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ABSTRACT 

Relative to non-Hispanic Whites, Hispanics have longer lifespan (Lariscy, 

Hummer, & Hayward, 2015), yet little is known about cognition and daily functioning 

among this growing older adult group. Among non-Hispanic Whites, both cardiovascular 

risk factors (e.g., hypertension and obesity) and genetic risk factors for Alzheimer’s 

disease (e.g., the apolipoprotein (APOE) ε4 allele) impact cognition in late middle age and 

older adulthood. History of hypertension, obesity, and the APOE ε4 allele are associated 

with lower scores on episodic memory and executive functioning measures though 

findings are mixed. Neuroimaging data supports the notion that each of the mentioned 

risk factors likely impacts brain structure (e.g., brain volumes, white matter integrity) which 

then, in turn, impacts cognition. 

Hispanics (n = 91) and non-Hispanic Whites (n = 92), ages 50 – 94, were carefully 

selected from the National Alzheimer’s Coordinating Center (NACC) and Alzheimer’s 

Disease Neuroimaging Initiative (ADNI) in order to have groups matched on age, 

education, and gender. Using this sample across all studies, we tested how ethnicity 

(Hispanic versus non-Hispanic White) influenced the following: 1) the associations 

between daily functioning and cognition (episodic memory, executive functioning, and 

processing speed), 2) the separate impacts of hypertension and obesity on episodic 

memory and executive functioning, 3) the separate associations between hypertension 

and obesity on gray and white matter volumes and the ability for cardiovascular risk-

associated volumes to predict episodic memory, executive functioning, and processing 

speed, and 4) the relationships between APOE ε4 status on gray and white matter 
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volumes and cognition (i.e., episodic memory, executive functioning, and processing 

speed). 

We found that lower memory scores were uniformly associated with worse daily 

functioning across ethnic groups whereas slower processing speed was only associated 

with worse daily functioning for non-Hispanic Whites. Hypertension and high body mass 

index (a measure of obesity) were associated with lower executive functioning 

performances among Hispanics to a greater degree than among non-Hispanic Whites. 

Across both ethnic groups, BMI was not associated with brain volumes while hypertension 

was unexpectedly associated with larger gray matter volumes in mid-to-posterior brain 

regions, ranging from postcentral gyrus to middle occipital gyrus. Notably, larger gray 

matter volumes in the right parietal cortex were associated with slower task switching 

among Hispanics but faster performance among non-Hispanic Whites. Memory, working 

memory, and processing speed were best predicted by demographics (age and/or 

ethnicity). Finally, APOE ε4 óers had lower white matter volumes in bilateral temporal 

regions relative to non-carriers. Within the left middle frontal gyrus, Hispanics had smaller 

gray matter volumes compared to non-Hispanic Whites. APOE ε4 status was not 

predictive of cognition. At the level of the brain, the impacts of hypertension and APOE ε4 

status on brain volumes tended to be consistent across ethnic groups whereas effects on 

cognition and daily functioning suggests more mixed, uniform and ethnicity-specific 

findings. 

  



  
  
  9
  

CHAPTER 1 

INTRODUCTION 

Hispanics are one of the fastest growing ethnic groups among older adults in the 

United States (Colby & Ortman, 2015).  Compared to non-Hispanic Whites, Hispanics 

have longer lifespan on average (Lariscy, Hummer, & Hayward, 2015) and face equal if 

not higher rates of common dementias such as vascular dementia and Alzheimer’s 

disease (Haan, Mungas, Gonzalez, Ortiz, Acharya, & Jagust, 2003; Gurland, Wilder, 

Lantigua, Stern, Chen, & Killeffer et al., 1999). Dementia costs the United States more 

than $150 billion each year in health-related costs and lost wages for caregivers (Hurd, 

Martorell, Delavande, Mullen, & Langa, 2013). Therefore, extending healthy cognitive 

aging (i.e., aging without signs of dementia) in the older adult population is critical to 

better-serving older adults and their families. Despite the above information on 

Hispanics (growing older adult population, long life expectancy, and increased risk for 

dementia relative to non-Hispanic Whites), little is known about cognitive aging among 

the ethnic group. In particular, there is a dearth of research on cognitive aging before 

onset of dementia. The following background first reviews factors that have been shown 

to have deleterious effects on cognition among late middle age and older non-Hispanic 

Whites (i.e., hypertension, obesity, and the apolipoprotein ɛ4 allele). Then the impact of 

the same factors on cognition among Hispanics is described. 

Non-Hispanic Whites: Cognition in older adulthood 

 In healthy cognitive aging, general world (semantic) knowledge, implicit memory, 

and procedural memory remain stable (Christensen, Mackinnon, Jorm, Henderson, 

Scott, & Korten, 1994; Hedden & Gabrieli, 2004; Rönnlund, Nyberg, Bäckman, & 
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Nilsson, 2005). Other domains, including processing speed, executive functions, and 

episodic memory tend to decline with age (Cepeda, Blackwell, & Munakata, 2013; 

Hedden & Gabrieli, 2004; Salthouse, 1996). Executive functions are a group of cognitive 

processes involved in planning, strategizing, updating working memory, inhibition, and 

switching flexibly between multiple tasks (Bettcher, Mungas, Patel, Elofson, Dutt, & 

Wynn et al., 2016; Friedman & Miyake, 2017; Miyake & Friedman, 2012). Rates of age-

related cognitive declines are variable from person-to-person, and cross-sectional data 

show patterns of greater variability among older adults compared to both middle aged 

and younger adults (Li & Lindenberger, 1999). It is important to note that this variability 

occurs on a continuum in which some older adults maintain cognitive performance 

comparable to young adults, even on cognitive tasks that traditionally show declines 

with age (Glisky, Rubin, & Davidson, 2001; McFarland & Glisky, 2009), while others 

show steeper declines. 

Cardiovascular health and cognition 

Cardiovascular health contributes to individual differences in cognitive aging 

(Cohen, Poppas, Forman, Hoth, Haley, & Gunstad et al., 2009; Crichton, Elias, Davey, 

& Alkerwi, 2014). For example, individuals with heart failure have higher rates of mild 

cognitive impairment (MCI) and are at higher risk for vascular dementia and Alzheimer’s 

disease (for review see Hajduk, Kiefe, Person, Gore, & Saczynski, 2013; Miller, 

Spitznagel, Alosco, Cohen, Raz, & Sweet et al., 2012). Even cardiovascular risk factors 

in the absence of major cardiovascular health problems negatively impact cognitive 

functioning (Gunstad, Paul, Cohen, Tate, Spitznagel, & Gordon, 2007). Two of the most 

prevalent cardiovascular risk factors are hypertension and obesity. Hypertension has a 
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65% prevalence in individuals 65 years of age and older (Go, Mozaffarian, Roger, 

Benjamin, Berry, & Borden et al., 2013). Obesity which is commonly defined as body 

mass index (BMI) greater than or equal to thirty is prevalent in 35% of the population 60 

years and older (Ogden, Carroll, Kit, & Flegal, 2013). Cardiovascular risk factors 

increase risk for vascular dementia and Alzheimer’s disease (Ho, Raji, Saharan, 

DeGiorgio, Madsen, & Hibar et al., 2011; Meng, Yu, Wang, H.F., Tan, M.S., Wang, C., 

& Tan, C.C., 2014; Pedditizi, Peters, & Beckett, 2016; Tolppanen, Solomon, Soininen, & 

Kivipelto, 2012) and are associated with higher rate of conversion from MCI to dementia 

(Osone, Arai, Hakamada, & Shimoda, 2016). However, there is evidence that when 

cardiovascular risk factors onset in late life, risk for dementia may decrease. In a meta-

analysis of obesity and risk for dementia, obesity was associated with increased risk 

prior to 65 years of age yet associated with decreased risk at 65 years and beyond 

(Pedditizi et al. 2016). Similarly, hypertension may decrease risk for Alzheimer’s 

disease in older adulthood: 80+ year olds with new onset of hypertension had 

decreased risk relative to individuals who did not have history of hypertension (Corrada 

et al., 2017). Given the age-dependent relationships between cardiovascular risk factors 

and age on dementia risk, it may be beneficial to study the impacts of hypertension and 

obesity on cognition prior to dementia. 

Hypertension and cognition 

Cognitively healthy adults with hypertension (chronic high blood pressure) have 

slower processing speed and lower scores on executive functions and episodic memory 

measures compared to those without hypertension (Raz et al., 2003; Szoeke, Lehert, 

Henderson, Dennerstein, Desmond, & Campbell, 2016). A meta-analysis examining the 
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impact of individual cardiovascular risk factors on multiple cognitive domains, found that 

hypertension most consistently had a negative impact on episodic memory in studies 

that controlled for or matched groups on age, gender, and education (van den Berg et 

al., 2009). Specifically, 42% of the studies testing the impact of hypertension on 

episodic memory found lower memory scores among individuals with hypertension 

compared to individuals without it. A longitudinal study of older women who largely 

maintained healthy cognitive functioning over a 20-year span, also linked hypertension 

to episodic memory: women with hypertension relative to women without hypertension 

had greater declines in episodic memory performance (Szoeke et al., 2016). 

Within the domain of executive functioning, hypertension has been associated 

with increased numbers of perseverative errors relative to total errors on the Wisconsin 

Card Sorting Task (Raz et al., 2003). Perseverative errors indicate difficulty 

incorporating feedback to complete a task. Perseveration is indicative of limited 

flexibility and difficulty shifting attention between different elements within a task (Fisk & 

Sharp, 2004). Raz et al. (2003) also found that longer duration of hypertension was 

associated with more perseverative errors and lower scores on fluid intelligence 

(nonverbal abstract reasoning). 

Hypertension has also been shown to interact with other variables (e.g., gender, 

genetics) to produce nuanced effects on cognition (Raz, Rodrigue, Kennedy, & Land, 

2009; Wersching, Guske, Hasenkamp, Hagedorn, Schiwek, & Jansen, 2011). 

Hypertension interacted with gender such that females with hypertension had slower 

processing speed compared to females without hypertension and compared to males 

with hypertension (Raz et al., 2009). Similar interactions between hypertension, genetic 
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markers, and gender predicted performance on a composite measure of psychomotor 

speed and executive functions (Wersching, Guske, Hasenkamp, Hagedorn, Schiwek, & 

Jansen, 2011). Specifically, Wersching et al. (2011) found lower composite scores 

among Hispanics, but only for those with a specific genotype. Further, among the 

hypertensives with lower composite scores, women lower scores than males. 

Obesity and cognition 

Obesity is most consistently associated with lower executive functioning scores 

(Gunstad, Paul, Cohen, Tate, Spitznagel, & Gordon, 2007; Li, Dai, Jackson, & Zhang, 

2008; Walther, Birdsill, Glisky, & Ryan, 2010; for review: Smith, Hay, Campbell, & 

Trollor, 2011). It has also been shown to impact attention and memory functioning 

(Cournot, Marquié, Ansiau, Martinaud, Fonds, & Ferrières et al., 2006). One longitudinal 

study found that BMI at baseline, not change in BMI over a five-year period, predicted 

change in cognition over time: higher baseline BMI was associated with greater declines 

in complex processing speed and word list learning (Cournot et al., 2006). Conversely, 

substantially reduced body fat through bariatric surgery results in improvements in 

attention, memory, and executive functions up to three years after surgery (Alosco, 

Galioto, Spitznagel, Strain, Devlin, & Cohen et al., 2014; Gunstad, Strain, Devlin, Wing, 

Cohen, & Paul, 2011), suggesting obesity is a modifiable risk factor for cognitive 

impairment. 

Obesity in late life may have a more complex relationship with cognition: lower 

BMIs in older age may be a sign of undernutrition exacerbated by dementia rather than 

good cardiovascular health (Dugger et al., 2016). In samples of middle aged and older 

adults grouped together, higher BMI is associated with lower executive functioning 
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(Stanek et al., 2013; Walther et al., 2010). More perseverations (a marker of mental 

inflexibility) were made in middle aged and older individuals compared to younger 

individuals as BMI increased (Stanek et al., 2013). In contrast, a review suggested that 

BMI was beneficial to cognition after 72 years of age (Smith et al., 2011). For example, 

Nilsson, L.G. & Nilsson, E. (2009) found that overweight adults 75 years and older had 

higher scores on a visuoconstruction task (i.e., Block Design) compared to healthy 

weight adults of the same age.  

Obesity covaries with other, related cardiovascular risk factors which may 

overshadow smaller effects of obseity (Levin et al., 2014; Nilsson, L.G. & Nilsson, E., 

2009; Yesavage, Kinoshita, Noda, Lazzeroni, Fairchild, & Taylor et al., 2014). For 

example, although obesity was correlated with other cardiovascular risk factors (e.g., 

hypertension) that were associated with lower verbal memory, obesity alone was not 

predictive of memory (Yesavage et al., 2014). In contrast, a lifespan study (Singh-

Manoux et al., 2012) observed that only individuals who were obese had lower global 

cognition (a composite of memory, reasoning, semantic fluency, and phonemic fluency) 

in the presence of other cardiovascular risk factors. In older adults, obesity was not 

predictive of episodic memory when controlling for hypertension and diabetes, but some 

effects (e.g., higher semantic memory scores in females with lower BMIs) remained 

(Nilsson, L.G. & Nilsson, E., 2009). Obesity may have smaller impacts on cognition than 

other cardiovascular risk factors, but it may be an important precursor to underlying risk 

factors for cardiovascular disease (Go et al., 2013).  

Proposed mechanisms: Hypertension and the brain 
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 Cardiovascular risk factors may impact cognition via biophysiological 

mechanisms that damage brain structure (Prins & Scheltens, 2015), and brain structure 

may mediate relationships between cardiovascular risk and cognition. Hypertension 

reduces blood flow to the brain and hardens blood vessels within the brain. Resultant 

changes in the vascular system of the brain increase risk for stroke (Kannel, Wolf, 

McGee, Dawber, McNamara, & Castelli, 1981) as well as increase white matter 

hyperintensity volumes (a marker of cerebral small vessel damage; Carmelli, Swan, 

Reed, Wolf, Miller, & DeCarli, 1999; Raz et al., 2003; Salat, 2014) and is related to 

damage in specific gray matter regions (Raz, Lindenberger, Rodrigue, Kennedy, Head, 

& Williamson, 2005). 

The hippocampus is one brain region that may be susceptible to damage from 

hypertension. It is associated with memory consolidation and retrieval (Nadel, Hupbach, 

Gomez, & Newman-Smith, 2012; Nadel, Wincour, Ryan, & Moscovitch, 2007; Ryan, 

Cox, Hayes, & Nadel, 2008; Ryan, Nadel, Keil, Putnam, Schnyer, & Trouard et al., 

2001). Individuals with hypertension relative to individuals without a history of 

hypertension have smaller gray matter volumes in the hippocampi (for meta-analysis 

see Beauchet, Celle, Roche, Bartha, Montero-Odasso, & Allali et al., 2013). Other 

studies only find differences between those with and without hypertension over time 

(e.g., five years; Raz et al., 2005).  

Hypertension has been associated with brain volumes (typically smaller volumes) 

across several other regions of the brain. For example, one study that did not detect an 

effect of hypertension on the hippocampus, instead observed smaller gray matter 

volumes in the cerebellar, occipital, right superior frontal, right inferior frontal, and left 
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lingual gyrus gray matter regions among individuals with hypertension relative to those 

without hypertension (Glodzik, Mosconi, Tsui, de Santi, Zinkowski, & Pirraglia et al., 

2012). Other studies also link hypertension to smaller frontal volumes, including 

prefrontal cortex (Raz et al., 2003) and orbitofrontal cortex (Raz et al., 2005). Smaller 

frontal volumes have been associated with lower working memory scores (Raz et al., 

2003). 

In contrast to the majority of the literature, van Velson et al. (2013) found that in 

over 1000 adults 55 years and older, higher diastolic blood pressure was associated 

with thicker cortex across the total brain and specifically in the frontal lobes. Testing the 

associations between cortical thickness and cognition may help determine whether the 

thicker cortical values benefit those with hypertension. 

Even among those with well controlled hypertension, history of hypertension was 

associated with steeper longitudinal declines in posterior gray matter (e.g., Brodmann 

area 21 (middle temporal lobe) and entorhinal cortex) as well as gray matter in the 

thalamus relative to individuals without a history of hypertension (Jennings, Mendelson, 

Muldoon, Ryan, Gianaros, & Raz et al., 2012). However, there were no differences in 

frontal, parietal, occipital, and hippocampal regions volumetric declines over a year 

between the two groups. 

Hypertension-related differences in brain structure go beyond gray matter. 

Hypertension has also been associated with lower white matter integrity. In one study 

(Verstynen, Weinstein, Erickson, Sheu, Marsland & Gianaros, 2013), hypertension was 

associated with lower white matter integrity in the internal and external capsules. White 

matter integrity is measured using diffusion imaging which tracks the movement of 
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water within a tract to obtain information on microstructural integrity of the white matter. 

As noted above, hypertension is also associated with higher white matter hyperintensity 

load in the frontal lobes (Raz et al., 2003), and higher load was associated with lower 

performance on working memory tasks. 

Further, even individuals with well-controlled hypertension are at risk for white 

matter hyperintensities. For example, poorly controlled hypertension was associated 

with highest risk of white matter hyperintensities whereas individuals with well controlled 

hypertension had moderate risk relative to individuals without hypertension (van Dijk, 

Breteler, Schmidt, Berger, Nilsson, & Oudkerk et al., 2004). Similarly, a step-wise 

pattern of presence of white matter hyperintensities was observed in a longitudinal 

study: uncontrolled hypertension was associated with greatest increased risk for 

subcortical and periventricular white matter hyperintensities whereas controlled 

hypertension was associated with a smaller, moderate increased risk relative to healthy 

controls (de Leeuw, de Groot, Oudkerk, Witteman, Hofman, & van Gijn et al., 2002). 

As noted above, hypertension is also associated with higher white matter 

hyperintensity load in the frontal lobes (Raz et al., 2003), and higher load was 

associated with lower performance on working memory tasks. 

Proposed mechanisms: Obesity and the brain 

Obesity is associated with increased production of proinflammatory markers 

(e.g., interleukin-6, TNF alpha), many of which cross the blood brain barrier and can 

lead to brain deterioration if sustained (Fuentes, E., Fuentes, F., Vilahur, Badimon, & 

Palomo, 2013; Kiliaan, Arnoldussen, & Gustafson, 2014). Higher c-reactive protein (a 

reactant made in response to increased inflammation) levels have been associated with 
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lower white matter integrity in the brain, including frontal regions among middle aged 

adults (ages 30-50 years; Verstynen, Weinstein, Erikson, Sheu, Marsland, & Gianaros, 

2013). 

Decreased cerebral perfusion is another mechanism by which obesity may 

negatively impact the brain and cognition (Bagi, Broskova, & Feher, 2014). Reduced 

blood flow leads to gray matter damage (de la Torre, 2012), and the frontal lobes may 

be especially susceptible to obesity-related reduced blood flow (Birdsill, Carlsson, 

Willette, Okonkwo, Johnson, & Xu et al., 2013). The frontal lobes are critical to 

maintaining cognitive functions, including executive functions and memory, with age 

(Glisky et al., 2001; McFarland & Glisky, 2009). Taken together, changes to the 

vasculature of the brain can lead to deterioration of gray matter and white matter tissue. 

Such changes may be the underlie the increased risk for Alzheimer’s disease (Bischof & 

Park, 2015; Fielding, Gunstad, Gustafson, Heymsfield, Kral, &Launer et al., 2013; Ho, 

Raji, Saharan, DeGiorgo, Madsen, & Hibar et al., 2011). Even cognitively healthy 

individuals with an increase or decrease in BMI late in life tend to have increased 

Alzheimer’s neuropathology (Besser, Alosco, Ramirez Gomez, Zhou, McKee, & Stern et 

al., 2016). Among individuals without dementia, obesity-related differences in white 

matter and gray matter are associated with individual differences in cognitive functioning 

(Walther et al., 2010). 

Individuals with a higher BMI tend to have smaller gray matter volumes (Driscroll, 

Beydoun, An, Davatzikos, Ferrucci, & Zonderman et al., 2012; Raji, Ho, Parikshak, 

Becker, Lopez, & Kuller et al., 2010; for review, see Willette & Kapogiannis, 2015). 

Walther et al. (2010) found that among cognitively healthy older women, ages 52-92 
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years, obesity alone was related lower executive functioning performance. Further, 

higher BMI was associated with lower gray matter volumes in frontal, parietal, temporal, 

and cerebellar regions. Smaller gray matter volumes in obesity-related regions 

predicted lower scores on executive functioning and memory, suggesting that brain 

structure mediates the impact of obesity on cognition. 

 The role of BMI on white matter is nuanced. In the same group of 95 women 

(Walther et al., 2010), higher BMI was related to larger white matter volumes, but white 

matter volumes were not predictive of cognitive functioning. A later analysis of the same 

sample found BMI predicted white matter integrity in several regions within frontal, 

temporal, parietal, cerebellar, and internal capsule areas (Ryan & Walther, 2014). 

Specifically, higher BMI was associated with lower axial diffusivity which may represent 

lower white matter integrity. In contrast to white matter volumes, white matter integrity 

successfully predicted cognition. Specifically, lower white matter integrity in those 

regions was related to lower executive functioning, slower processing speed, and lower 

episodic memory scores (Ryan & Walther, 2014). Diffusion measures in frontal white 

matter regions predicted executive function scores, whereas temporal and parietal white 

matter measures predicted memory scores. 

APOE ε4 allele, cognition, and the brain 

Among non-Hispanic Whites, the apolipoprotein ε4 (APOE ε4) allele increases 

risk for Alzheimer’s disease. In the brain, apolipoprotein transports cholesterol and plays 

a role in neuronal repair (Villeneuve et al., 2014). The APOE gene has three variants 

(ε2, ε3, and ε4). One copy of the ε4 allele is associated with a three-fold increase in 
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Alzheimer’s disease risk and two copies are associated with a 15-fold increase in risk 

(Farrer, Cupples, Haines, Hyman, Kukull, & Mayeux et al., 1997). 

APOE ε4 status impacts cognition among cognitively healthy (non-demented) 

older adults. Late middle age and older APOE allele carriers have lower episodic 

memory relative to non-carriers (Caselli, Dueck, Osborne, Sabbagh, Connor, & Ahern et 

al., 2009). A meta-analysis by Small et al. (2004) determined that APOE allele carriers 

consistently had lower episodic memory and executive functions scores as well as lower 

global cognitive functioning (based on cognitive screeners and intelligence tests) 

compared to non-carriers. Several other domains were not associated with APOE ε4 

status, including language/verbal abilities, attention, perceptual speed, and visuospatial 

skills. More recently, an approximately 3 year longitudinal study (Albrecht et al., 2015) 

comparing changes in cognitive functioning over time found that among cognitively 

healthy individuals, ε4 carriers had steeper declines on episodic memory tasks relative 

to their cognitively healthy non-carrier peers. Comparing those with MCI, ε4 carriers had 

greater declines in executive functioning in addition to greater declines in episodic 

memory, compared to non-carriers. 

Given links between APOE ε4 status, episodic memory, and risk for Alzheimer’s 

disease, there is special interest in the impact of ε4 status on the hippocampus. 

Interestingly, Albrecht et al. (2015) found that APOE ε4 carriers with smaller hippocampi 

had lower delayed verbal memory compared to non-carriers. ε4 status was unrelated to 

memory performance among individuals with larger hippocampal volumes. Among 

cognitively healthy middle age and older adults, individuals with at least one copy of the 

ε4 allele had smaller brain volumes relative to non-carriers (den Heijer et al., 2002; 
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Taylor, Scanlon, Farrell, Hernandez, Adamson, & Ashford et al., 2014). In contrast, 

APOE ε4 status did not predict hippocampal volumes in Filippini et al. (2011). 

Longitudinal data on rate of decline may differentiate APOE ε4 carriers from non-

carriers. For example, Jak et al. (2007) did not find hippocampal differences when 

comparing APOE ε4 status groups (carriers to non-carriers) at one time point. However, 

APOE ε4 carriers were found to have larger declines in hippocampal volumes over an 

average 17 months. Further, certain regions (or subfields) within the hippocampus may 

be more or less sensitive to influence from the APOE ε4 allele. There is some evidence 

that the impact of APOE ε4 status in older adulthood may be more specific to the CA3 

and dentate gyrus of the hippocampus (Mueller et al., 2008). 

APOE ɛ4 status also impacts white matter. Heise et al. (Heise, Filippini, Ebmeier, 

& Mackay, 2011) observed specific effects of APOE ɛ4 status on white matter 

microstructure rather than white matter tissue. Specifically, white matter volumes did not 

differ between ɛ4 carriers and non-carriers. In contrast, Heise et al. (2011) found higher 

mean diffusivity (without increase in fractional anisotropy) across the majority of the 

brain, suggesting low white matter integrity among old carriers versus non-carriers. 

Further, this pattern was seen among young and older adults. Among a group of older 

adults, APOE ɛ4 status also had a broad effect on white matter integrity (Ryan et al., 

2011). In a cross-sectional analysis, older age was associated with steeper declines in 

white matter integrity across all the regions examined (i.e., the temporal stem, frontal, 

lateral parietal, centrum semiovale, genu, and splenium white matter regions). 

Hispanics: Hispanic mortality paradox and cardiovascular health 
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 Hispanics have a 17.5% lower mortality rate compared to non-Hispanic groups, 

including non-Hispanic Whites (for review see Ruiz et al. 2013). Given that Hispanics, 

relative to non-Hispanic Whites, tend to experience more challenges that are associated 

with poorer health outcomes (e.g., higher rates of poverty, less access to medical care, 

and less formal schooling), it is paradoxical that Hispanics have longer lifespan (Gallo et 

al. 2009A). Hence, this pattern is commonly referred to as the Hispanic mortality 

paradox. 

The Hispanic mortality paradox also applies to specific medical conditions. For 

example, Hispanics with cardiovascular disease have longer life-expectancy than non-

Hispanics with the same condition (reviewed in Medina-Inojosa et al. 2014). A meta-

analysis of longitudinal data found that Hispanics with cardiovascular disease live longer 

than non-Hispanic Whites with the disease (for review see Ruiz et al. 2013). In addition 

to the Hispanic mortality paradox, there is a Hispanic health paradox. The latter reflects 

lower prevalence (rather than survivorship) of certain illnesses among Hispanics 

compared to non-Hispanics. For example, Hispanics have lower rates of heart-disease 

and strokes than non-Hispanic Whites (Ruiz et al. 2016), suggesting protection from 

some physical health diseases (a Hispanic health paradox). With regard to the 

cardiovascular risk factors of interest, Hispanics have a 2-5% lower risk of hypertension 

relative to non-Hispanic Whites (Balfour et al. 2016; Sorlie et al. 2014), yet they have 

higher rates of obesity than non-Hispanic Whites (43% versus 33%, respectively). 

Genetics (Haffner, Gruber, Morales, Hazuda, Valdez, & Mitchell et al., 1992) 

and/or sociocultural (Ramirez-Esparza, Mehl, Álvarez Bermúdez, & Pennebaker, 2009; 

Ruiz, Hamann, Mehl, & O’Connor, 2016) factors have been proposed as mechanisms 



  
  
  23
  

underlying the paradoxes. In particular, sociocultural mechanisms have been supported. 

Among Hispanics, greater acculturation, in this case the degree to which Anglo-

American customs and values are adopted, is associated poorer cardiovascular health 

(Gallo, Espinosa de los Monteros, Allison, Diez Roux, Polak, & Watson et al., 2009B). In 

contrast, a study limited to Hispanics 60 years of age and older, most of whom had lived 

in the United States for several decades, detected a different pattern: Hispanics with 

higher acculturation (i.e., Hispanics adopting more Anglo-American customs) had better 

cardiovascular health (i.e., healthier cholesterol levels) than individuals with lower 

acculturation (López, Peralta, Lee, Zeki Al Hazzouri, & Haan, 2014). The authors 

(López et al., 2014) hypothesize that acculturation may be detrimental to health and 

mortality in younger stages of life but becomes beneficial in older age. More specifically, 

they suggested that acculturation in older adulthood may be especially important for 

boosting socioeconomic status, improving medical coverage, and increasing social 

support with greater English language use. Of note, the authors only examined the 

impact of acculturation on cardiovascular health, not on mortality. It is unclear whether 

better cardiovascular health equates to lower mortality among aging Hispanics. 

A more recent study of mortality in older Hispanics found that both foreign born 

Hispanics and United States born Mexicans and Puerto Rican males over 65 years old 

outlived their non-Hispanic White counterparts (Fenelon et al., 2017). Further, the 

advantage for foreign born individuals was observed across all older Hispanic 

subgroups (i.e., Dominicans, Puerto Ricans, Central and South Americans, Mexican 

Americans), suggesting acculturation plays a smaller role in older adulthood. In 

contrast, middle age foreign-born and United States-born Mexican Americans did not 
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show a mortality benefit over non-Hispanic Whites, stressing the importance of aging. 

Heterogeneity in the strength of the Hispanic paradoxes between various Hispanic 

subgroups may be reflective of between group differences in racial background, 

genetics, culture, or some combination of these factors. 

Hispanic paradox for cognitive aging? 

As noted above, Hispanics are at similar or increased risk for Alzheimer’s 

disease relative to non-Hispanic Whites (Haan et al., 2003; Gurland et al., 1999) which 

is evidence against a Hispanic health paradox for Alzheimer’s disease. However, 

Hispanics with Alzheimer’s disease may live longer than non-Hispanic Whites with the 

disease (Gurland et al., 1999; Helzner et al., 2008). One study (Gurland et al., 1999) of 

Alzheimer’s disease postdiagnosis survival found Hispanics (the majority of whom were 

Caribbean Hispanics) had longer median survival (7.6 years) compared to African 

Americans (4.8 years) and non-Hispanic Whites (3.7 years). An examination of 

individuals who developed Alzheimer’s disease while enrolled in a longitudinal study, 

found lower mortality rates among Hispanics relative to non-Hispanic Whites who 

developed Alzheimer’s disease (Helzner et al., 2008). Both studies support a Hispanic 

mortality paradox for Alzheimer’s disease. 

However, it is unclear if the Hispanic mortality paradox confers protection for 

cognition among those without dementia. For example, daily functioning may be 

preserved for longer periods of time in the face of cognitive declines. The existing 

literature suggests that in general Hispanics may have poorer daily functioning 

compared to non-Hispanic Whites (Carrasquillo, Lantigua, & Shea, 2000). Additionally, 

cognitive scores, especially higher memory scores were shown to be associated with 
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better daily functioning and to a similar degree Hispanics and non-Hispanic Whites 

(Farias, Mungas, Reed, Haan, & Jagust, 2004). Among non-Hispanic Whites females 

have been shown to have lower daily functioning than males (Millán-Calenti et al., 2010; 

Mor et al., 1989). However, it is unclear if Hispanic females may be more susceptible to 

declines in daily functioning relative to Hispanic males. More research is needed to test 

other factors that may be impacting daily functioning among Hispanics. 

In addition to characterizing the role of cognition in daily functioning among 

Hispanics, there is a need for research on factors that influence cognition itself. The 

impacts of risk factors for cognitive impairments identified in predominantly non-

Hispanic White samples (e.g., hypertension, obesity, APOE ε4 status) have not been 

well characterized among Hispanics. 

Hypertension and cognition among Hispanics 

There is mixed evidence for an effect of hypertension on cognition among 

Hispanics, and the majority of literature investigates blood pressure rather than 

hypertensive status. For example, a study of over 9,000 Hispanics (Tarraf et al., 2017) 

found that higher systolic blood pressure and diastolic blood pressure were associated 

with lower performance on a verbal memory task but only systolic blood pressure was 

linked to slower psychomotor speed (Tarraf et al. 2017). In a longitudinal study of 

Hispanics (Yaffe et al. 2007), blood pressure did not predict baseline memory 

performance or change in memory over an average 2.6 year period, although baseline 

blood pressure predicted declines on a measure of global cognitive functioning (the Mini 

Mental State Examination) over the same time period. In a longitudinal comparison of 

Hispanics to non-Hispanic Whites over a 22-month period, declines in executive 
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functioning were equal in Hispanics and non-Hispanic Whites, but Hispanics 

experienced greater declines in global cognitive functioning (i.e., on Mini Mental State 

Exam scores; Hildreth, Grigsby, Bryant, Wolfe, & Baxter, 2014). Importantly, differences 

in global cognitive decline between ethnic groups were not attributable to cardiovascular 

risk (i.e., hypertension, obesity, or diabetes). In a study of hypertension management, 

Hispanics with poorly controlled hypertension performed similarly to those with well-

controlled hypertension on a verbal memory task but were slower on a processing 

speed task (Lamar et al. 2017).  

Obesity and cognition among Hispanics 

The influence of obesity on cognition among Hispanics has hardly been 

investigated. Among over 9,000 Hispanics, the majority of whom had metabolic 

syndrome (a cluster of cardiovascular risk factors), obesity did not predict any cognitive 

measure (episodic memory, executive functions, verbal fluency) after taking into 

account demographics, Hispanic subgroup, and depressive symptoms (González et al., 

2018). 

Hypertension and the brain among Hispanics 

There is some evidence that higher blood pressure is associated with changes to 

the brain among Hispanics. Among older (> 60 years old) cognitively healthy Mexican 

Americans, higher systolic blood pressure was associated with larger white matter 

hyperintensity volumes (Wu, Mungas, Petkov, Eberling, Zrelak, & Buonocore et al., 

2002). Longitudinal increases in diastolic blood pressure over approximately seven 

years were equally predictive of larger white matter hyperintensity volumes among 
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Hispanics and non-Hispanic Whites but had strongest associations in non-Hispanic 

Blacks (Marcus, Gardener, Rundek, Elkind, Sacco, & DeCarli et al., 2011). 

Obesity and the brain among Hispanics 

There is also evidence that obesity may be related to changes in brain structure 

among Hispanics: higher waist-to-hip ratio, a measure of obesity, was associated with 

smaller hippocampal volumes and greater white matter hyperintensities (Jagust et al., 

2005). 

APOE ε4 allele, cognition, and the brain among Hispanics 

Hispanics are less likely to carry the APOE ε4 allele than non-Hispanic Whites 

(Farrer et al., 1997). Across more than 10,000 Hispanic Americans, ranging in age from 

18 to 74 years, 11 – 17.5% carried at least one ε4 allele (González et al., 2018). 

Dominicans had the highest proportion of ε4 carriers (17.5%). However, some studies 

find much lower rates of the ε4 allele among Hispanics. For example, in a study of older 

adults, ages 60 – 101 years, only 4% of participants carried at least one ε4 allele (Haan 

et al., 2003).  

 The majority of APOE ε4 allele literature among Hispanics is focused on risk for 

Alzheimer’s disease. The evidence is mixed (Farrer et al., 1997; Gurland et al., 1999; 

Haan et al., 2003; Harwood et al., 2004; Tang, Stern, Marder, Bell, Gurland, & Lantigua 

et al., 1998). Among Hispanics who were primarily of Caribbean origin, ε4 carriers were 

no more likely to develop Alzheimer’s disease than non-carriers (Tang et al., 1998). In 

contrast, among a group of Hispanics with Alzheimer’s disease who identified their race 

as White and were predominantly of Cuban descent, proportion of ε4 carriers was 

similar to that among non-Hispanic Whites (Harwood et al., 2004). 
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There is little literature on the role of APOE ε4 status on cognition or brain 

structure/function among cognitively healthy Hispanics. Interestingly, one study 

(Carrión-Baralt et al., 2009) of 90 year old Puerto Ricans without dementia found that ɛ4 

carriers relative to non-carriers had higher scores on a composite of visuospatial, 

naming, and attention tasks. This is in contrast to the majority of APOE ε4 studies on 

predominantly non-Hispanic White samples (see Small et al., 2004). More research on 

Hispanics ages 50 and older needs to be conducted in order to determine if the higher 

cognitive scores among ɛ4 carriers relative to non-carriers found in (Carrión-Baralt et al., 

2009) may be observed or if a different pattern would emerge. 

The impact of APOE ε4 status on the brain among Hispanics follows patterns that 

are somewhat more consistent with those seen among non-Hispanic Whites. For 

example, a study (Reiman, Caselli, Chen, Alexander, Bandy, & Frost, 2001) using 

positron emission tomography on cognitively healthy non-Hispanic Whites, identified 

greater declines in brain metabolism over a 2-year period within temporal, prefrontal, 

posterior cingulate, parahippocampal, thalamic, and basal forebrain regions among ε4 

carriers relative to non-carriers. Langbaum et al. (2010) detected lower cerebral 

metabolism in similar regions (the precuneus and posterior cingulate gyrus) among 

Hispanic ε4 carriers compared to non-carriers. The role of APOE ε4 status on white 

matter and brain structure among predominantly Hispanic samples is more nuanced 

(Caunca et al., 2016; Willey et al., 2014). Specifically, APOE ε4 status was not 

associated with increased risk for microbleeds in the brain (Caunca et al., 2016). In the 

same sample, APOE ε4 status was associated with larger white matter hyperintensity 

volumes among individuals with lower cholesterol relative to ε4 carriers with high 
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cholesterol whereas cholesterol levels did not predict white matter hyperintensity 

volumes among non-carriers (Willey et al., 2014). 

Overall goals 

 There is some evidence that hypertension, obesity, and the APOE ε4 allele all 

impact cognitive abilities, albeit the literature is mixed and suggests nuanced effects 

(e.g., interactions with age or gender). Each factor likely contributes to cognition via 

altering brain structure. However, these relationships have largely been tested on non-

Hispanic Whites, not ethnic minority groups. Understanding how these associations 

impact cognitive functioning among Hispanics is particularly important for multiple 

reasons. First, Hispanics are a growing population who are already underserved in 

several areas of health. Second, compared to non-Hispanic Whites, Hispanics face 

similar or greater rates of Alzheimer’s disease. Third, Hispanics live longer than non-

Hispanic Whites. The Hispanic mortality and health paradoxes characterize resilience in 

physical health, despite Hispanics being exposed to more psychosocial stressors on 

average than non-Hispanic Whites. These paradoxes also suggest that risk factors that 

impact cognitive functioning (e.g., hypertension, obesity) among non-Hispanic Whites 

may not have the same influence on physical health among Hispanics, and therefore, 

may also have different effects on cognition among Hispanics. 

The aim of the series of studies was to help begin to characterize the 

relationships between cardiovascular risk factors (hypertension, obesity) as well as 

genetics (the APOE ε4 allele) and cognition among Hispanics without dementia. 

In chapter two we tested whether the ability for cognition (i.e., processing speed, 

episodic memory, and executive functions) to predict daily functioning differed between 
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Hispanics and non-Hispanic Whites. We also examined the interactions between 

gender and ethnicity on daily functioning. We hypothesized that Hispanic ethnicity would 

protect functioning for both sexes (i.e., Hispanic males and females would have 

equivalent daily functioning to non-Hispanic White males), but, consistent with previous 

literature showing a general female disadvantage in daily functioning, we expected that 

non-Hispanic White females would have poorer functioning compared to the former 

three groups. Additionally, we predicted that among Hispanics, daily functioning may be 

preserved even among those with poorer cognitive functioning. This may be evident via 

weaker relationships between cognition (specifically executive functions, episodic 

memory, and processing speed) and daily functioning among Hispanics compared to 

non-Hispanic Whites. 

 In chapter three we compared the separate influence of two cardiovascular risk 

factors (hypertension, obesity) on cognitive functions (memory, task switching, and 

updating working memory) between Hispanics and non-Hispanic Whites. We predicted 

that each cardiovascular risk factor may be associated with lower scores on all cognitive 

tasks. Additionally, we predicted that Hispanics would show a weaker relationship 

between cardiovascular risk factors and cognition compared to non-Hispanic Whites. 

 In chapter four we tested the separate impacts of hypertension and obesity on 

gray matter and white matter volumes. As with our previous studies, we examined how 

these relationships may vary based on Hispanic ethnicity. We extracted total gray 

matter, total white matter, left hippocampal gray matter, and right hippocampal gray 

matter. Additionally, we performed whole brain voxel-based morphometry analyses to 

test the impacts of hypertension and obesity on brain volumes. Finally, we extracted 
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significant clusters. We tested the impact of all mentioned brain volume measures on 

cognition (memory, task switching, working memory, and processing speed). We 

predicted that hypertension and higher BMI may be associated with smaller volumes in 

the gray matter and hippocampi and either smaller or larger white matter volumes in the 

prefrontal cortex. Based on the findings noted in Chapter 3, we predicted that each 

cardiovascular risk factor would impact volumes to a greater extent among Hispanics 

compared to non-Hispanic Whites. Regarding cognition, we predicted that smaller 

regional brain volumes may be associated with lower scores on episodic memory, 

executive functioning, and processing speed in both ethnic groups but to a lesser extent 

among Hispanics. 

 Finally, in Chapter 5 we examined whether the influence of APOE ε4 status on 

cognition (episodic memory, executive functioning and processing speed) differed 

between Hispanics and non-Hispanic Whites. We predicted that APOE ε4 carriers would 

have lower scores on cognitive tests, especially on episodic memory, compared to non-

carriers. We expected this effect to be true across ethnic groups but stronger among 

non-Hispanic Whites relative to Hispanics. The second part of chapter 5 focuses on the 

impact of APOE ε4 status on gray matter and white matter volumes. We extracted total 

gray matter, total white matter, and hippocampal volumes. We also conducted a voxel-

wise analysis across the whole brain to identify regional volumes in addition to the 

hippocampus that may be impacted by APOE ε4 status and ethnicity. We hypothesized 

that ε4 carriers would have lower gray matter volumes in the hippocampus compared to 

non-carriers. We also predicted that this effect would be stronger among non-Hispanic 

Whites. 
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CHAPTER 2 

STICKEL ET AL. (SUBMITTED). ETHNIC COMPARISONS OF COGNITION AND 

DAILY FUNCTIONING AMONG OLDER ADULTS. 

Submitted to the Journal of the International Neuropsychological Society 

Abstract 

Objective: Several cognitive (e.g., memory, executive functioning) and demographic 

factors (e.g., sex, ethnicity) have been implicated in the maintenance of daily functioning 

with age. The present study examined the impact of cognition and sex on daily functioning 

among older adults (ages 50 – 94 years) who self-identified as Hispanic (n = 85) or non-

Hispanic Whites (n = 97). 

Method: Participants from the National Alzheimer’s Coordinating Center (NACC) and 

Alzheimer’s Disease Neuroimaging Initiative (ADNI) databases completed the Functional 

Activities Questionnaire (FAQ), a measure of daily functioning, and cognitive measures 

of memory, executive functioning, and processing speed. Ethnic groups and sex groups 

were matched on age and education. 

Results: Among non-Hispanic Whites, females had better daily functioning than males 

which contrasts with the majority of existing literature. Slower processing speed 

significantly predicted poorer daily functioning among non-Hispanic Whites but not for 

Hispanics. In contrast, lower scores on a test of delayed verbal memory were associated 

with poorer daily functioning across both ethnicities. 

Conclusion: Our results highlight the nuanced and interactive roles of ethnicity, sex, and 

cognitive factors in daily functioning. The observed female advantage may be suggestive 

of a changing relationship between sex and functioning than in previous cohorts. 
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Regarding ethnicity, our findings suggest that cognitive measures, with the exception of 

memory, are ineffective in predicting functioning among Hispanics, perhaps due to 

preservation of functioning even in the context of cognitive declines or due to differences 

in cultural approaches to the cognitive measures.  

Key words: Activities of daily living, cognition, aging, ethnicity, Hispanics, sex, NACC, 

ADNI 
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Introduction 

Impairments in the ability to perform basic activities of daily living (ADLs; e.g., 

dressing and toileting) and more cognitively complex or instrumental ADLs, such as 

paying bills and meal preparation, are associated with shorter life-expectancy 

(Ginsberg, Hammerman-Rozenberg, Cohen, & Stessman, 1999; Stineman et al., 2012). 

Instrumental ADLs tend to decline prior to basic ADLs (Millán-Calenti et al., 2010; 

Tomaszewski Farias et al., 2009). Impairments in instrumental ADLs due to declines in 

cognition are a diagnostic criterion for dementia that distinguish it from mild cognitive 

impairment (McKhann et al., 2011), and some studies suggest subtle impairments in 

instrumental ADLs are observed even in individuals without dementia (Farias et al., 

2006; Zahodne, Manly, MacKay-Brandt, & Stern, 2013). Determining the factors that 

predict declines in daily functions in those without dementia may provide targets for 

intervention for older adults at greater risk of developing dementia. 

A recent review concluded that among older adults of varying levels of cognitive 

abilities (from cognitively healthy to demented), memory and executive functions, a 

diverse group of cognitive control processes used in complex tasks, were the most 

consistent cognitive predictors of declines in daily functioning (Overdorp et al., 2016). 

For instance, in one study declines in executive functions, but not in global cognition, 

were predictive of poorer daily functioning (Royall, Palmer, Chiodo, & Polk, 2004).  

Similarly, in another study both executive functioning and episodic memory performance 

at baseline predicted declines in daily functioning longitudinally, up to nine years post-

baseline (Cahn-Weiner et al., 2007). However, upon direct comparison, the evidence is 

mixed as to whether episodic memory or executive functioning is a better measure of 
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daily functioning (Brown, Devanand, Liu, & Caccappolo, 2011; Cahn-Weiner et al., 

2007).  

One possible reason for the mixed results between cognition and daily 

functioning is that demographic factors should be considered. For instance, sex may 

play a role in the maintenance of daily functioning in older adulthood. Females live 

longer than males but typically experience greater functional impairment in later life 

(Guralnik & Kaplan, 1989; Roos & Havens, 1991). Female disadvantages in daily 

functioning have been observed in both cross-sectional and longitudinal studies 

(Alexandre et al., 2014; Millán-Calenti et al., 2010; Mor et al., 1989, but also see 

Agüero-Torres et al., 1998; Boult et al., 1994). For example, over a two-year period, 

older females were more susceptible to developing impairments in daily functions than 

their male counterparts (Mor et al., 1989). In a six-year longitudinal study of Brazilians, 

females had greater declines in daily functioning than males, and females started 

showing significant declines in their seventh decade of life whereas males experienced 

significant declines starting in their eighth decade of life (Alexandre et al., 2014). A more 

nuanced investigation of specific deficits in daily functioning among older adults 65 

years and older found an overall advantage for males in maintaining of basic ADLs but 

sex-specific differences in maintenance of various instrumental ADLs (Millán-Calenti et 

al., 2010). 

Ethnicity, particularly Hispanic ethnicity, is another demographic factor that may 

influence the relationship between cognition and daily functioning. Understanding daily 

functioning among Hispanics is increasingly important because the United States 

Hispanic population, including the older adult population, is growing (Colby & Ortman, 
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2015). Furthermore, Hispanics, on average, outlive non-Hispanic Whites even in the 

context of poorer access to healthcare, a pattern known as the Hispanic mortality 

paradox (Abraído-Lanza, Dohrenwend, Ng-Mak, & Turner, 1999; Ruiz, Steffen, Smith, 

2013). Additionally, Hispanics have lower rates of most diseases, including 

cardiovascular disease, cancer, and stroke compared to non-Hispanic Whites 

(Benjamin et al., 2018; Siegel, Miller, & Jemal, 2016), suggesting a broader Hispanic 

health paradox. However, it is unclear if Hispanic ethnicity is associated with relative 

advantages in daily functioning in the context of cognitive aging. If factors that lead to 

the Hispanic mortality paradox extend to daily functioning, there may be a weaker 

relationship between cognition and ADLs than previously reported in other groups. 

Recent findings suggest that older Hispanics had poorer working memory compared to 

non-Hispanic Whites of similar age and education, but episodic memory and task 

switching abilities were comparable between groups (Stickel, McKinnon, Ruiz, Grilli, & 

Ryan, 2019). Despite controlling for age and education and matching ethnic groups on 

these variables, differences in working memory (measured by Digit Span Backward) 

were statistically meaningful. Given the mix of cognitive similarities and differences 

between the two ethnic groups, it is important to test if cognition differentially predicts 

real-world (i.e., functional) outcomes. 

Existing evidence suggests that overall Hispanics have poorer daily functioning 

than non-Hispanic Whites (Carrasquillo, Lantigua, & Shea, 2000). It is unclear if 

relationships between cognition and daily functioning extend to Hispanics. Two studies 

that examined cognition and daily functioning among Hispanics observed similar 

relationships between poorer cognitive functioning and poorer daily functioning among 
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Hispanics (Farias, Mungas, Reed, Haan, & Jagust, 2004) or even greater 

disadvantages among Hispanics (Tarraf, Jensen, Dillaway, Vásquez, & González et al., 

2018) compared to non-Hispanic Whites. Farias et al. (2004) specifically found that 

better performance on object naming and verbal memory measures were associated 

with better daily functioning across Mexican Americans and non-Hispanic Whites while 

performance on verbal attention, verbal conceptual thinking, and pattern separation 

tasks were unrelated to functioning. Further, dominant language (i.e., English versus 

Spanish) within Hispanics also did not moderate such relationships, suggesting that the 

relationship between cognition and daily functioning is independent of acculturation as 

well as ethnicity (Farias et al., 2004). 

Taken together, this suggests that Hispanics are not protected against lower 

functioning in the context of poorer cognitive abilities. However, both ethnic comparison 

studies (Tarraf et al., 2018; Farias et al., 2004) controlled for education but were unable 

to match groups on this critical factor. Education has been linked to outcomes in both 

cognition (Steffener & Stern, 2012) and daily functioning (Tappen, Rosselli, & Engstrom, 

2012; Mejia et al., 2004). It can have downstream effects on functioning by increasing 

risk for poverty and health illiteracy (Glymour & Manly, 2008; Zahodne, Manly, Smith, 

Seeman, & Lachman, 2017), including among Hispanics (Haan et al. 2016). Further, the 

measures of daily functioning obtained may impact ethnic comparisons. One measure 

of daily functioning, the Functional Activities Questionnaire (FAQ; Pfeffer, Kuroski, 

Harrah, Chance, & Filos, 1982), was found to have equivalent item and total measures 

of daily functioning between Hispanics and non-Hispanic Whites (Tappen, Rosselli, & 

Engstrom, 2010), potentially making it appropriate for cross-cultural studies. 



  
  
  38
  

Additionally, the FAQ measures ability to perform daily functions that are more 

complicated than those measured in other instrumental ADL questionnaires (Pfeffer et 

al., 1982), potentially providing earlier detection of more subtle declines in daily 

functioning even among cognitively healthy individuals (Tappen et al., 2010). 

Despite previous studies that failed to detect differences in the relationships between 

cognition and daily functioning across ethnic groups (Farias et al.,2004), we 

hypothesized that Hispanics would have preserved daily functioning (lower FAQ scores) 

relative to non-Hispanic Whites if groups were matched on years of education. We 

tested the interaction between sex and ethnicity on total FAQ scores. We predicted that 

Hispanic ethnicity would protect functioning for both sexes (i.e., Hispanic males and 

females would have equivalent daily functioning to non-Hispanic White males), but, 

consistent with previous literature showing a general female disadvantage in daily 

functioning, we expected that non-Hispanic White females would have poorer 

functioning compared to the former three groups. Additionally, we predicted that among 

Hispanics, daily functioning would be preserved even among those with poorer 

cognitive functioning. This would be evident via weaker relationships between cognition 

(specifically executive functions, episodic memory, and processing speed) and total 

FAQ among Hispanics compared to non-Hispanic Whites. 

Method 

Participants 
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A total of 202 participants, ages 50 – 94 years, were selected from the NACC1 (n 

= 134; https://www.alz.washington.edu/) and the ADNI2 (n = 68) databases. We have 

previously reported on this sample (see Stickel et al., 2019. Briefly, we limited our 

sample to those who self-identified their race as White in order to reduce the potential 

confounds of race. Ethnicity was self-reported. Across the two datasets, 182 (NACC: n 

= 115; ADNI: n = 67) individuals completed the FAQ. Hispanics and non-Hispanic 

Whites were matched on age and education (ts ≤ 1.10, n.s.) as well as proportion of 

individuals with mild cognitive impairment, apolipoprotein ε4 status (a genetic risk factor 

for Alzheimer’s disease), and history of hypertension (χ2s ≤ 2.58, n.s.). When 

compared on sex, males and females had comparable age and education (ts ≤ |1.17|, 

n.s.). Sex groups were also matched on apolipoprotein ε4 status and history of 

hypertension (χ2s ≤ 0.38, n.s.), but males were more likely to be diagnosed with mild 

cognitive impairment than females (χ2(1) = 9.91, p < 0.01). When divided into four 

groups based on ethnicity and sex, groups differed on mild cognitive impairment status 

based on logistic regression analysis (χ2(1) = 4.11, p < 0.05) such that non-Hispanic 

males were more likely to be diagnosed with mild cognitive impairment than non-

Hispanic females (χ2(1) = 13.40, p < 0.001) and Hispanic females (χ2(1) = 6.79, p < 

0.01). No other group differences were detected for mild cognitive impairment status 

(χ2s ≤ 2.77, n.s.). According to logistic regression analysis, the four groups did not 

                                                      
1 NACC participants selected for this analysis were from 10 ADCs. 
2 Data used in the preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) database (adni.loni.usc.edu). The ADNI was launched in 2003 as a public-private partnership, led by 
Principal Investigator Michael W. Weiner, MD. The primary goal of ADNI has been to test whether serial magnetic 
resonance imaging (MRI), positron emission tomography (PET), other biological markers, and clinical and 
neuropsychological assessment can be combined to measure the progression of mild cognitive impairment (MCI) 
and early Alzheimer’s disease (AD). For up-to-date information, see www.adni-info.org. 
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differ on apolipoprotein ε4 status nor on history of hypertension (χ2s ≤ 0.95, n.s.). See 

table 1. 
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Table 1. Combined ADNI and NACC sample demographics organized by ethnicity and sex. 

 Ethnicity Statistical differences 

 Hispanics 
(n = 85) 

 Non-Hispanic Whites 
(n = 97) 

 Males 
(n = 29) 

Females 
(n = 56) 

 Males 
(n = 38) 

Females 
(n = 59) 

Ethnicity Sex Ethnicity x sex 

Age (years) M (±S.E.M.) 73.10 
(1.49) 

71.68 
(1.06) 

 72.66 
(1.34) 

70.76 
(1.46) 

t(180) =        
-0.48 

t(180) = -
1.17 

F(1, 178) = 
0.03 

Education (years) M 
(±S.E.M.)  

12.25 
(0.88) 

12.86 
(0.59) 

 13.18 
(0.59) 

13.31 
(0.29) 

t(179) = 
1.10 

t(179) = 0.52 F(1, 177) = 
0.18 

Mild cognitive impairment 
(%) 

48.28% 41.07%  68.42% 30.51% χ2(1) = 
0.06 

χ2(1) = 
9.91** 

χ2(1) = 4.11* 

Apolipoprotein ε4 (%) 17.86% 29.63%  31.58% 30.51% χ2(1) = 
0.62 

χ2(1) = 0.38 χ2(1) = 0.95 

History of hypertension 
(%) 

65.52% 60.71%  50.00% 50.85% χ2(1) = 
2.58 

χ2(1) = 0.02 χ2(1) = 0.14 

* = p < 0.05 
** = p < 0.01 
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Measures 

Activities of daily living – Functional Activity Questionnaire 

Activities of daily living were assessed in both NACC and ADNI datasets using 

the FAQ (Pfeffer et al., 1982). The FAQ is a brief, 10-item questionnaire that aims to 

measure daily social and cognitive functioning in older adults and is suitable for retired 

populations. All FAQ ratings for NACC and ADNI samples were collected from 

informants. Each item is rated on a 0 (normal) to 3 (dependent) scale. If an item is not 

performed by the individual (i.e., has never been a responsibility for the individual), then 

it is not rated. Tappen and colleagues (Tappen et al., 2010) reported similar ratings 

between Hispanic Americans and European Americans on individual FAQ items and 

FAQ total scores. A Spanish version of the FAQ was administered to informants who 

preferred speaking in Spanish (Acevedo et al., 2009). 

Neuropsychological/cognitive measures 

Both NACC and ADNI administer parts or all of the Uniform Data Set (Weintraub 

et al., 2009; http://www.adni-info.org/Scientists/CognitiveTesting.html). Tests of interest 

included in the Uniform Data Set are the Wechsler Memory Scale (WMS) -III or -R 

Logical Memory Story A Delayed Recall (only administered to NACC participants; 

Wechsler, 1987; Wechsler, 1997), WAIS-R Digit Span Backward (Wechsler, 1981), 

Trails Making Test (Parts A and B; Reitan, 1958), and the WAIS-R Digit Symbol Coding 

(only administered to NACC participants; Wechsler, 1981). Trail B was divided by Trail 

A raw completion times (Trails B/A; Arbuthnott and Frank, 2000) as a measure of task 

switching. The Uniform Data Set was translated into Spanish in multiple variations to 

http://www.adni-info.org/Scientists/CognitiveTesting.html
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accommodate cultural/national differences between various Hispanic groups (Acevedo 

et al., 2009). ADNI participants also completed the Rey Auditory Verbal Learning Test 

(AVLT; Rey, 1941). Given the different verbal memory tests (i.e., Logical Memory and 

AVLT) administered to NACC and ADNI participants, respectively, test scores were 

standardized to create one delayed verbal memory score across all participants i.e. 

memory scores were transformed to z-scores separately based on memory test. See 

table 2 for the numbers of Hispanics and non-Hispanic Whites with cognitive data per 

task. See table 3 for mean comparisons between ethnic groups. 

 
Table 2. Numbers of participants (organized by ethnicity) with daily functioning and 
cognitive data broken down by task. NACC = National Alzheimer’s Coordinating Center; 
ADNI = Alzheimer’s Disease Neuroimaging Initiative; NHW = non-Hispanic White; FAQ 
= Functional Activities Questionnaire; RAVLT = Rey Auditory Verbal Learning Test. 

   NACC ADNI Total 
 Hispanic NHW Hispanic NHW Hispanic NHW 
       

Daily functioning       

FAQ 51 64 34 33 85 97 

Episodic memory       

RAVLT  - - 34 33 34 33 
Logical Memory  41 44 - - 41 44 

Delayed verbal memory 
composite 

41 44 34 33 75 77 

Executive functions       

Trails B 38 44 34 33 72 77 
Digit Span Backward 42 44 13 18 55 62 

Complex processing 

speed 

      

Trails A 43 44 34 33 77 77 
Digit-Symbol Coding  42 43 - - 42 43 

 
 

Statistical Analysis 
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In order to test the hypothesis that sex and cognition are related to daily 

functioning differentially between the two ethnic groups, three sets of general linear 

models (GLMs) were performed in SPSS v 25 (IBM Corp, released 2017, Armonk, NY, 

USA). The first set of GLMs tested the independent impacts of sex, cognition, and 

ethnicity controlling for age and education. Initially, database (NACC versus ADNI) and 

Geriatric Depression Scale score were also entered into the GLMs as covariates, but 

these variables were excluded from final models due to non-significance (ps ≥ 0.25). 

The second set of GLMs tested the interaction between sex and ethnicity, controlling for 

age, sex, and cognition. The final set of GLMs tested the interaction between cognition 

and ethnicity, controlling for age, education, and sex. Each set of GLMs included five 

models, one per cognitive task (i.e., delayed verbal memory, Trails B/A, Digit Span 

Backward, Trails A, and Digit-Symbol Coding). All GLMs were tested for violations of 

homoskedasticity using White tests. Robust parameter estimates (t-statistics) are 

reported in place of GLM statistics where violations of homoskedasticity occurred. 

Finally, due to higher proportions of males to females with mild cognitive impairment, 

particularly among non-Hispanic White males, we re-tested models with significant 

predictors adding mild cognitive impairment as a covariate post-hoc. 

Table 3.  Mean (standard error of the mean) for each cognitive task per ethnicity 
group. ***p < 0.001 

 Ethnicity 
 Hispanics  Non-Hispanic 

Whites 

 M (±S.E.M.)  M (±S.E.M.) 

Delayed verbal memory z-
score  

0.08 (0.11)  -0.10 (0.12) 

Trails B/A raw 3.19 (0.16)  2.98 (0.13) 
Digit Span Backward raw*** 4.45 (0.25)  6.24 (0.30) 
Trail A raw*** 53.26 (3.76)  37.14 (2.10) 
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Digit-Symbol Coding raw*** 30.74 (2.17)  45.26 (1.88) 

 

Results 

GLMs - Main effects only 

In GLMs examining the main effects of sex, ethnicity, and cognition on FAQ 

score without testing interactions, all overall models were significant. With regard to 

specific predictors, sex and specific cognitive tasks were often significant predictors 

whereas ethnicity was not (see table 4 column titled “Set 1 GLMs: No interactions”). 

That is, female sex was associated with better (i.e., lower) FAQ scores in models that 

included delayed verbal memory (t = -2.37, p < 0.05), Digit Span Backward (t = -2.59, p 

< 0.05), Trails B/A (t = -2.76, p < 0.01), and Trails A (t = -2.99, p < 0.01) but was not 

significantly related in the model that included Digit Symbol Coding (t = -1.57, ns). Better 

delayed verbal memory predicted better FAQ scores (t = -3.56, p ≤ 0.001), and longer 

time to complete Trails A was marginally associated with higher FAQ scores, reflecting 

poorer daily functioning (t = 1.80, p = 0.07).  Such effects of sex and of cognition on 

FAQ scores were not greatly changed by adding mild cognitive impairment status to the 

model: sex and delayed verbal memory remained significant predictors (ts ≥ │1.98│, ps 

< 0.05), but Trails A went from a marginal to non-significant predictor (t = 1.50, ns). 

Performance on Digit Span Backward, Trails B/A, and Digit Symbol Coding tasks was 

not predictive of FAQ score (all ts ≤ │1.40│, ns). Hispanics only had marginally better 

FAQ scores than non-Hispanic Whites in the GLM that included Trails A (t = 1.91, p = 

0.06). In models that included delayed verbal memory, Digit Span Backward, Trails B/A, 

and Digit Symbol Coding (all ts ≤ │1.69│, ns), ethnicity did not predict FAQ score. With 
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regard to covariates, older age was significantly associated with poorer FAQ in the 

model that included Trails B/A (t = 2.00, p < 0.05) and was marginally associated in the 

model that included Digit Symbol Coding (t = 1.87, p = 0.07). Age was not predictive in 

any other models (delayed verbal memory, Digit Span Backward, and Trails A: all ts ≤ 

│1.43│, ns). More years of education was associated with better daily functioning in 

models that examined delayed verbal memory (t = -2.61, p < 0.05), Digit Span 

Backward (t = -2.53, p < 0.05), and Trails B/A (t = -2.06, p < 0.05) but was not predictive 

of FAQ in the Trails A and Digit Symbol Coding models (all ts ≤ │1.27│, ns). 
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Table 4. F-statistics for overall models, predictors, and covariates in each set of GLMs. Three sets 
of five GLMs (one per cognitive task) were included. The three sets are separated by columns: Set 
1 tested main effects without interactions, Set 2 tested the ethnicity x sex interactions, and Set 3 
tested the ethnicity x cognition interactions. Note, t-statistics from robust standard errors are 
included in place of F-statistics for models in which there was a violation of homoskedasticity. †p < 
0.10, *p < 0.05, **p < 0.01, ***p < 0.001 

 Set 1 GLMs: 
No interactions 

Set 2 GLMs: 
Ethnicity x sex 

Set 3 GLMs: 
Ethnicity x cognition 

Delayed verbal memory    

Overall model F(5, 146) = 8.24*** F(6, 145) = 7.45*** F(6, 145) = 6.89*** 
Delayed verbal memory t = -3.56** t = -3.64*** t = -1.97† 
Ethnicity t = 0.91 t = 1.61 t = 0.92 
Sex t = -2.37* t = -0.52 t = -2.38* 
Age t = 0.80 t = 0.71 t = 0.77 
Education t = -2.61* t = -2.72** t = -2.61* 
Ethnicity x delayed verbal 
memory 

N/A N/A t = -0.63 

Ethnicity x sex N/A t = -1.61 N/A 

Trails B/A    

Overall model F(5, 143) = 5.84*** F(6, 142) = 5.39*** F(6, 142) = 4.96*** 
Trails B/A t = 1.40 t = -1.66† t = 1.68† 
Ethnicity t = 1.40 t = 1.83† t = 1.39 

Sex t = -2.76** t = -0.98 t = -2.68** 

Age t = 2.00* t = 1.96† t = 2.03* 

Education t = -2.06* t = -2.13* t = -2.09* 

Ethnicity x Trails B/A N/A N/A t = -0.85 
Ethnicity x sex N/A t = -1.62 N/A 

Digit Span Backward    

Overall model F(5, 111) = 3.93** F(6, 110) = 4.01** F(6, 110) = 3.49** 

Digit Span Backward t = 0.06 t = 0.10 t = -1.46 

Ethnicity t = 0.88 t = 1.74† t = -0.70 
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Sex t = -2.59* t = -0.60 t = -2.63* 

Age t = 1.43 t = 1.38 t = 1.55 

Education t = -2.53* t = -2.56* t = -2.16* 

Ethnicity x Digit Span 
Backward 

N/A N/A t = 1.20 

Ethnicity x sex N/A t = -1.88† N/A 

Trails A    

Overall model F(5, 148) = 7.48*** F(6, 147) = 6.62*** F(6, 147) = 7.17*** 

Trails A t = 1.80† t = 1.80† t = 1.14 

Ethnicity t = 1.91† t = 1.91† t = -1.00 

Sex t = -2.99** t = -1.35 t = -2.89** 

Age t = 1.35 t = 1.30 t = 0.95 

Education t = -0.87 t = -0.98 t = -1.52 

Ethnicity x Trails A N/A N/A t = 1.85† 
Ethnicity x sex N/A t = -1.38 N/A 

Digit-Symbol Coding    

Overall model F(5, 79) = 5.44*** F(6, 78) = 4.85*** F(6, 78) = 4.48** 

Digit-Symbol Coding t = -1.35 t = -1.32 F(1, 78) = 1.98 

Ethnicity t = 1.69† t = 1.71† F(1, 78) = 0.18 

Sex t = -1.57 t = -0.30 F(1, 78) = 2.72 

Age t = 1.87† t = 1.93† F(1, 78) = 3.45† 

Education t = -1.27 t = -1.34 F(1, 78) = 1.15 

Ethnicity x Digit-Symbol 
Coding 

N/A N/A F(1, 78) = 0.03 

Ethnicity x sex N/A t = -1.24 N/A 
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GLMs – Ethnicity by sex interactions 

 A second set of GLMs were performed to test the interactive effect of sex and 

ethnicity on FAQ score over and above the effects of age, education, ethnicity, and 

specific cognitive functions. All overall models were significant. See table 4 column titled 

“Set 2 GLMs: Ethnicity x sex” for overall model, predictor, and covariate statistics. In 

such models, the female advantage was no longer significant or remained non-

significant (delayed verbal memory, Digit Span Backward, Trails B/A, Trails A, and Digit 

Symbol Coding models: all ts ≤ │1.35│, ns). Interestingly, Hispanics showed marginal 

advantages to non-Hispanic Whites across several models (Digit Span Backward: t = 

1.74, p = 0.09; Trails B/A: t = 1.83, p = 0.07; Trails A: t = 1.91, p = 0.06; Digit Symbol 

Coding: t = 1.71, p = 0.09), but not for the model controlling for delayed verbal memory 

(t = 1.61, ns). The main effects of delayed verbal memory (t = -3.64, p < 0.001) and 

Trails A (t = 1.80, p = 0.07) were maintained while Digit Span Backward, Trails B/A, and 

Digit Symbol Coding remained non-significant (all ts ≤ │1.66│, ns). Concerning the 

interactions between sex and ethnicity, there were no significant interactions in models 

that included delayed verbal memory, Trails B/A, Trails A, Digit Symbol Coding, and in 

models that did not include any cognitive measure (all ts ≤ │1.62│, ns). A marginal 

interaction was detected above and beyond the effect of Digit Span Backward (t = -1.89, 

p = 0.06) such that non-Hispanic White males had poorer FAQ scores (i.e., higher 

scores) compared to both female groups (ts ≥ │2.46│, ps < 0.06). Hispanic females and 

males, the two male groups, nor the two female groups did not differ on FAQ scores (all 

ts ≤ │0.89│, ns), but non-Hispanic White females had marginally better FAQ scores than 

Hispanic males (t = -1.88 p = 0.06). See figure 1. To test the effect further, mild 
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cognitive impairment status was added to the model as a covariate. The additional 

covariate resulted in a non-significant ethnicity by sex interaction on FAQ (ts ≤ │1.45│, 

ns). 

 

 

 

GLMs – Ethnicity by cognition interactions 

 GLMs testing the interaction between ethnicity and specific cognitive measures 

were also performed, and all overall models were significant. See table 4 column titled 

Figure 1. Average Functional Activities Questionnaire scores for male and female Hispanics 
(Left) and male and female non-Hispanic Whites (right). Both female groups had lower 
scores than non-Hispanic White males. Non-Hispanic White females tended to have lower 
scores than Hispanic males. Hispanic individuals did not differ on scores based on sex. Male 
scores across Hispanics and non-Hispanic whites did not differ. Note, the overall interaction 
was marginal (t = -1.89, p = 0.06). Higher Functional Activities Questionnaire scores reflect 
poorer daily functioning. Males are represented in white. Females are represented in gray. 
FAQ = Functional Activities Questionnaire; NHW = non-Hispanic White. 
† = p < 0.10 
* = p < 0.05 
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“Set 3 GLMs: Ethnicity x cognition” for overall model, predictor, and covariate statistics. 

As in the models without interactions, a female advantage was largely present (delayed 

verbal memory: t = -2.38, p < 0.05; Digit Span Backward t = -2.63, p < 0.05; Trails B/A: t 

= -2.68, p < 0.01; Trails A t = -2.89, p < 0.01) except in the model that included Digit 

Symbol Coding and its interaction with ethnicity (t = -1.58, ns). The main effect of 

ethnicity did not predict FAQ score in any model (delayed verbal memory, Digit Span 

Backward, Trails B/A, Trails A, and Digit Symbol Coding: all ts ≤ │1.39│, ns). The main 

effect of delayed verbal memory was maintained such that better performance was 

associated with better FAQ score (t = -1.97, p = 0.05). No other main effects of 

cognition were observed (Digit Span Backward, Trails B/A, Trails A, and Digit Symbol 

Coding: all ts ≤ │1.68│, ns). The interaction between ethnicity and Trails A was 

marginally related to FAQ score (t = 1.85, p = 0.07) such that non-Hispanic Whites had 

a significant positive association between time to complete Trails A and FAQ score but 

the association did not reach significance among Hispanics (simple effects test: 

Hispanics: r(75) = 0.12, p = 0.29; non-Hispanic Whites: r(75) = 0.30, p = 0.009). See 

figure 2. Including mild cognitive impairment status into the model did not change the 

impact of the interaction between ethnicity and Trails A on FAQ score (F(1, 146) = 3.84, 

p = 0.05). No other cognitive task interacted with ethnicity to predict FAQ score (delayed 

verbal memory, Digit Span Backward, Trails B/A, and Digit Symbol Coding: all ts ≤ 

│1.20│, ns). 
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Discussion 

Our results largely suggest that cognition is related to everyday functioning 

among cognitively healthy individuals, as well as those with mild cognitive impairment, 

and these associations are complicated by sex and ethnicity. 

Impact of sex and ethnicity by sex interactions on daily functioning 

Figure 2. Pearson correlations and percent variance explained (R2) between time to 
complete Trails A and Functional Activities Questionnaire scores per ethnic group. Hispanics 
and non-Hispanic Whites marginally differed in the associations between time to complete 
Trails A and Functional Activities Questionnaire scores (t = 1.85, p = 0.07). Hispanics are 
represented by white open circles and the solid line. Non-Hispanic Whites are represented 
by gray diamonds and the broken line. Functional Activities Questionnaire scores 
correspond to residualized z-scores. NHW = non-Hispanic White. 
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Contrary to previous existing literature, females in the present study had better 

daily functioning than males. As noted previously, several others have found either male 

advantages in daily functioning (Alexandre et al., 2014; Guralnik & Kaplan, 1989; Millán-

Calenti et al., 2010; Mor et al., 1989; Roos & Havens, 1991) or no sex differences 

(Agüero-Torres et al., 1994; Tappen et al., 2010). Among our sample, males and 

females were well matched on age, education, and ethnicity, suggesting a factor 

beyond basic demographics may be contributing to such sex differences. Social 

engagement and support, which tends to be endorsed by females more than males 

(Campos, Ullman, Aguilera, & Dunkel Schetter, 2014), is protective of daily functioning 

(Mendes de Leon, Glass, & Berkman, 2003; Oxman & Hull, 1997) and may account for 

the female advantage in the present sample. However, the present study did not include 

measures of social support to test if it mediates the relationship between sex and daily 

functioning. 

Examining the combinations of sex and ethnicity, a marginal female advantage 

persisted among non-Hispanic Whites but was not present among Hispanics. For males 

as well as females, neither ethnicity had better daily functioning. Given an overall 

female advantage in our sample, our data suggest two possibilities: Either Hispanic 

males are protected against declines in daily functioning better than non-Hispanic White 

males or non-Hispanic White males were premorbidly disadvantaged relative to our 

other groups. Longitudinal data is needed to elucidate this finding. Should the former 

explanation hold true, this supports the Hispanic paradox in that Hispanics may be 

equally, if not more susceptible to cognitive decline in older adulthood but may function 

better despite cognitive declines. Given that declines in daily functioning predict 
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mortality, it may be that the mechanisms protecting lifespan in Hispanics also protect 

daily functioning. Similarly, Helzner et al. (2008) found that among cohorts of individuals 

with Alzheimer’s disease, Hispanics were less likely to pass away at up to 12 year 

follow-up compared to non-Hispanic Whites. Importantly, in the present study, the 

above ethnicity-specific effects of gender were only present in models controlling for 

verbal long delay memory and verbal working memory. It may be that generally taking 

into account verbal task performance diminishes confounding language differences 

between ethnic groups, thereby revealing more representative differences in daily 

functioning. 

The higher proportion of males, particularly non-Hispanic White males, with mild 

cognitive impairment compared to females may contribute to the female advantage in 

our present study. The effect of sex was robust: follow-up tests controlling for mild 

cognitive impairment status did not change the effect. However, the marginal effect in 

which Hispanic males may be protected against functional declines became non-

significant when controlling for mild cognitive impairment status. At this point we cannot 

determine if the lack of robust interaction is a result of a null-effect or a lack of power. 

Impact of cognition and ethnicity by cognition interactions on daily functioning 

Delayed memory and visuomotor processing speed, but not executive 

functioning, predicted daily functioning. Consistent with Farias et al.’s (2004) findings, 

the impact of memory was homogenous for both Hispanics and non-Hispanic Whites. 

Poorer memory was associated with poorer daily functioning in both ethnic groups, 

suggesting that declines in this cognitive domain have meaningful impacts on and may 

be appropriate markers of daily functioning among Hispanics. However, psychometric 
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data is needed to confirm this interpretation. A variety of executive functioning 

measures have been associated with daily functioning in other studies (Cahn-Weiner et 

al., 2007; Royall et al., 2004; Tomaszewski Farias et al., 2009), but neither executive 

function (task-switching and working memory) was related to daily functioning for either 

ethnic group in the present study. Farias et al. (2004) also failed to detect an effect of 

executive functioning on daily functioning in either Hispanics or non-Hispanic Whites, 

suggesting that evidence for an executive functioning effect may depend on the specific 

task administered. Further, one processing speed measure (WAIS Digit Symbol Coding) 

was unrelated to daily functioning. Processing speed tasks are highly variable in the 

amount of executive functioning required to perform the task (Cepeda, Blackwell, & 

Munakata, 2013), and WAIS Digit Symbol Coding tends to have a greater reliance on 

executive functioning than does the Trail A visuomotor processing speed task. 

We observed more complex relationships between visuomotor processing speed 

and daily functioning. Hispanics in the present study had poorer visuomotor processing 

speed yet similar functioning, on average, compared to non-Hispanic Whites. Further, 

among Hispanics visuomotor processing speed was not associated with daily 

functioning whereas faster processing speed among non-Hispanic Whites was linked to 

better functioning. These results may be reflective of different phenomena. First, among 

racially/ethnically diverse older adults without dementia, processing speed measures 

should be interpreted with caution because lower scores may not reflect declines in 

cognition nor functioning (Byrd, Touradji, Tang, & Manly, 2004). Rather slower 

processing speed scores may reflect a culturally-based greater importance of accuracy 

over speed (Ardila, 2007). Therefore, among Hispanics individuals, differences in 



 

  56 

processing speed may not be reflective of true cognitive abilities nor functioning. 

Alternatively, if this measure of visuomotor processing speed was reflective of cognitive 

abilities among our sample of Hispanics, then this suggests that Hispanics maintain 

functions despite cognitive declines. The latter explanation would be consistent with the 

Hispanic paradox though the consistent impact of memory across ethnic groups is not 

supportive of such a paradox. 

Conclusion 

 The present study observed greater sex differences in daily functioning among 

non-Hispanic Whites than in Hispanics. We identified similar relationships between 

memory and daily functioning among aging Hispanics and non-Hispanic Whites, but 

processing speed only impacted functioning among non-Hispanic Whites. Taken 

together, these data provide mixed evidence for ethnic differences in daily functioning 

among older adults, and there may be a greater sensitivity to the influences of sex and 

cognition on functioning among non-Hispanic Whites compared to Hispanics. However, 

the psychosocial and/or physiological mechanisms underlying ethnic differences in 

sensitivity are unknown. The differences observed in the present study also warrant 

further investigation into age-related changes in daily functioning and cognition among 

racially diverse Hispanics for whom aging is still poorly understood. 
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Among non-Hispanic whites, cardiovascular risk factors are associated with increased mortality and poorer cognition.

Prevalence of cardiovascular risk factors among aging Hispanics is also high and Hispanics generally have poorer access

to healthcare, yet they tend to have advantageous cardiovascular disease rates and outcomes and live longer than non-

Hispanic whites, an epidemiological phenomenon commonly referred to as the Hispanic or Latino health paradox.

Although robust data support these ethnic benefits on physical health and mortality, it is unknown if it extends to

include cognition resilience advantages in older adulthood. The present study compared relationships between cardiovas-

cular risk and cognition (executive functions and episodic memory) in late middle age and older Hispanics (n=87) and non-

Hispanic whites (n=81). Participants were selected from the National Alzheimer’s Coordinating Center and Alzheimer’s

Disease Neuroimaging Initiative databases. Hispanics and non-Hispanic white groups were matched on age (50–94 yr,

mean age= 72 yr), education, gender, cognitive status (i.e., cognitively healthy versus mildly cognitively impaired), and

apolipoprotein E4 status. History of hypertension and higher body mass index were both associated with poorer executive

functions among Hispanics but not non-Hispanic whites. Our findings suggest greater vulnerability to impairments in ex-

ecutive functions among Hispanics with hypertension and obesity, contrary to the notion of a Hispanic health paradox for

cognitive aging.

The population over the age of 65 yr in the United States continues
to grow and become increasingly diverse. By 2030, adults ages 65
and older will outnumber individuals under the age of 18 for the
first time in the country’s history (United States Census Bureau
2018). Amongolder adults, Hispanics are one of the fastest growing
groups in the United States (Colby and Ortman 2015). Compared
to non-Hispanic whites, Hispanics generally experience higher
rates of poverty, less education, and less access to medical care
(Gallo et al. 2009a) though there is wide variability between
Hispanic subgroups (Fenelon et al. 2017). Despite these socioeco-
nomic barriers, numerous studies have demonstrated that
Hispanics have lower mortality rates than non-Hispanic whites, a
pattern of resilience known as the Hispanic mortality paradox
(Abraído-Lanza et al. 1999). The Hispanic mortality paradox is ro-
bust, applying to multiple diseases affecting lifespan including
end-stage renal disease, cardiovascular disease, and some forms
of cancer (for reviews, see Ruiz et al. 2013, 2016). Importantly, a re-
cent meta-analysis of longitudinal studies estimated that averaged
across multiple disease domains, Hispanics have a 17.5% lower
mortality rate compared to non-Hispanic groups (Ruiz et al.
2013). This effect is particularly consistent in studies of cardiovas-
cular disease. For example, the majority of studies find that
Hispanics live longer than non-Hispanic whites with similar car-

diovascular diseases including coronary heart disease (for review,
seeMedina-Inojosa et al. 2014). Further, Hispanics have lower rates
of heart disease and strokes than non-Hispanic whites (Ruiz et al.
2016), suggesting protection from some physical health diseases
(a Hispanic health paradox) in addition to decreased mortality
(the Hispanic mortality paradox).

In the present study,we considerwhether theHispanic health
paradox—resilience to the physical effects of cardiovascular
risk and disease—may also apply to age-related cognitive decline.
We focus on two risk factors—hypertension and increased
body fat—that are highly prevalent among both Hispanics and
non-Hispanic whites, in order to determine whether they may dif-
ferentially affect cognitive functioning in these two groups.
Hypertension has a 65% prevalence in adults age 65 yr and older
(Go et al. 2013), and obesity, which is commonly defined as
body mass index (BMI) greater than or equal to 30 is present in
35% of the population age 60 yr and older (Ogden et al. 2013).
In general, Hispanics tend to have 2%–5% lower prevalence of hy-
pertension across the lifespan compared to non-Hispanic whites
(Sorlie et al. 2014; Balfour et al. 2016) but higher rates of obesity,
with rates at 37% and 43% for Hispanic males and females, respec-
tively (Daviglus et al. 2012). Even among cognitively normal older
adults, the presence of cardiovascular risk factors (e.g., hyperten-
sion and obesity) is associated with poorer cognitive performance
(Raz et al. 2003; Gunstad et al. 2007; Crichton et al. 2014;
Bangen et al. 2015; Yeung and Loken Thornton 2017) and in-
creased risk of Alzheimer’s and vascular dementia (Meng et al.
2014; for reviews, see Tolppanen et al. 2012; Pedditizi et al.
2016). Although fewer studies have been carried out among
Hispanic cohorts, the results suggest that the presence of

3Data used in preparation of this article were obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.
loni.usc.edu). As such, the investigators within the ADNI contributed
to the design and implementation of ADNI and/or provided data but
did not participate in analysis or writing of this report. A complete
listing of ADNI investigators can be found at http://adni.loni.usc
.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_
List.pdf
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cardiovascular risk factors has similar negative effects on cognition
among older Hispanics, including increasing risk of dementia
(Haan et al. 2003; but see Rodríguez-Saldaña et al. 2002).

Individuals with hypertension (chronic high blood pressure)
have poorer processing speed, executive functions, and episodic
memory compared to normotensive individuals (for review, see
van den Berg et al. 2009). Hypertension most consistently affects
episodic memory (van den Berg et al. 2009) and is associated
with greater declines in episodic memory functioning over a
20-yr span (Szoeke et al. 2016). Within another cognitive domain,
Raz et al. (2003) found that the number of years of hypertension
predicted greater numbers of perseverative errors and poorer ab-
stract reasoning on tests of executive function. Perseveration is in-
dicative of poorflexibility and difficulty shifting attention between
different elements within a task (Fisk and Sharp 2004).

Among Hispanics, history of hypertension has not been well
studied as a predictor of age-related cognitive functioning com-
pared to measurements of blood pressure. For example, higher sys-
tolic blood pressure and diastolic blood pressure have been linked
to poorer performance on a verbal memory task, but only systolic
blood pressure was linked to decreases in psychomotor speed in a
large sample of over 9000 individuals (Tarraf et al. 2017). In a lon-
gitudinal study of Hispanics, blood pressure did not predict base-
line memory performance or change in memory over an average
2.6-yr period, although baseline blood pressure predicted declines
on a measure of global cognitive functioning over the same
time period (Yaffe et al. 2007). In one study of hypertension,
Hispanics with poorly controlled hypertension performed similar-
ly to those with well-controlled hypertension on a verbal memory
task but performed worse on a processing speed task (Lamar et al.
2017).

Another common cardiovascular risk factor, obesity, has also
been shown to negatively impact attention andmemory function-
ing (Cournot et al. 2006). When present during midlife, obesity is
associated with cognitive impairment in later life (for review, see
Pedditizi et al. 2016). Increased body fat is most consistently asso-
ciated with poorer executive functioning (Gunstad et al. 2007; Li
et al. 2008; Walther et al. 2010; for review, see Smith et al. 2011).
One longitudinal study found that higher BMI at baseline, rather
than increases in BMI over a 5-yr period, predicted declines in pro-
cessing speed and word list learning (Cournot et al. 2006).
Conversely, substantially reducing body fat through bariatric sur-
gery resulted in improvements in attention, memory, and execu-
tive functions up to 3 yr after surgery (Gunstad et al. 2011;
Alosco et al. 2014), suggesting increased body fat and obesity are
modifiable risk factors for cognitive impairment.

Although increased body fat and obesity are established pre-
dictors of cognitive impairment among non-Hispanic whites, few
studies have directly investigated the impact of these factors on
cognition among Hispanics. This is particularly striking given the
increased prevalence of obesity among this population (Daviglus
et al. 2012). In studies of Hispanics withmetabolic syndrome, obe-
sity tends to fail to predict cognitive functions when taking other
factors into account, including age, gender, education, Hispanic/
Latino subgroup, and depressive symptoms (González et al.
2018). However, in a predominantly Mexican American sample,
higher waist-to-hip ratio, a measure of central body fat, was associ-
ated with lower hippocampal volumes and greater white matter
hyperintensities even when controlling for other cardiovascular
factors including cholesterol level, blood pressure, BMI, and glu-
cose and insulin levels (Jagust et al. 2005). Further, these same
brain measures predicted the degree of cognitive impairment (cog-
nitively normal versusmild cognitive impairment;Wu et al. 2002).

Taken together, hypertension and increased blood pressure
appear to impact cognition negatively among both Hispanics
and non-Hispanic whites, although studies differ as to the cogni-

tive domain that is affected. It remains unclear as to the impact
of obesity and increased body fat among Hispanics, given the rela-
tive paucity of studies. Further, few studies have considered wheth-
er these cardiovascular risk factors impact cognition differentially
among Hispanics and non-Hispanic whites. Comparisons across
existing studies described above are exceedingly difficult because
cohorts often differ in terms of demographics or educational at-
tainment, as well as other variables that may affect age-related cog-
nitive functioning. To provide evidence relevant to these issues, we
investigated the link between cardiovascular health and cognition
in the same cohorts of older Hispanic and non-Hispanic whites.

Specifically, the present study compared the impact of hyper-
tension (self-reported history of hypertension) and increased body
fat (measured by BMI) on cognitive functioning in late middle age
and older Hispanics versus non-Hispanic whites, ages 50–94 yr.
Hispanics (n=87) and non-Hispanic whites (n=81) were selected
from the National Alzheimer’s Coordinating Center (NACC) and
Alzheimer’s Disease Neuroimaging Initiative (ADNI) databases.
Importantly, these groups were carefully matched on age, educa-
tion, gender, cognitive status (i.e., cognitively healthy versus
mild cognitive impairment), and apolipoprotein E4 status. The
present study included measures of executive functions (Trail
Making Test and Digit Span Backward) and episodic memory (ver-
bal memory delayed recall) as cognitive outcomes. Given the dif-
ferential rates of hypertension (lower rates) and obesity (higher
rates) amongHispanics compared to non-Hispanic whites, we test-
ed these two cardiovascular risk predictors separately.Wepredicted
that history of hypertension and higher BMI would be associated
with poorer memory and executive functions in both ethnic
groups when controlling for age and education. Additionally, we
predicted that Hispanic ethnicity may be protective of cognition,
such that the impact of cardiovascular risk factors on cognition
would be stronger among non-Hispanic whites, suggesting greater
vulnerability, than among Hispanics.

Results

Hispanics and non-Hispanic white groups were matched on age,
education, systolic blood pressure, and diastolic blood pressure
(ts≤1.65, n.s.) as well as gender, cognitive status (i.e., cognitively
healthy versus mild cognitive impairment), apolipoprotein E4
(APOE E4) status (a genetic risk factor for Alzheimer’s disease;
Farrer et al. 1997), and history of hypertension (χ2s≤1.44, n.s.).
Hispanics had marginally higher BMI than non-Hispanic whites
(t(164) =−1.85, P=0.07). Additionally, among the NACC partici-
pants, ethnic groups were matched on antihypertensive medica-
tion and lipid-lowering medication treatments (χ2s≤1.53, n.s.),
but Hispanics were marginally more likely to be takingmedication
for diabetes than non-Hispanic whites (χ2 = 3.45, P=0.06).
Unfortunately, there was no or incomplete data on medication
use to treat the above cardiovascular risk factors for the majority
of ADNI participants. Therefore, we only tested medication differ-
ences among NACC participants. See Table 1 for demographics.
Given that different verbal memory tests were administered to
NACC and ADNI participants (the Wechsler Memory Scale-III or
-R Logical Memory subtest and the Rey Auditory Verbal Learning
Test, respectively), memory test scores were standardized (trans-
formed to z-scores) separately using the mean and standard devia-
tion of the corresponding NACC sample or the corresponding
ADNI sample to create a single delayed verbal memory score across
all participants. Other outcomes of interest were Trail Making Test
(Trail B raw score divided by Trail A raw score, Trails B/A;
Arbuthnott and Frank 2000) and Digit Span Backward raw score.
Not all participants completed each cognitive task, so degrees of
freedom vary by task (see Materials and Methods for details).
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Table 2 lists the number of participants, means, and standard error
of themeans per ethnic group for each cognitive outcome variable.

Six generalized linear models (GLMs) were performed to sep-
arately test the main effects of cardiovascular risk factors (hyper-
tension, BMI) and ethnicity as well as the interaction between
cardiovascular risk factor and ethnicity, predicting the three cogni-
tive outcomemeasures. Three GLMs were conducted for hyperten-
sive status (categorical yes/no variable) and three were conducted
for BMI (linear variable). All GLMs included age and education as
linear covariates. Table 3 lists the overall F-statistics for the sixmod-
els. Predictors and covariates are listed for those models that met
significance or were marginally significant. Results shown are
F-statistics from GLMs with the exception of t-statistics from pa-
rameter estimates with robust standard errors in which violations
of homoskedasticity occurred.

Hypertension
Of the three GLMs that included hypertension status as a predic-
tor, the overall models for delayed verbal memory and backward
digit span were significant, while the overall model for Trails B/
A was marginally significant. However, specific predictors for
each cognitive test varied. For delayed verbal memory, increasing
age dominated as the major predictor of poorer performance
(F(1,157) = 15.92, P< 0.001), while higher education was marginally
associated with better memory (F(1,157) = 3.75, P= 0.06). Delayed
verbal memory was not predicted by hypertensive status, ethnici-
ty, nor their interaction (Fs≤1.08, n.s.). For Trails B/A, somewhat
surprisingly, no main effects of predictors nor covariates success-
fully predicted performance (Fs≤2.13, n.s.). However, we ob-
served a trend for the interaction between ethnicity and
hypertension (F(1,154) = 3.55, P=0.06), such that Hispanics with
hypertension had higher Trails B/A scores (a ratio of time to com-
plete Trails B relative to Trails A, indicating poorer performance),

compared to normotensive Hispanics (t(78) =−2.24, P<0.05) as
well as compared to non-Hispanic whites with hypertension
(t(93) =−1.99, P<0.05; see Fig. 1). No other group differences
were detected (ts≤1.58, n.s.). Finally, with regard to Digit Span
Backward, Hispanics showed overall poorer performance than
non-Hispanic whites, indicated by a main effect of ethnicity (t=
4.53, P<0.001). Additionally, higher education was associated
with better performance on the task (t= 3.13, P<0.01). No other
predictors (hypertension, the interaction between hypertension
and ethnicity) nor the age covariate predicted Digit Span
Backward performance (ts≤1.44, n.s.).

Body mass index
The pattern of results for BMI were generally similar to the hyper-
tension models. For GLMs including BMI as a predictor, only the
models for delayed verbal memory and Digit Span Backward were
significant. The overall model for Trails B/A was not significant
(F(5,152) = 1.48, n.s.). Therefore, we did not interpret its predictors.
As with the above GLMs, delayed verbal memory was predicted
by age and education. Specifically, younger age (F(1,155) = 15.65, P
<0.001) and higher years of education (F(1,155) = 4.15, P<0.05)
were linked to better-delayed verbal memory scores. The main ef-
fects of BMI, ethnicity, and the interaction between BMI and eth-
nicity did not approach significance (Fs≤1.90, n.s.). Consistent
with the earlier analysis, Hispanics had significantly poorer Digit
Span Backward scores than non-Hispanic whites (t=−2.19, P<
0.05). Further, the interaction between ethnicity and BMI signifi-
cantly predicted Digit Span Backward (t=3.25, P=0.001).
Specifically, higher BMI was significantly associated with poorer
performance on Digit Span Backward among Hispanics
(Pearson’s r(60) =−0.34, P<0.01) but was not significantly related
to performance among non-Hispanic whites (Pearson’s r(62) =
0.17, n.s.). Figure 2 shows both effects identified in this GLM –

Table 2. Mean (standard error of the mean) and numbers of participants (N) for each cognitive task per ethnicity group

Ethnicity

Hispanics Non-Hispanic whites

N Mean N Mean

Delayed verbal memory z-score, M (±SEM) 82 0.06 (0.10) 81 −0.06 (0.12)
Trails B/A raw, M (±SEM) 79 3.23 (0.15) 81 3.00 (0.13)
Digit span backward raw, M (±SEM) 61 4.42 (0.23) 67 6.23 (0.29)

Table 1. Participant demographics for Hispanics compared to non-Hispanic whites. APOE E4 represents the percentage of E4 carriers (E4
heterozygotes and homozygotes) in each group

Ethnicity

Hispanics Non-Hispanic whites
(n=87) (n=81)

Age (years), M (±SEM) 72.64 (0.88) 72.84 (1.12)
Education (years), M (±SEM) 12.59 (0.48) 13.56 (0.34)
Body mass index, M (±SEM) 28.18 (0.59) 26.69 (0.55)
Systolic blood pressure, M (±SEM) 164.89 (16.63) 157.15 (19.04)
Diastolic blood pressure, M (±SEM) 92.24 (18.15) 95.60 (20.41)
Gender (% male) 29.9 38.3
Mild cognitive impairment (%) 41.4 50.6
APOE E4 (%) 25.6 30.9
History of hypertension (%) 60.9 59.3
Antihypertensive medication (%)a 58.5 68.1
Diabetes medication (%)a 35.8 19.1
Lipid lowering medication (%)a 47.2 59.6

aOnly calculated for National Alzheimer’s Coordinating Center participants.

Hispanic paradox for cognition

www.learnmem.org   69 Learning & Memory

 Cold Spring Harbor Laboratory Press on July 9, 2019 - Published by learnmem.cshlp.orgDownloaded from 

http://learnmem.cshlp.org/
http://www.cshlpress.com


overall, scores for non-Hispanic whites are higher than those
for Hispanics, and scores among Hispanics decrease as BMI
increases.

Discussion

The present study investigated the role of cardiovascular risk fac-
tors (i.e., hypertension and obesity) on cognition among late
middle-aged and older Hispanics compared to a group of carefully
matched non-Hispanic whites. To summarize the results, only age
and education predicted scores on a delayed memory test—hyper-
tension and BMI did not impact memory scores for either ethnic
group. In contrast, both hypertension and higher BMI were as-
sociated with poor executive functions. However, contrary to
our hypothesis, these cardiovascular risk factors were detrimental
among Hispanics but not non-Hispanic
whites. Our findings suggest that
Hispanics may be more vulnerable to
cognitive decline in the presence of car-
diovascular risk factors rather than being
protected against cognitive decline, as
may be expected by the Hispanic health
paradox.

Unlike previous studies of predomi-
nantly non-Hispanic white samples (Raz
et al. 2003; Szoeke et al. 2016; for review,
see van den Berg et al. 2009), hyperten-
sion did not impact cognition among
the non-Hispanic white group in this
study, nor across the two ethnic groups
combined. Rather, we observed a margin-
al interaction with poorer performance
on a task switching test, Trails B/A,
among hypertensive Hispanics compared
to normotensive Hispanics and non-His-
panic whites. Given that this interaction
was trending and that with more power
non-Hispanic whites might also show a
negative impact of hypertension on task
switching, further research is warranted.
Considering that our simple effects tests
detected differences between normoten-
sive and hypertensive Hispanics but not
between respective non-Hispanic whites,
with more power we might expect a
main effect of hypertension in addition

to interaction with Hispanics being more negatively impacted
than non-Hispanic whites. The notion of greater susceptibility
among Hispanics is consistent with the significant interaction ob-
served on working memory.

On average, Hispanics showed poorer performance on awork-
ing memory test (the Digit Span Backward) compared to
non-Hispanic whites, even when age and education were included
as covariates. This overall difference inperformance could be attrib-
uted to cultural biases in digit span tests due to differences in
linguistic chunking strategies among Hispanics which is indepen-
dent of English or Spanish test administration (LaRue et al. 1999).
However, more critical to our study was the finding that higher
BMI differentially predicted poorer performance on a working
memory test among Hispanic individuals, but not non-Hispanic
whites. Again, this suggests that a modifiable risk factor may

Figure 1. Average Trails B/A scores for normotensive and hypertensive Hispanics (left) and normoten-
sive and hypertensive non-Hispanic whites (right). Hypertensive Hispanics had higher average Trails B/A
scores compared to normotensive Hispanics and hypertensive non-Hispanic whites. Note, the overall in-
teraction was marginal (F(1,154) = 3.55, P=0.06). Higher Trails B/A scores reflect poorer task switching
abilities. Normotensives are represented in white. Hypertensives are represented in gray. (*) P<0.05.

Table 3. F-statistics for each of six models (in bold) and predictor/covariate factors for significant or marginally significant models

Delayed memory Trails B/A Digit span backward

Hypertension
Overall model F(5,157) =5.03*** F(5,154) =1.90† F(5,122) =8.23***
Hypertension F(1,157) = 0.42 F(1,154) = 2.13 t=0.73
Ethnicity F(1,157) = 1.08 F(1,154) = 0.68 t=4.53***
Hypertension × ethnicity F(1,157) = 0.18 F(1,154) = 3.55

† t=−1.44
Age F(1,157) = 15.92*** F(1,154) = 1.33 t=−0.79
Education F(1,157) = 3.75

† F(1,154) = 1.19 t=3.13**
Body mass index
Overall model F(5,155) =5.61*** F(5,152) =1.48 F(5,120) =9.18***
Body mass index F(1,155) = 0.16 – t=−3.19**
Ethnicity F(1,155) = 1.37 – t=−2.19*
Body mass index × ethnicity F(1,155) = 1.90 – t=3.25**
Age F(1,155) = 15.65*** – t=−0.80
Education F(1,155) = 4.15* – t=2.91**

t-Statistics from robust standard errors are included in place of F-statistics for both models predicting Digit Span Backward scores, in which there was a violation
of homoskedasticity. (†) P< 0.10, (*) P<0.05, (**) P<0.01, (***) P<0.001.
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negatively impact cognition to a greater extent among Hispanics
than non-Hispanic whites.

Haan et al. (2003) suggested that cardiovascular-related health
factors (e.g., diabetes and stroke) rather than the apolipoprotein E4
status increase prevalence of dementia to a greater extent among
Mexican Americans than non-Hispanic whites. Our findings pro-
vide some support for the notion that cardiovascular risk factors
may be more detrimental to Hispanics than non-Hispanic whites.
It is important to note that Hispanics are less likely to be treated
for hypertension and are less likely to achievewell-managedhyper-
tension as compared to non-Hispanic whites (for review, see
Balfour et al. 2016), and this may contribute to greater susceptibil-
ity to cognitive impairment among Hispanics with hypertension.
Rates of Alzheimer’s disease among Hispanics are similar to (Haan
et al. 2003) or greater than rates among non-Hispanic whites
(Gurland et al. 1999), and differential impact of cardiovascular
risk factors on cognition may be contributing to the latter.
Furthermore, cardiovascular risk factors are associated with in-

creased risk of vascular dementia which
may also affect higher proportions of
Hispanics than non-Hispanic whites
(Fitten et al. 2001). Both vascular demen-
tia and Alzheimer’s disease can include
impairments in episodic memory and ex-
ecutive functioning. However, impair-
ments in episodic memory are a critical
diagnostic feature of typically progressing
Alzheimer’s disease but not necessarily
vascular dementia whereas impairments
across several subdomains of executive
functioning are more common in early
stages of vascular dementia than in
Alzheimer’s disease (Graham et al. 2004).

In the present study, episodic mem-
ory was not differentially impacted by
cardiovascular risk factors, regardless of
ethnicity. As noted earlier, hypertension
has been consistently associated with
poorer episodic memory (Szoeke et al.
2016; for review, see van den Berg et al.
2009) and somewhat less consistently
with poorer executive functions (Raz
et al. 2003). However, in the present
study, hypertension did not have a direct
effect on either cognitive domain.
Hypertensionhas been suggested to influ-
ence cognition through several mecha-
nisms, including reduced cerebral blood
flow and loss of blood vessel elasticity
which increases risk of stroke (Kannel

et al. 1981) and leads to small vessel damage which, in turn, is as-
sociated with increases in white matter hyperintensities on mag-
netic resonance imaging (MRI; Carmelli et al. 1999; Raz et al.
2003; Salat 2014). Obesity, on the other hand, is most consistently
associated with executive functions (Gunstad et al. 2007; Li et al.
2008; Walther et al. 2010; for review, see Smith et al. 2011) and
to a lesser extent episodic memory. Obesity is thought to impact
cognition by increasing the production of proinflammatory mark-
ers (e.g., interleukin-6, TNF-α), many of which cross the blood-
brain barrier and can lead to brain deterioration if sustained
(Fuentes et al. 2013; Verstynen et al. 2013; Kiliaan et al. 2014).
Additionally, obesity reduces blood flow to the brain (Birdsill
et al. 2013; Bagi et al. 2014).

Within the domain of executive functioning, it is important
to note that hypertension predicted task switchingwhile increased
BMI predicted working memory. Hypertension has been shown to
impact specific aspects of executive functions in other studies as
well. For example, Raz et al. (2003) found that hypertension was

Figure 2. Pearson correlations and percent variance explained (R2) between Digit Span Backward raw
scores and BMI per ethnic group. Among Hispanics, higher BMI was associated with lower Digit Span
Backward scores, (r(60) =−0.34, P<0.01). BMI was not associated with scores among non-Hispanic
whites (r(62) = .17, n.s.). Hispanics are represented by open dots and a solid line. Non-Hispanic
whites are represented by shaded diamonds and a dashed line.

Table 4. Numbers of participants (divided by ethnicity) with cognitive data broken down by task

NACC ADNI Total

Hispanic NHW Hispanic NHW Hispanic NHW

Episodic memory
RAVLT – – 34 34 34 34
Logical memory 48 47 – – 48 47

Executive functions
Trail B 45 47 34 34 79 81
Digit Span Backward 48 47 13 20 61 67

Processing speed
Trail A 52 47 34 34 86 81

NACC, National Alzheimer’s Coordinating Center; ADNI, Alzheimer’s Disease Neuroimaging Initiative; NHW, non-Hispanic White; RAVLT, Rey Auditory Verbal
Learning Test.
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associated with greater numbers of perseverative errors, an indica-
tor of poor cognitiveflexibility, butwas unrelated toworkingmem-
ory. Our data support the notion of distinct mechanisms by which
hypertension versus increased BMI impact cognition. Miyake and
Friedman’s (2012) and Friedman and Miyake’s (2017) models of
executive functioning frame task switching and updating working
memory as related but distinct subdomains of executive functions
which may rely on different neurological pathways. This model
has been supported by a recent diffusion MRI study (Bettcher
et al. 2016), demonstrating that subdomains of executive func-
tions are associated with distinct patterns of white matter integri-
ty—both task switching and working memory performance were
associated with diffusion in the cingulum, but diffusion in the cor-
pus callosum specifically predicted task switching abilities.

Although the present study did not directly compare the im-
pact of hypertension to obesity, we found an interaction between
ethnicity and increased BMI on working memory, and a similar
pattern between ethnicity and hypertension on task switching.
Among samples of predominantly non-Hispanic whites and
even predominantly Hispanic samples, hypertension tends to be
a more robust predictor of cognition than obesity (Nilsson and
Nilsson 2009; Levin et al. 2014; Yesavage et al. 2014). For example,
among the ethnically diverse Northern Manhattan Study sample,
blood pressure was the most robust cardiovascular predictor of ex-
ecutive functioning, even after controlling for other cardiovascular
risk factors, whereas obesity failed to predict cognition when other
cardiovascular risk factors were taken into account.

Other factors not accounted for in the present studymayhave
impacted our results. First, similar to previous studies (Zahodne
et al. 2015), our sample included participants with and without a
diagnosis of mild cognitive impairment (all subtypes), carefully
matching ethnic groups on the proportions of cognitively healthy
tomildly cognitively impaired. Mild cognitive impairment is char-
acterized in multiple ways, and there is an even greater dearth of
information on mild cognitive impairment among Hispanics.
There is some evidence to suggest that mild cognitive impairment
amongHispanics is distinct from non-Hispanic whites. At a neuro-
logical level, Hispanicswithmild cognitive impairment have great-
er hippocampal volumes compared to non-Hispanic whites, yet
ethnic groups do not differ in hippocampal volumes among those
with a dementia diagnosis (DeCarli et al. 2008). More research is
needed to clarify whether Hispanics are better able to maintain
hippocampal volumes in the early stages of possible neurodegener-
ation. In the present study, the cognitive status may have further
moderated the impact of cardiovascular risk on executive func-
tions. However, due to our relatively small sample sizes, we did
not examine the three-way interaction between cognitive status,
ethnicity, and cardiovascular risk factors on cognition.

Second, the age at which cardiovascular risk factors are ac-
quired impacts their effect on cognition. Among non-Hispanic
whites, midlife hypertension andmidlife obesity are both associat-
ed with increased risk of Alzheimer’s disease, yet onset of these two
cardiovascular risk factors in later life may be protective against
cognitive impairment (Smith et al. 2011; Memel et al. 2016;
Pedditizi et al. 2016; Corrada et al. 2017). In the present study,
the lack of an effect of cardiovascular risk among non-Hispanic
whites may reflect variability in onset of risk factors among a
wide age range of older adults. It is unclear as to whether or not
this pattern is true for Hispanics. Interestingly, in a study of meta-
bolic syndrome, the presence ofmultiple cardiovascular risk factors
among Hispanics was predictive of episodic memory only among
late middle age individuals (González et al. 2018). In contrast, ex-
ecutive functions were negatively impacted across all age groups in
the presence of metabolic syndrome (González et al. 2018), which
is consistent with the present finding of an association with exec-
utive functions but not memory.

Third, although the impact of cardiovascular risk factors is
likely mediated by changes in brain structure and function, partic-
ularly in the context of aging, other factors may be overshadowing
and/or moderating the direct impact of single risk factors. For this
reason, measures of brain structure may serve as a better predictor
of cognition than the risk factors themselves. For example, among
bothHispanics and non-Hispanic whites, total brain volumes have
been shown tomediate the relationship between age and executive
functions (Mungas et al. 2009); that is, age-associated changes in
total brain volumes better-predicted changes in executive func-
tions than age alone. Regarding cardiovascular risk factors and
the brain, obesity has been associated with smaller hippocampal
volumes and greater white matter hyperintensities among
Mexican Americans (Jagust et al. 2005), and Hispanics may be
more susceptible to white matter hyperintensities in the presence
of high blood pressure than non-Hispanic whites (Marcus et al.
2011). Both lower hippocampal volumes and larger white matter
hyperintensity volumes have been linked to poorer cognitive func-
tioning among Hispanics (Wu et al. 2002; DeCarli et al. 2008).
However, it is unclear if such brain measures predict cognition
equally (DeCarli et al. 2008), to a lesser extent (Zahodne et al.
2015), or to a greater extent among Hispanics compared to
non-Hispanic whites. Given the findings from the present study
suggesting a Hispanic cognitive disadvantage in the presence of
cardiovascular risk factors, further investigation into brain struc-
ture as a possible mediator of the impact of cardiovascular risk fac-
tors on cognition is warranted.

Fourth, differences between NACC and ADNI databases could
potentially limit the generalizability of our findings. The ADNI
study, in particular, has enriched its sample to include more indi-
viduals with mild cognitive impairment. Although mild cognitive
impairment diagnostic criteriamay slightly differ between databas-
es (see Weintraub et al. 2009 and adni.loni.usc.edu/study-design),
we matched and selected approximately equal numbers Hispanic
and non-Hispanic whites from NACC as well as from ADNI, in
an attempt to minimize confounds of database. As mentioned
above, data on other cardiovascular risk factors (e.g., diabetes and
hyperlipidemia) were limited. The competing and combined im-
pacts of hypertension, obesity, and other cardiovascular risk fac-
tors on cognition among Hispanics compared to non-Hispanics
whites remains to be well characterized.

Finally, the country of originmayalso impact the outcomes of
cognitive studies. Our study included Hispanic individuals from
the NACC and ADNI data sets who identified their race as White.
Among our NACC participants, Hispanics predominantly identi-
fied Mexico as their country of origin. Country of origin/ancestry
was unknown for participants from the ADNI sample. Studies
with Hispanics from a wide variety of countries of origin have re-
ported differences in susceptibility for cognitive impairment based
on country of origin. Specifically, Puerto Ricans and Dominicans
seem to be at greater risk of cognitive impairment compared to
Hispanics of other descents (González et al. 2015; Marquine et al.
2018). We do not know whether these Hispanic subgroups differ
in risk of cognitive impairment due to differences in sensitivity
to cardiovascular risk factors. As noted above, our sample was
also distinct from other studies in that our Hispanic and
non-Hispanic white samples werematched on age and educational
status. Among non-Hispanic whites, higher education is protective
against cognitive declinewith age (Tucker and Stern 2011), and ed-
ucation is likely protective to cognition among Hispanics as well
(Levin et al. 2014). The Hispanics in our sample tended to be
more highly educated than Hispanics in other samples of aging
(e.g., Haan et al. 2016), and this may be reflective of the White ra-
cial identification of our group. Of note, even though our Hispanic
sample was matched with non-Hispanic whites on years of educa-
tion, quality of education may differ between ethnic groups as it
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does with other racial groups (Glymour and Manly 2008), and it
may have impacted susceptibility to poorer cognitive functioning.

Although the present study did not observe a Hispanic health
paradox protection for cognition, Hispanicsmaybe protected from
the downstream effects of cognitive impairment. For example,
Helzner et al. (2008) observed lower mortality rates among
Hispanics compared to non-Hispanic whites who developed
Alzheimer’s diseasewhile enrolled in a longitudinal study.Onepos-
sible explanation is that cultural factors common toHispanics (e.g.,
values for collectivism and family) may be more effective in build-
ing resilience in the presence of disease rather than protecting
against disease altogether. Such cultural factors have been hypoth-
esized as themechanisms underlying theHispanic health andmor-
tality paradoxes (Ruiz et al. 2016, 2018). Consistent with this
notion, the strength of the Hispanic health paradox is attenuated
by acculturation—higher adherence to American culture is associ-
ated with less resilience to disease (Gallo et al. 2009b). With regard
to resilience in the context of cognitive aging, poorer cognition
may be less detrimental to daily functioning among Hispanics
than among non-Hispanic whites. Recent data from the same sam-
ple included in the present study suggest thatmemory and process-
ing speed, but not executive functions, predicted ability to
complete instrumental activities of daily living (e.g., paying bills;
Stickel et al. in prep.). Specifically, poorermemory predicted poorer
activities of daily living functioning equally among Hispanics and
non-Hispanicwhites, but onlynon-Hispanicwhites showedpoorer
functioning in the presence of poorer processing speed. The latter
finding suggests that even in the context of mildly poor cognitive
functioning, everyday functioning is maintained. However, other
studies have observed similar links between cognitive functioning
and everyday functioning among Hispanics and non-Hispanic
whites or even greater disadvantages among Hispanics rather
than Hispanic protection (Tomaszewski Farias et al. 2004; Tarraf
et al. 2018). Education can have downstream effects on function-
ing, including amongHispanics (Haan et al. 2016), and differences
in education levelsmayaccount for themixedfindings.Other stud-
ies control for lower education among Hispanics (Tomaszewski
Farias et al. 2004; Tarraf et al. 2018) whereas our ethnic groups
were matched on this key factor in addition to controlling for it.

In sum, the present study provides a nuanced view of the im-
pact of cardiovascular health on cognition among older Hispanics
and non-Hispanic whites. We examined the impact of hyperten-
sion and BMI separately on a variety of neuropsychological mea-
sures in a well-matched sample of Hispanics and non-Hispanic
whites.We found that executive functionswere negatively impact-
ed by hypertension and obesity only among Hispanics, and not
among non-Hispanic whites. This finding contradicts the notion
of a Hispanic health paradox for cognition. Instead, our findings
suggest greater vulnerability to cognitive decline in the presence
of cardiovascular risks of Hispanics compared to non-Hispanic
whites. Importantly, our data are limited to Hispanics who identi-
fied their race asWhite and themajority ofwhomclaimedMexican
ancestry. Understanding whether these patterns apply to other ra-
cial groups and nationalities of Hispanics is a necessary next step.

Materials and Methods

Participants
A total of 202 participants ages 50–94 yr were selected from the
NACC (n =134; https://www.alz.washington.edu/) and the
ADNI4 (n= 68) databases. Across both databases, participants’ base-

line examinations began between 2005 and 2015. The impact of
risk factors for cognitive impairment on brain structure and cogni-
tion can vary by race (DeCarli et al. 2008; Glymour and Manly
2008; Zahodne et al. 2015, 2017). Therefore, we selected
Hispanics who self-identified their race as white (n=101), in order
to reduce potential confounds of race. Participants included cogni-
tively healthy individuals and those with a diagnosis of mild cog-
nitive impairment who self-reported their ethnicity as white or
non-Hispanic. From these participants, 168 (NACC5: n=100;
ADNI: n= 68) had cognitive testing data. Of the 168 participants,
36 Hispanics and 41 non-Hispanic whites were diagnosed with
mild cognitive impairment. See Table 1 and Results section above
for more demographic comparisons between ethnic groups.

Neuropsychological measures
Both NACC and ADNI primarily administer the Uniform Data Set
(Weintraub et al. 2009, 2018; http://www.adni-info.org/Scientists/
CognitiveTesting.html). Tests included in the Uniform Data Set
and used in the present study were the Wechsler Memory Scale
(WMS)-III or -R Logical Memory Story-A Immediate and Delayed
Recall (Wechsler 1987), WMS-R Digit Span Backward, and Trail
Making Test (Parts A and B; Reitan 1958). The Uniform Data Set
was translated in Spanish in multiple variations to accommodate
cultural/national differences between various Hispanic groups
(Acevedo et al. 2009). The Rey Auditory Verbal Learning Test
(RAVLT) was also collected, specifically for ADNI participants.
See Table 4 for breakdown of numbers of Hispanics and non-
Hispanic whites with cognitive data per task.

Cardiovascular risk measures
Hypertensive status was determined by self-reported history of hy-
pertension diagnosis and/or indication of hypertension inmedical
records. Systolic and diastolic blood pressure measurements were
collected at baseline for participants. BMI was calculated using
the following formula: (weight (lbs) × 703)/height (inches)2.
Height and weight measurements were collected at NACC and
ADNI study visits.

Statistical analysis
To test the separate impacts of hypertension and obesity and their
interactions with ethnicity on cognition, two series of GLMs were
performed in SPSS (Windows, Version 25.0). Each series included
three GLMs that predicted Trails B/A, Digit Span Backward, and de-
layed verbal memory scores. In other words, a total of six GLMs
which included the main effects of cardiovascular risk factor and
ethnicity, the interaction between cardiovascular risk factor and
ethnicity, and controlled for age and education were performed.
Results presented above are F-statistics from GLMs with the excep-
tion of t-statistics from parameter estimates with robust standard
errors in which there was a violation of homoskedasticity.
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CHAPTER 4 

STICKEL ET AL. (IN PREPARATION). RELATIONSHIPS BETWEEN ETHNICITY, 

CARDIOVASCULAR RISK FACTORS, AND BRAIN VOLUMES ON COGNITION 

AMONG LATE MIDDLE AGE AND OLDER HISPANICS AND NON-HISPANIC 

WHITES 

Abstract 

Cardiovascular risk factors, such as hypertension and obesity, have been associated 

with increased risk for Alzheimer’s disease in older adulthood. Neurocognitive 

mechanisms have primarily been studied among non-Hispanic Whites but seldom 

among Hispanics, a group of individuals who is at greater risk for Alzheimer’s disease 

than non-Hispanic Whites. In a recent study (Stickel et al., 2019) using data from the 

National Alzheimer’s Coordinating Center (NACC) and Alzheimer’s Disease 

Neuroimaging Initiative (ADNI), we showed that Hispanics may be more susceptible to 

poorer cognitive functioning from cardiovascular risk factors compared to non-Hispanic 

Whites. The present study included the same cohort of 91 older Hispanics and 92 non-

Hispanic Whites who were carefully matched on age, education, and gender to 

determine the influence of two prominent cardiovascular risk factors (hypertensive 

status and body mass index) on brain volumes and the relationship between brain 

volumes and cognition. Cognitive tasks measured memory, executive functions (task 

switching and working memory), and processing speed. Body mass index did not 

predict brain volumes independently or through interactions with ethnicity. Hypertension 

was unexpectedly associated with larger gray matter volumes in middle and posterior 

brain regions among both Hispanics and non-Hispanic Whites. Ethnicity differentially 
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impacted gray matter volumes in the left lingual gyrus such that non-Hispanic Whites 

with hypertension had larger gray matter volumes than normotensive non-Hispanic 

Whites and hypertensive Hispanics. Right parietal cortex gray matter predicted slower 

task switching among Hispanics but faster performance among non-Hispanic Whites. 

Other measures of cognition --memory, working memory, and processing speed—were 

best predicted by age and ethnicity even when taking into account brain volumes. 

Despite careful matching of the two ethnic groups on key demographics, Hispanics had 

lower scores on working memory and slower processing speed relative to non-Hispanic 

Whites. The present study underscores the need for detailed and longitudinal data on 

aging Hispanics.   

Key terms: Hispanic, brain volumes, aging, cognition, NACC, ADNI 
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Introduction 

Hispanics are one of the fastest growing ethnic/racial groups in the United States 

(Colby & Ortman, 2015), and they live longer on average than non-Hispanic Whites 

(Ruiz et al., 2013), yet relatively little is known about cognitive aging among this 

population. Compared to non-Hispanic Whites, Hispanics may experience similar or 

higher rates of dementias including cerebrovascular, Alzheimer’s, and mixed 

cerebrovascular and Alzheimer’s dementias (Filshtein et al., 2019; Gurland et al., 1999; 

Haan et al., 2003). Cardiovascular risk factors, including hypertension and obesity, have 

been shown to increase risk for each of these types of dementias (Ho et al., 2011; Meng 

et al., 2014; Pedditizi, Peters, & Beckett, 2016; Tolppanen, Solomon, Soininen, & 

Kivipelto, 2012).  Indeed, some evidence suggests that dementia is more strongly linked 

to cardiovascular risk factors among Hispanics than non-Hispanic Whites (Filshtein et 

al., 2019; Haan et al., 2003). For example, Haan et al. (2003) found that both genetic 

risk factors for Alzheimer’s disease (apolipoprotein ε4 allele status) and cardiovascular 

illness (e.g., history of stroke, diabetes) increased risk of dementia. However, only 

apolipoprotein ε4 homozygotes (not heterozygotes) were at increased risk for dementia, 

and they made up less than 1% of the sample. Further, they were at 2 times greater risk 

for dementia whereas those with history of stroke and diabetes were at 8-fold increased 

risk. 

In order to better understand the impact of cardiovascular risk factors on age-

related cognitive impairment among Hispanics, we previously examined the impact of 

two highly prevalent cardiovascular risk factors on cognition – history of chronic 

hypertension and overweight/obesity – among Hispanics and non-Hispanic Whites 
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without dementia (Stickel et al., 2019). We examined episodic memory and executive 

functions (task switching and working memory). Hispanics with hypertension had the 

lower scores on Trails B/A, a measure of task switching, and Hispanics with higher body 

mass index (BMI; a measure of obesity) had lower Digit Span Backward scores, a 

working memory measure.  In contrast, cognitive performance was not predicted by 

these same cardiovascular risk factors among non-Hispanic Whites. Executive functions 

are heterogenous abilities, including but not limited to updating working memory and 

flexibly shifting between tasks (task switching; Friedman & Miyake et al., 2017). Other 

studies have observed lower scores on executive function measures among non-

Hispanic Whites with hypertension and/or obesity (Gunstad et al. 2007; Raz et al., 2003; 

Walther et al. 2010; for review, see Smith et al. 2011). We hypothesized that findings 

from the present study may reflect greater or earlier vulnerability to cardiovascular risk 

factors among Hispanics rather than protection from cognitive impairment among non-

Hispanic Whites. 

In contrast to previous studies of predominantly White participants (Szoeke et al., 

2016; for review see van den Berg et al., 2009) and one study of Hispanic individuals 

(Tarraf et al., 2017), Stickel et al. (2019) did not find that hypertension or obesity were 

associated with lower episodic memory scores among either ethnic group.  One 

possibility is that the impact of cardiovascular risk factors on episodic memory and 

perhaps executive functions as well are mediated by their effect on brain structure. 

Hypertension and obesity have been associated with several changes to brain structure, 

including decreased total brain volumes (Raji et al., 2010; Raz et al., 2005; Walther et 

al., 2010; for review see Beauchet et al., 2013), increased white matter hyperintensities 
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(Vuorinen et al., 2011), and decreased white matter integrity as measured by diffusion 

tensor imaging (Bettcher et al., 2013; Ryan & Walther, 2014; Salat et al., 2012; 

Verstynen et al., 2013). Hypertension, and more broadly high blood pressure, have 

been associated with smaller total gray matter volumes and decreased cortical 

thickness both globally and in specific regions (Glodzik et al., 2012; Leritz et al., 2011; 

Raz et al., 2003). For example, Raz et al. (2003) examined brain volumes across 

several regions cross-sectionally among late middle age and older adults without 

dementia. Compared to the normotensive group, those individuals with hypertension 

had smaller volumes across all the brain regions combined. At the regional level, 

hypertension was specifically associated with smaller volumes in the prefrontal cortical 

gray matter and prefrontal white matter. Furthermore, volumes of both prefrontal gray 

matter and white matter volumes predicted working memory performance. 

Hypertension has been more consistently associated with smaller hippocampal 

gray matter volumes than smaller whole brain volumes (see Beauchet et al. 2013, for 

review and meta-analysis), but this relationship is not always observed. For example, 

hypertension did not predict hippocampal volumes cross-sectionally in Raz et al. (2003).  

However, in a longitudinal follow-up study over a 5-year span (Raz et al. 2005), 

hypertension was associated with greater age-related declines in hippocampal volumes 

over the five year period. Additionally, hypertension was associated with significant 

volumetric declines in the orbitofrontal cortex gray matter as well as a trend declines in 

the prefrontal cortex white matter (Raz et al., 2005). However, no regional volume 

declines were associated with global cognitive functioning (based on the Blessed 

Information-Memory-Concentration Test). Alternatively, a cross-sectional voxel-based 
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morphometry study (Glodzik et al., 2012) did not observe differences in the 

hippocampus or anywhere else in the medial temporal lobe between those with and 

without hypertension. Rather, they observed smaller gray matter volumes in the 

cerebellar, occipital, right superior frontal, right inferior frontal, and left lingual gyrus gray 

matter regions among those individuals with hypertension relative to those without 

hypertension. 

 Obesity has also been associated with total and regional brain structure volumes. 

In a six-year longitudinal study of late middle age and older adults without dementia, 

higher BMI was associated with greater global brain atrophy (Enzinger et al., 2005). 

Obesity has been linked to smaller hippocampal volumes (Raji et al., 2010), smaller 

gray matter volumes in the cingulate gyrus with increasing age (Driscoll et al., 2012), 

smaller temporal and superior parietal gray matter volumes in older adulthood, and 

smaller prefrontal gray matter volumes independent of age (see Willette & Kapogiannis, 

2014 for review). 

Connecting obesity to cognition via brain structure, Walther et al. (2010) found 

that obese women had lower scores on executive functioning compared to healthy 

weight women, but increased body weight did not directly predict memory performance.   

However, smaller gray matter volumes associated with higher BMI predicted both 

executive functioning and episodic memory functioning. A follow-up study (Ryan & 

Walther, 2014) found that higher BMI was associated with poorer white matter integrity 

among the same women, and white matter integrity was related to poorer executive 

functioning, episodic memory, and processing speed. 
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 Among Hispanic middle age and older adults, links between cardiovascular 

health and cognition as well as links between cardiovascular health and brain structure 

have been investigated.  Few studies, however, have examined the connections 

between cardiovascular risk factors, brain structure, and cognition in the same cohort.  

For example, Hispanics with a greater number of cardiovascular health risk factors had 

greater declines in global cognitive functioning over approximately 22 months than non-

Hispanic Whites (Hildreth, Grigsby, Bryant, Wolfe, & Baxter, 2014). Similarly, metabolic 

syndrome (a grouping of multiple cardiovascular risk factors) was associated with 

poorer executive functioning in both middle age and older Hispanics (González et al. 

2018). In this study, obesity alone was not specifically predictive of cognitive functions 

(González et al. 2018). Regarding brain structure, Hispanics may be more susceptible 

to increased white matter hyperintensity volumes with increasing diastolic blood 

pressure than non-Hispanic Whites (Marcus et al., 2011). Among a largely Mexican 

American group of older adults, ages 60 to 83, increasing waist-to-hip ratio (a measure 

of physique/obesity) was associated with smaller hippocampal volumes and increased 

white matter hyperintensities (Jagust et al. 2005). 

The evidence for differences in the relationship between brain structure and 

cognition between Hispanics and non-Hispanic Whites is mixed. In a cross-sectional 

study, DeCarli et al. (2008) identified larger total volumes among older Hispanics 

relative to non-Hispanic Whites, but the effect was consistent across cognitive status 

groups (i.e., cognitively healthy, mild cognitively impaired, and those with dementia). 

Ethnic differences in hippocampal volumes were more nuanced: Both Hispanics who 

were cognitively healthy and Hispanics with a diagnosis of dementia had smaller 
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hippocampal volumes compared to their non-Hispanic White peers. Complicating the 

pattern, the study also found that Hispanics with mild cognitive impairment had similar 

hippocampal volumes to cognitively healthy Hispanics, while non-Hispanic Whites with 

mild cognitive impairment had significantly smaller volumes than cognitively healthy 

non-Hispanic Whites. More generally, larger hippocampal volumes were associated with 

better episodic memory equally across both ethnic groups (DeCarli et al., 2008). 

More recent studies suggest that brain structure is a less consistent predictor of 

cognition among Hispanics than among non-Hispanic Whites. For example, Gavett et 

al. (2018) found that white matter hyperintensity volumes at baseline (the first timepoint) 

predicted declines in global cognition five years later among both Hispanics and non-

Hispanic Whites. Global cognition was measured by the covariance among measures of 

episodic memory, executive functioning, spatial functioning, and semantic memory. 

In contrast, temporal lobe gray matter volume at baseline was predictive of 

cognitive decline only for non-Hispanic Whites. Similarly, Zahodne et al. (2015) 

combined cognitively healthy older adults and those mild cognitive impairment in a 

cross-sectional study comparing global cortical thickness and hippocampal volumes 

across different ethno-racial groups. Hispanics and non-Hispanic Whites had similar 

cortical thickness, but Hispanics had smaller hippocampal volumes compared to non-

Hispanic Whites. Unlike DeCarli et al. (2008), hippocampal volumes predicted memory 

among Hispanics but not among non-Hispanic Whites. However, Zahodne et al. (2015) 

observed a similar relationship between cortical thickness and cognitive functioning in 

both groups, with greater cortical thickness associated with better memory, executive 
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functioning, language, and visuospatial performance, as well as faster processing 

speed. 

To the best of our knowledge, no study has examined differences in the 

relationships between cardiovascular risk factors, brain volumes, and cognition in 

Hispanic and non-Hispanic Whites in the same cohort. As noted above, we showed 

previously that cardiovascular risk factors were associated with lower executive function 

scores among Hispanics but not among non-Hispanic Whites (Stickel et al., 2019). In 

the present study, in the same cohort we sought to characterize the influence of 

cardiovascular risk factors (hypertensive status, high BMI) on brain volumes as 

predictors of cognition.  Based on previous literature, we examined total gray matter and 

total white matter and hippocampal volumes, as well as regions identified in a voxel-

based morphometric analysis. Furthermore, we examined whether these relationships 

differed between Hispanics (n = 91) and non-Hispanic Whites (n = 92). Given previous 

findings suggesting lower executive function scores among Hispanics compared to non-

Hispanic Whites (Stickel et al., 2019) and smaller volumes among those with 

cardiovascular risk factors (Beauchet et al. 2013; Jagust et al., 2005; Willete & 

Kapogiannis, 2014), we predicted that hypertension and higher BMI may be associated 

with smaller volumes (e.g., in prefrontal cortex) among both ethnic groups but to a 

greater extent among Hispanics compared to non-Hispanic Whites. Second, given that 

brain structure predicted cognition less consistently among Hispanics than among non-

Hispanic Whites (Zahodne et al., 2015; Gavett et al., 2018), we predicted that smaller 

regional brain volumes may be associated with lower scores on episodic memory, 
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executive functioning, and processing speed in both ethnic groups but to a lesser extent 

among Hispanics. 

Method 

Participants 

Hispanic older adults, ages 50 to 94, and a group of demographically matched 

non-Hispanic Whites of the same age range were selected from the NACC (N = 134, 

Hispanics: n = 67, non-Hispanic Whites: n = 67; https://www.alz.washington.edu/) and 

the ADNI3 (N = 68, Hispanics: n = 34, non-Hispanic Whites: n = 34) databases. We 

initially selected Hispanics who self-identified their race as White (n = 101), in order to 

control for the confound of racial differences which may impact the strength of risk 

factors for cognitive impairment beyond ethnicity (DeCarli et al. 2008; Glymour and 

Manly, 2008; Zahodne et al. 2015; Zahodne et al. 2017). Baseline examinations 

occurred between 2005 and 2015. Participants included those without a diagnosis of 

dementia who self-reported their ethnicity as White or non-Hispanic. From these 

participants, 183 (NACC4: n = 115, Hispanics: n = 57; ADNI: n = 68, Hispanics: n = 34) 

who had high-resolution neuroimaging data and information on hypertensive status 

and/or height and weight to calculate BMI were included in the study. All 168 

participants from the previous study on cognition (Stickel et al., 2019) were included in 

the present study plus 15 additional participants who completed neuroimaging but not 

neuropsychological testing. We completed general linear models (GLMs) and logistic 

                                                      
3 Data used in the preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) database (adni.loni.usc.edu). The ADNI was launched in 2003 as a public-private partnership, led by Principal 
Investigator Michael W. Weiner, MD. The primary goal of ADNI has been to test whether serial magnetic resonance 
imaging (MRI), positron emission tomography (PET), other biological markers, and clinical and neuropsychological 
assessment can be combined to measure the progression of mild cognitive impairment (MCI) and early Alzheimer’s 
disease (AD). For up-to-date information, see www.adni-info.org. 
4 NACC participants selected for this analysis were from 10 ADCs. 
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regressions to test interactions between ethnicity and hypertensive status on 

demographics. The two ethnic groups were matched on age, education, proportion of 

individuals with mild cognitive impairment, and gender. Hispanics had marginally higher 

BMI (F(1, 178) = 2.97, p = 0.09) and marginally greater proportions of people with 

hypertension than non-Hispanic Whites (61.54% versus 48.91%, χ2(1) = 2.95, p = 0.09). 

Hypertension status nor hypertension status by ethnicity groups did not differ based on 

age, education, BMI, proportion of individuals with mild cognitive impairment, and 

gender. See table 1. 

Table 1. Combined ADNI and NACC sample demographics organized by 
ethnicity and hypertensive status. BMI = body mass index; MCI = mild 
cognitive impairment. 

 Ethnicity 
 Hispanics 

(n = 91) 
 Non-Hispanic Whites 

(n = 92) 

 Normo-
tensives 
(n = 35) 

Hyper-
tensives 
 (n = 56) 

 Normo-
tensives 
(n = 47) 

Hyper-
tensives 
 (n = 45) 

Age (years) M (±S.E.M.) 73.06 
(1.51) 

71.68 
(0.97) 

 70.47 
(1.39) 

71.91 
(1.64) 

Education (years) M 
(±S.E.M.)  

12.94 
(0.78) 

12.26 
(0.60) 

 13.83 
(0.35) 

13.38 
(0.47) 

BMI M (±S.E.M.)† 27.45 
(0.92) 

28.51 
(0.64) 

 26.78 
(0.71) 

26.64 
(0.68) 

MCI (%) 57.14% 35.71%  46.80% 44.44% 
Sex (% female) 62.86% 67.86%  59.57% 62.22% 

† = p = 0.09      
 

Neuropsychological/cognitive measures 

Participants in NACC and ADNI completed measures from the Uniform Data Set 

as well as other cognitive measures of episodic memory and executive functioning (see 

Weintraub et al., 2009; http://www.adni-info.org/Scientists/CognitiveTesting.html). The 

Uniform Data Set has multiple Spanish translations to accommodate cultural/national 

http://www.adni-info.org/Scientists/CognitiveTesting.html
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differences between Hispanic subgroups (Acevedo et al. 2009). Tests of interest to the 

present study were the Wechsler Memory Scale (WMS) -III or -R Logical Memory Story 

Delayed Recall (Wechsler, 1987; Wechsler 1997), WAIS-R Digit Span Backward, 

WAIS-R Digit Symbol Coding (Wechsler, 1981), and Trail Making Test (Parts A and B; 

Reitan, 1958). Story Recall and Digit-Symbol Coding were not administered to ADNI 

participants. ADNI participants were administered the Rey Auditory Verbal Learning 

Test (Rey, 1941). As described in Stickel et al. (2019), we created one memory 

measure across NACC and ADNI participants. Specifically, memory scores were 

transformed to z-scores separately using the mean and standard deviation of the 

corresponding NACC or ADNI sample. Regarding executive functions, Trail B was 

divided by Trail A raw completion times (Trails B/A; Arbuthnott and Frank, 2000) as a 

measure of task switching. Raw scores from Digit Span Backward was used as a 

measure of working memory. Trail A raw completion times and raw number correct on 

Digit-Symbol Coding were used as two separate measures of processing speed. 

Administration and completion of cognitive tasks varied across individuals. Table 2 lists 

the number of participants, means, and standard error of the means per ethnic group for 

each cognitive outcome variable.
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Table 2. Mean cognitive scores organized by ethnicity and hypertensive status 

 Ethnicity 
 Hispanics  Non-Hispanic Whites 

 Normotensives Hypertensives  Normotensives Hypertensives 

Delayed verbal memory participants n = 28 n = 46  n = 33 n = 41 

Mean (SEM) 0.00 (0.19) 0.09 (0.14)  -0.11 (0.20) -0.03 (0.17) 

Trails B/A participants n = 30 n = 42  n = 33 n = 41 
Mean (SEM) 2.83 (0.22) 3.56 (0.22)  3.03 (0.21) 3.01 (0.19) 

Digit Span Backward participants n = 17 n = 37  n = 25 n = 34 
Mean (SEM) 4.35 (0.44) 4.43 (0.26)  5.96 (0.45) 6.35 (0.41) 

Trails A participants n = 31 n = 48  n = 33 n = 41 
Mean (SEM) 55.13 (5.55) 52.69 (4.76)  36.21 (2.48) 37.39 (3.32) 

Digit Symbol Coding participants n = 14 n = 30  n = 15 n = 24 
Mean (SEM) 33.79 (4.29) 27.53 (2.12)  46.47 (3.27) 44.42 (2.41) 
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Cardiovascular risk measures 

 History of hypertension was based on self-reported diagnosis and/or a diagnosis 

of hypertension noted in the medical records. BMI was calculated using height and 

weight measurements collected during study visits. 

Image acquisition 

Participants included in the present study underwent magnetic resonance 

imaging (MRI) in which T1 high resolution images were collected on 1.5T and 3T 

scanners. NACC neuroimaging data were collected using various standard clinical and 

research protocols available from multiple Alzheimer’s Disease Centers. ADNI 

encourages standardization by pre-approving specific scanners at research sites and 

reimburses sites for scans completed on pre-approved scanners. Both NACC and ADNI 

MRI scans undergo quality control checks which help exclude scans with artifacts and 

those showing structural abnormalities, making it feasible for scans to be combined 

across imaging platforms (Beekly et al., 2007; Guo et al., 2017; Jack, Bernstein, 

Borowski, Gunter, Fox, & Thompson, 2010). For more information on NACC and ADNI 

MRI procedures see https://www.alz.washington.edu/WEB/mri_main.html and Jack et 

al. (2010; http://adni.loni.usc.edu/data-samples/mri/), respectively. 

Image processing and analysis 

Raw images were reconstructed and non-brain tissue was removed using 

FreeSurfer v5.3 (Dale, Fischl, & Sereno, 1999; 

https://surfer.nmr.mgh.harvard.edu/fswiki/). Images were realigned to the anterior and 

posterior commissures and reslicing to 1mm3 in SPM8 

https://www.alz.washington.edu/WEB/mri_main.html
http://adni.loni.usc.edu/data-samples/mri/
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(http://www.fil.ion.ucl.ac.uk/spm/). Images were then segmented into gray matter, white 

matter, and cerebrospinal fluid using corresponding tissue probability maps obtained 

from the Voxel-based morphometry (VBM) toolbox. Total gray matter and total white 

matter volumes were calculated. Additionally, total gray matter, white matter, and 

cerebrospinal fluid volumes were summed to provide a measure of intracranial volume 

(ICV). 

All volumes were controlled for ICV. Prior to testing the hypotheses in SPSS, ICV 

was regressed onto total gray matter, total white matter, and hippocampal volumes to 

obtain the standardized residuals of volumes predicted by ICV. The multiple regressions 

completed in the VBM analysis (described below) included ICV as a covariate. Clusters 

that were then identified in the VBM analysis were extracted (see details below) and 

entered into SPSS where standardized residuals were created based on regressing ICV 

onto regional volumes. 

VBM was performed on gray matter and white matter images using DARTEL 

(Diffeomorphic Anatomical Registration using Exponentiated Lie algebra; Ashburner, 

2007).  Study-specific custom templates were created from all participants for gray and 

white matter images, separately. Each participant’s gray and white matter images were 

then normalized to the respective custom template, modulated using Jacobian 

determinants, and smoothed with a 10mm full-width-half-maximum (FWHM) isotropic 

Gaussian kernel. 

Four multiple regression analyses were conducted in SPM8. Two regressions 

(one for gray matter, one for white matter) were completed to test the effects of 

hypertension, ethnicity, and the interaction between hypertension and ethnicity on 
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volumes controlling for age and ICV. Two additional regressions (one for gray matter, 

one for white matter) were completed to test the effects of BMI, ethnicity, and the 

interaction between BMI and ethnicity on volumes controlling for age and ICV. Alpha 

was initially set at p < 0.05, FDR corrected, to control for multiple comparisons. No 

significant regions emerged for the predictors of interest for either gray or white matter 

volumes. Therefore, we employed a less conservative threshold of p < 0.001, 

uncorrected, with a minimum cluster size of 50 voxels, based on a previous VBM study 

(Stickel et al., 2018). Relative to other published VBM analyses using a p < 0.001 

threshold, this cluster size threshold falls midway between cluster sizes ranging from 18 

(Walther et al., 2011) to 75 (Glodzik et al., 2012: k = 75) and as high as 100 (ten Kate et 

al., 2016). 

Marsbar (Brett, Anton, Valabregue, & Poline, 2002) was used to extract a single 

volume measure for each individual from clusters meeting our significance threshold by 

averaging across all voxels within the cluster. In addition to total gray matter and white 

matter volumes, total left and right hippocampal gray matter volumes were extracted 

using the Wake Forest University PickAtlas 2.0 (Maldjian, Laurienti, Kraft, & Burdette, 

2003) and Automated Anatomical Labeling library (Tzourio-Mazoyer et al., 2002). All 

volumes and ICV values for each person were entered into SPSS v. 25 (IBM Corp, 

released 2017, Armonk, NY, USA) for further analyses. 

Results 

Total gray matter, total white matter, hippocampal volumes, and cognition 

General linear models (GLMs) tested the effects of ethnicity, cardiovascular risk 

factors (hypertensive status or BMI), and the interaction between cardiovascular risk 
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factors and ethnicity on each brain volumes (total gray matter, total white matter, left 

hippocampus, right hippocampus, and bilateral hippocampus), controlling for age. All 

overall models were significant, accounting for between 6 to 11% of the variance in 

cognitive measures. For the majority of regions, total gray matter, left hippocampus, 

right hippocampus, and bilateral hippocampus, age was the only significant predictor (all 

Fs ≥ 4.01, p < 0.05). Accounting for age, the separate impacts of hypertension and BMI 

were not significant (Fs ≤ 2.13, n.s.). See Table 4. However, both ethnicity and the 

interaction between hypertension and ethnicity marginally predicted total white matter 

volumes (F(1, 178) = 3.62, p = 0.06 and F(1, 178) = 3.31, p = 0.07, respectively). 

Hispanics had larger total white matter volumes. Regarding the interaction, simple 

effects tests detected differences between non-Hispanic Whites with hypertension as 

having significantly smaller total white matter volumes than Hispanics with hypertension 

and marginally smaller volumes compared to the other two groups (ts ≥ │1.77│, p ≤ 

0.08). No other group differences were detected (ts ≤ │1.00│, n.s.). 

Table 4. Results from general linear models testing the impact of ethnicity, 
cardiovascular risk factors, and the interaction between volumes and ethnicity on total 
gray matter, total white matter, and hippocampal brain volumes, controlling for age 
and intracranial volumes. BMI = body mass index; CV = cardiovascular. No statistics 
displayed for Fs < 1. 

 Hypertension BMI 

Whole brain gray matter R2 = 0.11 R2 = 0.10 

Overall model F(4, 178) = 5.46*** F(4, 177) = 4.69** 
Age F(1, 178) = 18.52*** F(1, 177) = 16.71*** 
CV risk factor F(1, 178) = 1.26  
Ethnicity   
CV risk factor x ethnicity F(1, 178) = 2.13 F 

Whole brain white matter R2 = 0.06 R2 = 0.06 

Overall model F(4, 178) = 3.00* F(4, 177) = 2.64* 
Age F(1, 178) = 4.01* F(1, 177) = 4.44* 
CV risk factor   
Ethnicity F(1, 178) = 3.62†  
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CV risk factor x ethnicity F(1, 178) = 3.31†  

Left hippocampus R2 = 0.11 R2 = 0.11 

Overall model F(4, 178) = 5.41*** F(4, 177) = 5.53*** 

Age F(1, 178) = 19.75*** F(1, 177) = 18.23*** 

CV risk factor   

Ethnicity   

CV risk factor x ethnicity F(1, 178) = 1.18  

Right hippocampus R2 = 0.10 R2 = 0.11 

Overall model F(4, 178) = 5.06*** F(4, 177) = 5.37*** 

Age F(1, 178) = 18.53*** F(1, 177) = 16.84*** 

CV risk factor  F(1, 177) = 1.30 

Ethnicity   
CV risk factor x ethnicity  F(1, 177) = 1.46 

Bilateral hippocampus R2 = 0.11 R2 = 0.11 

Overall model F(4, 178) = 5.37*** F(4, 177) = 5.66*** 

Age F(1, 178) = 19.63*** F(1, 177) = 17.99*** 

CV risk factor  F(1, 177) = 1.03 

Ethnicity   

CV risk factor x ethnicity F(1, 178) = 1.03 F(1, 177) = 1.09 

† = p < 0.10; * =  p < 0.05; *** =  p < 0.001 

 

Voxel-based morphometry analyses 

As described above, multiple regressions were conducted in SPM in order to test 

the effects of cardiovascular risk factors (hypertensive status, BMI), ethnicity, and the 

interaction between cardiovascular risk factor and ethnicity on brain volumes (gray 

matter and white matter) across the entire brain. We controlled for age and ICV in these 

models. 

Hypertension and Ethnicity.  The VBM analysis showed that individuals with 

hypertension had larger gray matter volumes compared to those without hypertension in 

several regions including bilateral rolandic operculum, right precentral gyrus, right 

precuneus, left temporo-parieto-occipital junction, and bilateral middle occipital gyri (see 

Table 3 and Figure 1). Ethnicity alone did not predict brain volumes. However, the 

interaction between ethnicity and hypertensive status predicted gray matter volume in a 
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region of the left lingual gyrus. Simple main effects tests identified non-Hispanic Whites 

with hypertension as having larger volumes than normotensive non-Hispanic Whites 

and hypertensive Hispanics (t’s ≥ │2.53│, p < 0.05; see Figure 2). No other group 

differences were present (t’s ≤ │1.65│).  

BMI and Ethnicity.  BMI, ethnicity, nor the interaction between ethnicity and BMI 

predicted brain volumes at the given cluster threshold. No white matter regions were 

significantly predicted in either hypertensive or BMI models. 

Table 3. Regions in which differences in volumes were detected as a function of 
hypertensive status or the interaction between ethnicity and hypertensive status, 
k ≥ 50, p < 0.001, controlling for age and ICV. The Montreal Neurological 
Institute (MNI) coordinates of the location of maximal significance, the t value, 
and cluster size (in mm3) of each cluster are provided. L: left hemisphere; R: 
right hemisphere. 
 

 MNI coordinates   

Region x y z 

t-value 
(peak 

intensity) 
Cluster 

size 

Gray matter regions      

Hypertensives > 

Normotensives 

     

L middle occipital gyrus -43 -84 17 3.23 90 
R middle occipital gyrus 29 -91 8 3.22 123 
L rolandic operculum -59 -4 8 3.57 941 
R rolandic operculum 58 -13 15 3.27 188 
L temporo-parieto-occipital 
junction 

-53 -71 16 3.36 103 

R precuneus 22 -68 15 3.33 64 
R postcentral gyrus 49 -20 37 3.27 59 

      

 Ethnicity x hypertension 

interaction 

     

  L lingual gyrus -3 -52 11 3.27 60 
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Figure 1. Axial sections depict areas of hypertension-related gray matter, controlling 
for ICV (p < .001, k > 50). Red represents regions in which those with hypertension 
had larger gray matter volumes compared to those without hypertension. Blue 
represents the area in which non-Hispanic Whites with hypertension had larger 
volumes compared to non-Hispanic Whites without hypertension and both Hispanic 
groups. 
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Figure 1. Axial sections depict areas of hypertension-related gray matter, controlling for age and ICV (p < 
.001, k > 50). Red represents regions in which those with hypertension had larger gray matter volumes 
compared to those without hypertension. Blue represents the area in which non-Hispanic Whites with 
hypertension had larger volumes compared to non-Hispanic Whites without hypertension and both Hispanic 
groups. 
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Predicting Cognition from VBM-identified Cluster Volumes 

The VBM analyses identified volumetric differences in regions associated with 

hypertension but not BMI. Thus, only those regions associated with hypertension were 

investigated in the analyses predicting cognition. Specifically, we tested the effects of 

hypertensive status, ethnicity, regional volume, and the interaction between ethnicity 

and regional volume for each cognitive measure, controlling for age. Regional volumes 

Figure 2. Box plots representing distributions of gray matter volumes in the left lingual 
gyrus per ethnic and hypertensive group. Non-Hispanic Whites with hypertension had 
larger volumes in this region compared to non-Hispanic whites who were 
normotensive and compared to Hispanics with hypertension. White boxes represent 
normotensive individuals. Gray boxes represent individuals with hypertension. NHW 
= non-Hispanic White; ICV = intracranial volume. 

* * 
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tested were the left middle occipital gyrus, right middle occipital gyrus, left rolandic 

operculum, right rolandic operculum, left temporo-parieto-occipital junction, right 

precuneus, right postcentral gyrus, and left lingual gyrus. We tested the following 

cognitive outcomes: delayed verbal memory, Trail B/A, Digit Span Backward, Trail A, 

Digit Symbol Coding. Table 5 lists the results of the GLMs for each cognitive measure 

and ROI. Robust standard errors (t-values) are included where violations of 

heteroskedasticity occurred. 

 Verbal delayed memory. For verbal delayed memory, all GLMs were significant 

(all Fs ≥ 3.89, ps < 0.01), accounting for between 12 and 13 total variance. The only 

significant predictor across all models was the covariate age (all Fs ≥ 17.54, ps < 

0.001), with older age associated with lower memory scores. Once age was accounted 

for, ethnicity, hypertension, brain volume, and the interaction between brain volumes 

and ethnicity did not predict episodic memory (all Fs ≤ 1.29, n.s.).  

 Working memory. For working memory (Digit Span Backward), all GLMs were 

significant (all Fs ≥ 4.61, ps < 0.01), accounting for between 18 and 19 total variance. 

Age was not a significant predictor (all Fs ≤ 1.30 n.s.; ts ≤ │1.38│, n.s.). Hispanic 

ethnicity was predictive of lower scores on working memory in each model (all Fs ≥ 

19.45, ps < 0.001; all ts ≥ 4.44, ps < 0.001). There was also a trending effect of higher 

working memory scores with larger right middle occipital volumes (F(1, 107) = 2.89, p = 

0.09). No other predictors significantly accounted for variation in working memory (all Fs 

≤ 1.63 n.s.; ts ≤ │0.73│, n.s.).  

 Processing speed: Trail A and Digit Symbol Coding. For both processing speed 

tasks, all GLMs were significant (Trail A: all Fs ≥ 5.78, ps < 0.001; Digit Symbol 
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Backward: all Fs ≥ 10.59, ps < 0.001). GLMs for Trail A accounted for between 16 and 

19 total variance. GLMs for Digit Symbol Coding accounted for between 41 and 42 total 

variance. Older age associated with slower processing speed across both tasks and in 

each model (all Fs ≥ 9.12, ps < 0.01; all ts ≥ │3.17│, ps < 0.01). Hispanic ethnicity was 

predictive of slower processing speed for both tasks and in each model (all Fs ≥ 15.84, 

ps < 0.001; all ts ≥ │5.31│, ps < 0.01). Additionally, faster performance on Trail A was 

marginally associated with larger volumes in the right occipital cortex (F(1, 107) = 2.89, 

p = 0.09). We also detected a marginal interaction whereby larger volumes in the right 

rolandic operculum interacted with ethnicity to marginally predict psychomotor 

processing speed, Trail A (F(1, 147) = 3.50, p = 0.06). Simple effects tests using 

Pearson correlations found that larger gray matter volumes in the right rolandic 

operculum were correlated with faster Trail A among Hispanics (r (77) = -0.26, p < 0.05) 

but was unrelated to performance among non-Hispanic Whites (r (72) = -0.07, n.s.). No 

other predictors significantly accounted for variation in processing speed measures (Fs 

≤ 2.48, n.s.; ts ≤ │1.02│, n.s.). 

 Task switching.  Task switching (Trails B/A) was predicted by the GLM model 

that included the right precuneus gray matter volume (F(5, 140) = 2.99, p < 0.05). The 

model predicted 10% of the variance in task switching. In that model, age was not 

associated with performance (F(1, 140) = 0.76, n.s.). Those with hypertension had 

marginally faster task switching performance than those without hypertension (F(1, 140) 

= 3.66, p = 0.06). Additionally, the interaction between right parietal gray matter 

volumes and ethnicity was significant (F(1, 140) = 10.28, p < 0.01). Specifically, simple 

effects tests using Pearson correlations identified that larger right parietal gray matter 
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volumes were correlated with slower performance (higher scores) on task switching 

among Hispanics (r (70) = 0.27, p < 0.05) but was related to faster performance (lower 

scores) among non-Hispanic Whites (r (72) = -0.21, p = 0.07; Fisher Z (Z = 2.90, p < 

0.01); see figure 3). No other variable predicted task switching in the significant overall 

model (all Fs ≤ 0.83, n.s.).  
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Table 5. Results from general linear models testing the impact of ethnicity, hypertension, brain volumes, and the interaction 
between brain volumes and ethnicity on cognition, controlling for age. ROI = gray matter region of interest; L = left; R = right. No 
statistics displayed for Fs < 1. 

 

Delayed verbal 
memory 

Digit Span 
Backward 

Trails A 
Digit-Symbol 
Coding 

Trails B/A 

L middle occipital 

gyrus R2 = 0.12 R2 = 0.19 R2 = 0.17 R2 = 0.42 R2 = 0.07 

Overall model F(5, 142) = 4.03** F(5, 107) = 5.10*** F(5, 147) = 6.13*** F(5, 77) = 11.15*** F(5, 140) = 2.10† 

Age F(1, 142) = 18.10*** F(1, 107) = 1.11 F(1, 147) = 10.93** F(1, 77) = 13.48*** F(1, 140) = 1.36 

Ethnicity  F(1, 107) = 21.54*** F(1, 147) = 16.46*** F(1, 77) = 34.38***  

Hypertension    F(1, 77) = 1.69 F(1, 140) = 3.99* 

ROI  F(1, 107) = 1.09 F(1, 147) = 1.25  F(1, 140) = 4.46 

ROI x ethnicity    F(1, 77) = 1.54 F(1, 140) = 1.12 

R middle occipital 

gyrus R2 = 0.13 R2 = 0.20 R2 = 0.19 R2 = 0.41 R2 = 0.05 

Overall model F(5, 142) = 4.29** F(5, 107) = 5.29*** F(5, 147) = 6.85*** F(5, 77) = 10.59*** F(5, 140) = 1.42 

Age F(1, 142) = 18.32***  F(1, 147) = 7.81** F(1, 77) = 13.27***  

Ethnicity  F(1, 107) = 19.58*** F(1, 147) = 16.68*** F(1, 77) = 30.25***  

Hypertension    F(1, 77) = 1.61  

ROI  F(1, 107) = 2.89† F(1, 147) = 3.08†   

ROI x ethnicity F(1, 142) = 1.29  F(1, 147) = 1.24    

L rolandic 

operculum R2 = 0.13 R2 = 0.18 R2 = 0.19 R2 = 0.41 R2 = 0.06 

Overall model F(5, 142) = 3.89** F(5, 107) = 4.76** F(5, 147) = 6.93*** F(5, 77) = 10.77*** F(5, 140) = 1.84 

Age F(1, 142) = 19.50*** t = -1.27 F(1, 147) = 9.51** t = -3.21***  

Ethnicity  t = 4.55*** F(1, 147) = 16.19*** t = 5.40***  

Hypertension    t = 1.02  

ROI   F(1, 147) = 1.66   

ROI x ethnicity   F(1, 147) = 2.48    



 

  103 

R rolandic 

operculum R2 = 0.13 R2 = 0.18 R2 = 0.19 R2 = 0.41 R2 = 0.06 

Overall model F(5, 142) = 4.22** F(5, 107) = 4.62** F(5, 147) = 6.95*** F(5, 77) = 10.60*** F(5, 140) = 1.91† 

Age F(1, 142) = 19.23*** t = -1.38 F(1, 147) = 9.30** F(1, 77) = 13.38*** F(1, 140) = 1.33 

Ethnicity  t = 4.44*** F(1, 147) = 17.60*** F(1, 77) = 30.08***  

Hypertension    F(1, 77) = 1.50 F(1, 140) = 3.73† 

ROI   F(1, 147) = 2.08  F(1, 140) = 1.52 

ROI x ethnicity   F(1, 147) = 3.50†  F(1, 140) = 2.99† 

L temporo-

parieto-occipital 

junction R2 = 0.13 R2 = 0.18 R2 = 0.17 R2 = 0.41 R2 = 0.07 

Overall model F(5, 142) = 4.09** F(5, 107) = 4.61*** F(5, 147) = 6.21*** F(5, 77) = 10.89*** F(5, 140) = 2.21† 

Age F(1, 142) = 17.81** F(1, 107) = 1.30 F(1, 147) = 10.70** F(1, 77) = 14.49*** F(1, 140) = 1.06 

Ethnicity  F(1, 107) = 20.60*** F(1, 147) = 15.84*** F(1, 77) = 33.50***  

Hypertension    F(1, 77) = 1.52 F(1, 140) = 4.57* 

ROI   F(1, 147) = 1.79  F(1, 140) = 3.97* 

ROI x ethnicity     F(1, 140) = 3.03† 

R precuneus R2 = 0.12 R2 = 0.19 R2 = 0.16 R2 = 0.41 R2 = 0.10 

Overall model F(5, 142) = 3.99** F(5, 107) = 4.98*** F(5, 147) = 5.78*** F(5, 77) = 10.67*** F(5, 140) = 2.99* 

Age F(1, 142) = 17.54***  F(1, 147) = 11.06** t = -3.22**  

Ethnicity  F(1, 107) = 19.45*** F(1, 147) = 15.73*** t = 5.65***  

Hypertension     F(1, 140) = 3.66* 

ROI  F(1, 107) = 1.63    

ROI x ethnicity     
F(1, 140) = 
10.28** 

R postcentral 

gyrus R2 = 0.12 R2 = 0.19 R2 = 0.18 R2 = 0.42 R2 = 0.05 

Overall model F(5, 142) = 3.97** F(5, 107) = 4.96*** F(5, 147) = 6.38*** F(5, 77) = 11.25*** F(5, 140) = 1.50 

Age F(1, 142) = 17.54***  F(1, 147) = 9.12** F(1, 77) = 11.86***  

Ethnicity  F(1, 107) = 21.33*** F(1, 147) = 16.24*** F(1, 77) = 35.91***  
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Hypertension    F(1, 77) = 1.91  

ROI   F(1, 147) = 2.33   

ROI x ethnicity    F(1, 77) = 1.91   

L lingual gyrus R2 = 0.13 R2 = 0.19 R2 = 0.19 R2 = 0.41 R2 = 0.06 

Overall model F(5, 142) = 4.12** F(5, 107) = 5.87*** F(5, 147) = 6.91*** F(5, 77) = 10.71*** F(5, 140) = 1.91† 

Age F(1, 142) = 19.52*** t = -1.18 F(1, 147) = 10.12** t = -3.17** F(1, 140) = 1.75 

Ethnicity  t = 4.51*** F(1, 147) = 16.35*** t = 5.31***  

Hypertension    t = 1.01 F(1, 140) = 4.22* 

ROI   F(1, 147) = 1.54  F(1, 140) = 2.87† 

ROI x ethnicity   F(1, 147) = 2.72  F(1, 140) = 2.80† 

† = p < 0.10; * =  p < 0.05; ** =  p < 0.01; *** =  p < 0.001 
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Figure 3. Correlations between right parietal gray matter volumes and Trails B/A scores 
per ethnic group. Based on simple effects tests, among Hispanics larger right parietal 
gray matter volumes were correlated with slower performance (higher scores) on Trails 
B/A (r (70) = 0.27, p < 0.05) whereas larger volumes were related to faster performance 
(lower scores) among non-Hispanic Whites (r (72) = -0.21, p = 0.07). Hispanics are 
represented by white open circles and the solid line. Non-Hispanic Whites are 
represented by gray diamonds and the broken line. Volumes are residualized for 
intracranial volumes. NHW = non-Hispanic White. 

 

Discussion 

In summary, the present study used voxel-based morphometry to test ethnicity-

specific impacts of cardiovascular risk factors on brain volumes and the relationship 

between brain volumes and cognitive functions including memory, executive functions 

(task switching and working memory). Individuals with hypertension compared to those 
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without hypertension had larger regional gray matter volumes. Larger gray matter in the 

right parietal cortex predicted slower task switching among Hispanics but faster 

performance among non-Hispanic Whites. These findings will be discussed in more 

detail below. 

BMI 

 BMI was not associated with total gray matter, total white matter, hippocampal, or 

regional brain volumes, after accounting for age. Given that BMI was predictive of 

updating working memory for Hispanics in nearly the same sample (Stickel et al., 2019), 

it seems that BMI may be working through a mechanism that impacts other measures of 

brain structure (e.g., white matter integrity). For example, among older women white 

matter volumes associated with obesity were not predictive of cognition (Walther et al., 

2010), but poorer white matter integrity among the same group of women was related to 

lower scores on executive functioning, episodic memory, and processing speed. 

Alternatively, more precise measures of body fat, such as waist-to-hip ratio which was 

predictive of hippocampal volumes among Hispanics (Jagust et al., 2005), may provide 

a better predictor of brain volumes. 

Hypertension, ethnicity, total gray matter, total white matter, and hippocampal 

volumes 

 Hypertension was not a successful predictor of total gray matter nor hippocampal 

volumes. Hispanics trended toward having larger total white matter volumes than non-

Hispanic Whites, and non-Hispanic Whites with hypertension had the smallest total 

white matter volumes relative to all other groups. This is opposite to larger volumes 

found in the left lingual gyrus gray matter for non-Hispanics with hypertension relative to 
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non-Hispanics with hypertension and Hispanics with hypertension (discussed in greater 

detail below). As noted above, larger white matter volumes are not necessarily reflective 

of better structural integrity (Ryan & Walther et al., 2014). In an ethnic/racial comparison 

study of aging (DeCarli et al., 2008), Hispanics had larger total brain volumes 

(combined gray matter and white matter) compared to African Americans and non-

Hispanic Whites. The authors only found this difference when taking into account ICV, 

and therefore implied that Hispanics may have smaller brains across the lifespan. 

Longitudinal data may help determine if larger total brain volumes among Hispanics are 

related to lifelong differences in head size or whether they have preserved total brain 

volumes compared to other ethnic/racial groups. 

Hypertension and regional brain volumes from whole brain voxel-wise analysis 

 In contrast to null effects of BMI, hypertension predicted gray matter volumes 

largely in mid-to-posterior brain regions, including bilateral occipital gyri, bilateral 

rolandic operculum, left temporo-parieto-occipital junction, right precuneus, and right 

postcentral gyrus. Unexpectedly, individuals with hypertension had larger regional brain 

volumes than those without hypertension. Most commonly, the literature on 

hypertension shows negative impacts on brain structure (for review see Beauchet et al., 

2013) even when hypertension is well-controlled (Jennings et al., 2012). However, 

others have found null independent effects of hypertension and/or blood pressure on 

brain structure (Muller et al., 2010). Others have noted that late life onset of 

hypertension may reduce risk of Alzheimer’s disease (Corrada et al., 2017; Sacktor et 

al., 1999). Corrada et al. (2017) retrospectively examined onset of hypertension for over 

500 participants who were initially enrolled in an aging study for up to 10 years and then 
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later enrolled in a cohort of 90+ year olds. Those with a history of hypertension in the 

initial cohort were no more likely to develop dementia than individuals without 

hypertension. Participants who developed hypertension after 80 years old were at lower 

risk for dementia compared to those without hypertension. Nonetheless, the age-range 

and proportions of oldest-old individuals included in the present study are not similar to 

the studies showing benefits of hypertension on cognition are observed. At this stage, it 

is unclear why larger gray matter volumes were observed among individuals with 

hypertension relative to those without it and whether this confers a cognitive aging 

advantage. 

 All the ROI volumes associated with hypertension were within gray matter and 

were identified in the voxel-based morphometric analysis rather than extracted 

hippocampal or total gray or white matter volumes. These specific regions tended to be 

bilateral (e.g., operculum, middle occipital regions) and more posterior, extending from 

postcentral gyrus and rolandic operculum to middle occipital gyri). The posterior-anterior 

shift in aging (PASA; Davis et al., 2007) is a theory that hypothesizes that brain 

functioning shifts from posterior to anterior regions with increasing age. If this theory 

were true, we might expect hypertension to modulate age-related changes in brain 

functioning via preserved brain volumes. Di et al. (2014) found some support for a link 

between brain volumes and brain activation: across 24 studies that examined functional 

activations during executive functioning tasks, smaller gray matter volumes were 

associated with greater activations (functional MRI signal), in bilateral dorsolateral 

prefrontal cortex, not more posterior regions. 

Hypertension, ethnicity, and regional volumes 
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The impact of hypertension on gray matter volumes was largely consistent 

among ethnic groups, with an exception in the left lingual gyrus. Specifically, non-

Hispanic Whites with hypertension had larger gray matter volumes in the left lingual 

gyrus relative to non-Hispanic Whites without hypertension and Hispanics with 

hypertension. The latter groups did not differ from each other, and Hispanics without 

hypertension did not differ from any other group. The left lingual gyrus is near several 

regions susceptible to changes in early stages of Alzheimer’s disease, including the 

entorhinal cortex which develops neurofibrillary pathology (Braak et al., 2006) and the 

posterior cingulate which shows reduced glucose metabolism (Reiman et al., 2001) 

among preclinical older adults. However, the lingual gyrus itself remains relatively intact 

in preclinical stages of the disease and does not evidence neurofibrillary pathology until 

Braak stage III (approximately early to moderate Alzheimer’s disease; Braak et al., 

2006). Better white matter integrity in the lingual gyrus distinguished cognitively healthy 

older adults from those with mild cognitive impairment (Cooley et al., 2015), suggesting 

even earlier sensitivity to neurodegeneration. With regard to cognitive functions, the 

lingual gyrus is thought to aid in encoding novel scenes (Hayes, Nadel, & Ryan, 2007) 

and supports autobiographical recollection (Gilboa, Winocur, Grady, Hevenor, 

Moscovitch, 2004; Renoult, Davidson, Palombo, Moscovitch, & Levine, 2012). 

Hypertension, ethnicity, regional volumes, and cognition 

The present study provided little evidence that the larger gray matter volumes 

seen among individuals with hypertension corresponded to benefits to cognition. An 

exception was that larger gray matter volumes in the right parietal cortex were 

associated with slower task switching for Hispanics yet were correlated with faster 
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performance for non-Hispanic Whites. The finding among Hispanics – slower task 

switching with larger volumes-- is in the unexpected direction and should be replicated. 

A marginal interaction was also identified for one of the psychomotor processing speed 

measures. Unlike the pattern seen for task switching, larger volumes in the right 

rolandic operculum were associated with slower processing speed on Trails A for 

Hispanics but was unrelated to performance among non-Hispanic Whites. These 

patterns are somewhat in contrast to others who typically detect fewer relationships 

between brain structure and cognition among Hispanics compared to non-Hispanic 

Whites (Gavett et al., 2018; Zahodne et al., 2015). The current findings suggest that 

cognitive functioning among Hispanics may be more influenced by regional rather than 

global measures of brain structure. 

In the present study, cognitive comparisons detected a trending association 

between larger left lingual gyrus gray matter volumes and faster task switching. Further, 

this marginal effect is likely driven by non-Hispanic Whites. Lingual gyrus gray matter 

was not associated with cognitive performance among Hispanics. Both uniform effects 

of hypertension on gray matter volumes and ethnicity-specific effects in the left lingual 

gyrus should be replicated and effects need to be confirmed in other studies with 

multiethnic cohorts and with longitudinal data. Potential factors to investigate in future 

studies may be the role of age and gender on these relationships. As noted above, the 

onset of cardiovascular risk factors (e.g., hypertension) in late older adulthood may be 

protective against dementia (Corrada et al., 2017). Similarly, risk for Alzheimer’s 

disease among those with cardiovascular risk factors may be moderated by gender 

(Gustafson et al., 2003; Sweat et al., 2008). For example, an 18-year follow-up study 
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(Gustafson et al., 2003) found that older women with higher BMIs were more likely to 

develop Alzheimer’s disease whereas BMI did not change risk for the disease.  

Brain volumes and hypertensive status were not significantly related to memory, 

working memory, or psychomotor processing speed among either ethnic group. Instead 

demographics, specifically age and ethnicity, best predicted these cognitive functions. 

Not surprisingly, increasing age was associated with lower memory scores and slowing 

on processing speed tasks. Consistent with the initial study (Stickel et al., 2019), 

hypertension did not predict memory. Also similar to the previous findings (Stickel et al., 

2019), Hispanics had lower working memory scores than non-Hispanic Whites. 

Additionally, Hispanic ethnicity was associated with slower processing speed. 

Differences in processing speed may reflect cultural differences in approach rather than 

susceptibility to impairment. Hispanics may be more inclined to favor accuracy over 

speed relative to non-Hispanic Whites (Ardila, 2007), and slower processing speed may 

not reflect impairments in functioning. Similar to the pattern of ethnicity effects in the 

current study, Flores et al. (2017) found that Hispanics who primarily spoke Spanish 

performed worse than non-Hispanic Whites on processing speed and working memory 

tasks as well as an inhibitory control task. Also similar to the present study groups did 

not differ on episodic memory. Interestingly, among English-dominant Hispanics 

performance was consistent with that of non-Hispanic Whites (Flores et al., 2017). In 

the present study, 43% of Hispanics reported Spanish as their primary language. 

Primary language should be taken into account in future studies of cognitive aging. In 

one study (Flores et al., 2017) of adults across the lifespan (18 – 83 years), English 

speaking Hispanics performed similarly to non-Hispanic Whites across all cognitive 
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measures, episodic memory, cognitive flexibility, inhibitory control, processing speed, 

and working memory. Spanish-speaking Hispanics also performed similarly to non-

Hispanic Whites on episodic memory and cognitive flexibility bit performed worse than 

non-Hispanic Whites and English-speaking Hispanics on inhibitory control, processing 

speed, and working memory. Importantly, the groups were all matched on education 

which is seldom achieved in comparisons of Hispanics and non-Hispanic Whites. 

Higher cognitive scores among non-Hispanic Whites has also been documented 

elsewhere (Early et al., 2013; Gross et al., 2015). Interestingly, however, rate of 

cognitive decline over time is the same, and possibly even slower, among Hispanics 

(Gross et al., 2015). Ethnic differences in baseline cognition paired with possibly slower 

decline among Hispanics is also reflected in Alzheimer’s disease. For example, autopsy 

comparisons determined that Hispanics (mostly Cubans and Puerto Ricans) had an 

earlier age of Alzheimer’s disease onset and longer duration with the disease but had 

similar length of lifespan compared to non-Hispanic Whites. Ethnic differences in 

cognition identified in the present study and others (Early et al., 2013; Flores et al., 

2017; Gross et al., 2015) along with differences in Alzheimer’s onset highlight the need 

for more normative clinical neuropsychological data specific to Hispanics and with 

important factors such as primary language (Flores et al., 2017) taken into account. 

Furthermore, the differences noted in the present study were among Hispanics who 

identified their race as White; therefore, we do not know whether Hispanics of other 

racial backgrounds may have lesser, more, or equally pronounced differences in 

cognitive performance compared to non-Hispanic Whites. 
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Conclusion 

The present study found larger gray matter volumes in mid-to-posterior regions of the 

brain, extending from bilateral rolandic operculum to bilateral middle occipital gyri, 

among individuals with compared to individuals without hypertension. Among the 

carefully matched groups of Hispanics and non-Hispanic Whites, hypertension had a 

largely uniform effect on gray matter volumes except in the left lingual gyrus where non-

Hispanic Whites with hypertension had larger volumes relative to non-Hispanic Whites 

without hypertension and Hispanics with hypertension. Larger gray matter volumes in 

the right parietal cortex predicted slower task switching among Hispanics but faster 

performance among non-Hispanic Whites. The mechanisms by which cognitive aging 

among Hispanics are impacted by cardiovascular risk factors remain poorly understood. 

The striking effect of larger gray matter volume among individuals with hypertension 

compared to those without hypertension, warrants investigation into whether these 

results are consistent for other measures of brain structure (e.g., cortical thickness, 

white matter structural integrity). 
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CHAPTER 5 

STICKEL ET AL. (IN PREPARATION). ETHNIC COMPARISONS OF THE EFFECTS 

OF APOLIPOPROTEIN ɛ4 STATUS ON COGNITION AND BRAIN STRUCTURE 

AMONG LATE MIDDLE AGE AND OLDER ADULTS WITHOUT DEMENTIA 

Abstract 

Hispanics are at equal or greater risk for Alzheimer’s disease (AD), yet risk factors 

remain more poorly characterized as compared to non-Hispanic Whites. Among non-

Hispanic White cohorts, the apolipoprotein (APOE) ɛ4 allele is one of the strongest risk 

factors for AD, and even cognitively healthy older adult ɛ4 carriers have lower episodic 

memory and smaller brain volumes compared to non-carrier peers. We examined 

whether APOE ɛ4 status had a differential impact on cognition and brain volumes 

among cognitively healthy and mild cognitively impaired Hispanics (n = 86; ɛ4 n = 23) 

compared to a well-matched group of non-Hispanic Whites (n = 92; ɛ4 n = 29). Neither 

APOE ɛ4 status nor the interaction between ɛ4 status and ethnicity predicted cognitive 

performance. APOE ɛ4 status was associated with white matter, but not gray matter, 

volumes. APOE ɛ4 carriers had significantly smaller whole brain white matter volumes 

as well as smaller right middle temporal and left superior temporal volumes. Hispanics 

had significantly smaller left middle frontal gray matter volumes yet marginally larger 

overall white matter volumes than non-Hispanic Whites. Exploratory analysis within the 

Hispanic sample found that those whose primary language was Spanish had larger 

whole brain white matter volumes compared to those primarily English speakers. 

Importantly, primary language differences only held for Hispanic ɛ4 carriers and did not 



 

  
  
  126
  

differentiate Hispanic non-carriers, underscoring the need for further investigation into 

the impacts of language and acculturation on cognitive aging among the fastest growing 

ethnic minority group in the United States. 

Key words: apolipoprotein (APOE) ɛ4 allele, Hispanics, aging, volumetrics 
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Hispanics are at least as likely as non-Hispanic Whites to develop AD (Haan, 

Mungas, Gonzalez, Ortiz, Acharya, & Jagust, 2003; Gurland, Wilder, Lantigua, Stern, 

Chen, & Killeffer et al., 1999), although estimated prevalence rates vary widely across 

studies. The Alzheimer’s Association (2018) estimates a 1.5 times increased likelihood 

of developing the disease among Hispanics compared to non-Hispanic Whites.  The 

differences across studies may be due to the specific Hispanic subgroups studied (e.g., 

Mexican Americans (Haan et al., 2003) versus Caribbean Hispanics (Gurland et al., 

1999)) or may be related to differences in how Hispanics are impacted by risk factors for 

the disease and the degree to which such factors are considered in prevalence studies. 

One of the largest risk factors for AD among non-Hispanic Whites is the 

apolipoprotein (APOE) ε4 allele (Bertram, McQueen, Mullin, Blacker, & Tanzi, 2007). In 

the brain, apolipoprotein transports cholesterol and plays a role in neuronal repair 

(Villeneuve et al., 2014). Of the three allelic variants of the APOE gene (ε2, ε3, and ε4), 

the ε4 variant increases risk for AD. Among non-Hispanic Whites, one copy of the ε4 

allele is associated with a three-fold increase in AD risk and two copies are associated 

with a 15-fold increase in risk (Farrer, Cupples, Haines, Hyman, Kukull, & Mayeux et al., 

1997). APOE ε4 status impacts cognition even among cognitively healthy (non-

demented) older adults, perhaps as a prodrome of the disease (Foster et al., 2013) or 

perhaps independent of the disease (Greenwood & Parasuraman, 2003). Among 

cognitively healthy individuals, compared to non-carriers, APOE ε4 carriers have lower 

episodic memory scores in late middle age and older adulthood (Caselli, Dueck, 

Osborne, Sabbagh, Connor, & Ahern et al., 2009) and lower scores on the Mini Mental 

State Examination (a measure of global cognition; Deary et al., 2002, but see Winnock 
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et al., 2002). A meta-analysis identified lower scores on episodic memory and executive 

functioning tasks in addition to lower global cognition scores among APOE ε4 carriers 

relative to non-carriers (Small et al., 2004). 

APOE ε4 status is thought to impact cognition via its impact on brain structure 

and function. APOE ε4 status has been associated with both increases (Han et al., 

2007) and decreases (Filippini et al., 2011) in functional magnetic resonance imaging 

activation while performing encoding tasks. Additionally, functional magnetic resonance 

imaging deactivation during fixation relative to externally-focused tasks was smaller for 

ε4 carriers compared to non-carriers (Pihlajamäki & Sperling, 2009). Positron emission 

tomography data suggest that among cognitively healthy ε4 carriers compared to non-

carriers, there are greater declines in brain metabolism within temporal, prefrontal, 

posterior cingulate, parahippocampal, thalamic, and basal forebrain regions over a two 

year period (Reiman, Caselli, Chen, Alexander, Bandy, & Frost, 2001). The connections 

between brain structure and cognitive performance are also influenced by APOE ε4 

status. For example, Wang et al. (2019) studied the relationship between hippocampal 

volume and long delay verbal memory scores among e4 carriers and noncarriers with 

mild cognitive impairment.  For those individuals with relatively small hippocampal 

volumes, ε4 carriers had lower perfomance on delayed verbal memory compared to 

non-carriers but ε4 status did not differentiate memory performance among those 

individuals with larger hippocampal volumes. Hippocampal atrophy is one of the earliest 

biomarkers of AD, and APOE ε4 status has been associated with smaller hippocampi 

among cognitively healthy middle age and older adults (den Heijer et al., 2002; Taylor, 

Scanlon, Farrell, Hernandez, Adamson, & Ashford et al., 2014). One study suggests 
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that the impact of APOE ε4 status in older adulthood may be more specific to certain 

subfields (i.e., the CA3 and dentate gyrus; Mueller et al., 2008). 

The impact of APOE ε4 status on risk for AD among Hispanics is largely 

unknown. Hispanics are generally less likely to be APOE ε4 allele carriers than non-

Hispanic Whites (Haan et al., 2003). In a study combining data across more than 40 

studies of older adults with and without Alzheimer’s disease (Farrer et al., 1997), 

approximately 15% of Hispanics carried at least one ɛ4 allele compared to 24% of non-

Hispanic Whites. Additionally, estimated frequencies of APOE ε4 carriers among 

individuals with a diagnosis of AD are mixed. Some studies find similar rates of ε4 

carriers among Hispanics and non-Hispanic Whites with a diagnosis of AD (Harwood et 

al., 2004) while others find lower rates of ε4 carriers among Hispanics relative to non-

Hispanic Whites (Farrer et al., 1997; Gurland et al., 1999; Haan et al., 2003).  Still other 

studies find no increased risk for developing AD associated with ε4 among Hispanics 

(Tang, Stern, Marder, Bell, Gurland, & Lantigua et al., 1998). For example, Farrer et al. 

(1997) reported that among patients with AD, approximately 37% of non-Hispanic 

Whites carried at least one ε4 allele compared to approximately 19% among Hispanics 

(which is close to the population base-rate of 15% among Hispanics reported by Farrer 

et al., 1997). In contrast, when Hispanics with AD who identified their race as White 

were compared to non-Hispanic Whites, the groups had equivalent rates (27%) of ɛ4 

carriers (Harwood et al., 2004).  

Hispanic country of origin may contribute to difference in the prevalence of APOE 

ɛ4 status and its influence on risk for AD. In a recent analysis of over 10,000 Hispanic 

Americans genotyped for APOE ɛ4 status, those from the Dominican Republic had the 
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highest rates of ε4 carriers (at least one ε4 copy; 17.5%) while those from Mexico, 

Central America, and South America had lower rates, closer to 11% (González et al., 

2018). Among a unique group of predominantly (77%) Cuban Hispanics with AD who 

identified their race as White, whose primary language was Spanish, and were born 

outside of the United States, having at least one copy of the ε4 allele was linked to 

earlier age of onset compared to non-carriers (Harwood et al., 2004). Earlier onset was 

comparable to that of non-Hispanic White ε4 carriers, but this effect was statistically 

more robust among non-Hispanic Whites. In a study of Mexican Americans and non-

Hispanic Whites with 28 individuals with AD and 28 cognitively healthy people in each 

ethnic group (overall N = 112), odds of developing AD based on APOE ɛ4 status differed 

by ethnicity (Campos et al., 2013). Among Mexican Americans, the presence of one or 

more ɛ4 allele made up approximately 32% of individuals in the group with AD and 25% 

of the cognitively healthy group versus approximately 61% and 36% of non-Hispanic 

Whites who had AD or were cognitively healthy, respectively. Non-Hispanic Whites with 

at least one ɛ4 allele were at increased risk for developing AD, controlling for age, sex, 

and education, while Mexican Americans with at least one ɛ4 allele were not at 

increased risk for AD once demographic variables were taken into account. Similarly, in 

a larger study of 267 Mexican-Americans genotyped for APOE ɛ4 (O’Bryant et al., 

2013), having at least one copy of the ɛ4 allele was not related to increased odds of 

having cognitive impairment (either AD or mild cognitive impairment). When cognition 

was examined among the combined diagnostic groups (i.e., cognitively healthy, mild 

cognitive impairment, and AD), APOE ɛ4 status was not associated with global cognitive 

functioning (based on Mini Mental State Exam (MMSE)) among Mexican Americans but 
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was related to lower MMSE scores among non-Hispanic Whites. Instead, among 

Mexican Americans, being female, having lower depression scores on the Geriatric 

Depression Scale and having higher education were associated with higher cognitive 

performance. Among both Mexican Americans and non-Hispanic Whites, having at least 

one ɛ4 allele was related to greater clinical symptom severity based on the Clinical 

Dementia Rating Scale. 

 Even less literature exists on the influence of APOE ɛ4 status on the brain and 

cognition among cognitively healthy Hispanics. Decreased metabolism in the precuneus 

and posterior cingulate has been observed in patients with AD when compared to 

controls (Alexander, Chen, Pietrini, Rapoport, & Reiman, 2002), suggesting that this 

pattern may provide an early biomarker of AD risk among non-Hispanic Whites.  

Consistent with studies among non-Hispanic Whites, one study (Langbaum et al., 2010) 

of cognitively healthy middle aged and older Hispanics found that ε4 carriers had lower 

cerebral metabolism in the precuneus and posterior cingulate compared to non-carriers. 

Regarding white matter and brain structure, among a racially diverse, predominantly 

Hispanic sample of individuals with a wide-range of cognitive functioning, APOE ε4 

status was not associated with increased risk for microbleeds in the brain (Caunca et 

al., 2016). However, among the same sample, ɛ4 carriers with higher total cholesterol 

had smaller white matter hyperintensity volumes, a marker of small vessel damage in 

the brain, compared to those with lower cholesterol, and this relationship was not 

significant among non-carriers (Willey et al., 2014). 

Regarding cognition, among a sample of 90 year old Puerto Ricans without 

dementia, ɛ4 status was associated with higher cognitive performance on a composite 
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of visuospatial, naming, and attention tasks compared to non-carriers (Carrión-Baralt et 

al., 2009). Interestingly, the authors suggest that higher scores among ɛ4s may be 

attributable to a survivor effect; in other words, ɛ4 carriers who have survived into their 

90s may have other resilience factors offsetting the e4 risk, or ɛ4 status may actually be 

helpful among the oldest old (Carrión-Baralt et al., 2009). It is unknown if APOE ε4 

status higher or lower cognitive functioning performance among cognitively healthy 

Hispanics in middle age and earlier older adulthood. 

Taken together, at present, the impact of APOE ε4 status on aging Hispanics is 

ambiguous, likely nuanced, and particularly understudied among cognitively healthy 

individuals. The present study examined whether ethnicity (i.e., Hispanic versus non-

Hispanic) modulates the effects of APOE ε4 status on cognition (i.e., episodic memory, 

executive functioning and processing speed) and brain volumes among cognitively 

healthy older adults, ages 50 to 94. We were particularly interested in the relationship 

between hippocampal volume and episodic memory performance. We predicted that ε4 

carriers, regardless of ethnicity, would have lower episodic memory. Further, we 

predicted that this association would be stronger among non-Hispanic Whites than 

among Hispanics. Similarly, we hypothesized that ε4 carriers would have smaller 

hippocampi than non-carriers and that this effect would be stronger among non-

Hispanic Whites compared to Hispanics. In addition, we conducted a whole brain voxel-

based morphometric analysis to determine whether other brain regions would be 

affected by e4 status, ethnicity, or the interaction between these two factors.   

Method 

Participants 
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The present study included 183 late middle age and older adults selected from 

the NACC5 (https://www.alz.washington.edu/) and the ADNI6 databases based on self-

reported race and ethnicity. We previously published data on 168 of these participants 

(see Stickel et al., 2019) in a study of cognitive functioning. The present study included 

a total of 178 participants without a diagnosis of dementia who at minimum underwent 

neuroimaging and genotyping for APOE. The cohort included Hispanics who self-

identified their race as White (n = 86), in order to control for the confound of race which 

may impact the strength of risk factors on brain structure and cognition (DeCarli et al. 

2008; Glymour and Manly, 2008; Zahodne et al. 2015; Zahodne et al. 2017). Country of 

origin information was only available for 57 of the participants, with the majority (n = 47, 

82.46%) of participants identifying Mexico as their country of origin. Baseline 

neuropsychological and neuroimaging examinations occurred between 2005 and 2015. 

The two ethnic groups were matched on age, education, proportion of individuals with 

mild cognitive impairment, and apolipoprotein ε4 status. Likewise, APOE ɛ4 carriers and 

non-carriers were matched on all demographics as were the individual ethnicity by 

APOE groups. See Table 1.

                                                      
5 NACC participants selected for this analysis were from 10 ADCs. 
6 Data used in the preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) database (adni.loni.usc.edu). The ADNI was launched in 2003 as a public-private partnership, led by 
Principal Investigator Michael W. Weiner, MD. The primary goal of ADNI has been to test whether serial magnetic 
resonance imaging (MRI), positron emission tomography (PET), other biological markers, and clinical and 
neuropsychological assessment can be combined to measure the progression of mild cognitive impairment (MCI) 
and early Alzheimer’s disease (AD). For up-to-date information, see www.adni-info.org. 
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Table 1. Combined ADNI and NACC sample demographics organized by 
ethnicity and APOE ɛ4 status. APOE = Apolipoprotein; MCI = mild cognitive 
impairment. No significant differences between the four groups.  

 Ethnicity 
 Hispanics 

(n = 86) 
 Non-Hispanic Whites 

(n = 92) 

 ɛ4 non-
carriers 
(n = 63) 

ɛ4 carriers 
 (n = 23) 

 ɛ4 non-
carriers 
 (n = 63) 

ɛ4 carriers 
 (n = 29) 

Age (years) M (±S.E.M.) 72.03 
(1.02) 

71.87 
(1.62) 

 72.22 
(1.39) 

68.90 
(1.50) 

Education (years) M 
(±S.E.M.)  

12.44 
(0.62) 

12.77 
(0.80) 

 13.41 
(0.37) 

14.03 
(0.47) 

MCI (%) 44.44% 43.48%  42.86% 51.72% 
Sex (% female) 61.90% 78.26%  60.32% 62.07% 
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Cognitive measures 

Participants in NACC and ADNI completed all or parts of the Uniform Data Set 

(Weintraub et al., 2009; http://www.adni-info.org/Scientists/CognitiveTesting.html). The 

Uniform Data Set has multiple Spanish translations (Acevedo et al. 2009) and 

participants were tested in their preferred language. We included the following tests in 

the present study: the Wechsler Memory Scale (WMS) -III or -R Logical Memory Story 

Delayed Recall (Wechsler, 1987; Wechsler, 1997), WAIS-R Digit Span Backward, 

WAIS-R Digit Symbol Coding (Wechsler, 1991), and Trail Making Test (Parts A and B; 

Reitan, 1958). ADNI participants were also administered the Rey Auditory Verbal 

Learning Test (Rey, 1941) but not the Story Recall nor Digit-Symbol Coding. As 

described in Stickel et al. (2019), one memory measure was calculated across NACC 

and ADNI participants. The Logical Memory Story Recall and Rey Auditory Verbal 

Learning Test raw scores were transformed to z-scores separately using the mean and 

standard deviation of the corresponding NACC or ADNI sample. For measures of 

executive functions, Trail B was divided by Trail A raw completion times (Trails B/A; 

Arbuthnott and Frank, 2000) to obtain a task switching measure. Additionally, raw 

scores from Digit Span Backward provided a measure of working memory. Trail A raw 

completion times and raw number correct on Digit-Symbol Coding were used as 

separate measures of processing speed. 

Apolipoprotein ε4 status 

To determine APOE ε4 status, two single nucleotide polymorphisms (rs429358, 

rs7412) are analyzed to define the ε2, ε3, and ε4 alleles. APOE ε4 status for NACC 

participants was determined independently by individual NACC sites and was confirmed 

http://www.adni-info.org/Scientists/CognitiveTesting.html
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by the AD Genetics Consortium and/or National Cell Repository for AD. If a participant’s 

ε4 status differed between analyses, then it was marked as missing. Specifics on 

genotype and sequencing data can be found at the following (https://www.niagads.org/; 

https://alois.med.upenn.edu/adgc/about/overview.html). Specific genotyping methods 

for ADNI participants are described in Saykin et al. (Saykin, Shen, Foroud, Potkin, 

Swaminathan, & Kim et al., 2010). 

Image acquisition 

Participants underwent magnetic resonance imaging (MRI) collected on 1.5T and 

3T scanners.  T1 high resolution images were collected for all participants included in 

the present study. NACC neuroimaging data were collected using various standard 

clinical and research protocols available from multiple Alzheimer’s Disease Centers. 

ADNI encourages standardization by pre-approving specific scanners at research sites 

and reimburses sites for scans completed on pre-approved scanners. Both NACC and 

ADNI MRI scans undergo quality control checks which help exclude scans with artifacts 

and those showing structural abnormalities, making it feasible for scans to be combined 

across imaging platforms (Beekly et al., 2007; Guo et al., 2017; Jack, Bernstein, 

Borowski, Gunter, Fox, & Thompson, 2010). For more information on NACC and ADNI 

MRI procedures see https://www.alz.washington.edu/WEB/mri_main.html and Jack et 

al. (2010; http://adni.loni.usc.edu/data-samples/mri/), respectively. 

Image processing 

Raw images were downloaded from the NACC and ADNI databases. Images 

were reconstructed and non-brain tissue was removed using FreeSurfer v5.3 (Dale, 

https://www.niagads.org/
https://alois.med.upenn.edu/adgc/about/overview.html
https://www.alz.washington.edu/WEB/mri_main.html
http://adni.loni.usc.edu/data-samples/mri/
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Fischl, & Sereno, 1999; https://surfer.nmr.mgh.harvard.edu/fswiki/). Next, voxel-based 

morphometry (VBM; Ashburner, 2007) was performed using DARTEL (Diffeomorphic 

Anatomical Registration using Exponentiated Lie algebra; Ashburner, 2007) in SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/). More specifically, whole brain volumes were aligned 

along the anterior to posterior commissural plane. Aligned images were then resliced to 

1mm3 and segmented into gray matter, white matter, and cerebrospinal fluid using 

tissue probability maps corresponding probability maps obtained from the Voxel-based 

morphometry toolbox. Intracranial volumes (ICV) were calculated based on the 

summation of gray matter, white matter, and cerebrospinal fluid volumes. ICV was used 

to control for head size in all subsequent analyses of total and regional volumes. 

Additionally, the total gray matter and total white matter volumes extracted in 

segmentation were used as total volumetric measures.  

For the VBM analysis, DARTEL was used to create two study-specific custom 

templates for gray and white matter from all participants’ segmented gray and white 

matter images, respectively. Each participant’s gray and white matter images were then 

normalized to the appropriate study-specific template, modulated using Jacobian 

determinants, and smoothed with a 10mm full-width-half-maximum (FWHM) isotropic 

Gaussian kernel.   

Two multiple regression analyses (one for gray matter, one for white matter) 

were performed in SPM8, in order to identify regions of the brain in which the impact of 

APOE ε4 status was moderated by ethnicity. Regressions included APOE ε4 status and 

ethnicity as main effects, the interaction between APOE ε4 status and ethnicity as well 
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as age and ICV as control variables. Initially, the statistical threshold cluster for each 

effect tested was set at p < 0.05, FDR corrected. However, no voxels met this criterion. 

The threshold was then changed p < 0.001, uncorrected, with a cluster of 50 contiguous 

voxels. This threshold was chosen based on a previous study from testing the impact of 

a genetic risk factor for cognitive impairment on brain volumes (see Stickel et al., 2018). 

The cluster threshold was more conservative than previous VBM analyses from our 

laboratory using the same p-threshold and a cluster size of 18 which was determined 

based on Monte Carlo simulations (Walther et al., 2011), but was less conservative than 

some other VBM analyses using the same p-value (Glodzik et al., 2012: k = 75; ten 

Kate et al., 2016: k = 100). Marsbar (Brett, Anton, Valabregue, & Poline, 2002) was 

used to extract volumetric values per person for each significant cluster identified in the 

VBM analysis. Volumes were calculated as the average value across all significant 

voxels within a given cluster. 

Finally, given that we were also interested in hippocampal volumes, the Wake 

Forest University PickAtlas 2.0 (Maldjian, Laurienti, Kraft, & Burdette, 2003) and 

Automated Anatomical Labeling library (Tzourio-Mazoyer, Landeau, Papathanassiou, 

Crivello, Etard, Delcroix et al., 2002) were used to create a mask of the left and the right 

hippocampi that was applied to each individual’s gray matter map in Marsbar in order to 

extract hippocampal volumes. Regional and total volumes as well as ICV values for 

each person were entered into SPSS v 25 (IBM Corp, released 2017, Armonk, NY, 

USA). Once entered into SPSS, all volumes were residualized for ICV prior to 

conducting further analyses. 
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Statistical analysis 

In order to test the hypothesis that APOE ɛ4 status is related to cognition 

differentially between the two ethnic groups, five (one per cognitive task (i.e., delayed 

verbal memory, Trails B/A, Digit Span Backward, Trails A, and Digit-Symbol Coding) 

general linear models (GLMs) were performed in SPSS v 25 (IBM Corp, released 2017, 

Armonk, NY, USA). Each GLM tested the independent impact of APOE ɛ4 status and 

ethnicity as well as the interaction between APOE ɛ4 status and ethnicity, controlling for 

age and education. 

Regarding total and hippocampal volumes, GLMs were conducted to test the 

main effects of APOE ɛ4 status and ethnicity as well as the interaction between APOE 

ɛ4 status and ethnicity on each total and hippocampal volume measure, controlling for 

age. 

Results 

APOE ɛ4, ethnicity, and cognition 

Results shown in Table 2 are F-statistics from GLMs unless there was a violation 

of homoskedasticity in which case t-statistics from parameter estimates are reported. 

Overall models for delayed verbal memory, Digit Span Backward, Trail A, and coding 

were significant. Controlling for age and education, neither APOE ɛ4 status nor the 

interaction between APOE ɛ4 status and ethnicity predicted any cognitive measures (Fs 

≤ 2.62, n.s.; ts ≤ │1.24│, n.s.). Hispanics had significantly lower scores on Coding (F(1, 

85) = 22.58, p < 0.001) and marginally lower performance on Digit Span Backward (t = 

1.71, p = 0.09) compared to non-Hispanic Whites. The covariates age and education 
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were the best predictors of cognition. Age and education were each associated with 

performance on delayed verbal memory, Trail A, and Coding (Fs ≥ 4.08, p < 0.05; ts ≥ 

│3.13│, p < 0.01). Additionally, education was associated with scores on Digit Span 

Backward (t = 3.14, p < 0.01). See Table 2 for results. 

Table 2. F-statistics for overall models (in bold) and predictor/covariate factors for models.  
Note, t-statistics from robust standard errors are included in place of F-statistics for models 
in which there was a violation of homoskedasticity. †p < 0.10, *p < 0.05, **p < 0.01, ***p < 
0.001 

Delayed verbal memory  

Overall model F(5, 152) = 5.91*** 
APOE F(1, 152) = 2.03 
Ethnicity F(1, 152) = 1.63 
Age F(1, 152) = 19.27*** 
Education F(1, 152) = 4.08* 
APOE x ethnicity F(1, 152) = 2.32 

Digit Span Backward  

Overall model F(5, 117) = 7.01*** 
APOE t = -0.71 
Ethnicity t = 1.71† 

Age t = -0.51 

Education t = 3.14** 

APOE x ethnicity t = 0.12 

Trails B/A  

Overall model F(5, 149) = 0.96 

APOE - 

Ethnicity - 

Age - 

Education - 

APOE x ethnicity - 

Trail A  

Overall model F(5, 155) = 20.86*** 

APOE t = 0.52 

Ethnicity t = -0.97 

Age t = 3.13** 

Education t = -5.44*** 
APOE x ethnicity t = -1.24 

Coding  

Overall model F(5, 85) = 25.78*** 
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APOE F(1, 85) = 2.62 

Ethnicity F(1, 85) = 22.58*** 

Age F(1, 85) = 15.14*** 

Education F(1, 85) = 48.85*** 

APOE x ethnicity F(1, 85) = 1.72 

  

 

APOE ɛ4, ethnicity, and total and hippocampal volumes 

 All volumes were residualized for ICV prior to being analyzed. Each GLM tested 

the independent effects of APOE ɛ4 status and ethnicity as well as the interaction 

between APOE ɛ4 status and ethnicity on volumes, controlling for age. Overall models 

for whole brain gray matter, whole brain white matter, left hippocampus, right 

hippocampus, and bilateral hippocampus were significant. Controlling for age, ɛ4 

carriers had significantly smaller whole brain white matter volumes (F(1, 173) = 4.18, p 

< 0.05) than non-carriers, and Hispanics had marginally larger white matter volumes 

than non-Hispanic Whites (F(1, 173) = 3.24, p = 0.07). Gray matter volumes and 

hippocampal volumes were not predicted by APOE ɛ4 status, ethnicity, or the APOE ɛ4 

status by ethnicity interaction (Fs ≤ 0.39, n.s.; ts ≤ │0.93│, n.s.). Older age was 

associated with smaller brain volumes in all brain measures (Fs ≥ 17.41; t = -3.59) 

except whole brain white matter volumes (F(1, 173) = 2.73, n.s.). See Table 3 for 

results. 

Table 3. F-statistics for overall models (in bold) and predictor/covariate factors for models 
predicting total gray matter, total white matter, and hippocampal brain volumes.  Note, t-
statistics from robust standard errors are included in place of F-statistics for models in which 
there was a violation of homoskedasticity. †p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001 

Whole brain gray matter  

Overall model F(4, 173) = 4.59** 
APOE t = -0.93 
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Ethnicity t = 0.003 
Age t = -3.59*** 
APOE x ethnicity t = 0.15 

Whole brain white matter  

Overall model F(4, 173) = 3.01* 
APOE F(1, 173) = 4.18* 
Ethnicity F(1, 173) = 3.24† 

Age F(1, 173) = 2.73 

APOE x ethnicity F(1, 173) = 0.11 

Left hippocampus  

Overall model F(4, 173) = 4.94*** 

APOE F(1, 173) = 0.02 

Ethnicity F(1, 173) = 0.20 

Age F(1, 173) = 18.46*** 

APOE x ethnicity F(1, 173) = 0.39 

Right hippocampus  

Overall model F(4, 173) = 4.63** 

APOE F(1, 173) = 0.00003 

Ethnicity F(1, 173) = 0.31 

Age F(1, 173) = 17.41*** 

APOE x ethnicity F(1, 173) = 0.17 

Bilateral hippocampus  

Overall model F(4, 173) = 4.91*** 

APOE F(1, 173) = 0.004 

Ethnicity F(1, 173) = 0.26 

Age F(1, 173) = 18.41*** 

APOE x ethnicity F(1, 173) = 0.28 

  

 

Exploratory analysis of primary language and APOE ε4 status among Hispanics 

Acculturation differences between Hispanics have been shown to influence 

lifespan in the presence of certain diseases (Gallo et al. 2009). Greater adherence to 

Hispanic culture is associated with more resiliency, but the impact of acculturation on 

genetic risk for AD is unknown. In order to test if a factor related to acculturation, 

primary language, may have influenced the impact of APOE ɛ4 status on total white 
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matter volumes, we conducted an exploratory post-hoc analysis specific to the Hispanic 

sample. Briefly, Hispanics with Spanish as their primary language (n = 39) did not differ 

from those whose primary language is English (n = 52) on age (t = 0.19, n.s), sex, 

cognitive status, or history of hypertension (χ2s ≤ 2.71, n.s.), but they had lower 

education, on average (approximately 11 versus 14 years, t < 3.66, p < 0.01). 

Additionally, the primary Spanish language group had marginally fewer ɛ4 carriers than 

the primary English language group (χ2(1) = 3.67, p = 0.06). See Table 5. We 

conducted GLMs in SPSS testing the effects of APOE ε4 status, primary language, and 

the interaction between APOE ε4 status and primary language on whole brain white 

matter volumes, controlling for age and ICV. We also controlled for education given that 

the language groups significantly differed on this variable. The interaction between 

APOE ɛ4 status and primary language significant predicted whole brain white matter 

volumes (F(1, 77) = 4.04, p < 0.05). Simple effects tests determined that ɛ4 carriers who 

primarily spoke English had significantly smaller white matter volumes compared to ɛ4 

carriers who primarily spoke Spanish (t = -2.09, p < 0.05) as well as marginally smaller 

volumes compared to both non-carrier groups (versus Spanish: t = -1.89, p = 0.07; 

versus English: t = -1.91, p = 0.06). No other simple effects differences were detected 

(ts ≤ │1.20│, n.s.). See Figure 1. Older age and lower education were also associated 

with larger white matter volumes (F(1, 77) = 3.26, p = 0.08 and F(1, 77) = 4.15, p < 

0.05, respectively). The main effects of APOE ɛ4 status and primary language did not 

predict white matter volumes (F ≤ 2.04, n.s.). 
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Table 5. Participant demographics for Hispanics organized by  primary 
langyage. APOE ɛ4 status. APOE = Apolipoprotein; MCI = mild cognitive 
impairment. ** = p < 0.01.  

 Primary language 
 English 

(n = 86) 
 Spanish 

(n = 92) 

 ɛ4 non-
carriers 
(n = 32) 

ɛ4 carriers 
 (n = 17) 

 ɛ4 non-
carriers 
 (n = 31) 

ɛ4 carriers 
 (n = 6) 

Age (years) M (±S.E.M.) 71.94 
(1.51) 

72.65 
(2.03) 

 72.13 
(1.40) 

69.67 
(2.38) 

Education (years) M 
(±S.E.M.)**  

14.03 
(0.52) 

13.76 
(0.53) 

 10.69 
(1.09) 

9.40 
(2.68) 

MCI (%) 37.50% 35.29%  51.61% 66.67% 
Sex (% female) 59.38% 76.47%  64.52% 83.33% 

 

APOE ɛ4, ethnicity, and voxel-based morphometry analysis 

As noted above, the voxel-based morphometry analysis tested the impact of 

APOE ɛ4 status, ethnicity, and the interaction between APOE ɛ4 status and ethnicity on 

the brain. each gray and white matter voxel in the brain. At a threshold of p < 0.001, k = 

50 applied to the predictor of interest, one main effect was detected within gray matter - 

one significant region of gray matter was identified: non-Hispanic Whites had larger gray 

matter volumes in the left middle frontal gyrus compared to Hispanic individuals (see 

figure 1). Within white matter, APOE ɛ4 carriers had smaller volumes in left superior 

temporal white matter near the temporal parietal junction and in the right middle 

temporal lobe compared to non-carriers (see figure 2). See Table 4 for cluster table. 

The APOE ɛ4 by ethnicity interaction did not predict brain volumes. 
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Figure 1. Whole brain white matter volumes residualized for intracranial volume for 
Hispanics whose primary language was English (left) and whose primary language 
was Spanish (right). APOE e4 carriers whose primary language was English had 
marginally to significantly smaller white matter volumes than the other three groups 
(ts ≥ │1.89│, ps < 0.07). No other group differences were detected (ts ≤ │1.20│, n.s.). 
† = p < 0.10 
* = p < 0.05 
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Figure 2. Coronal sections depict areas of APOE ɛ4-related white matter and 
ethnicity-related gray matter, controlling for age and ICV (p < .001, k > 50). Blue 
represents regions in which ɛ4 carriers had smaller white matter volumes compared to 
non-carriers. Red represents the gray matter region in which non-Hispanic Whites 
had larger gray matter volumes compared to Hispanics. 
 

 
 
 
 
 
 

 

Table 4. Regions in which group (ethnicity or APOE ɛ4 status) differences in 
volumes were detected, k ≥ 50, p < .001, controlling for age and ICV. The 
Montreal Neurological Institute (MNI) coordinates of the location of maximal 
significance, the t value, and cluster size (in mm3) of each cluster are provided. 
L: left hemisphere; R: right hemisphere. 
 

 MNI coordinates   

Region x y z 

t-value 
(peak 

intensity) 
Cluster 

size 

Gray matter region      

Non-Hispanic Whites > 

Hispanics 

     

L middle frontal gyrus -30 40 32 3.66 1498 
      

White matter regions      

  APOE ɛ4 Non-carriers > 

carriers 

     

  R middle temporal 52 -38 -9 3.67 299 
  L superior temporal -42 -43 15 3.99 2649 

 

Discussion 

 To summarize, among cognitively healthy and mildly cognitively impaired 

Hispanics and non-Hispanic Whites, the present study predicted that APOE ɛ4 carriers 
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compared to non-carriers would have lower memory scores among both Hispanics and 

non-Hispanic Whites. We also predicted smaller hippocampal volumes for APOE ɛ4 

carriers compared to non-carriers. Further, we hypothesized that the effect of APOE ɛ4 

on cognition and brain volumes would be stronger among non-Hispanic Whites than 

among Hispanics. While APOE ɛ4 status was not predictive of cognitive measures, 

APOE ɛ4 carriers had smaller white matter volumes in bilateral temporal regions than 

non-carriers. Over and above the impact of APOE ɛ4 status, Hispanics had marginally 

larger whole brain white matter volumes but significantly smaller gray matter volumes in 

the left middle frontal gyrus compared to non-Hispanic Whites. Investigating the 

Hispanic sample further, we found that ɛ4 carriers who primarily spoke Spanish had 

larger whole brain white matter volumes than those who primarily spoke English, 

whereas volumes among non-carriers were similar between language groups. These 

findings are discussed in more detail below. 

Cognition 

We did not detect an association between APOE ɛ4 status and performance in 

any cognitive domain examined – episodic memory, executive functioning, and 

processing speed. Rather, the covariates of age and education accounted for the 

majority of the variance in cognition. In contrast to our predictions, APOE ɛ4 status did 

not predict episodic memory. This is in contrast to the majority of existing literature 

(Deary et al., 2002; Caselli et al., 2009). According to a meta-analysis (Small et al., 

2004), lower performance on episodic memory, global cognition, and executive 

functioning are consistently found among APOE ɛ4 carriers relative to non-carriers. 
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There may be several reasons why we did not observe an effect of APOE ɛ4 

status in the present study. It may be that across the relatively wide age range (50 - 94 

years) in the present study, the effect of APOE ɛ4 status may change with increasing 

age rather than having a uniform effect among all older adults. Genetic factors that 

influence cognition appear to have stronger impact in older age prior to onset of 

dementia, possibly due to weakening structural integrity and/or impairments in neural 

processing but not to the point of severe brain damage (Lindenberger et al., 2008, 

Papenberg et al., 2015; Stickel et al., 2018). In contrast, one of the few studies of APOE 

ɛ4 on Hispanics found that 90 year old ɛ4 carriers had higher scores on visuospatial, 

attention, and naming tasks as well as nominally higher performance on memory than 

non-carriers (Carrión-Baralt et al., 2009). As noted earlier, this may reflect a survivor 

effect which outweighs the negative impacts of APOE ɛ4 or may reflect a change from a 

harmful to a beneficial role of APOE ɛ4 status among the oldest old. 

Second, education may be interacting with APOE ɛ4 to impact episodic memory 

(Christensen et al., 2008) as well as diminish the effect of APOE ɛ4 on global cognition 

when taken into account (Winnock et al., 2002). Along with age and education, there 

may be other factors contributing to the extent to which APOE ɛ4 status impacts 

episodic memory, such as presence of amyloid beta (Lim et al., 2013; Lim et al., 2015). 

High cerebral amyloid beta load may be a sensitive indicator of risk for cognitive 

impairment but only for certain groups. For example, higher rates of amyloid beta were 

correlated with lower performance on verbal memory, visual memory, and working 

memory to a significantly stronger extent among cognitively healthy older ɛ4 carriers 
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compared to non-carriers (Lim et al., 2013). Even less is known about the interactions 

between APOE ɛ4 status and amyloid beta on cognition among Hispanics. 

In the present study, Hispanics and non-Hispanic Whites differed on multiple 

cognitive measures as was expected given the previous cognitive comparisons of the 

same sample (Stickel et al., 2019). We found lower performance on measures of 

working memory and one of two processing speed measures among Hispanics 

compared to non-Hispanic Whites. Notably, these effects even when taking into account 

APOE ɛ4 status, age, and education. In contrast to O’Bryant et al. (2013), the impact of 

ethnicity on cognition did not vary by ɛ4 status. Given that APOE ɛ4 status alone largely 

produced null findings in the current study, it is difficult to determine is the effect of 

APOE ɛ4 status on cognition is uniform across the ethnic groups. 

Total brain volumes 

The present study detected APOE ɛ4-related differences for whole brain white 

matter volumes, but not gray matter volumes. Specifically, ɛ4 carriers had smaller whole 

brain white matter volumes than non-carriers. Ready et al. (2011) found a similar 

pattern of smaller whole brain white matter volumes among ɛ4 carriers compared to 

non-carriers, and smaller volumes were associated with lower functioning (i.e., slower 

processing speed and lower inhibition). Given that larger white matter volumes are not 

always reflective of higher white matter health, we cannot say whether the current 

findings support an ɛ4 disadvantage. For example, one study (Walther, Birdsill, Glisky, & 

Ryan, 2010) found that higher body mass index was associated with larger white matter 

volumes. However, in a second study investigating white matter integrity within the 
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same regions that were larger in volume, the authors found lower white matter integrity 

among those with higher body mass index (Ryan & Walther, 2014). Further, lower white 

matter integrity was associated with lower memory, lower executive functioning, and 

processing speed. Given that the present study detected marginally larger whole brain 

white matter volumes among Hispanics relative to non-Hispanic Whites, future 

investigations into the white matter integrity among Hispanics may help clarify whether 

this is a structural advantage or disadvantage. 

Heise et al. (Heise, Filippini, Ebmeier, & Mackay, 2011) also found evidence of 

ɛ4-related differences in white matter and not gray matter nor cognition, using diffusion 

imaging metrics of white matter integrity, a measure of the quality of the white matter. 

Specifically, Heise et al. (2011) found that ɛ4 carriers had similar white matter volumes 

but lower white matter integrity compared to non-carriers across both young and older 

adults. Ryan et al. (2011) also found that APOE ɛ4 carriers had greater age-related 

poorer white matter integrity compared to non-carriers across all white matter regions 

investigates (including temporal stem, frontal, lateral parietal, centrum semiovale, genu, 

and splenium white matter regions). 

With respect to ethnicity, we found marginally larger total white matter volumes 

among Hispanics compared to non-Hispanic Whites This is consistent with larger total 

brain volumes among Hispanics compared to African Americans and non-Hispanic 

Whites observed in DeCarli et al’s (2008). DeCarli et al. (2008) noted that larger brain 

volumes among Hispanics were only noted after taking into account ICV and suggested 
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that Hispanics may actually have smaller heads premorbidly. In the present study, ICV 

was taken into account, so it is unlikely to be a confound. 

Future studies need to investigate whether APOE ɛ4 status would have the same 

effects on more diverse samples of Hispanics. Remarkably, Hispanics with Alzheimer’s 

disease tend to live longer post-diagnosis than their non-Hispanic White counterparts 

(Helzner, Scarmeas, Cosentino, Tang, Schupf, & Stern, 2008). Such findings are 

consistent with the Hispanic mortality paradox which is the robust finding that Hispanics 

tend to outlive non-Hispanic Whites (Abraído-Lanza et al. 1999; Ruiz et al., 2013) 

despite having, on average, higher rates of poverty, less education, and less access to 

medical care. Hispanic cultural factors, such as valuing strong family ties and 

collectivism have been posited to protect Hispanic lifespan (Gallo et al., 2009). Given 

that the present Hispanic sample identified their race as White, they may be more 

genetically similar to non-Hispanic Whites than other groups of Hispanics and may also 

be more acculturated than other Hispanic samples. Acculturation is a multifaceted 

concept, and the ADNI and NACC databases do not collect information to adequately 

measure acculturation, but some information on language preference, one of many 

components of acculturation, is collected. The post-hoc analysis on the Hispanic sample 

found that ɛ4 carriers who primarily spoke Spanish had larger whole brain white matter 

volumes than those who primarily spoke English. Among non-carriers, primary language 

did not differentiate white matter volumes. Taken together, this may point to a difference 

based on acculturation. However, larger sample sizes and more thorough measures of 

acculturation and language would be required to differentiate the possibility of an effect 
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related to acculturation versus bilingualism which is also hypothesized to be protective 

of brain integrity and function (Grant et al., 2014). Additionally, as noted earlier, diffusion 

imaging would also be helpful in elucidating the quality of the white matter. 

Hippocampal volumes 

Also counter to expectations, APOE ɛ4 status did not predict hippocampal gray 

matter volumes although it was predictive of volumes elsewhere in the temporal lobes. 

APOE ε4 status has been associated with smaller hippocampi among cognitively 

healthy middle age and older adults in cross-sectional studies (den Heijer et al., 2002; 

Taylor et al., 2014). However, Jak et al. (2007) found that APOE ɛ4 status was 

predictive of declines in hippocampal volumes over an average 17 months but was not 

predictive of cross-sectional volume differences. Perhaps the present sample would 

detect an effect of APOE ɛ4 status on hippocampal volumes over time. Another possible 

contributor to null findings in the present study was the inclusion of cognitively healthy 

individuals. Khan et al. (2017) observed significantly smaller hippocampi among ɛ4 

carriers compared to non-carriers with Alzheimer’s disease and mild cognitive 

impairment, but this effect was only marginal among cognitively healthy older adults, 

suggesting that APOE ɛ4 status has limited sensitivity and its impact increases with 

fewer cognitive resources (with increasing impairment). Additionally, the impact of 

several genetic variants, including the APOE ɛ4 allele, on the brain and cognition may 

increase with age (Lindenberger et al., 2008), suggesting that there may be null effects 

among middle aged adults but not older adults. Nevertheless, studies of cognitively 

healthy individuals ranging from late middle age to older adulthood have found smaller 
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hippocampal volumes among ɛ4 carriers compared to non-carriers (den Heijer et al., 

2002; Taylor et al., 2014) as have other studies with sample sizes comparable to the 

present study (e.g., Mueller et al., 2008).  

The two ethnic groups included in the present study did not differ in hippocampal 

volumes nor gray matter volumes. Previous studies comparing hippocampal volumes 

between Hispanics to non-Hispanic Whites have been mixed. DeCarli et al. (2008) and 

Mungas et al. (2009) consistently found similar hippocampal volumes among  Hispanics 

and non-Hispanic Whites, across their overlapping cohorts. In contrast, Zahodne et al. 

(2015) found smaller hippocampal volumes among Hispanics relative to non-Hispanic 

Whites. Differences may be related to Hispanic subgroup differences. Hispanics in 

DeCarli et al (2008) and Mungas et al. (2009) studies tended to be of Mexican descent 

whereas Zahodne et al.’s (2015) sample tended to have greater proportions of 

Hispanics of Caribbean descent. Although we do not have country of origin information 

on a significant proportion of the Hispanic participants, the data we have suggests at 

least half of the sample was of Mexican descent. 

Regional brain volumes from whole brain voxel-wise analysis 

The whole brain voxel-based analysis determined that ɛ4 carriers had smaller 

volumes in left superior temporal and right middle temporal white matter but not the 

hippocampus. In particular, the left superior temporal white matter region appeared to 

be near the temporal parietal junction. The VBM findings may be reflective of damage to 

connections to-and-from the hippocampus prior to hippocampal structural damage. 

Temporal parietal areas have been shown to have reduced hypometabolism in 
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Alzheimer’s disease (Alexander et al., 2002) and in groups of both Hispanic and non-

Hispanic White cognitively healthy ɛ4 carriers compared to non-carriers (Langbaum et 

al., 2010; Reiman et al., 2005). 

Consistent with the present findings, other voxel-based analyses did not find 

APOE ɛ4 status-related differences in hippocampal regions (ten Kate et al., 2016; 

Wishart et al., 2006). Wishart et al. (2006) also found smaller volumes in temporal 

regions (e.g., anterior regions of medial temporal lobe) but not in the hippocampus itself 

among a relatively younger sample (average age mid-50s) of ε4 carriers relative to non-

carriers. 

Regarding ethnicity, the comparison using VBM determined that non-Hispanic 

Whites had greater gray matter volumes in the left middle frontal gyrus. Longitudinal 

analysis is necessary to determine whether ethnic group differences in brain volumes 

translate to differential preservation of cognitive and functional resources later in life. 

Further, future studies should examine APOE ɛ4 status in combination with other risk 

factors for Alzheimer’s disease that are more prevalent among Hispanics (Haan et al., 

2003), such as cardiovascular risk factors (Bangen et al., 2013; Irie et al., 2008; Willey 

et al., 2014). Hispanics were no more or less likely to be impacted by APOE ɛ4 status 

than non-Hispanic Whites across cognitive or brain measures. The present sample was 

too small to compare various allelic presentations (ɛ3/ ɛ4 versus ɛ2/ ɛ4) which may be 

important to consider when comparing ethnic groups. Maestre et al. (1995) found that ɛ2 

status was associated with increased risk for AD after 70 years of age among Hispanics 

and African Americans but not among non-Hispanic Whites. Haan et al. (2003) found 
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that APOE ɛ4 homozygotes, but not ɛ4 heterozygotes, had increased risk for dementia 

among a largely Mexican American group of Hispanics, suggesting that these two 

groups may be more distinguished in Hispanics than in non-Hispanic Whites. 

Conclusion 

Taken together, the present results highlight the need to identify group and 

individual differences in cognitive aging among Hispanics in order to ameliorate health 

disparities in dementia. 
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CHAPTER 6 

GENERAL DISCUSSION 

In summary, this series of studies suggest that brain structure and cognition were 

impacted by cardiovascular risk factors as well as the APOE ε4 allele among older 

Hispanics without dementia. Hispanics and non-Hispanic Whites tended to differ on 

cognitive outcomes more often than brain structure outcomes. For instance, in chapter 

3, hypertension and higher BMI were associated with lower scores on executive 

functioning tasks among Hispanics more so than among non-Hispanic Whites. 

Furthermore, in chapters 3, 4, and 5, ethnicity predicted cognitive performance even 

when taking into account age and risk factors (hypertension, BMI, or APOE ε4 status): 

Hispanics obtained lower scores on a working memory/executive functioning task and 

had slower processing speed relative to non-Hispanic Whites. 

Regarding brain structure, associations between risk factors for Alzheimer’s 

disease and brain volumes were largely consistent between ethnic groups as described 

in chapters 4 and 5. BMI was not predictive of brain volumes in either group. Whereas 

among both ethnic groups, individuals with hypertension relative to those without it had 

larger gray matter volumes in regions that ranged from postcentral gyrus to middle 

occipital gyrus. Another uniform effect was observed for genetic risk for Alzheimer’s 

disease on brain volumes: across both ethnic groups, APOE ε4 carriers had smaller 

white matter volumes in bilateral temporal regions compared to non-carriers. 

In chapter 4, we also examined the extent to which brain volumes in regions that 

showed hypertensive differences predicted cognition, and we found that volumes were 
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not predictive of cognitive functioning among either ethnic group with one exception. 

Larger gray matter volumes in the right parietal cortex were linked with slower task 

switching among Hispanics but faster performance among non-Hispanic Whites. 

Instead, we again identified the relatively robust pattern of Hispanics having lower 

scores on working memory and slower processing speed compared to non-Hispanic 

Whites. Meanwhile, lower scores on episodic memory were only associated with older 

age, not ethnicity nor risk factor. 

Despite relatively robust ethnicity differences in executive functioning/working 

memory and processing speed which tended to favor non-Hispanic Whites above 

Hispanics, scores on such tasks did not predict daily functioning among Hispanics as 

shown in chapter 2. Slower processing speed was associated with poorer daily 

functioning among only the non-Hispanic Whites while executive functions did not 

predict functioning in either ethnic group. Instead, lower episodic memory scores were 

the sole cognitive measure that predicted poorer daily functioning among Hispanics, 

and this relationship was true for non-Hispanic Whites as well. 

Implications for cognitive aging among Hispanics 

Overall, these results suggest that cognitive aging among Hispanics does not 

simply follow the same trajectories as those among non-Hispanic Whites though there 

may be some similarities between ethnic groups. 

The present findings indicate a need for more research to determine if Hispanics 

are more susceptible to lower cognitive performance in the face of cardiovascular risk 

factors compared to non-Hispanic Whites. Future studies examining these relationships 
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may benefit from taking into account age of onset and management of cardiovascular 

risk factors, two factors which limit the interpretability of the present findings. Hispanics 

may have earlier age of onset and poorer management of cardiovascular risk factors 

than non-Hispanic Whites (Daviglus et al., 2014) which may be impacting cognition over 

and above the mere presence of the risk factor. Similarly, the unexpected finding that 

individuals with hypertension have larger gray matter volumes relative to those without 

hypertension, should be further investigated. Specifically, the factors noted above (age 

of onset and hypertension management) should be taken into account. Current 

measures of blood pressure may aid in determining how well controlled a participant’s 

hypertension is or if there is someone categorized as normotensive with high blood 

pressure. 

Although APOE ε4 status was not associated with cognition among Hispanics (or 

non-Hispanic Whites), the allele may have subtle effects on cognition which went 

undetected in the current sample. Interestingly, the uniform effects of APOE ε4 status on 

temporal lobe white matter volumes, suggest a potential mechanism by which ε4 status 

impacts cognition later in life. Studies examining the white matter integrity of these 

regions as well as their connectivity to other regions may be better predictors of the 

impact of ε4 status on cognition than the allele alone. 

The post-hoc analysis which examined whether primary language modulated the 

effect of ε4 status on total white matter volumes among Hispanics, highlighted important 

future directions. Given that e4 carriers whose primary language was English had 

smaller white matter volumes than Spanish carriers and both non-carrier groups, this 
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may suggest protection among primarily Spanish speakers. First, as noted above, 

examinations of other neuroimaging data and confirmation of relationships between 

brain structure and cognition, especially longitudinal relationships, are needed to 

elucidate whether Spanish primary language is a true protection. Second, should a 

protection hypothesis be supported, the impact of primary language may be reflecting a 

larger concept of acculturation. Among Hispanics, less acculturation (maintaining 

Hispanic culture more than adopting Anglo-American culture) has been associated with 

better health outcomes (Gallo et al. 2009B). Unfortunately, the databases used in the 

present studies have limited information on other factors that make-up acculturation 

(e.g., adopting more individualistic versus collectivistic values) as well as general 

information as to language abilities (e.g., monolingual versus bilingual speakers). The 

role of acculturation in cognitive aging is an important future direction. Finally, the post-

hoc analysis, shows the relevance of examining ethnic minority groups alone rather 

than in comparison to non-Hispanic Whites. In focusing on specific groups outside of 

the context of non-Hispanic Whites, the hypotheses explored may become more 

applicable to the group being studied. Further, the interpretation of results may be less 

pejorative and may be more likely to generate alternative explanations. 

The relevance of ethnic comparisons also came into question when interpreting 

cognitive differences between ethnic groups. However, lower cognitive scores on tests 

in which Hispanics had lower performance compared to non-Hispanic Whites was not 

predictive of daily functioning among Hispanics. A disconnection between cognition and 

daily functioning among Hispanics may be reflective of ethnic differences in the 
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ecological validity of certain cognitive tests and/or in the approaches to test taking. 

Some accommodations are made to optimize participant performance (e.g., testing in 

the participant’s preferred language), but the cognitive measures examined were 

originally developed using predominantly White samples and likely favor those 

individuals. With regard to approach, Hispanics are more likely than non-Hispanic 

Whites to favor accuracy over speed (Ardila, 2007), and, therefore, slower processing 

speed may not reflect cognitive difficulties to the same degree among Hispanics. 

A major strength of the present studies was the matching of ethnic groups on key 

demographic variables which served to reduce confounds. In particular, we sought to 

match Hispanics and non-Hispanic Whites on years of education which is seldom 

achieved. We were limited to matching on years of education rather than reading 

abilities or other measures of quality of education because we did not have such testing 

on more than half of the present sample. Future studies should take into account 

literacy/reading abilities as a measure of education because quality of education has 

been characterized as particularly heterogeneous for other ethnic/racial minorities 

(Glymour & Manly, 2008). Importantly, for bilingual English/Spanish speakers, literacy 

should be tested in both languages. 

Another strength of the present study was the examination of the impact of risk 

factors on both cognition and brain structure which gave us a more integrated view of 

cognitive aging. We chose to investigate common risk factors for Alzheimer’s disease 

(hypertension, obesity, and the APOE ε4 allele). We examined history of hypertension 

as a starting point and will examine whether blood pressure readings collected at clinic 



 
 
 
 

  
  
  175
  

visits are similarly predictive of cognition and brain structure. As noted above, blood 

pressure readings may indicate whether hypertension is well-controlled. Given the 

available data, we examined obesity as a continuous variable using BMI calculations 

based on height and weight. Importantly, height and weight measurements were 

collected at study visits and largely correspond to testing dates. Finally, APOE ε4 

groups were split by the presence of one or two ε4 alleles versus no ε4 alleles. This 

approach maximized power, but larger studies may compare a wider variety of allelic 

combinations, particularly since prevalence rates differ between Hispanics and non-

Hispanic Whites (Farrer et al., 1997). 

Future studies with larger samples, may also benefit from examining the 

combined effects of cardiovascular and genetic risk for cognitive impairment. There is 

evidence that cardiovascular risk factors may increase susceptibility to genetic risk in 

middle age and older adulthood among non-Hispanic Whites (Wersching et al. 2011). It 

is unclear if Hispanics with cardiovascular risk factors would show greater or lesser 

vulnerability to genetic risk for cognitive impairment relative to Hispanics with genetic 

risk but do not have cardiovascular risk factors. Of the three risk factors in the present 

study (hypertension, obesity, and APOE ε4 status), the two cardiovascular risk factors 

are modifiable. Interventions may need to be tailored to concerns and considerations 

that may be unique to Hispanics relative to non-Hispanics (Gallo et al., 2019). 

Cognitive aging studies may benefit from examining protective factors to health 

(e.g., social support; Mendes de Leon et al., 2003; Oxman & Hull, 1997). As noted 

above, certain aspects of Hispanic culture (e.g., familismo, strong loyalty to family) are 
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likely protective and the impact of such factors on cognition should be investigated. 

Given the present findings that Hispanics with cardiovascular risk factors had lower 

scores on executive functions, physical health interventions may be beneficial to this 

group. Further, researchers and clinicians may want to consider how to respectfully 

incorporate (being mindful of the individual’s autonomy and role in their family) other 

family members into psychoeducation, interventions, and preventions for cognitive 

impairment. 

 Taken together, the present study expands our knowledge of cognitive aging 

among Hispanics by addressing some gaps in the literature and identifying future 

directions. Our study is one of the few to examine risk factors for Alzheimer’s disease 

among Hispanics who do not have dementia. The present findings warrant similar 

investigations to test if these results generalize to Hispanics of other races without 

dementia. It is unclear if Hispanics with hypertension and/or obesity are at greater risk 

for cognitive decline than non-Hispanic Whites with the same risk factors. Further, 

among Hispanics, APOE ε4 status appeared to influence brain structure, but there was 

no evidence from the present study that it impacts cognition. Our data provide mild and 

tentative support for greater risk of dementia from cardiovascular risk factors than the 

APOE ε4 allele among Hispanics. However, these risk factors were not directly 

compared. Additionally, longitudinal analyses are required to determine whether the 

cardiovascular and genetic risk factors studied truly result in cognitive declines and 

changes to the brain and the degree to which such changes result in increased risk for 

Alzheimer’s disease or other forms of dementia. 
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