b. ¿Estría interesado en recibir otro ultrasonido gratis en el futuro? 

2. ¿Compartió usted sus resultados, y si fue así, con quién? 

3. ¿Tomó usted alguna acción específica como resultado de su ultrasonido o de su discusión 

con el proveedor (médico)? 

4. Si hubiera tenido la oportunidad de aprender más sobre su riesgo de enfermedad del 

hígado graso no alcohólico extrayendo sangre o proporcionando una muestra de orina, ¿le 

habría interesado? ¿Por qué o por qué no? 
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