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Abstract 
 

 
Introduction:  Changes in several body composition systems are responsible for a high 

burden of chronic conditions among aging adults. Bone loss and obesity are particularly 

important proximal risk factors of chronic conditions among aging women. There is 

evidence that psychosocial stress related to socioenvironmental factors is a distal risk 

factor for both body composition changes and chronic disease outcomes. The overall 

objective of this dissertation was to establish a temporal association between social stress 

with body composition factors, fat and bone, to improve understanding of the pathway 

through which social stress alters chronic disease outcomes among postmenopausal 

women.  

Methods: To address the overall objective, this dissertation undertook three studies using 

data from the Women’s Health Initiative (WHI) health study. The exposure for the 

studies were three psychosocial constructs related to the social environment: social strain, 

social functioning, and social support. One study evaluated social stress with time to 

fracture incidence using data from the WHI main study (N=161,808). The remaining two 

studies used data from the WHI Bone Mineral Density (BMD) sub-cohort (N=11,020) to 

evaluate BMD and visceral adipose tissue (VAT) outcomes. 

Results:  High social stress was associated with greater loss of BMD over six years. After 

adjustment for confounders, each point higher social strain was associated with a 0.082% 

greater loss of femoral neck BMD, 0.108% loss of total hip BMD, and 0.069% loss of the 

lumbar spine BMD (P<0.05). In the second study, social stress was associated with 
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greater risk of total and hip fractures. Social functioning had the greatest magnitude of 

effect with each one SD higher score, representing lower stress, associated with lower 

risk of total fractures (HR=0.90; 95% CI: 0.89 to 0.91) and hip fractures (HR=0.87; 95% 

CI: 0.84 to 0.89).  In the third study, results from linear mixed models showed that social 

stress was longitudinally associated with greater VAT area and visceral/subcutaneous 

adipose tissue ratio. Age and race/ethnicity modified associations between social stress 

with fractures and VAT outcomes. 

Conclusion:  The findings of this dissertation provide evidence for an association 

between social stress and detrimental changes in body composition. Women with high 

social stress were found to have greater longitudinal risk for decreased BMD, fracture 

incidence, and greater VAT. The results also suggest heterogeneity in the effect of social 

stress on body composition by race/ethnicity and age. Future research is needed to 

determine causal effects of social stress in body composition changes. 
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Chapter 1. Introduction 
 
 

Chronic psychosocial stress is newly emerging as a risk factor for many aging-related 

chronic diseases. Psychosocial stress is the physiological disruption to health in response 

to embodied ecosocial constraints at social, psychological, and environmental levels.1,2 It 

increases the risk of several health outcomes through the deregulation of bodily systems 

important to maintaining physical function and homeostasis. A growing body of evidence 

on the role of psychosocial stress in chronic diseases has identified several pathways and 

mediators through which stress increases risk. This association is especially well 

documented in cardiovascular disease (CVD).3–5  

Evidence is lacking for the role of stress in many other health outcomes, some of 

which may be more proximal to this exposure. In particular, research on the association 

of psychosocial stress and changes in body composition is understudied and mainly 

consists of cross-sectional results. There is evidence that stress is associated with 

degradation of two body composition compartments important in aging related chronic 

disease risk, bone and adipose tissue, contributing to fractures and obesity, respectively.6–

8 

Body Composition  

Body composition is a method to describe components that make up the whole body.9  

The major body composition components are at the levels of the atomic, molecular, 

cellular, and tissue-system. Body composition in epidemiological research primarily 

focuses on the molecular level. The Dual Energy X-ray Absorptiometry (DXA) 
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Molecular Model includes three components, fat, lean soft tissue, and bone mineral.10 

Two components, fat and bone, are responsible for high rates of morbidity and mortality 

in older age.11 In the USA, one in three older women is obese, and one in two older 

women will experience a fracture in her remaining lifetime.12,13 These two major health 

problems are of immediate public health concern exhibiting disproportionately high and 

growing rates among postmenopausal women.14,15  

Several risk factors for body composition changes converge post-menopause. The 

menopausal transition is defined by the World Health Organization (WHO) as the loss of 

ovarian follicular activity that permanently ceases menstruation, occurring between the 

ages of 45 and 55 years.16 The cessation in ovarian functioning reduces steroid and 

peptide hormone production. Menopause and senescence both alter tissue distribution and 

composition, contributing to bone loss and abdominal obesity in postmenopausal 

women.17,18 Furthermore, important behaviors that are protective of bone loss and obesity 

decrease with age, including physical function and physical activity.19 Therefore, the 

maintenance of body composition is crucial to healthy aging and the prevention of 

morbidity and mortality in postmenopausal women. 

Obesity is associated with a range of health risks and mortality. With high and 

accelerating world-wide prevalence, it is crucial to understand the determinants and 

pathophysiology of obesity.20 Psychosocial stress may be involved in the pathogenesis of 

obesity.21 There is some evidence from human and animal studies that stress specifically 

increases visceral adipose tissue (VAT).22,23 Abdominal VAT may have a more 

significant role than subcutaneous adipose tissue (SAT) in health risks associated with 

obesity, however, evidence for this has been mixed.24 Human studies have largely fallen 
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into two categories:  anthropometric measures of central obesity as proxies for VAT; or 

small and cross-sectional studies that directly measure VAT. There is a need to evaluate 

the role of psychosocial stress on longitudinal changes in VAT to expand on prior studies 

and explain mixed results. 

Psychosocial stress may increase fracture risk through degradation of bone mineral 

density (BMD).25 Fractures result in disability and mortality, and these consequences are 

disproportionately greater among Black and Latina women.26 Osteoporosis, measured by 

low BMD, is a major indicator of fracture risk in senescence.27 Osteoporosis is 

characterized as a gradual inability to sustain bone mass and bone quality.8 Psychosocial 

stress may increase the risk of fractures through decreasing BMD and susceptibility to 

fracture. However, few studies have examined this pathway and heterogeneity exists in 

the outcomes.28  

There is a need to evaluate the physiologic mechanisms from psychosocial stress to 

chronic disease outcomes. This can be accomplished by evaluating the pathway from 

stress through body composition to chronic disease outcomes. One such pathway that has 

been well documented, is from psychosocial stress to increased obesity, which is a major 

risk factor for CVD. Further discernment is needed to understand if stress is associated 

with chronic disease risk through physiological or behavioral changes that increase 

obesity. Directly measuring changes in VAT deposition patterning in the association with 

stress may reveal the physiological mechanisms behind stress related increases in obesity. 

Likewise, assessing stress associated with changes in bone aids in discerning physiologic 

from behavioral pathways to fracture.  
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Social Stress 

 Several categories of psychosocial stressors exist and are hypothesized to induce 

heterogenous physiological responses. Evidence supports the long-standing theory that 

social stressors induce a greater adverse physiological response in women compared with 

men.29,30 Social environments differ drastically by race and class in the USA with higher 

psychosocial stress in response to more hostile environments, such as racial 

discrimination and economic deprivation.31,32 Marginalized race/ethnic groups face a 

disproportionate number of stressors, including lower socioeconomic status (SES) and 

greater social isolation.33,34 There is some evidence that stress from adverse social factors 

has stronger effects on health outcomes than positive interactions.32,35 Assessing distinct 

components of social stress reveals the pathways through which the social environment 

impacts health outcomes.  

Reducing social stress has implications for addressing obesity and fractures as two 

major public health issues facing diverse postmenopausal women. Limiting detrimental 

body composition changes is critical to health maintenance through the last decades of 

life. This research also has implications for addressing women’s and race/ethnic health 

disparities. Thus, this dissertation aimed to evaluate whether psychosocial stress is a risk 

factor for obesity and bone outcomes. 

Data Source 

The objectives of this research were accomplished using data from the Women’s 

Health Initiative (WHI) study. The WHI study is a large and prospective cohort and 

clinical trial study design of post-menopausal women recruited between 1993 and 1998. 
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This dataset provides the opportunity to expand on psychosocial stress research in a 

multiethnic cohort of postmenopausal women with several measures of psychosocial 

stress, as well as detailed and longitudinal measures of body composition. The sample 

sizes for race/ethnic groups are sufficient to evaluate heterogeneity in the effect of 

psychosocial stress on body composition by race/ethnicity. Evaluating the longitudinal 

health outcomes data also provides an opportunity to expand on prior cross-sectional 

studies to improve understanding of causal relationships.  

To evaluate the overall research question for the role of social stress in body 

composition, this dissertation was organized with two central aims. The analyses are 

presented in three separate studies. The specific aims and studies are as follows.  

 

Specific Aims 

Aim 1. Bone Health 

Previous evidence suggests that the physiological stress response to social stressors 

may promote bone loss leading to increased fracture risk. To evaluate this pathway 

among a diverse cohort of postmenopausal women from the WHI, we conducted two 

studies to examine associations of 1) social stress with change in BMD and 2) social 

stress with fracture risk. Heterogeneity in associations between stressors and bone 

outcomes by age and race/ethnicity were examined. 

Hypotheses 

1. The association of social stress with bone loss during a six-year study period was 

assessed to test the following hypotheses: 
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a. Higher social strain, indicating high stress from poor social interactions, is 

associated with greater BMD loss compared with low social strain.  

b. Higher social support and social functioning, indicating less social stress from 

positive social involvement and positive social relationships, respectively, are 

protective of BMD loss.  

2. The association of social stress with time to fracture was examined to test the 

following hypotheses: 

a. Greater social strain, indicating greater stress from poor social interactions, is 

associated with a greater risk of fractures.  

b. Greater social support and social functioning, indicating lower social stress 

from positive social involvement and positive social relationships, 

respectively, is protective of fractures.  

 

Aim 2. Adiposity 

Social stress may be associated with obesity through increasing VAT. The second 

aim of this dissertation was to examine whether psychosocial stress is associated with a 

greater VAT over 9 years of follow-up among postmenopausal women in the WHI. We 

evaluated social stress through measures of social strain, low social support, and low 

social functioning. We examined heterogeneity in the associations by age and 

race/ethnicity.  

Hypothesis 
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We hypothesized that high social strain, low social support, and low social 

functioning are associated with greater VAT area and VAT/SAT ratio over 9 years of 

follow-up. 

Structure of Dissertation 

This dissertation begins by reviewing the literature on psychosocial stress in chapter 

2, bone health in chapter 3, and obesity and VAT in chapter 4. Chapter 5 provides a 

background of the WHI study, study population overview, and data collection for each 

study variable. The three main studies are presented in chapters 6 through 8. The final 

chapter synthesizes the findings from the studies, future directions, and overall strengths 

and limitations. 
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Chapter 2. Review of Psychosocial Stress  
 

 
The psychosocial stress concept is widely studied in several disciplines, including 

epidemiology, psychology, anthropology, and medicine. There are many diverse theories 

and approaches to psychosocial stress research. This chapter describes the psychosocial 

stress paradigm rooted in human plasticity research that made way for the first stress 

theory, Han Seyle’s theory of the General Adaptation Syndrome. The psychological 

approach focuses on an the subjective perception of threat from a stressor and coping 

ability.36 Biological approaches expand from Seyle’s theory that stress impacts disease 

risk through activation of the hypothalamic–pituitary–adrenal (HPA) axis. Social stress 

research arose from advances in differentiating forms of psychosocial stress to specific 

physiological responses. The chapter concludes by describing modern advances in 

understanding the biological pathway of social stress as a modifiable disease determinant. 

Defining Psychosocial Stress  

Past research that demonstrated a social origin of disease outcomes laid the 

groundwork for later theories of psychosocial stress. Phenotypic adaptation throughout 

the life-course occurs in response to socio-environmental demands, influencing disease 

risk. Historically, science viewed human phenotypic morphology as static through the 

life-course. Contrary to this paradigm, Franz Boas demonstrated phenotypic plasticity in 

response to environmental demands.37 He used anthropometric measures to show that 

cranial morphology was plastic during development. It was a product of developmental 

acclimatization in varied environments. Thus, the skull could not reliably distinguish 
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between racial categories, as prior research assumed. This finding inspired future 

research of human variation influenced by the social context of growth and development 

within environmental constraints. Further, it called into question the long presumed 

biological basis for racial stratification and racial health disparities. Identifying human 

plasticity in response to environmental conditions allowed future studies to hypothesize a 

social origin for disease.  

The psychosocial stress concept provides a method to evaluate how social 

conditions, acting through human adaptation and development, relate to disease 

outcomes. The universal stress response was first introduced with Hans Selye’s concept 

of the General Adaptation Syndrome, as nonspecific disease manifestations in response to 

stress.38 Extending from Seylean Stress, the biocultural model connects social 

phenomena, including social stress, to physiology and health. It posits that the dynamic 

relationship between culture and biology results in human variation and adaptation. 

Human plasticity is an evolutionary mechanism of adaptation in response to 

environmental change. By prioritizing plasticity in health research, we expose human 

biology as non-static and the result of life-long accumulation of stressors. Plasticity is the 

ability to react and adapt to stressors experienced within a lifetime (phenotypic) and 

across generations (developmental) through measurable mechanisms, such as epigenetic 

changes and maternal stress hormones.39 As a form of non-genetic adaptation, phenotypic 

and developmental plasticity are a buffering system to stressors, that allow reversible 

changes to adverse environments, thereby increasing survival and reproduction. The 

biocultural model encourages health research to prioritize the social context that leads to 

disease outcomes.40 Today, the stress concept allows researchers to evaluate how social 



 

 

19 

conditions and environmental constraints, acting through human adaptation and 

development, relate to disease outcomes. 

Psychosocial Stress in Epidemiology 

Epidemiologists measure psychosocial stress with validated questionnaires aimed to 

quantify stressors, such as life events, across a study population. Psychosocial stress 

impacts health in relation to the psychological and cultural context of the stressor. 

Stressors differ between population sub-groups, because they are tied to specific social 

norms and environments. The biocultural model encourages epidemiologists to evaluate 

stressors within culturally meaningful populations and integrate biological adaptation 

within an individual life history.39 Sociocultural and biological resistance factors buffer 

against the negative health outcomes of psychosocial stress.41 In this view, stress can be 

explained as a dynamic relationship between environmental constraints, culture, 

biological resistance factors, and physiological disruption to human health.1 An 

integration of the biocultural approach encourages psychosocial stress research in 

epidemiology to jointly investigate the social and cultural with the biological existence. 

The ecosocial perspective in social epidemiology does just this. Through this method, 

it is possible to investigate the social production of disease through biological and 

ecological analysis in epidemiology.42 Central to this analysis is the theory of 

embodiment, the process in which humans biologically incorporate social and ecological 

circumstances.43 It expands from human adaptation research, to capture biological factors 

and societal structures of inequality.44 This allows psychosocial stress research to expand 

from individual level risk factors to inclusion of structural and multi-level measures. 
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Evaluating distinct measures of embodied ecosocial constraints across social, 

psychological, and environmental levels addresses psychosocial stress across multiple 

levels that trigger specific physiological disruptions to health.  

Social Stress 

A central need in the measurement of psychosocial stress is accounting for the 

biological embodiment of stress from unique social norms and environments within 

population subgroups. Recent increase in the social determinants of health research has 

led to several frameworks for evaluating the role of social factors on health outcomes. As 

social inequality and health disparities are increasingly understood from a structural 

rather than an individual choice perspective, it’s imperative that epidemiological methods 

incorporate structural determinants of health.2  

Social stress research exposes how psychosocial stress arises from systemic 

inequality that structures social organization. Social stress extends conceptualizations of 

psychosocial stress past the level of individual characteristics, such as life events, towards 

systemic stressors born from inequality in social organization, such as neighborhood level 

racial segregation.45 Exclusion from desired participation in the social system is a 

pathway linking social structure to stress.   

Assessing distinct components of social stress reveals pathways through which 

the social environment affects health. One meta-analysis found approximately 162,000 

annual deaths in the US were attributable to low social support, which is comparable to 

annual deaths from lung cancer.46 There is some evidence that negative social 

interactions are more virulent than positive interactions.35 For example, when measured 
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in the same study high social strain was more predictive of declines in wellbeing than 

was low social support.32 These findings point to the need for more research on the role 

of social stress in chronic disease outcomes. 

Social Stress and Race/Ethnicity 

Identifying social factors associated with the disproportionate levels of social 

disadvantage and social resilience in marginalized racial groups can aid in reducing 

health disparities.47 Some populations experience greater exposure to multiple 

psychosocial stressors. There is evidence that social stress is a particularly important risk 

factor for race/ethnic groups that emphasize social connectivity.41,48 Race/ethnicity 

encompasses the embodiment of a socially defined and imposed system in the US and an 

important underlying social determinant of health disparities.21,49  

The social environment markedly differs by race/ethnicity, exposing some groups 

to higher levels of stress and triggering more frequent stress responses.35 Marginalized 

race/ethnic groups (Black, Latino, and Native American) are more likely to experience 

stressors due to poverty, low social class, and food insecurity.50 A cross-sectional study 

on the association between psychosocial factors and the chronic disease index and 

emotional and physical wellbeing using the Women’s Health Initiative (WHI) cohort 

found that social factors had the largest magnitude of associations among race/ethnic 

minorities.51 Stress represents one pathway through which race becomes embodied, 

resulting in greater disease risk among racial/ethnic minorities.33 

Identifying culturally specific sources of psychosocial stress has implications for 

reducing health disparities among minority populations. Researchers in scientific 
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knowledge production who belong to these race/ethnic groups possess community 

cultural knowledge. This intersectional expertise of culturally specific stressors delivers 

meaningful and effective methods to assess population-specific psychosocial stressors.52  

One such area of research is the study of resiliency among Latino and Native 

American cultures. Social factors have been established as important determinants of 

stress and resilience in Latino and Native American cultures.41 These cultures have been 

shown to exhibit health-promoting social resiliency and collectivity, including familismo: 

large family-oriented social community.53,54 Social resilience arises from the collective 

experience of stressors within communities and buffers the physiological stress 

response.41 Inversely, barriers to a culturally advantageous social environment, such as 

neighborhood racial segregation, increases social stress among marginalized race/ethnic 

groups. 

Postmenopausal Women and Social Stress 

Similarly, social environments also differ by gender and life stage and thus alter 

exposure to psychosocial stress. There is evidence that social stress is an important risk 

factor for postmenopausal women. Social stressors were shown to induce the largest 

physiological response in a meta-analysis of psychosocial stressors, and this association 

is stronger in women.29 One study showed that social rejection challenges induced greater 

cortisol response in women compared with men.21 This may be partly explained by lower 

levels of social support in women compared with men in the US, because women tend to 

provide rather than receive caregiving.41,48,49  
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Psychosocial stress is an important risk factor for many aging-related health 

outcomes. In older age women, both menopause and the cumulative allostatic load over a 

lifetime present unique and increased psychosocial stress.55 Beginning in middle age, 

there is evidence for a paradoxical decline in psychosocial stress while wellbeing begins 

to increase.56,57 This trajectory is unexpected given that health deteriorates in older age, 

with growing rates of morbidity. It may be that stress declines as cognitive and 

behavioral changes enhance emotional regulation in older age.58 This trend likely differs 

by SES and race/ethnicity, as more affluent women and white women are more likely to 

retire and participate in stress reducing activities in older age.59 The evidence suggests 

that psychosocial stress research in aging women should evaluate measures of social 

stress specific to life stage and heterogeneity in the stress response by age. 

 

Pathophysiology of Psychosocial Stress  

Psychosocial stress threatens somatic homeostasis. The somatic attempt to adapt to 

perceived threat, termed allostasis, induces both physiological and behavioral responses 

that are associated with chronic disease risk.21 The physiological stress response is an 

adaptative response to a perceived threat intended to restore homeostasis. In this 

mechanism, stress activates cognitive and affective processes that alter physiology. 

Allostatic load represents this cumulative stress response over a lifetime. Accumulating 

human and animal research on the pathophysiology of stress has identified specific 

metabolic pathways through which the physiologic stress response alters body 

composition.29  
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The allostatic process is triggered by exposure to stressful environmental demands 

that activate the HPA axis and sympathetic–adrenal–medullary (SAM) systems, signaling 

changes in multiple interdependent physiological systems (figure 1).60 Once the brain 

perceives stress, chemical messengers (termed primary mediators) are released. Primary 

mediators nonlinearly regulate each other to permit a rapid adjustment to stressful 

demands. Secondary outcomes are initiated in attempts to compensate for dysregulated 

stress hormones. These reflect wear and tear of stress response. Secondary outcomes give 

rise to tertiary outcomes, which are the clinical manifestations of the stress response. 

These outcomes include diabetes, CVD, and greater mortality. 

The stress response alters many metabolic pathways, dysregulating the release of 

several hormones responsible for body composition regulation as well. Altered primary 

mediators important for the maintenance of body composition are growth hormone, 

cytokines, and glucocorticoids including cortisol.8 An example of this pathophysiology is 

elevated circulating glucocorticoid secretion (primary mediator) decreases BMD and 

increases VAT (secondary outcomes). In BMD loss, elevated circulating glucocorticoid 

secretion inhibits osteoblastic function leading to low bone formation.61,62 Simultaneously 

in VAT accumulation, it increases lipid accumulation to the visceral depot leading to 

increased VAT.22,29,63 Ultimately, VAT and BMD changes increase the risk of tertiary 

outcomes, including CVD and fractures, respectively. Specific processes for the study 

variables are expanded upon in subsequent chapters. 

 

Figure 1. A model of the allostatic process from perceived stress to morbidity and 
mortality, with dissertation variables highlighted in red.60 
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Heterogenous activation of physiological responses is thought to depend on specific 

conditions of psychosocial stress.30 Compared to other forms of psychosocial stress, 

social stressors trigger the strongest physiological response with elevated cortisol levels 

and delay in cortisol recovery.29 While the chronic stress response is maladaptive to body 

composition maintenance, it is critical for survival when faced with threats. Stress 

triggers upregulation of glucocorticoids to provide excess energy needed for the 

behavioral response to stressors.6  

Psychosocial stress alters health outcomes through behavioral risk factors, as well. It 

can increase risk of psychological distress, such as depression and anxiety. It can also 

influence behavioral responses to cope with stress, such as smoking and alcohol use. 

Indeed, prior studies have established that stressors trigger coping and adaptation 

behaviors associated with increased disease risk, including cigarette smoking and 

decreased physical activity.64 Psychosocial stress has been shown to alter the brain’s 

response to high caloric foods contributing to poor eating habits.65  
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Stress is a distal risk factor for chronic disease. It alters many body composition 

components through behavioral and physiologic mechanisms. Measuring the effect of 

stress in a single body composition system may underestimate the simultaneous risk of 

stress in comorbidities and mortality, especially important for frail aging adults. There is 

a need for research to connect stress with overall changes in body composition. This 

research would aid in understanding the causal effect of stress on downstream chronic 

disease outcomes. 
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Chapter 3. Bone Health and Psychosocial Stress  
  
 

Epidemiology of Fractures and BMD  

 Skeletal fractures are a major societal burden, with an annual incidence rate in the 

US of 260 fractures per 100,000 women.66 Fractures are increasingly common with 

advancing age.67 Fragility or osteoporotic fractures are terms used to describe fractures 

occurring in older age resulting from mechanical forces that in young healthy adults 

would not ordinarily result in a fracture, such as a fall from standing height.68 Other risk 

factors for fractures include female sex, low BMI, smoking, alcohol consumption, long-

term corticosteroid use, previous fracture, and history of falls within the past year.69  

Women age 65 years and older experience the greatest share of fractures and 

related costs.13 One in two older women will experience a fracture in her remaining 

lifetime.13 Fractures are associated with decreased quality of life, disability, loss of 

independence, and mortality.70 Black and Latina women experience disproportionately 

greater fracture related disability and mortality.26 The consequences of hip fractures are 

particularly detrimental with about 30% resulting in death within the following year.67  

Fragility fractures are largely attributable to osteoporosis, which is characterized 

by the loss of bone mass and structural deterioration.71 The maintenance of bone requires 

homeostasis through a dynamic process of bone remodeling. Bone remodeling involves 

osteoclasts that are responsible for removing old bone and osteoblasts that are responsible 

for new bone formation. Homeostasis in bone remodeling between these two processes 
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maintains bone health. Bone loss and osteoporosis occur when homeostasis is disrupted, 

and bone is not restored at the same rate at which it is removed.18  

In women, the average annual rate of BMD loss at the total hip is greatest among 

women age 85 years and older, at 1.64% per year.68 The average rate of bone loss at the 

hip during a 5-year period in women 80 years and older increases the risk of hip fracture 

by 20%–25%. Bone loss is exasperated through a variety of aging related risk factors, 

such as decreased physical activity.54 Disruption in homeostasis occurs through many 

mechanisms, including aging and menopause, leading to a gradual inability to sustain 

bone mass.68 In addition, psychosocial stress is emerging as a risk factor for osteoporosis 

through disrupting bone homeostasis.8  

The US Preventive Services Task Force recommends screening for osteoporosis 

in women 65 years and over and in younger postmenopausal women with additional risk 

factors.69 Central DXA analysis of BMD at the hip or lumbar spine is the most commonly 

recommended screening test for osteoporosis. The World Health Organization defines 

low bone mass as central DXA measured BMD between -1 and -2.5 standard deviations 

(SD), and osteoporosis as BMD at least -2.5 SD below the mean femoral neck BMD of a 

reference population of young healthy White women.73 According to National Health and 

Nutrition Examination Survey (NHANES) data from 2005–2010, the prevalence of 

osteoporosis among adults 50 years and older in the US was 10.3%.71 Low bone mass 

was 43.9% in the same population.  

Fracture and osteoporosis risk differ by race/ethnicity. Fracture incidence in the 

National Osteoporosis Risk Assessment (NORA) study was highest among Native 

Americans, followed by Hispanic and White women, and lowest among Black and Asian 
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women.74 After adjusting for risk factors, White and Hispanic women had the highest risk 

of fractures. In the WHI, annualized fracture rates were also highest in Native American 

women (2.8%), followed by White (2.4%), and Latina women (1.6%).11 High rates 

among Native Americans have been attributed to a greater number of risk factors 

including diabetes, prior fracture, and fall history.75,76 Fracture incidence rates are 

consistently about 50% lower in Black and Asian women compared with White 

women.11,74,75 In the WHI study, annualized fracture rates were 1.3% among Black 

women and 1.4% among Asian and Pacific Island women. Inclusion of Native American 

women in fracture research is improving, and recent studies have found the highest total 

and hip fracture incidence rates among this group.  

Recent trends in fractures and osteoporosis rates suggest that rates are increasing 

over time, along with a growing aging population. Fracture incidence and related costs 

are projected to increase by 50% by 2025 with the growing aging population.15 There is 

evidence that improvements in screening rates and treatment are improving fracture 

risk.77 Examples of pharmacologic treatment options for osteoporosis include: 

bisphosphonates, parathyroid hormone, raloxifene, and estrogen.69  

However, improvements in bone health differs by race/ethnicity. When 

extrapolating current trends, race/ethnic minority groups are projected to experience 

disproportionate increases in fractures as improvements in health disparities extend 

longevity.15,67 Fracture incidence and associated costs are projected to increase 175% 

among Latinos and 37% in the White population by 2025.15 An NHANES study on the 

trend in osteoporosis prevalence from 1988-1994 to 2005-2006 indicated disparities in 

osteoporosis improvements by race/ethnicity.78 Prevalence declined in White women, but 
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remained the same in Black women, and there was no statistically significant decline 

among Mexican-American women. Another study in Medicare beneficiaries indicated 

that hip fracture incidence from 2000-2001 to 2008-2009 declined among White and 

Black women but not Hispanic and Asian women.79  

In addition to increasing rates, Latina and Black women face greater treatment 

disparities from fractures, including disability and mortality. Prior studies have found 

longer delays in pre-operative time to treatment and a lower likelihood of receiving 

rehabilitation.26,80 DXA screening disparities exist among Black and Latina women.81 

Yet, preventative efforts and research have primarily focused on White women. A better 

understanding of fracture risk factors and mechanisms is imperative to mitigate this 

increasing burden, particularly among postmenopausal women and those from non-White 

race/ethnic groups, who have particularly high and growing fracture risk.75 

The Role of Psychosocial Stress in Bone Health 

There is a growing body of evidence suggesting that psychosocial stress is 

associated with bone health.28 A range of psychosocial factors have been found 

associated with fractures: higher major life events,82 mental distress,83 and low life 

satisfaction.84 Prior studies have found mixed results. For instance, a study in an 

Australian population found two psychosocial stressors, low life satisfaction and low 

engagement in social activities were associated with hip fracture cases within the older 

age group but not the middle age group.84 The study found no association between social 

support and adverse life events with fracture cases. In contrast, another case-control study 

in a US population found a positive association between adverse life events with hip 
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fracture cases.82 The majority of prior studies have used case-control study designs and 

have been limited to small sample sizes. There is a need to expand on prior research in 

longitudinal studies with a large sample size to explain the mixed results from prior 

research.   

 Psychosocial stress may be associated with adverse bone health through both 

behavioral and physiological mechanisms.21 Physiologically, psychosocial stress is 

hypothesized to increase fracture risk through degradation of BMD.25 When triggered by 

psychosocial stress, the body responds with changes in the neuroendocrine and nervous 

system in preparation to face the perceived threat. The stress response dysregulates the 

release of several hormones responsible for bone homeostasis through activating the HPA 

axis.8 Human and animal studies on the psychosocial stress response have uncovered 

three key molecules with deleterious effects on bone health: growth hormones, 

glucocorticoids, and inflammatory cytokines.8,62,85 Repeated physiological responses to 

high psychosocial stress degrades BMD through recurrent dysregulation of hormone 

secretions important to bone remodeling.8 In one pathway, activation of the HPA axis 

upregulates glucocorticoid secretion, which deregulates osteoblastic function over time 

leading to low bone formation and decreased BMD.61,62 This activity differs by skeletal 

site with a greater loss of trabecular bone compared to cortical bone.61 In particular, 

glucocorticoid excess most severely decreases spine and hip BMD.25,85  

Secondly, psychosocial stress may increase fracture risk indirectly through 

behavioral processes.41 Positive psychosocial factors promote healthy behaviors, while 

negative psychosocial factors are associated with high risk coping behaviors, such as 

cigarette smoking.48 Positive social support may lower fracture risk through supportive 
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friends encouraging health-care seeking behavior, such as osteoporosis screening.86 Few 

studies have attempted to distinguish between the physiological and behavioral pathways 

linking psychosocial stress to fracture outcomes. Evaluating the pathway between 

psychosocial stress and decreased BMD is one method to assess whether psychosocial 

stress increases fractures through physiological changes to bone quality.  

Most prior studies have measured BMD at only one timepoint, identifying a 

cross-sectional association between psychosocial stress and BMD. For example, a Korean 

study found a cross-sectional association between high psychosocial stress with low 

BMD.87 One study that evaluated the longitudinal association with BMD in white women 

in Finland, found life dissatisfaction was associated with decreased BMD after 10 years.88 

Analogously, a larger body of evidence supports the longitudinal relationship between 

depression and decreased BMD.89 A study in the WHI cohort evaluated depressive 

symptoms with longitudinal change in BMD.90 This study found no association with 

change in BMD but a positive association with fracture incidence.  

A main reason for the lack of longitudinal studies on psychosocial stress and 

change in BMD is the difficulty in assessing BMD in large studies. Most studies measure 

BMD at one time-point. This leaves the possibility of reverse causality in question. In 

fact, prior studies have established a reverse relationship, with the incidence of adverse 

health outcomes leading to increases in psychosocial distress.91 Therefore, there is a need 

to disentangle the direction of the association with measures of psychosocial stress 

occurring prior to decreases in BMD. 

There is also a need to establish whether distinct forms of stressors induce similar 

stress responses with BMD and fracture incidence. Following an ecosocial framework, 
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psychosocial stress is embodied through stressors on multiple pathways and ecological 

levels.2 There is evidence that stressors evaluating negative social threat induce the 

strongest overall stress responses.29 Most studies of the social environment and bone 

health have evaluated stress only at the level of marriage and cohabitation.28 In a study of 

older women, low spousal support was cross-sectionally associated with low BMD.92 In 

another study, currently married and high engagement with social activities were 

protective of hip fractures.84 This study also found no association between social support 

with hip fractures. However, the small sample size and case-control study design may 

have limited the ability to detect an association.  

Prior evidence suggests that social factors indicating a low quality of social 

interactions, including low social support, induce stronger stress responses than a low 

quantity of social relationships.28,32 This trend was also identified in bone health 

outcomes from a Korean study that found the presence of a large social network was 

associated with osteoporosis only when social quality was low.93 There is a need to 

evaluate social stress on multiple ecosocial levels to encompass factors limiting the 

ability to maintain a high quality social environment.  

Considering the prior evidence that social stress and bone health differ by age and 

race/ethnicity, there is a need to assess heterogeneity in the association by these variables. 

Several factors may confound the association between social stress and bone health: age, 

race/ethnicity, tobacco smoking, alcohol use, physical activity, comorbid conditions, 

calcium intake, and hormone therapy use.94  

Establishing stress prior to changes in BMD or fracture incidence addresses the 

possibility of reverse causality and allows an investigation of the effect of stress on bone 
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health outcomes. Longitudinally measuring BMD allows an analysis of changes in BMD 

over time. Therefore, the studies in chapters 6 and 7 of this dissertation evaluated whether 

social stress increases fractures through physiological changes to bone quality by 

investigating whether stress is associated with both BMD change over time and fracture 

incidence.  
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Chapter 4. Obesity and Psychosocial Stress 

 

Epidemiology of Obesity 

Obesity is a growing epidemic contributing to world-wide mortality and 

morbidity rates with over one third of women age 65 years and older considered obese in 

2010.12 Menopause contributes to growing obesity rates and greater obesity related 

disease risk in aging women through increasing abdominal obesity.17 Obesity is a 

complex disorder of increased adipose tissue mass, often negatively affecting health. It is 

a major risk factor of CVD, cancer, osteoarthritis, and diabetes.20  

While obesity related disease risk is well established among middle-age groups 

and men, aging related alterations in adipose tissue composition and patterning is 

understudied among postmenopausal women.95 Evidence is accumulating that obesity 

related disease risk is heterogenous across sex, age, race/ethnicity, and adipose tissue 

distribution patterns. For example, obesity is more prevalent in women than in men, with 

increasing age, and most prevalent among Black women.12,96 Furthermore, menopause 

and senescence induce metabolic alterations that increase abdominal adiposity, which 

carries greater disease risk.17 In particular, there’s a gap in understanding the roles of 

adipose tissue sub-types and patterning in disease risk among postmenopausal women.20   

The etiology of obesity is multifactorial and largely attributed to individual-level 

lifestyle factors, including physical inactivity and a diet high in fat and sugar.97 The 

fundamental driver of increased adiposity is calorie intake in excess of energy 

expenditure creating a positive energy balance. Though, complex factors across several 
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ecosocial levels, from genetics to SES, interact to drive obesity. Environmental and social 

factors influence adiposity by altering the behavior or physiology of energy intake or 

energy expenditure.7  

Visceral Obesity 

On the biological level, obesity is a major risk factor for several diseases, but not 

all adipose tissue sub-types carry the same burden. Human adipose tissue consists of sub-

types with differing etiologies. White adipose tissue is the most common type of fat 

found in the human body and the main reservoir for energy, secreting hormones and 

cytokines.98 It has two forms: SAT and VAT. On average, SAT compromises of 80% of 

total fat. VAT includes both mesenteric and omental adipose tissue. Omental is located at 

the abdomen and is typically used in studies of VAT, while mesenteric surrounds the 

intestine.99  

Accumulating research suggests abdominal VAT may have a more significant 

role than SAT in the pathophysiology of obesity.24 Accordingly, VAT may be a stronger 

predictor of morbidity and mortality than anthropometric assessments of total adiposity 

such as BMI.100 Emerging research on VAT suggests it is causally and inversely 

associated with longevity and strongly correlated with disability.21 Past research has 

revealed VAT to be a stronger risk factor for metabolic syndrome and associated chronic 

disease outcomes, such as CVD, diabetes, and nonalcoholic fatty liver disease.24,99,101  

Whereas VAT appears to be causally related to morbidity and mortality, SAT 

does not, possibly through divergent inflammatory properties. VAT and SAT are 

biologically distinct. The pro-inflammatory characteristics of VAT are greater than that 
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of SAT.  Greater inflammation, insulin resistance, and cell proliferation from VAT are 

possible pathways responsible for increased chronic disease risk.102 VAT is associated 

with low grade inflammation from secretion of pro-inflammatory cytokines, including 

Leptin, Tumor Necrosis Factor-alpha, and Interleukin-6, from adipocytes and 

macrophages.24 This dysmetabolic state is associated with the pathogenesis of obesity 

related diseases and mortality. For example, greater Interleukin-6 has been shown to 

increase levels of circulating C-reactive protein, a well-established marker of CVD 

risk.101  

Abdominal obesity in the US is even more prevalent than obesity, as measured by 

high waist circumference (WC), an anthropometric measure that approximates VAT. 

High WC (greater than 88cm) reaches the greatest prevalence at 66% among women 60 

to 79 years.103 Aging is associated with altered fat distribution patterns, with a shift in fat 

from subcutaneous depots to central visceral depots.17 Adipose tissue function and 

deposition differ by sex as well. Women have higher total body fat content compared 

with men.12 Fat distribution in women is characterized as gynoid body shape with more 

fat in subcutaneous than visceral depots, when compared with the android body shape in 

men.  

The gynoid body shape is associated with lower risk of the negative consequences 

of obesity, such as metabolic syndrome.95 However, there is evidence that perimenopause 

induces fat increases and redistribution from gynoid to android patterning.104 This 

research has shown that hormonal changes in inflammatory markers and adipokines 

induce VAT accumulation and adipose tissue redistribution favoring visceral depots. 

Menopause modifies obesity related chronic disease risk, but the patterning and timing of 
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menopausal changes in VAT is not well documented through age and between 

race/ethnic groups.17 

Race/ethnicity also modifies obesity associated disease risk. Total fat mass and 

obesity prevalence differ among race/ethnic groups with the greatest obesity prevalence 

among Black and lowest among Asian groups.12 Adipose tissue patterning also differs 

among race/ethnic groups. Though adiposity overall is lowest among Asian populations, 

the greatest VAT/SAT ratio is in this population, followed by White and Latino, and the 

lowest ratio in Black populations.105 However, race/ethnic differences in VAT through 

the menopausal transition are unclear.  

Studies directly measuring VAT are limited by the high cost and radiation 

exposure of Computed Tomography (CT) and Magnetic Resonance Imaging (MRI), the 

gold standard measurements. Recent advances in DXA technology have made VAT 

measurement more widely available with a high correlation (r>0.9) to MRI.106 Therefore, 

it is now practical for obesity research to directly measure VAT and SAT at multiple 

timepoints to establish longitudinal trends in large cohort studies. This study uses DXA to 

measure VAT and SAT longitudinally in the WHI BMD sub-cohort of race/ethnically 

diverse postmenopausal women. 

The Role of Psychosocial Stress in Obesity  
 

Psychosocial stress is hypothesized to increase VAT accumulation by repeated 

activation of the HPA axis. In one pathway, the activated HPA axis elevates circulating 

glucocorticoids that favor accumulation of lipids to the visceral depot.21,63 Psychosocial 

stress also promotes positive energy balance through increasing preference for high fat 
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and energy dense foods.107 A meta-analysis of prospective studies found that it promotes 

a modest increase of anthropometrically measured total adiposity but no evidence for an 

association when limiting analysis to anthropometric measures that approximate VAT, 

including WC.7  

However, in studies directly measuring adipose tissue sub-types, psychosocial 

stress has been found to have a positive association with VAT. A monozygotic twin study 

found a positive association between psychosocial stress and VAT but not SAT, BMI, or 

WC.22 Another study found a positive association between discrimination and VAT but 

not SAT, WC, or WHR.23 A study in female monkeys showed social stress was positively 

associated with VAT/SAT ratio and CVD, while VAT alone, SAT alone, and BMI were 

not associated.108 Directly measuring VAT provides a stronger measure of stress induced 

adiposity than anthropometric measures that may aid in explaining mixed results of prior 

studies. 

There is evidence from prospective studies that social stressors, including social strain 

and low social support, are associated with increased weight and WC, but no study has 

directly evaluated VAT.109–113 Additionally, menopause and the cumulative allostatic 

load over a lifetime present unique and increased stress.55 Psychosocial stress at the level 

of the social environment may be a particularly important risk factor for race/ethnic 

groups with high emphasis on social connectivity, and women who traditionally provide 

rather than receive caregiving at home.41,48,49  

There are important risk factors of VAT that are also associated with psychosocial 

stress and may confound the association between the two: age, race/ethnicity, tobacco 

use, alcohol, SES, physical activity, cardiovascular disease, diabetes, cancer, and 
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hormone therapy use.114 Age and race/ethnicity may also modify the effect between 

psychosocial stress and VAT. Therefore, there is a need to evaluate race/ethnic and age 

heterogeneity in the prospective association between social stress and VAT while 

controlling for confounders. This research gap is investigated in Chapter 8 of this 

dissertation.  
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Chapter 5. Methods  

 

Causal Diagram 

Figure 1 summarizes the hypothesized pathways described in Chapters 2 through 

4 that this project will investigate to address the study hypotheses. This dissertation 

focuses on the pathway from psychosocial stress to biological changes through HPA 

activation by controlling for the behavioral confounders. This dissertation investigates the 

following pathways using data from the WHI study. 

 

Figure 2. Causal diagram of the hypothesized pathways through which stress may 
contribute to body composition changes and increase chronic disease risk. 
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The WHI Study 

 
The research goal was accomplished using data from the WHI study. The WHI is a 

large multi-center health study of postmenopausal women in the US. It is composed of 

clinical trials (CT) and an observational study (OS) aimed at investigating strategies for 

the prevention and control of several chronic medical conditions and causes of death in 

US women, including breast and colorectal cancer, heart disease, and osteoporotic 

fractures.115  

The study inclusion criteria included women between 50 and 79 years of age who 

were postmenopausal at the time of enrollment, gave written informed consent, and 

agreed to reside in the area for at least three years after enrollment. Exclusion criteria 

included competing risk of medical conditions with predicted survival of less than three 

years, and adherence or retention limitations. The CTs had additional exclusion criteria 

including competing risk of medical conditions and safety reasons. The institutional 

review board at each clinic site approved the study, and all participants were provided 

written informed consent. Participant enrollment in these studies has been previously 

described.116  

The WHI recruited 161,808 women from 40 clinical centers across the US from 1993 

to 1998.116 The participants were screened and assigned into one of the CTs: low-fat diet 

patterns, hormone replacement therapy, and vitamin D and calcium supplementation. 

Women who were ineligible or unwilling to take part in the CTs were assigned to the OS 

(Figure 2).117  
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Figure 3. Flow diagram describing WHI recruitment116,117 
 

 

The OS examined new risk indicators and biomarkers for specific disease outcomes 

in a prospective cohort of 93,676 postmenopausal women. A total of 68,133 women were 

assigned to the CTs, as explained in Table 1.  

 

Table 1. Baseline sample size by age and study arm116 

Age 
(years) 

Dietary 
modification 

Estrogen + 
progestin 

Estrogen 
alone 

Calcium + 
vitamin D 

Observational 
study 

50-54 6961 (16%) 2029 (14%) 1396 (15%) 5157 (16%) 12386 (15%) 

55-59 11043 (25%) 3492 (23%) 1916 (20%) 8265 (25%) 17321 (20%) 

60-69 22713 (52%) 7512 (50%) 4852 (50%) 16520 (51%) 41196 (49%) 

Eligibility Screen:  Eligible participants screened and 
invited to Screening Visit 1. Questionaires (Personal 

Information and Food Frequency) and other 
materials mailed.

Screening Visit 1: Initial screen consent. 
Interviewer questionnaires. Physical 

measurements. Medications and Supplements 
inventory. Blood draw. 

N=373,092

CT Eligibile.

Yes

CT Willing were enrolled, 
consented, given 

questionnaries: Medical, 
Reproductive, 
Psychosocial. 

N=68,133

No

Enrolled in OS - Consented and 
given questionnaires: Medical, 
Reproductive, Family Hisotry, 

Personal Habits, Psychosocial, and 
Supplementary.

N=93,676
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70-79 8118 (19%) 3574 (24%) 2575 (26%) 6340 (19%) 22773 (26%) 

TOTAL 48835 16608 10739 36282 93676 

 

The sample size by age is described for each study component in Table 1. The total 

cohort of 161,808 women had a mean age of 63.2 years and a SD of 7.2 years. 

Race/ethnic representation was close to the national proportion, except among Latina 

women. Latinas accounted for approximately 4.1% of the total sample size, 82.7% of the 

participants were non-Hispanic white, 9.1% were Black, 2.6% were Asian/Pacific 

Islander, 0.4% were Native American, and 1.1% were other race/ethnicity.  

The BMD sub-cohort consists of 6-7% of total WHI population (N=11,020).118 It is 

composed of a sub-sample of participants enrolled in the OS (N=6,365) and CTs 

(N=4,655). Race/ethnic representation was maximized in the WHI clinical centers where 

DXA measurements were conducted. Thus, the non-White distribution in is slightly 

greater than the total WHI cohort: 77% non-Hispanic white, 15% African American, 7% 

Hispanic, 1% American Indian, and 1% Asian/Pacific Islander. The BMD sub-study had 

additional exclusion criteria, including weight greater than 113.6 kg, inability to undergo 

a MRI scan due to metal implants, extreme claustrophobia, recent surgery, unable to lie 

supine for 30 minutes, or unable to raise arms over head for 15 minutes.119  

 

WHI Data Collection and Follow-Up 

Follow up occurred from enrollment to death, loss to follow-up, or until the planned 

completion date. Self-reported or interviewer-administrated questionnaires at baseline 
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were used to collect demographic characteristics, family history, reproductive history, 

medical history, nutrient intake, personal habits, health status and medication usage. 

Medications used for two or more weeks were recorded from each participant’s 

medication containers. Physical measurements including height and weight were 

collected by clinical examination.115 In 2005, the WHI main study ended, and women 

were reconsented to participate in the WHI extension I study (2005-2010), of which 77% 

of surviving women agreed.  

Measures of social stress  

Social strain, social support, and social functioning were assessed by self-reported 

questionnaires at baseline.51 The psychosocial constructs and their components have been 

previously defined.35 Social strain measures negative social interactions and 

relationships, with a higher score indicating greater stress. Social strain was measured 

using a previously validated measure of negative aspects of social relations.120 

Participants rated their perceived social strain on a 1 to 5 scale with a total possible score 

ranging from 4 to 20, with higher scores indicating higher social strain and higher 

psychosocial stress. 

 

Table 2. Social strain questions and scoring used to create the construct. 

Question syntax Response value 
Of the people who are important to you, how many…  
  Get on your nerves? 1="None" to 5="All" 
  Ask too much of you? 1="None" to 5="All" 
  Do not include you?  1="None" to 5="All" 
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  Try to get you to do things you don't want to? 1="None" to 5="All" 
 

Social support measures positive relationships. It was evaluated using the Medical 

Outcomes Study (MOS) Social Support Survey developed for patients in the MOS.121  

This survey has been demonstrated to gather both reliable and valid health information.122  

The total possible score ranged from 9 to 45, with higher scores indicating greater social 

support and lower psychosocial stress. 

 

Table 3. Social support questions and scoring used to create the construct. 

Question syntax Response value 
People sometimes look to others for help, friendship, or other types of support. Next 
are some questions about the support that you have. How often is each of the following 
kinds of support available to you if you need it? 
Someone you can count on to listen to you when you need 
to talk 

1="None of the time" to 
5="All of the time" 

Someone to give you good advice about a problem 1="None of the time" to 
5="All of the time" 

Someone to take you to the doctor if you need it 1="None of the time" to 
5="All of the time" 

Someone to have a good time with 1="None of the time" to 
5="All of the time" 

Someone to help you understand a problem when you need 
it 

1="None of the time" to 
5="All of the time" 

Someone to help you with daily chores if you are sick 1="None of the time" to 
5="All of the time" 

Someone to share your most private worries and fears 1="None of the time" to 
5="All of the time" 

Someone to do something fun with  1="None of the time" to 
5="All of the time" 

Someone to love you and make you feel wanted 1="None of the time" to 
5="All of the time" 
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Social functioning measures limitations in social activity. The RAND 36-Item 

Health Survey (SF-36) Quality of Life subscales measured social functioning in the last 

four weeks with total possible scores from 0 – 100.123 Higher scores indicate lower 

psychosocial stress. The SF-36 was developed for the Medical Outcomes Study, and it is 

among the most widely used health questionnaires in the world. Extensive validity and 

reliability evaluation support its use, including reliability among diverse population 

groups.123,124 

 

Table 4. Social functioning questions and scoring used to create the construct. 

Question syntax Response value 
During the past 4 weeks, to what extent has your physical 
health or emotional problems interfered with your normal 
social activities with family, neighbors, friends, or groups? 

1="Not at all" to 
5="Extremely (A lot)" 

During the past 4 weeks, how much of the time has your 
physical health or emotional problems interfered with your 
social activities (like visiting with friends and relatives)? 

1="Not at all" to 
5="Extremely (A lot)" 

 

  

Strength and direction of correlations between social stress variables was tested 

using Pearson’s correlation coefficients. Social strain was negatively correlated with 

social support (r = -0.28) and social functioning (r = -0.26). Social support and social 

functioning were positively correlated (r = 0.24). The correlation coefficients indicated a 

small strength of association between the three stressors, and all of the coefficients were 

statistically significant at P < 0.001. Low correlations suggest that each social stress 

measure examines different components of social stress. 
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DXA measures 

DXA (Hologic model QDR 2000 or 4500 densitometer; Hologic, Inc., Waltham, MA) 

is a convenient imaging technique for highly valid and repeated body composition 

assessment with a short scan time, low cost, and low effective radiation dose (~1.5 

millirem).106 The WHI collected whole body DXA scans that were manually analyzed for 

the manufacturer-defined regions of interest following the standard analysis protocol in 

the Hologic User Manual. DXA scans were collected at baseline and follow-up visits: 

year 3, year 6, and year 9, with additional collection at year 1 for CT participants. 

DXA produces both whole-body and regional distribution of bone mineral, fat mass, 

and lean mass. To produce these measures DXA generates two X-ray beams of different 

energy levels to estimate soft tissue, including skeletal muscle and fat mass, and bone 

tissue absorption.125 The difference in the absorption of the two X-ray energies is specific 

for each tissue, with denser tissue attenuating more energy. Energy that is not absorbed is 

detected on the other side of the body and converted into pixels. Pixels containing bone 

are distinguished from soft tissue and converted to areal density. Pixels containing soft 

tissue are differentiated into fat and lean tissues. When pixels contain both soft tissue and 

bone, the soft tissue is estimated from adjacent pixels with no bone. 

In the WHI, trained Hologic Inc. certified technicians collected DXA scans using a 

standard protocol and positioning. Participants were measured wearing only gowns to 

eliminate possible artifacts due to clothing and fasteners. Quality control was maintained 

by the WHI Bone Density Center at the University of California, San Francisco 

(Prevention Sciences, San Francisco, CA). Quality assurance included central review of a 

random sample of all scans and flagging scans with specific problems.119  Three Hologic 
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spine, hip, and linearity phantoms were exchanged among the centers to assess quality 

control and cross-calibration. Corrections for longitudinal changes and machine 

performance involved monitoring of spine and hip phantom scans, scanning of calibration 

phantoms across instruments and clinical sites, and hardware/software change control 

including in vitro and in vivo cross-calibration.118 

BMD assessment 

BMD measures (g/cm2) of the femoral neck, lumbar spine, and total hip were 

measured using DXA scans at baseline and year six follow-up visits. The outcome 

variables, percent change in BMD of the femoral neck, lumbar spine, and total hip, were 

calculated from baseline to the year 6 visit as [(BMD at follow-up time - BMD at 

baseline)/BMD at baseline] x 100.126  

Abdominal tissue assessment 

Abdominal VAT and SAT data were measured from existing DXA scans. The 

APEX software (Hologic Inc., Bedford, MA, USA) was employed to re-analyze the DXA 

images and generate VAT and SAT mass and area estimates. APEX is an semi-automated 

software that provides highly valid VAT and SAT measures compared to CT, the gold 

standard (Hologic Inc., Waltham, MA).127 Software algorithms estimate the amount of 

SAT subtracted from the total abdominal fat in the abdominal cavity at the level of the 

fourth lumbar vertebrae to yield VAT and SAT area (cm2) and mass (g) (total abdominal 

fat − total abdominal SAT= VAT). DXA scans were previously collected at 5 time-

points: baseline, year 3, year 6, and year 9, with additional collection at year 1 for CT 

participants.  
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Fracture assessment 

Fracture incidence and location of fracture were reported by questionnaire 

annually during the follow-up in OS participants and semi-annually in CT participants. 

Self-reported fractures by WHI participants accounted for 79% of fractures reported 

while the remaining fractures were reported by proxy respondents. Follow-up ranged 

from 1993 to 2009 (median: 11.9 years). Fracture outcomes from WHI extension II study 

were not included in order to limit the time between baseline stress report and fracture 

outcomes. Risk of fractures reported through WHI extension I were analyzed in separate 

models for hip fractures and total fractures. Hip fractures were centrally adjudicated.72 

Other fractures included in this study were self-reported including forearm, wrist, elbow, 

upper arm, hand, upper leg, pelvis, tailbone, knee, lower leg, and foot. Self-reported 

fractures agreement with medical record adjudicated fractures was 78% for hip fractures, 

81% for forearm/wrist fractures, and 51% for clinical spine fractures.128  

 

 



 

 

51 

Chapter 6.  Social Stress and Bone Loss Among 
Postmenopausal Women: Results from the Women’s Health 

Initiative 

 

Abstract  

This study was previously published in the Journal of Epidemiology and Community 

Health (Appendix A.).129 The dissertation author, Shawna Follis, was lead author of the 

publication.  

Background: Bone loss is a major public health concern with large proportions of older 

women experiencing osteoporotic fractures. Previous research has established a 

relationship between psychosocial stressors and fractures. However, few studies have 

investigated bone loss as an intermediary in this relationship. This study investigates 

whether social stress is associated with bone loss during a six-year period in 

postmenopausal women.  

Methods: Data from 11,020 postmenopausal women from the United States was used to 

examine self-reported psychosocial stress in relation to change in BMD measured at the 

femoral neck, lumbar spine, and total hip. Linear regression models were used to examine 

associations between social measures of psychosocial stress (social strain, social 

functioning, and social support) and percent change in BMD over six years.  

Results: High social stress was associated with decreased BMD over six years. After 

adjustment for confounders, each point higher in social strain was associated with 

0.082% greater loss of BMD of the femoral neck, 0.108% greater loss of total hip BMD, 
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and 0.069% greater loss of lumbar spine BMD (P<0.05). Low social functioning and low 

social support were associated with greater decreases in femoral neck BMD, and low 

social functioning was associated with greater decreases in total hip BMD. 

Conclusion: The findings provide evidence for an association between high social stress 

and greater bone loss over six years of follow-up. In agreement with prior literature, the 

findings for social strain and social functioning suggest that poor quality of social 

relationships may be associated with bone loss in postmenopausal women.  

 

Introduction 

Skeletal fractures are a major societal burden, with one in two older women 

experiencing a fracture in her remaining lifetime.13 Fracture rates and related costs are 

projected to increase by 50% by 2025.15 A better understanding of fracture risk factors 

and mechanisms is imperative to mitigate this increasing burden, particularly in post-

menopausal women, who have particularly high risk.75 Menopause and aging lead to a 

gradual inability to sustain bone mass through a variety of risk factors.8 Psychosocial 

stress is the cumulative physiological response to environmental, social, and 

psychological stressors.130 Previous research based primarily on cross sectional analyses 

suggests that a number of psychosocial stressors may be associated with fractures: 

increased major life events;82 lack of health insurance;131 and lower levels of optimism,132 

life satisfaction,83 and education.133  

Psychosocial stress may increase fracture risk through degradation of bone 

mineral density (BMD).25 It alters bone structure and stimulates bone remodeling through 
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dysregulation of hormone secretion including cortisol, thyroid hormones, growth 

hormone, and glucocorticoids.8 However, few studies have examined the association 

between psychosocial stress and BMD, and findings have been mixed.28 Analogously, 

several studies support a relationship between depression and decreased BMD.89 In the 

Women’s Health Initiative (WHI) cohort, depressive symptoms were associated with 

fracture incidence, but not changes in BMD.90 In contrast, a Korean study found a cross-

sectional association between stress, depression, and suicidal ideation and low BMD.87 

Social stressors were shown to induce the largest physiological response in a meta-

analysis of psychosocial stressors, and this association is stronger in women.29,30 

However, the role of social stress related to fracture risk and BMD remains unclear. 

Social environment differs drastically by race and class in the USA with higher 

stress in response to hostile environments, such as racial discrimination.31,32 Assessing 

distinct components of social stress reveals pathways through which the social 

environment affects health. In particular, there is some evidence that negative social 

interactions have stronger effects on health outcomes than positive interactions.32,35 The 

WHI cohort provides the opportunity to expand on this research in a multiethnic cohort of 

postmenopausal women with measures of psychosocial stress that evaluate the social 

environment: social strain, social support, and social functioning. Social strain measures 

negative social interactions and relationships, and social support measures positive 

relationships. Social functioning measures limitations in social activity.  

There is a need to evaluate the directionality of the association through measuring 

psychosocial stress before decrease in BMD with longitudinal data. Elucidating social 

stress as a risk factor for low BMD will enable targeted prevention strategies specific to 
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racially/ethnically diverse postmenopausal women. The objective of this study was to 

examine the association of the social component of psychosocial stress with BMD loss. 

Methods  

Study population  

 The WHI is a prospective study composed of clinical trials (CT) (including low-fat 

diet patterns, hormone therapy, and vitamin D and calcium supplementation) and an 

observational study (OS).117 Postmenopausal women were recruited from 40 clinical 

centers throughout the United States between 1993 and 1998 using mass mailings as the 

primary recruitment method. The WHI enrolled a multiethnic cohort of 161,808 

postmenopausal women aged 50-79 at baseline with a predicted survival of three years or 

more and with the ability and agreement to reside in the area for at least three years after 

enrollment.116 The WHI study design and recruitment have been previously 

described.116,117 The institutional review board at each clinic site approved the study, and 

all participants were provided written informed consent. The study was conducted in 

accordance with the ethical standards set forth in the Declaration of Helsinki. This 

analysis used data from the Bone Density sub-study, consisting of participants invited 

from three of the 40 clinical centers (Tucson-Phoenix, AZ; Pittsburgh, PA; or 

Birmingham, AL).118 The sub-study included approximately 7% of the total WHI 

population (CT: n=4,655 and OS: n=6,365). 
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Assessment of Areal BMD  

 BMD measures (g/cm2) of the femoral neck, lumbar spine, and total hip were 

measured using DXA (QDR2000 and 4500W; Hologic Inc., Bedford, MA) at baseline 

and year six follow-up visits. Quality assurance was maintained through central review of 

scans, cross-calibration of scanners, and corrections for longitudinal changes.119 The 

outcome variables, percent change in BMD of the femoral neck, lumbar spine, and total 

hip, were calculated from baseline to the year six visit as [(BMD at follow-up time - 

BMD at baseline)/BMD at baseline] x 100.126  

Psychosocial stress assessment  

 Information about psychosocial stress related to the social environment (social strain, 

social support, and social functioning) was collected by questionnaire at baseline.51 The 

psychosocial constructs and their components have been previously defined.35 Social 

strain was measured using a previously validated measure of negative aspects of social 

relations.120 Participants rated their perceived social strain on a 1 – 5 scale with a total 

possible score of 20 indicating high social strain and high psychosocial stress.  Social 

support was evaluated using the sum of responses from a nine-item questionnaire from 

the Medical Outcomes Study.121 The total possible score ranged from 9 – 45, with higher 

scores indicating greater social support and lower psychosocial stress. The RAND 36-

Item Health Survey  (SF-36) Quality of Life subscales measured social functioning in the 

last four weeks with total possible scores from 0 – 100 and higher scores indicating lower 

psychosocial stress.123 
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Assessment of covariates 

Covariates were assessed at baseline with self-reported questionnaires and 

included age, race/ethnicity, income, education, smoking status, alcohol use, total 

minutes of recreational physical activity per week, self-rated general health, comorbid 

conditions (cardiovascular disease, arthritis, Parkinson’s disease, Alzheimer’s disease, 

diabetes, any cancer), age at menopause, history of fracture after age 55 years, and 

hormone therapy use. Medications used for two or more weeks were recorded from each 

participant’s medication containers (including thyroid medication use, corticosteroid use, 

or bisphosphonate use). Whole body fat mass was assessed with baseline DXA scans. 

Weight was measured on a balance-beam scale to the nearest 0.1 kg. Height was 

measured on a wall-mounted stadiometer to the nearest 0.1 cm. BMI was calculated as 

weight(kg)/height(m) squared.115 

Statistical analysis  

 Descriptive cohort characteristics were compared by social strain, dichotomized at the 

median as low or high social strain. Continuous variables were compared across social 

strain categories using two sample t-tests, and categorical variables were compared using 

χ2 tests. The unadjusted percent change in BMD was compared by social stain, social 

support, and social functioning, dichotomized at the median as low or high, using two 

sample t-tests.  

 In the primary analysis, linear regression models were used to analyze the association 

of social strain, social support, and social functioning with change in BMD over six 

years. Stressors were analyzed in separate models for change in BMD at the total hip, 
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lumbar spine, and femoral neck. Models were adjusted for potential confounders selected 

a priori from factors that have been associated with psychosocial stress and BMD in the 

literature, including: age, race/ethnicity, income, education, comorbid conditions, self-

rated health, BMI, fat mass, smoking status, alcohol use, hormone therapy use, age at 

menopause, physical activity, history of fracture after age 55 years, medications, and CT 

arm. Model covariates were retained if their addition resulted in a change of at least 10% 

in the main exposure regression coefficients. Interaction terms between age, 

race/ethnicity, income, and hormone therapy use and stressors were evaluated. Missing 

covariate data were imputed using single imputation, and a sensitivity analysis was 

conducted to assess the robustness of findings to complete case analysis. Two-sided P-

values less than 0.05 were considered significant. Statistical analyses were performed 

using SAS, version 9.4 (SAS Institute, Inc., Cary, NC).   

 

Results  

Descriptive analysis results 

The analytic sample consisted of 8,271 women after excluding 2,732 women 

missing year one and year six BMD measurements, and 26 women with no information 

on social strain, social support, or social functioning. Compared with women with low 

social strain, those with high social strain were younger, had higher BMI, and were more 

likely to smoke (Table 5). Women with low social strain were more educated and 

physically active. Black, Latina, and Native American women were more likely to report 

high social strain compared with White and Asian women.  
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Table 5. Baseline characteristics of study participants by social strain dichotomized at the 
median as low or high  

*Significant at P<0.05 

 

 Social Strain: Mean ± SD or n (%) 
  Low (n = 4,650) High (n = 3,481) 
Age, years* 63 ± 7 61 ± 7 
Education*   

Less than high school diploma 275 (3) 284 (4) 
High school diploma 1,021 (13) 850 (10) 
Some college or vocational school 1,692 (21) 1,340 (16) 
College graduate or more 1,642 (20) 982 (12) 

Smoking status*   
Never 2,612 (33) 1,861 (23) 
Past 1,683 (21) 1,284 (16) 
Current 301 (4) 295 (4) 

Age of onset of menopause, years* 48 ± 6 47 ± 7 
Fracture after age 55 years (yes) 544 (7) 360 (4) 
Hormone therapy use   

Never 2,187 (27) 1,563 (19) 
Past 738 (9) 577 (7) 
Current 1,723 (21) 1,340 (16) 

Minutes of recreational physical activity per   
week* 

181 ± 172 153 ± 156 

Body Mass Index* 28 ± 6 29 ± 6 
Race/ethnicity*   
 White, non-Hispanic 3,883 (48) 2,571 (32) 
 Black or African American 484 (6) 587 (7) 
 Hispanic/Latino 213 (3) 244 (3) 
 Native American or Alaska Native 33 (<1) 45 (1) 

Asian 13 (<1) 12 (<1) 
 Other 16 (<1) 20 (<1) 
Bisphosphonate use (yes) 56 (1) 33 (<1) 
Thyroid drug use (yes) 650 (8) 472 (6) 
Corticosteroid use (yes) 29 (<1) 24 (<1) 
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Social stress and change in BMD 

Figure 3 presents the percent change in BMD at the femoral neck, total hip, and 

lumbar spine compared by level of social strain, social support, and social functioning. 

Participants reporting high social strain and low social functioning (i.e., increased stress) 

had significantly greater change in each BMD measurement compared with those 

reporting low stress (P<0.05) (Figure 3).  

Figure 4.  Associations between level of stressors and percent change in BMD measured 
at (A) femoral neck, (B) total hip, and (C) lumbar spine. Stressors dichotomized at the 
median as low or high scores. High social strain, low social support, and low social 
functioning indicate high psychosocial stress. Vertical bars represent the standard error. 
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*Significant at P<0.05 
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  In the primary analysis, high social strain and low social functioning were 

significantly associated with greater declines in BMD measured at the femoral neck, total 

hip, and total spine, in univariate models (Table 6). Compared with high social support, 

low social support was associated with greater decreases in femoral neck and total hip 

BMD.  

Table 6. Rates of change in BMD by social strain, social support, and social functioning 

*Significant at P<0.05, **Significant at P<0.0001 
Model 1: unadjusted 
Model 2: adjusted for age, race/ethnicity, education, BMI, smoking, CT arm, hormone therapy use, age at 
menopause, physical activity, history of fracture after age 55 years, medications 
aB represents the percent change in BMD, calculated as: [(BMD at year 6 - BMD at baseline)/BMD at 
baseline] x 100, associated with 1 point higher score for each stressor. 
bSocial strain total score ranges from 4-20, with higher scores indicating greater stress. 
cSocial support total score ranges from 9-45, with high scores indicating less stress. 
dSocial functioning total score ranges from 0-100, with high scores indicating less stress. 
 

 

Model 1 

Ba (95% CI) 

Model 2  

Ba (95% CI) 

Femoral Neck BMD   

Social strainb  -0.104 (-0.156, -0.051)** -0.082 (-0.136, -0.028)* 

Social supportc  0.027 (0.009, 0.045)* 0.020 (0.001, 0.038)* 

Social functioningd  0.011 (0.004, 0.019)* 0.009 (0.002, 0.017)* 

Total Hip BMD   

Social strainb  -0.102 (-0.146, -0.059)** -0.108 (-0.152, -0.063)** 

Social supportc  0.025 (0.010, 0.040)* 0.015 (>-0.001, 0.030) 

Social functioningd  0.010 (0.004, 0.016)* 0.008 (0.001, 0.014)* 

Lumbar Spine BMD     

Social strainb  -0.146 (-0.204, -0.088)** -0.069 (-0.128, -0.010)* 

Social supportc  0.002 (-0.019, 0.022) 0.008 (-0.012, 0.028) 

Social functioningd 0.010 (0.002, 0.019)* 0.003 (-0.005, 0.012) 
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Model 2 adjusts for age, race/ethnicity, CT arm, education, BMI, smoking, 

hormone therapy use, age at menopause, physical activity, fracture after age 55 years, and 

medications. After adjustment, each one point higher social strain score was significantly 

associated on average with 0.082% greater loss of BMD measured at the femoral neck, 

0.108% greater loss at total hip, and 0.069% greater loss at the lumbar spine, over six 

years (P<0.05). Compared with those with the minimum social strain score, those with 

the maximum social strain score of 20 experienced on average 1.728% greater loss of 

BMD at the total hip. Women with the lowest levels of social functioning (i.e., a score of 

zero points) had on average 0.900% greater loss in femoral neck BMD and 0.800% 

greater loss in total hip BMD over six years compared with women with a social 

functioning score of 100 points (P<0.05). Each one point lower social support score was 

associated on average with 0.020% (95% CI:0.001, 0.038) greater decrease in femoral 

neck BMD. 

 

Discussion  

Among postmenopausal women, we found that higher levels of social stress were 

associated with greater BMD loss over six years follow-up. Higher social strain and 

lower social functioning were associated with greater BMD loss of the femoral neck and 

the total hip. Lower social support was associated with greater femoral neck BMD loss. 

Only social strain was associated with greater BMD loss at the lumbar spine. Osteophytes 

can artificially increase estimations of lumbar spine BMD, and higher prevalence of 
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osteophytes with age can mask BMD loss.134 This may account for our results indicating 

greater decreases in total hip and femoral neck BMD compared with lumbar spine BMD. 

Few prior studies have evaluated psychosocial stress as a potential risk factor for 

bone loss, and results have been mixed.28,88,135 Prior cross-sectional studies on 

nonspecific psychosocial stress with low BMD found an association with the perceived 

stress scale, while self-reported stress level was not associated.87,135 Specific stressors 

may be associated with different health outcomes.29 In the present study, social support 

provides a measure of the perception of interpersonal relationships. Quality of social life 

was assessed with social functioning and social strain measuring interferences in social 

activities and relationships, respectively. 

The quality of social interactions has been shown to result in stronger 

physiological stress response compared to the quantity of social relationships.28 

Specifically, negative quality of social interactions, such as social strain, has stronger 

effects on health outcomes than positive interactions, including social support.32 A large 

meta-analysis of psychosocial stressors found that the strongest stress responses were 

associated with indicators of negative social threat.29  Consistent with our study, there is 

evidence that social quality stressors, including social strain and social functioning, may 

be associated with bone loss. A study in a Korean population found that the presence of a 

large social network was associated with osteoporosis only when social quality was 

low.93  

Similarly, poor marital quality but not marital status was associated with lower 

BMD in women.92 In an Australian population, involvement in social activities, but not 

social support, was associated with reduced risk of hip fractures after controlling for 
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confounders.136 In agreement, we found social support was only associated with change 

in femoral neck BMD, but not total hip or lumbar spine BMD in a multiethnic cohort of 

postmenopausal women. Taken together, these data suggest that a high quality compared 

with quantity of social relationships may be more important to reduce bone loss related to 

stress, but further studies are needed to confirm this observation.93   

Psychosocial stress may be associated with adverse health outcomes through both 

behavioral and physiological mechanisms.21 For example, it has been linked to low BMD 

by multiple physiological pathways through modulation of the hypothalamic-pituitary-

adrenal (HPA) axis, altering the release of several bone regulating hormones including 

cortisol, glucocorticoids, growth hormone, and cytokines.8 High serum glucocorticoid 

levels reduce bone mass through altering bone formation and resorption.8 This activity 

differs by skeletal site with a greater loss of trabecular bone compared to cortical bone. 61 

In particular, glucocorticoid excess most severely decreases spine and hip BMD.85 A 

cross-sectional analysis found higher cortisol levels were associated with lower BMD of 

the spine.25 In accordance, our results showed that psychosocial stress was associated 

with decreases in lumbar spine and hip BMD.  

Heterogenous activation of physiological responses is thought to depend on 

specific conditions of psychosocial stress with social stress resulting in the greatest 

cortisol response and delayed cortisol recovery.29 This association is greater in women 

than men, related to culturally nurturing socialization.30 Therefore, social stress measures 

evaluating the quality of social relationships, as we demonstrated social strain and social 

functioning, are particularly useful among psychosocial stressors as risk factors for health 

conditions related to women.  
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Strengths and Limitations 

Healthy volunteer bias may result in underestimated levels of psychosocial stress 

as the WHI cohort consists of healthy community-dwelling participants. Psychosocial 

stress was self-reported at baseline, thus the measurement may not represent chronic 

stress, and stress levels may have changed over time. However, sociability is thought to 

remain stable over time.137 The WHI selected well-validated psychosocial stress 

questionnaires, although recall bias may affect older adult’s ability to remember past 

events.  The descriptive analysis aligns with prior research indicating higher levels of 

psychosocial stress in Black, Native American, and Latina race/ethnicities, though this 

analysis was underpowered to examine stratified models.138 Future research should 

investigate sub-group differences in psychosocial stress related BMD loss. Strengths of 

this study include a large racially/ethnically representative cohort and a longitudinal 

study design measuring BMD over six years. The longitudinal study design aids in 

disentangling reverse causality, because osteoporosis diagnosis and fracture events may 

also lead to increased stress, in a bidirectional association.89  

 

Conclusion 

This study contributes to identification of low BMD risk factors specific to 

postmenopausal women. We identified specific psychosocial stressors pertaining to the 

social environment associated with bone loss. Higher social strain was associated with a 

greater six-year BMD loss of the total hip, lumbar spine and femoral neck. Social 

functioning stress was associated with bone loss of the total hip and femoral neck. In 
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agreement with the social stress literature we found that bone loss is among the 

physiological stress responses more strongly related to the quality of social relationships 

than quantity. Understanding gender-specific psychosocial stressors contributing to 

morbidity will better inform unique risk factors among postmenopausal women. This 

research helps elucidate the complex role of psychosocial stress in BMD among 

postmenopausal women towards identification of specific patient groups that would 

benefit more from targeted behavioral prevention strategies. Taken together with prior 

evidence, the results support community-building social stress interventions in 

postmenopausal women to potentially limit bone loss.  

 

 



 

 

67 

Chapter 7. Association of Social Stress with Fracture Risk 
 

Abstract 

 This study aimed to investigate whether social stress was associated with greater 

fracture risk among a diverse cohort of postmenopausal women from the WHI. We 

hypothesized that high social strain was associated with greater fracture incidence, and 

high social support and social functioning were associated with lower fracture incidence.  

We found that social stress was associated greater risk of total and hip fractures. Social 

functioning had the greatest magnitude of association compared with the other social 

stress measures. Each one SD higher social functioning score was associated with a lower 

risk of total fractures (HR=0.90; 95% CI: 0.89 to 0.91) and hip fractures (HR=0.87; 95% 

CI: 0.84 to 0.89) after adjusting for confounders. Age modified the association between 

all three measures of stress with total and hip fractures. The magnitude of association 

with total fracture risk was greatest in women between 50 to 59 years old, and hip 

fracture risk was greatest in women 60 to 69 years old.  The associations between social 

strain with total and hip fractures were also modified by race/ethnicity, with the greatest 

risk found among Native American women. This study found evidence that social stress 

is associated with risk of total and hip fractures in postmenopausal women. 

 

Introduction 

As racial disparities in mortality narrow, the rapidly diversifying aging population 

is faced with growing fracture rates with associated costs projected to increase in Latino 
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(175%), Black (79%), and White populations (37%) by 2025.15 Osteoporotic fractures 

result in disability and mortality, and these consequences disproportionately effect Black 

and Latina women.26 Thus, identifying fracture risk factors is imperative to address this 

critical public health issue.  

Psychosocial stress is an important risk factor for many aging-related outcomes, 

however, evidence for the role of psychosocial stress in fracture risk is limited. 

Psychosocial stress is the physiological disruption to health and well-being in response to 

embodied social, psychological, and environmental constraints.1 Previous studies have 

identified associations of individual-level psychosocial factors of major life events82, 

depressive symptoms90, and low life satisfaction83 with fractures. The mechanism may be 

alteration of bone structure by chronic stress induced dysregulation of physiologic 

systems, including the hypothalamic-pituitary-adrenal (HPA) axis.33 For example, stress 

triggers the hypothalamus to suppress growth hormone secretion, reducing bone 

formation.6 Additionally, menopause and senescence induce similar metabolic alterations 

that deteriorate bone, including reductions in growth hormone secretion.8 Identifying 

specific forms of psychosocial stress predictive of fracture risk is particularly important 

to mitigate the high burden of fractures among postmenopausal women.11  

Psychosocial stress at the level of the social environment, including social strain, 

low social support, and low social functioning was previously found to be longitudinally 

associated with decreased BMD, but this association has not been established in fracture 

outcomes.129 Social stress may be particularly important for cultural groups with high 

emphasis on social connectivity, and women who traditionally provide rather than receive 

caregiving at home.41,48,49 A cross-sectional study on the association between 
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psychosocial factors and the chronic disease index and emotional and physical wellbeing 

using the WHI cohort found that social factors had the largest magnitude of associations 

among race/ethnic minorities.51 Sociocultural and biological resistance factors also buffer 

against the negative health outcomes of psychosocial stress.41 Social factors have been 

established as important determinants of stress and resilience in Latino and Native 

American cultures.41 Identifying social factors associated with the disproportionate levels 

of social disadvantage and social resilience in marginalized racial groups can aid in 

reducing health disparities.47 

The WHI cohort provides the opportunity to expand on social stress and bone 

health research in a large cohort of diverse postmenopausal women with measures that 

evaluate the social environment: social strain, social support, and social functioning. In 

this study, we examined associations of social stressors with risk of fracture among a 

diverse cohort of postmenopausal women from the WHI. We hypothesized that greater 

social strain, indicating greater stress from poor social interactions, is associated with 

greater risk of fractures. We further hypothesize that greater social support and social 

functioning, indicating lower social stress from positive social involvement and positive 

social relationships, respectively, is protective of fractures.  

  

Methods 

Study Sample 

The WHI cohort is a prospective study of 161,808 postmenopausal women (age 

50-79 at baseline) recruited from 40 clinical centers throughout the United States between 
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1993 and 1998.116 WHI study design and recruitment have been previously 

described.116,117 Women were enrolled into an observational study (OS) or one or more of 

three clinical trials (CT) including: low-fat diet patterns, hormone replacement therapy, 

or vitamin D and calcium supplementation. In 2005, the WHI main study ended, and 

women were reconsented to participate in the WHI Extension I study (2005-2010), for 

which 77% of surviving women agreed to participate. The Institutional Review Board at 

each clinic site approved the study, and all participants provided written informed 

consent. The participants who were included in this study had complete follow-up data 

and at least one of the following baseline measures: social strain, social support, or social 

functioning.  

Measurements 

Self-reported questionnaires were used to assess covariates at baseline including 

age, race, smoking status, alcohol use, income, education, total energy expenditure on 

recreational physical activity per week (MET-hours/week), comorbid conditions 

(cardiovascular disease, Parkinson’s disease, Alzheimer’s disease, diabetes mellitus, any 

cancer), age at menopause, history of fracture after age 55 years, calcium intake, and 

hormone therapy use (never, past, current). Medications used for two or more weeks were 

recorded from each participant’s medication containers (including thyroid medication 

use, corticosteroid use, or bisphosphonate use). Weight was measured on a balance-beam 
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scale to the nearest 0.1 kg. Height was measured on a wall-mounted stadiometer to the 

nearest 0.1 cm. BMI was calculated as weight(kg)/height(m) squared.115 

Social stress 

Social strain, social support, and social functioning were assessed by self-reported 

questionnaire at baseline.51 Social strain measures negative social interactions and 

relationships, with a higher score indicating greater stress. Social support measures 

positive relationships. Social functioning measures limitations in social activity. Higher 

scores for social support and social functioning indicate lower psychosocial stress. The 

psychosocial constructs and their components have been previously defined.35 Social 

strain was measured using a previously validated measure of negative aspects of social 

relations.120 Participants rated their perceived social strain on a scale of 1 to 5 with a total 

possible score ranging from 4 to 20, with higher scores indicating higher social strain and 

higher psychosocial stress. Social support was evaluated using the sum of responses from 

a 9 item questionnaire from the Medical Outcomes Study.121 The total possible score 

ranged from 9 to 45, with higher scores indicating greater social support and lower 

psychosocial stress. The RAND 36-Item Health Survey (SF-36) Quality of Life subscales 

measured social functioning in the last four weeks, with total possible scores from 0 – 

100, and higher scores indicate lower psychosocial stress.123 

Fractures  

Fracture incidence and location of fracture were reported by questionnaire 

annually during the follow-up in OS participants and semi-annually in CT participants. 

Self-reported fractures by WHI participants accounted for 79% of fractures reported 
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while the remaining fractures were reported by proxy respondents. Follow-up occurred 

during 1993 to 2009 (median: 11.9 years). Risk of fractures reported through WHI 

Extension I were analyzed in separate models for hip fractures and total fractures. Hip 

fractures were centrally adjudicated.72 Other fractures included in this study were self-

reported including forearm, wrist, elbow, upper arm, hand, upper leg, pelvis, tailbone, 

knee, lower leg, and foot. There was an average of 71% agreement between self-reported 

and medical record adjudicated fractures in a previous WHI study.128  

Statistical analysis 

 Descriptive cohort characteristics were compared by social functioning, social strain, 

and social support, dichotomized at the mean as low or high scores. Continuous variables 

were compared between social functioning categories using two sample t-tests and 

presented as the mean and standard deviation (SD). Categorical variables were compared 

using χ2 tests and presented as frequencies and proportions.  

 Cox proportional hazards regression models were used to examine associations of the 

three psychosocial stressors of interest with time to fracture. The proportional hazards 

assumption was evaluated graphically with log cumulative hazard plots. Stress measures 

were standardized using z-scores; accordingly, the hazard ratios (HR) represent one SD 

unit change in stress. Fracture outcomes were evaluated in separate models for total 

fractures and hip fractures. Length of follow-up was calculated from the date of 

enrollment to the date of fracture for women who experienced a fracture, and for women 

who did not experience a fracture, observations were censored at the last follow-up visit 

or death.  
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 Adjustment for confounders was considered for factors that have been associated with 

psychosocial stress and fractures. Models were adjusted for potential confounders 

including: age, race-ethnicity, smoking status, alcohol use, family income, education, 

weekly physical activity, comorbid conditions, age at menopause, history of fracture after 

age 55 years, calcium intake, medications, CT study arm (intervention), and hormone 

therapy use (never, past, current). Confounders were evaluated using purposeful selection 

of variables and retained if their addition resulted in a change greater than 10% in the 

main exposure parameter estimate.139  

 We tested for heterogeneity by age and race in total and hip fracture risk by assessing 

whether the interaction terms were statistically significant using the Wald test (P<0.10). 

Missing covariate data were imputed using single imputation, and sensitivity analyses 

were conducted to assess the robustness of the findings to complete case analysis. 

Sensitivity analyses were also conducted on subgroups by CT intervention arm, prior 

history of hip fracture, and current HT use. All tests were two-tailed with a significance 

level of 0.05. Statistical analyses were performed using SAS, version 9.4 (SAS Institute, 

Inc., Cary, NC).   

 

Results 

There were 160,709 participants included in the present study after removing 418 

women missing information on social stressors and 681 additional women missing F33 

follow-up information. Baseline characteristics are displayed as high or low social 

functioning scores, as the sample size was largest for social functioning (Table 7). For 
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social functioning 65.8% of women reported the highest possible score of 100, so 

baseline characteristics were compared at a score of 100 (high) or lower (low). Women 

with low social functioning were more likely to smoke, have a higher BMI, lower 

income, experienced a prior fracture after age 55, and identify as Black, Latina, or Native 

American. Results for social strain and social support were similar (data not shown).  

 

Table 7. Baseline characteristics of the WHI participants (N=159,571) by social 
functioning 

 
Low social 
functioning 
n=54,588 

High social functioning 
n=104,983 

Age (years), mean ± SD* 63.0 ± 7.5 63.3 ± 7.1 
Body mass index (kg/m2), mean ± SD* 29.0 ± 6.5 27.4 ± 5.6 
Family income ($), n (%)*   

< 20,000 11,415 (21.7) 13,419 (13.3) 
20,000-49,999 23,092 (44.0) 43,686 (43.4) 
50,000-99,999 12,778 (24.3) 30,360 (30.1) 
> 100,000 3,575 (6.8) 10,658(10.6) 
“don't know" 1,670 (3.2) 2,602 (2.6) 

Smoking status, n (%)*   
Never 26,765 (49.7) 53,597 (51.6) 
Past 22,570 (42.9) 43,805 (42.2) 
Current 4,497 (8.4) 6,483 (6.2) 

Alcohol servings per week, mean ± SD* 2.0 ± 4.7 2.6 ± 5.0 
Race, n (%)*   

Asian 1,341 (2.5) 2,795 (2.7) 
Black 6,142 (11.3) 8,100 (7.7) 
Hispanic 2,657 (4.9) 3,467 (3.3) 
Native 346 (0.6) 346 (0.3) 
White 43,223 (79.4) 88,942 (84.9) 
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Social functioning score dichotomized at the median score (100) as low or high. 
*Significant at P<0.05. 
aIncludes cardiovascular disease, Parkinson’s disease, Alzheimer’s disease, diabetes mellitus, any 
cancer 
 

The primary analyses included 159,571 women with social functioning data, 

157,342 women with social strain data, and 156,928 women with social support data. 

During a total 1,880,840 person-years of follow-up, 42,699 (26.6%) fractures were 

reported, including 4,054 (2.5%) hip fractures during 1,650,314 person-years. In age-

adjusted Cox proportional hazards regression models, higher social strain was 

significantly associated (P<0.05) with increased total and hip fracture risk, and higher 

social support and social functioning were associated with lower fracture risk (Table 8). 

Associations remained significant in models adjusted for age, CT arm, income, BMI, 

Other 722 (1.3) 1,089 (1.0) 
Fracture history after age 55, n (%)*   

No 33,288 (67.9) 68,550 (72.2) 
Yes 7,180 (14.6) 12,791 (13.5) 
Age 55 or less 8,578 (17.5) 13,557 (14.3) 

Hormone therapy use, n (%)*   
Never 16,273 (30.7) 34.8 (34.8) 
Past 13,202 (24.9) 22,782 (22.3) 
Current 23,540 (44.4) 43,740 (42.9) 

Number of comorbidities, mean ± SDa 0.4 ± 0.6 0.3 ± 0.5 
Recreational physical activity (MET-
hours/week), mean ± SD* 10.4 ± 12.4 13.5 ± 14.3 

Bisphosphonate use (yes), n (%) 1,064 (2.0) 2,057 (2.0) 
Thyroid drug use (yes), n (%)* 8,241 (15.1) 13,662 (13.0) 
Corticosteroid use (yes), n (%)* 1,496 (2.7) 1,463 (1.4) 
Calcium intake (mg), mean ± SD 827.4 ± 492.3 809.6 ± 454.1 
Vitamin D intake (mcg), mean ± SD 4.4 ± 3.2 4.3 ± 3.0 
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smoking status, history of fractures after age 55, and race. Each one SD increase in social 

support was associated with lower risk of total fractures (HR=0.94; 95% CI: 0.93 to 0.95) 

and hip fractures (HR 0.92; 95% CI: 0.89 to 0.95). Each one SD increase in social 

functioning was associated with lower risk of total fractures (HR=0.90; 95% CI: 0.89 to 

0.91) and hip fractures (HR=0.87; 95% CI: 0.84 to 0.89). Each one SD increase in social 

strain was associated with higher risk of total fracture (HR 1.07; 95% CI: 1.06 to 1.08) 

and hip fracture (HR 1.06; 95% CI: 1.03 to 1.10) (Table 8). 

 

Table 8. Hazard ratio (HR) and 95% confidence intervals (CI) of total fractures and hip 
fractures according to social strain, social support, and social functioning 

  Age adjusted  Multivariablea 

 N fractures HR 95% CI HR 95% CI 

Total Fractures      
  Social strainb 41,929 1.06* 1.05, 1.07 1.07* 1.06, 1.08 
  Social supportc 41,735 0.94* 0.93, 0.95 0.94* 0.93, 0.95 
  Social functioningc 42,425 0.90* 0.89, 0.91 0.90* 0.89, 0.91 
Hip Fractures      
  Social strainb 3,971 1.03* 1.00, 1.07 1.06* 1.03, 1.10 
  Social supportc 3,949 0.93* 0.90, 0.95 0.92* 0.89, 0.95 
  Social functioningc 4,020 0.88* 0.86, 0.91 0.87* 0.84, 0.89 

HR expressed as 1 SD higher score. 
*Significant at P<0.05. 
aAdjusted for age, race, income, BMI, smoking status, history of fractures, and CT arm. 
bGreater social strain score indicates more stress. 
cGreater social support and social functioning indicates less stress. 
 
 

Interactions between age in the associations between each stressor with total and 

hip fractures and social stressors were observed. Thus, HRs were stratified by age group 
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(50-59, 60-69, and 70-79 years) and adjusted for race, income, BMI, smoking status, 

history of fractures, and CT arm (Figure 4). As age increased there was a decreasing 

trend in the magnitude of associations between the three stressors and total fracture risk. 

Age strata were not significantly different from one another. For hip fracture risk, the 

middle age group (60-69) had the greatest magnitude of association for each stressor. 

 
Figure 5. Age stratified hazard ratios and 95% confidence intervals of total and hip 
fractures associated with one SD increase in scores for social strain, social support, and 
social functioning. Greater social strain scores indicate more stress. While, greater social 
support and social functioning scores indicate less stress. All models were adjusted for 
race, income, BMI, smoking status, history of fractures, and CT arm.  
 

 

 

Race modified the association of social strain, but not social functioning or 

support, with total and hip fractures. Figure 6 displays race stratified baseline survival 
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curves for the association between social strain and total fractures.  

 

Figure 6. Baseline survival curves displaying the interaction between social strain and 
race in the association with time to total fracture (in days), adjusted for age. 

 
 

Higher social strain was significantly associated (P<0.05) with increased risk of 

total fracture in age adjusted proportional hazard models for each race, except among 

Asian women. In models adjusted for age, income, BMI, smoking status, CT arm, and 

history of fractures after age 55, each one SD increase in social strain was associated with 

higher risk of total fracture among Native American (1.17 [95% CI: 1.02 to 1.34]); Latina 

(1.09 [95% CI: 1.03 to 1.15]), White (1.07 [95% CI: 1.06 to 1.09]) and Black (1.05 [95% 

CI: 1.02 to 1.09]) women (Table 9). Wide confidence intervals in non-White groups 
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reflect the small sample size and subsequently small numbers of hip fracture events. After 

adjusting for confounders, each one SD increase in social strain was associated with 

increased risk of hip fracture among Native American women (HR 1.84; 95% CI: 1.10 to 

3.10), Asian women (HR 1.37; 95% CI: 1.01 to 1.86), and White women (HR 1.04; 95% 

CI: 1.01 to 1.08).  

 

Table 9. Race stratified hazard ratio (HR) and 95% confidence intervals (CI) of total 
fractures and hip fractures associated with social strain 

 Age adjusted   Multivariablea 
 N fractures  HR 95% CI HR 95% CI 
Black 

Total Fracture 2,059 1.07* 1.03, 1.11 1.05* 1.02, 1.09 
Hip Fracture 96 1.07 0.90, 1.28 1.08 0.91, 1.29 

Hispanic 
Total Fracture 989 1.09* 1.03, 1.15 1.09* 1.03, 1.15 

Hip Fracture 50 1.21 0.96, 1.53 1.15 0.91, 1.46 
Native American 

Total Fracture 163 1.19* 1.05, 1.35 1.17* 1.02, 1.34 
Hip Fracture 10 1.66* 1.04, 2.66 1.84* 1.10, 3.10 

White 
Total Fracture 37,533 1.08* 1.07, 1.09 1.07* 1.06, 1.09 

Hip Fracture 3,744 1.05* 1.01, 1.09 1.04* 1.01, 1.08 
Asian 

Total Fracture 679 1.02 0.95, 1.10 1.04 0.96, 1.12 
Hip Fracture 36 1.30 0.97, 1.75 1.37* 1.01, 1.86 

HR expressed as 1 SD higher score. 
*Significant at P<0.05. 
aAdjusted for age, income, BMI, smoking status, history of fractures, and CT arm. 
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Discussion  

We found that postmenopausal women with high social stress had a greater risk of 

fractures compared to women with low social stress, independent of risk factors. In 

unstratified analysis, social functioning had the greatest magnitude of association with 

total and hip fracture risk. Women were 13% less likely to experience a hip fracture with 

each one SD increase in social functioning. This translates to 35% lower hip fracture risk 

in women with the highest social functioning scores (three SDs higher). The association 

between social strain and total and hip fracture risk was modified by race, with the 

highest fracture risk observed among Native American women. Age modified total and 

hip fracture risk for all three stressors. 

Few prior studies have evaluated social indicators of psychosocial stress and 

fracture risk, and most have evaluated social stress at the level of the home: marital status 

and living with someone.84,92 There is a growing body of evidence, including a recent 

meta-analysis, suggesting that negative responses to these stress measures may increase 

fracture risk.28 Following an ecosocial framework, psychosocial stress is embodied 

through stressors on multiple pathways and ecological levels.2 Assessing multilevel 

social domains may be particularly important for cultural groups with high emphasis on 

social connectivity, and women who traditionally take on, rather than receive caregiving 

at home.41,28  

Compared to other forms of psychosocial stress, social stressors have been shown 

to trigger the strongest physiological response with elevated cortisol levels and delay in 
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cortisol recovery.29 Indeed, we found that higher social strain was associated with total 

and hip fracture incidence among postmenopausal women. We also found low social 

stress, measured by low social support and social functioning, was associated with lower 

risk of total and hip fractures. Our results agree with a longitudinal study in Norwegian 

women over age 50 finding that a higher frequency of loneliness, a similar indicator of 

low social support, was related to increased risk of hip fracture.83 In contrast, an 

Australian study found that social support was not associated with hip fractures. 

However, the small sample size and cross-sectional study design may have limited the 

ability to detect an association.84 

Psychosocial stress may be associated with fracture risk through both behavioral 

and physiological mechanisms.21 Repeated physiological responses to high psychosocial 

stress degrade BMD through dysregulating hormone secretions important to bone 

remodeling including cortisol, thyroid hormones, growth hormone, and glucocorticoids.8 

Low BMD in older age increases susceptibility to fractures, and our prior study found 

that high social stress was longitudinally associated with loss of BMD.129 Additionally, 

psychosocial stress may alter fracture risk indirectly through behavioral processes.41 For 

example, high social support may lower fracture risk through supportive friends 

encouraging health-care seeking behavior such as osteoporosis screening. 

Race/ethnicity 

Social strain was associated with increased total and hip fracture risk 

disproportionately among racial/ethnic groups, with Native American women at 

particularly high risk. Each one SD increase in social strain score was associated with 
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17% greater risk of total fracture in Native American women, 9% greater risk in Latina 

women, 7% in White women, and 5% in Black women. One SD higher social strain score 

increased hip fracture risk by 84% among Native American women, 37% among Asian 

women, and 4% in white women. Hip fracture risk in Black and Latina women did not 

reach statistical significance, but high point estimates warrant investigation in larger 

sample sizes. Race/ethnicity encompasses the embodiment of a socially defined and 

imposed system in the US and the social forces underlying determinants of health 

disparities.21,49 Social environment markedly differs by race/ethnicity, exposing some 

groups to drastically higher levels of stress and triggering more frequent stress 

responses.35 Stress related fracture risk represents one pathway through which race 

becomes biology.33 

Fracture incidence rates vary by race. Inclusion of Native American women in 

fracture research is improving, with recent studies finding the highest total and hip 

fracture incidence rates among this group. Fracture rates in the National Osteoporosis 

Risk Assessment (NORA) were highest among Native Americans, followed by Latina 

and White women.74 In the WHI, annualized fracture rates were highest among Native 

Americans followed by White and then Latina women.11 This trend was also found 

among Medicare beneficiaries, though Native American rates were not included in this 

study.79 High incidence rates among Native American women have been attributed to a 

greater number of risk factors including diabetes, fracture history, and fall history.75,76,140 

In this study, adding fracture history to the adjusted model only minimally attenuated the 

observed association, while fall history and diabetes did not attenuate associations.  
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Our results suggest that Native American women may be at high risk for social 

stress related total and hip fractures. Hip fracture risk was especially elevated; however, 

results should be interpreted with caution, given the small number of hip fracture events 

in this group. Additionally, most Native American women in this study were from the 

Phoenix-Tucson centers representing southern Arizona tribes and nations. Taken 

together, this evidence warrants future studies with a large and nationally representative 

Native American sample to disentangle important fracture risk factors and confirm our 

results in a larger population.  

Fracture incidence rates are consistently about 50% lower in Black and Asian 

women compared with White women.11,74,75 While hip fracture rates have declined in 

White women, rates have increased in Latina women, and are projected to increase in 

Black women with increasing life expectancy.15,67 Added to this, Latina and Black 

women face greater treatment disparities from fractures including greater rates of 

disability and mortality, with prior studies finding longer delays in pre-operative time to 

treatment and a lower likelihood of receiving rehabilitation.26,80 DXA screening 

disparities among Black and Latina women compared with White women likely 

exasperate increasing fracture rates.81 Fracture disparities may exist among Native 

American women given similar health disparities, but to our knowledge, have not been 

studied.141 Yet, preventative efforts and research have primarily focused on White 

women.  

Our results suggest that social strain may be a culturally specific fracture risk 

factor with potential for non-pharmaceutical fracture prevention, in addition to 

recommended therapeutic guidelines. These results are consistent with a prior WHI study 
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on psychosocial stress finding that social stress had the greatest magnitude of association 

with negative health outcomes among Latino and Native American women.51 It may be 

that social strain has a greater impact on bone health in cultures with high emphasis on 

social connectivity. Latino and Native American cultures have been shown to exhibit 

health-promoting social resiliency and collectivity, including familismo:  a large family-

oriented social community.53,54 Some Asian cultures also prioritize social collectivism, 

possibly underlying the association between social strain and hip fracture risk. Social 

resilience arises from the collective experience of stressors within communities and 

buffers the physiological stress response.41 Identifying culturally specific sources of 

resiliency has implications for reducing fracture risk in these communities and addressing 

the growing fracture rates among racialized minority women. Social and familial factors 

build on existing resilience within marginalized communities and are modifiable through 

non-pharmaceutical interventions. Future research is warranted on social stress as a 

culturally specific risk factor among racialized minority women towards targeted 

prevention strategies for fractures. 

Age 

The strength of association between social stress and total fracture risk was 

greatest in the youngest age group (50-59 years at baseline) and diminished with 

increasing age. Analogously, there is a paradoxical decline in psychosocial stress 

beginning in middle age, while wellbeing begins to increase.56,57 This trajectory is 

unexpected given that health deteriorates with growing rates of morbidity and fractures 

through older age. It may be that stress declines as cognitive and behavioral changes 
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enhance emotional regulation in older age.58 Alternatively, selective mortality may 

explain the age decline in fracture risk in our study, as the healthiest participants with low 

stress and low fracture risk may have been more likely to survive the longest and be 

overrepresented in the oldest age group. 

The association of social stress with hip fracture risk also differed by age group, 

with the greatest risk among those in the middle age group, 60-69 years at baseline. Peel 

and colleagues found that the frequency of social activities was cross-sectionally 

associated with hip fractures in older age (over 65) but not middle age (40-64).84 These 

age trends align with population wide fracture incidence rates showing a sudden 

exponential increase in hip fracture incidence rates in old age, while total fracture 

incidence rates gradually increase through middle and old age.68 Early detection of high 

fracture risk is crucial to prevention. Our results suggest social stress may be an early 

indicator of fracture risk in women less than 60 years old.  

Strengths and limitations 

Study limitations should be considered when interpreting these results. Except for 

hip fractures which were confirmed through central review of medical records, all other 

fractures were self-reported. Self-reported fractures maybe subject to misclassification 

bias. However, a prior WHI study found an average of 71% agreement between self-

report and medical record.128 There is no evidence that misclassification is related to 

psychosocial stress. Thus, it is likely nondifferential misclassification. This is less likely 

to impact study results but could bias the associations to the null. Sample sizes and hip 

fracture events were small among racial minorities, especially among Native American 
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and Asian women, which could have decreased the power to detect small magnitudes of 

effect. Most Native American women were recruited from southern Arizona, and results 

may not be generalizable to other Native American women.  

Social stress may not represent chronic stress, because it was self-reported at 

baseline. However, sociability is thought to remain stable over time, and social 

environment is not likely to change as WHI participants agreed to remain in the area for 

at least 3 years.116 The WHI consists of healthy community dwelling adults and excludes 

institutionalized adults, a group with higher fracture rates. However, this limitation along 

with the healthy volunteer effect would have likely underestimated fracture risk and 

biased associations towards the null. 

Strengths of this study include a large and racially diverse cohort with 

longitudinal fracture outcomes among aging, postmenopausal women. Rates of missing 

data were low (<1%). The findings contribute to the literature on fracture risk and health 

disparities through adding social stress as a culturally relevant risk factor. The 

prospective study design contributes to evidence for a causal relationship by establishing 

the temporality of the association, with stressors occurring prior to fracture outcomes. 

Our results highlight the need for future research on social resiliency as a non-

pharmaceutical fracture prevention strategy.  

 

Conclusion 

Fracture risk is multifactorial, and this study suggests that social stress may be an 

additional fracture risk factor for postmenopausal women. The findings suggest that 
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maintaining a positive and resilient social environment may lower risk of fractures among 

postmenopausal women. The association with total fracture risk was greatest among 

women between 50 to 59 years old, and hip fracture risk was greatest among women 60 

to 69 years old. Social strain increased fracture risk disproportionately among racial 

groups. Identifying population patterns of health and disease as biological expressions of 

social environments furthers our understanding of how social environmental factors 

influence disease towards non-pharmaceutical prevention and targeted screening. As 

fracture rates increase among minority women, it is particularly important to evaluate 

culturally relevant risk factors including social stress and social resiliency.  
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Chapter 8. The Association Between Social Stress and Visceral 
Adiposity 

 

Abstract 

Recent evidence suggests that obesity related disease risk differs between 

abdominal adipose tissue sub-types, with visceral adipose tissue (VAT) associated with 

higher risk of morbidity and mortality than subcutaneous adipose tissue (SAT). There is 

cross-sectional evidence that social stress is a risk factor by increasing VAT. This study 

used mixed effects models to evaluate longitudinal associations between measures of 

social stress (social strain, low social support, and low social functioning) and VAT 

among postmenopausal women in the WHI.  

Overall, higher social stress was associated with increased VAT area and 

VAT/SAT ratio. The magnitude of effects was stronger among younger (50-64 years) 

women compared with women age 65 to 79 years. Associations differed by 

race/ethnicity, with the greatest magnitude of effect identified in the association between 

low social support and VAT among Native American women. There was a greater effect 

of social stress on VAT/SAT ratio in White compared with Black women, and this trend 

was reversed for VAT area. This may suggest that in response to social stress White 

women have a greater propensity to deposit fat viscerally than subcutaneously compared 

with Black women. This study provides evidence that social stress is longitudinally 

associated with greater VAT among postmenopausal women. 
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Introduction 

Obesity is a major health problem contributing to world-wide morbidity and 

mortality rates. One in three older women are obese in the USA.12 Obesity is a complex 

disorder of increased adipose tissue mass. Accumulating research suggests abdominal 

visceral adipose tissue (VAT) may have a more significant role than subcutaneous 

adipose tissue (SAT) in the pathophysiology of obesity risk.24 Further, VAT is a stronger 

predictor of morbidity than anthropometric assessments of obesity such as body mass 

index (BMI) and waist circumference (WC).142 Research suggests VAT is causally and 

inversely associated with longevity and strongly correlated with cognitive decline and 

disability.21 The etiology of obesity is multifactorial and largely attributed to individual-

level lifestyle factors, including physical inactivity and a diet high in fat and sugar 

creating a positive energy balance.97 In addition, complex factors across several ecosocial 

levels interact to drive obesity.  

Psychosocial stress may be involved in the pathogenesis of obesity.21 

Psychosocial stress is the physiological disruption to health in response to embodied 

ecosocial constraints at social, psychological, and environmental levels.1,2 Stress is 

hypothesized to increase VAT accumulation by repeated activation of the hypothalamic-

pituitary-adrenal (HPA) axis resulting in elevated circulating glucocorticoids that favor 

accumulation of lipids to the visceral depot.21,63 Stress also promotes positive energy 

balance through increasing preference for high fat and energy dense foods.107  

Measuring VAT provides a stronger evaluation of disease associated risk than 

anthropometric measures of adiposity.142 Recent evidence suggests that VAT measures 

may aid in explaining mixed results of prior studies that used anthropometric obesity 
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measures to evaluate the role of psychosocial stress in adiposity. A prior meta-analysis of 

prospective studies found that psychosocial stress promotes a modest increase of 

anthropometrically measured adiposity. However, when limiting the analysis to 

anthropometric measures that approximate VAT, such as WC, there was no evidence for 

an association.7 Prior large and longitudinal studies relied on anthropometric measures of 

adiposity because direct measurement of VAT is expensive and time consuming. Studies 

directly measuring VAT with MRI and CT are cross-sectional with small sample sizes. 

Two cross-sectional studies that directly measured adipose tissue found that psychosocial 

stress had a positive association with VAT but not with SAT, BMI, or WC.22,23 More 

rigorous and longitudinal investigation of VAT is recently possible with advances in 

VAT measurement using DXA. Establishing the temporal association between social 

stress and VAT will expand on prior anthropometric and cross-sectional studies to 

provide evidence towards determining causality. 

Psychosocial stress at the level of the social environment may be particularly 

important for cultural groups with high emphasis on social connectivity, and women who 

traditionally provide rather than receive caregiving at home.41,48,49 Compared to other 

forms of psychosocial stress, social stressors trigger the strongest physiological response 

with elevated cortisol levels and delay in cortisol recovery.29 There is evidence from 

prospective studies that social stressors, including social strain and low social support, are 

associated with increased weight and WC, but no study has directly evaluated VAT.109–113  

Social environment markedly differs by race/ethnicity, exposing some groups to 

drastically higher levels of stress and triggering more frequent stress responses.33 Adipose 

tissue patterning differs between race/ethnic groups with the greatest VAT/SAT ratio in 
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Asian populations, followed by White and Latino, and the lowest ratio in Black 

populations.105 Additionally, menopause and senescence induce metabolic alterations that 

favor VAT deposition.17  

Therefore, the objective of this study was to evaluate whether social strain, low 

social support, and low social functioning were prospectively associated with greater 

VAT among postmenopausal women. Given prior evidence of race/ethnic and age 

heterogeneity in social stress and VAT, this study evaluated race/ethnicity and age as 

effect modifiers of associations between social stress and VAT. 

 

Methods 

Research population 

The Women’s Health Initiative (WHI) cohort consists of 161,808 postmenopausal 

women enrolled in an observational study or one of the clinical trials (CTs), including: 

Dietary Modification Trial (DM), Hormone Therapy Trial (HT), or Calcium and Vitamin 

D Trial (CaD).116 The data for this study comes from a subsample of WHI participants 

(n=11,020) who were recruited from WHI Bone Mineral Density (BMD) clinical centers 

(Pittsburgh, PA, USA; Birmingham, AL, USA; and Tucson/Phoenix, AZ, USA). The 

BMD centers were chosen to enrich the data with information on minority women.118 The 

BMD cohort received dual-energy X-ray absorptiometry (DXA) scans (QDR 2000, 

2000+, or 4500W; Hologic, Waltham, MA, USA) at baseline and follow-up visits: year 3, 

year 6, and year 9. 
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Exposure  

Psychosocial factors were selected from those available in the WHI related to the 

social environment and collected at baseline from self-reported questionnaires: social 

strain, social support, and social functioning.35 Social strain measures negative social 

interactions and relationships, with a higher score indicating greater social stress. Social 

strain was assessed using a previously validated measure of negative aspects of social 

relations.120 Participants rated their perceived social strain on a 1-5 scale with a total 

possible score of 20 indicating high social strain.  

Social support is a positive social factor, indicating functionally supportive 

relationships. Social support was evaluated using the sum responses from a nine item 

questionnaire from the Medical Outcomes Study with lower scores indicating low social 

support.121 Social functioning is also a positive social factor, and it indicates the ability to 

participate in social activities without limitations. The Rand 36-Item Health Survey 

Quality of Life Subscales measured social functioning considering the last four weeks 

with a score of 0 – 100, and lower scores indicates low social functioning.123 The 

psychosocial constructs and their components have been previously defined.35 

 

Outcome 

Abdominal VAT and SAT data were measured from whole body DXA scans 

(Hologic model QDR 2000 or 4500 densitometer; Hologic, Inc., Waltham, MA). Trained 

Hologic Inc. certified technicians collected DXA scans using a standard protocol and 

positioning. Participants were measured wearing only gowns to eliminate possible 

artifacts due to clothing and fasteners. Quality control was maintained by the WHI Bone 
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Density Center at the University of California, San Francisco (Prevention Sciences, San 

Francisco, CA). Quality assurance included central review of a random sample of all 

scans and flagging scans with specific problems.118,119  

The APEX software (Hologic Inc., Bedford, MA, USA) was used to re-analyze 

the DXA images and generate VAT and SAT mass and area estimates. APEX is an semi-

automated software that provides highly valid VAT and SAT measures compared to CT 

and MRI, the gold standards.106,127 Software algorithms estimate the amount of SAT 

subtracted from the total abdominal fat in the abdominal cavity at the level of the fourth 

lumbar vertebrae to yield VAT and SAT (total abdominal fat − total abdominal SAT= 

VAT), measured as area (cm2) and mass (g). VAT/SAT ratio (%) is an indicator of the 

propensity for adipose tissue to accumulate in the visceral depot relative to the 

subcutaneous depot.106 It was calculated by dividing VAT mass (g) from SAT mass (g). 

DXA scans were scheduled at baseline and follow-up visits: year 3, and year 6, with 

additional collection at year 1 for CT participants. Nearly half of participants had DXA 

scans at follow-up year 9, although it was not a scheduled visit. 

 

Covariates 

 Self-reported questionnaires were used to assess covariates at baseline including 

age, race/ethnicity, smoking status, alcohol use, income, education, total energy 

expenditure on recreational physical activity per week (METs), dietary energy intake 

(kcal/day), prior hysterectomy, cardiovascular disease, diabetes, age at menopause, and 

hormone therapy use. Total lean mass (kg) was measured from DXA scans. Weight was 

measured on a balance-beam scale to the nearest 0.1 kg. Height was measured on a wall-
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mounted stadiometer to the nearest 0.1 cm. BMI was calculated as weight(kg)/height(m) 

squared.115  

 

Statistical Analysis 

Descriptive cohort characteristics at baseline were compared by VAT/SAT ratio 

(%) dichotomized at the mean as low or high, using Student’s T-test for continuous 

variables and the χ2 test for categorical variables (Table 1). Social strain, social support, 

and social functioning scores were standardized using z-scores. Thus, the β-coefficients 

represent the change in VAT measures associated with a one standard deviation (SD) 

change in social factors. This enabled direct comparisons of the effects of stressors on 

VAT outcomes. Missing data was examined and considered missing at random. Missing 

data for confounder variables was imputed using stochastic imputation, and sensitivity 

analyses were conducted to assess if the findings were robust to complete case analysis. 

We constructed linear mixed-effects regression models of to evaluate VAT 

through follow-up. This modeling approach allows efficient use of all available data 

collected from the participants in the analysis as it does not exclude participants with 

missing timepoints. Including subject-specific repeated measures in the model accounts 

for the correlation of repeated VAT measures within a participant over time. Social 

strain, social support, and social functioning were analyzed in separate models with the 

primary outcomes, VAT area (cm2) and VAT/SAT ratio (%) at each visit year. VAT 

measure follow-up visit year since baseline was included in the model as a categorical 

variable (years 0, 3, 6 and 9).  



 

 

95 

Adjustment for confounders were considered from factors that have been 

associated with psychosocial stress and VAT: age, race/ethnicity, smoking status, alcohol 

use, income, education, weekly physical activity, comorbid conditions, age at menopause, 

CT arm, corticosteroid use, BMI, total lean mass, and hormone therapy use. For all 

adjusted models, confounders were evaluated using purposeful selection of variables and 

retained if their addition resulted in a change greater than 10% in the main exposure 

parameter estimates. Interaction by age and race/ethnicity were evaluated using F tests, 

and analyses were stratified by significant (P<0.10) interaction terms.  

We used sensitivity analyses to examine the effect of excluding hormone therapy 

users and treatment assignment in the WHI HT or DM trials. Since the DXA scans at 

follow-up year 9 were not collected on all participants, a sensitivity analysis was used to 

examine the effect of excluding this time point. To assess, if the underlying assumptions 

behind the mixed-effects model analysis were fulfilled, we investigated normal quantile 

plots of residuals, standardized residuals, and random effects. Two-sided P-values less 

than 0.05 were considered significant. Statistical analyses were performed using SAS, 

version 9.4 (SAS Institute, Inc., Cary, NC).   

 

Results 

The analytic sample consisted of 10,111 women after excluding 873 women with 

missing baseline VAT measurements, 12 with VAT measurement errors, and 24 women 

with no information on social strain, social support, or social functioning. Sample sizes 
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for follow-up visit years 3, 6, and 9 are presented in Table 10. The average follow-up 

time was 5.4 years for participants included in this analysis.  

 

Table 10. Mean VAT measures by visit year, presented as mean and standard deviation 
(SD), and sample size for each visit year. 

 
 

 Participant’s baseline characteristics are presented by VAT/SAT ratio 

dichotomized at the mean (42.7%) as low or high in Table 11. On average, women with a 

high VAT/SAT ratio were older (64.8 years) compared to women with a low VAT/SAT 

ratio (61.8 years). Women with low VAT/SAT ratio were more likely to be physically 

active and have used or currently use HT. Black and Asian women were more likely to 

have a low VAT/SAT ratio. As income increased, women were more likely to have a low 

VAT/SAT ratio. Women with high VAT/SAT ratio were more likely to smoke, have had 

a hysterectomy, and have a greater dietary energy intake. 

 

Table 11. Baseline characteristics of participants by VAT/SAT ratio dichotomized below 
and above the mean VAT/SAT ratio of 42.7%. 

  Visit year  

  0 3 6 9 

Sample size (n) 10111 7936 7063 4329 

VAT area (cm2)  166.01 (81.90) 166.62 (81.20) 170.67 (84.87) 163.90 (82.50) 

VAT mass (g)  799.94 (394.60) 802.0 (391.61) 822.42 (409.62) 786.78 (397.71) 

VAT/SAT (%) 42.65 (13.46) 43.25 (13.30) 44.12 (15.61) 44.06 (14.01) 

  
Below mean VAT/SAT 

N = 5,478 
Above mean VAT/SAT 

N = 4,657 
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*Significant at P<0.05 

 

Age, years, mean (SD)* 61.8 (7.4) 64.8 (7.2) 

Race/ethnicity, n (%)*   
Native American 55 (1.0) 68 (1.5) 
Asian 28 (0.5) 5 (0.1) 
Black 944 (17.3) 500 (10.8) 
Hispanic/Latina 299 (5.5) 370 (8.0) 
White 4111 (75.2) 3669 (79.2) 
Mixed race 27 (0.5) 20 (0.4) 

Income, $, n (%)*   
   < 20,000 1173 (22.1) 1377 (30.6) 
   20,000-49,999 2365 (44.5) 2028 (45.1) 
   50,000-99,999 1226 (23.1) 749 (16.6) 
   > 100,000 329 (6.2) 129 (2.9) 
   Missing or "don't know" 218 (4.1) 219 (4.9) 
Alcohol use, n (%)*   
   Non-drinker 850 (15.7) 817 (17.8) 
   Past drinker 1097 (20.2) 1120 (24.4) 
   <1 drink/month 718 (13.2) 592 (12.9) 
   <1 drink/week 1097 (20.2) 853 (18.5) 
   1-6 drinks/week 1221 (22.5) 841 (18.5) 
   >7 drinks/week 442 (8.1) 374 (8.1) 
Hormone therapy use, n (%)*   
   Never 1590 (31.5) 1651 (38.7) 
   Past or current 3464 (68.5) 2618 (61.3) 

Hysterectomy ever, yes, n (%)* 2594 (47.5) 2336 (50.4) 

Age at menopause, years, mean (SD)* 47.7 (6.6) 47.2 (7.1) 

Smoking status, pack years, mean (SD)* 8.1 (16.2) 10.7 (19.7) 

Physical activity, met-hours/week, mean 
(SD)* 

12.8 (14.8) 10.0 (12.5) 

Cardiovascular disease ever, yes, n (%)* 827 (17.0) 881 (22.2) 

Diabetes ever, yes, n (%)* 270 (4.9) 511 (11.0) 

Dietary Energy, kcal/day, mean (SD)* 1627.0 (787.5) 1693.4 (830.9) 
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VAT associated with social stress 

Mixed effects models were used to analyze associations between each social 

factor and VAT measures from baseline to year 9. Visual inspection of residual plots did 

not reveal any obvious deviations from normality or homoscedasticity. Excluding HT 

intervention arms in sensitivity analysis resulted in significantly different social stress 

effects on VAT measures (data not shown). Therefore, HT intervention arm was excluded 

from the analyses. Visit year 9 measures remained in the primary analysis as exclusion in 

sensitivity analysis did not affect the results.  

  Table 12 presents results with β-coefficients representing the effect of one SD 

increase in social factors associated with VAT measures through follow-up. The results 

display similar trends across each social stressor and VAT measure, suggesting that 

women with greater social stress had greater VAT through follow-up compared to 

women with less social stress. The adjusted model includes nonmodifiable confounders 

(age, race/ethnicity, prior hysterectomy, and visit year). The addition of modifiable risk 

factors (income, energy expenditure from recreational physical activity, and dietary 

energy) substantially reduced the effect of social stress on VAT measures. Each one SD 

higher social functioning was associated with -9.84 cm2 lower VAT area (95% CI: -

11.38, -8.31) after adjusting for nonmodifiable confounders. The addition of modifiable 

confounders attenuated the effect of social functioning on VAT area by 32% (β = -6.65, 

95% CI: -8.17, -5.13). Nonmodifiable risk factors reduced the effect of social support on 

VAT area by 44%, from -6.57cm2 (95% CI: -8.12, -5.02) to -3.63cm2 (95% CI: -6.17, -

2.10). Each one SD higher social strain was associated with 5.61 cm2 greater VAT area 

after adjusting for all confounders. 
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Table 12. Results from the linear mixed effects models for VAT (cm2) and VAT/SAT 
ratio (%) on average over the 9-year study period associated with social factors. Effect 
values displayed as β-coefficient (95% confidence interval). 

1Age, race/ethnicity, prior hysterectomy, visit year 
2Age, race/ethnicity, prior hysterectomy, visit year, income, energy expenditure from 
recreational physical activity, dietary energy 
*Significant at P<0.05 
 

Race/ethnicity and age effect modification 

For VAT/SAT ratio, the associations with social strain and social support varied 

by age (Pinteraction = 0.01 and P < 0.01, respectively) and race/ethnicity (P = 0.04 and P = 

0.01, respectively). For change in VAT area, there were significant interactions between 

age and social functioning (P = 0.03), age and social support (P < 0.01), race/ethnicity 

and social strain (P = 0.01), and race/ethnicity and social support (P < 0.01). These 

interaction terms were considered effect modifiers, and the results are stratified by 

race/ethnic group and stratified by baseline age group (50-64 years and 65-70 years). The 

race/ethnic interaction results from mixed models are displayed in a fit plot (Figure 7). 

Figure 7. Fit plots for mixed models displaying the interaction of race/ethnicity with 
social strain and social support (x-axis) associated with VAT/SAT ratio and VAT area (y-

  Social Factor  
  Social strain Social functioning Social support  
VAT area (cm2)    

 Adjusted1  8.07 (6.49, 9.64)* -9.84 (-11.38, -8.31)* -6.57 (-8.12, -5.02)* 

 Modifiable 
adjusted2 

5.61 (4.07, 7.15)* -6.65 (-8.17, -5.13)* -3.63 (-6.17, -2.10)* 

VAT/SAT (%)    
 Adjusted1 1.11 (0.86, 1.36)* -1.04 (-1.29, -0.80)* -0.82 (-1.07, -0.58)* 

 Modifiable 
adjusted2 

0.89 (0.65, 1.14)* -0.68 (-0.93, -0.44)* -0.55 (-0.80, -0.31)* 
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axis). A. Higher social strain (higher stress) associated with greater VAT/SAT ratio. B. 
Higher social support (less stress) associated with lower VAT area. 

 
 High social strain was associated with greater VAT area differently by 

race/ethnicity. Each one SD higher social strain was associated with 5.95 cm2 (95% CI: 

4.72, 7.17) greater VAT area in White women and 6.08 cm2 (95% CI: 4.13, 8.04) greater 

 

 

 
 

Fit for VAT/SAT 
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A
. 
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VAT area among Black women (Table 13). Higher social support was associated with 

lower VAT area among White (β= -4.01, 95% CI: -5.19, -2.83), Black (β= -5.40, 95% CI: 

-7.77, -3.03) and Native American women (β= -15.27, 95% CI: -23.01, -7.53). While the 

effects of high social strain and low social support on VAT area were greater in Black 

compared with White women.  

This trend was reversed for VAT/SAT ratio. One SD higher social strain among 

White women was associated with an average 1.00% (95% CI: 0.76%, 1.17%) greater 

VAT/SAT ratio and 0.51% (95% CI: 0.20%, 0.83%) greater among Black women. Social 

support followed a similar but smaller effect on VAT/SAT ratio for White and Black 

women. One SD higher social support was associated with a 2.23% (95% CI: -3.52%, -

0.94%) lower VAT/SAT ratio among Native American women. No statistically 

significant associations were observed among Hispanic/Latina and Asian women. 

Overall, social stress in the younger age group (50 – 64 years) was associated with a 

greater magnitude of effect on VAT compared with the older age group (65 - 79 years).  

 

Table 13. Results from the stratified linear mixed models for the associations between 
social factors with VAT (cm2) and VAT/SAT ratio (%) on average over the 9-year study 
period. Effect values displayed as β-coefficient (95% confidence interval). 

 Stratification Variable Social Factor 

 Race/ethnicitya Ageb Social strain Social functioning Social support  

VAT area (cm2)     

 White   5.95 (4.72, 7.17)*  -4.01 (-5.19, -2.83)* 

 Hispanic/Latina  2.27 (-1.38, 5.92)  -0.15 (-3.66, 3.37) 

 Black  6.08 (4.13, 8.04)*  -5.40 (-7.77, -3.03)* 

 Native 
American 

 4.90 (-3.72, 13.52)  -15.27 (-23.01, -7.53)* 
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aAge x follow-up year, prior hysterectomy, income, energy expenditure from recreational 
physical activity, dietary energy 
bRace/ethnicity, follow-up year, prior hysterectomy, income, energy expenditure from 
recreational physical activity, dietary energy 
*Significant at P<0.05 
 

Discussion 

This study used repeated VAT measures over 9 years of follow-up to assess the 

associations between social stress with VAT in postmenopausal women. Overall, our 

findings suggest that social functioning, social strain, and social support have substantial 

and independent effects on both VAT area and VAT/SAT ratio. Social strain that is three 

SDs above the mean translates to a 16.83 cm2 greater VAT area and a 2.67% greater 

VAT/SAT ratio compared with women at the mean level of social strain. Social strain 

measures negative social interactions and relationships, and social support measures the 

quality of positive and supportive relationships. Social functioning measures limitations 

 Asian  -5.47 (-17.16, 6.21)  6.00 (-4.46, 16.67) 

      

  50-64  -8.39 (-10.33, -6.45)* -5.71 (-7.75, -3.66)* 

  65-79  -5.86 (-8.27, -3.45)* -3.42 (-5.70, -1.14)* 

VAT/SAT (%)     

 White  1.00 (0.76, 1.17)*  -0.56 (-0.76, -0.36)* 

 Hispanic/Latina  0.32 (-0.31, 0.96)  -0.07 (-0.69, 0.54) 

 Black  0.51 (0.20, 0.83)*  -0.27 (-0.65, 0.11) 

 Native 
American 

 0.59 (-0.78, 1.96)  -2.23 (-3.52, -0.94)* 

 Asian  0.12 (-2.34, 2.58)  0.36 (-1.89, 2.62) 

      

  50-64   -0.77 (-1.09, -0.45)* 

  65-79   -0.40 (-0.78, -0.02)* 
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in social activity. Low levels of social functioning and social support increase stress, 

while high social support has been shown to buffer against the negative health outcomes 

of psychosocial stress.41 

The findings of this study agree with prior research that has found social stress, 

including social strain and low social support, was associated with obesity.109–113 

Evidence is accumulating that stress is associated with obesity by increasing VAT. This 

study extends on prior findings by providing temporal evidence that social stress may 

increase obesity through promoting VAT accumulation.24,142 In agreement, past 

population level studies have shown a positive cross-sectional association between social 

stress and central obesity.107,114 The mechanistic relationship between stress and VAT 

appears to be stress triggering the HPA axis which increases fat accumulation to the 

visceral depot. Activation of the HPA axis alters metabolic pathways that dysregulate the 

release of several hormones responsible for body composition regulation. For example, 

elevated circulating glucocorticoid secretion increases lipid accumulation to the visceral 

depot.22,29,63  

VAT/SAT ratio is an indicator of VAT controlling for SAT that evaluates the 

propensity for adipose tissue to accumulate to visceral over subcutaneous depots. Our 

study shows that baseline social stress is temporally associated with increased VAT/SAT 

ratio and VAT alone, in agreement with prior cross-sectional studies. There is prior 

evidence that psychosocial stress increases overall adiposity through increasing VAT and 

not SAT. A monozygotic twin study found a positive association between psychosocial 

stress and VAT, but not SAT or overall adiposity as measured by BMI and WC.22 

Likewise, a study found a positive association between discrimination and VAT but not 
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SAT or overall adiposity measured by WC and waist-to-hip ratio (WHR).23 A study in 

female monkeys showed social stress was positively associated with VAT/SAT ratio and 

CVD, while VAT alone, SAT alone, and BMI were not associated.108 Taken together 

with prior cross-sectional evidence, the results of this study suggest that social stress is 

longitudinally associated with greater adiposity to the visceral depot compared to the 

subcutaneous depot.  

Environmental and social factors may increase obesity by altering behavioral risk 

factors indirectly via a second pathway. Stress from the social environment can trigger 

coping and adaptation behaviors associated with increased disease risk, including 

cigarette smoking and decreased physical activity.64 Psychosocial stress has been shown 

to alter the brain’s response to high caloric foods, contributing to increased energy 

intake.65 The behavioral pathway between stress and obesity does not seem to differently 

influence VAT and SAT accumulation. In this study, adding modifiable and behavioral 

risk factors (income, energy expenditure from recreational physical activity, and dietary 

energy intake) to the adjusted model slightly attenuated the effects of social stress on 

VAT area and VAT/SAT ratio, but did not attenuate the statistical significance. The 

percent decrease in effect sizes were more substantial for VAT area than with VAT/SAT 

ratio. For social support, the effect on VAT area reduced by 45%, while the effect on 

VAT/SAT ratio, reduced by 33%. This finding suggests an association between social 

stress and VAT independent of behavioral modification. 

Associations between social strain and social support with VAT differed by 

race/ethnicity. Native American, Black, and Latina women reported the highest social 

stress on average. The social environment differs by race, exposing some groups to 
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drastically higher levels of stress and triggering more frequent stress responses.35 There 

was a greater effect of social stress on VAT/SAT ratio in White compared with Black 

women, and this trend was reversed for VAT area. This finding corresponds with prior 

research showing that White women have a greater propensity for VAT over SAT 

accumulation compared with Black women.105 Less research has been conducted on 

VAT/SAT ratio among Native American women. In this study, social support had a 

substantial effect on VAT in Native American women. Taken with previous research, 

these results suggest social stress is longitudinally associated with increased VAT across 

race/ethnic groups, while White and Native American women have a greater propensity 

to deposit increased fat viscerally relative to subcutaneously in response to social stress.  

High social support was an important protective factor for VAT area and 

VAT/SAT ratio among Native American women. Social factors have been established as 

important determinants of stress and resilience in Latino and Native American cultures.41 

Social resilience arises from the collective experience of stressors within communities 

and buffers the physiological stress response.41 Inversely, barriers to a culturally 

advantageous social environment increase social stress. The large effects of social 

support on VAT suggest that social support is a culturally important social factor among 

Native American women. Among Latina and Native American women VAT/SAT ratio 

was the highest of all race/ethnic groups, with 24% more women above the cohort mean. 

While VAT/SAT ratios were comparably high among Latina and Native American 

women, social stress among Latina women was not significantly associated with VAT. 

Though, this may be attributable to the small sample size among Latina women. 
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The effects of all three social factors were stronger among younger women (50-64 

years) compared with women age 65-79 years. Menopause modifies obesity related 

chronic disease risk, but the patterning and timing of menopausal changes in VAT is not 

well documented through age and between race/ethnic groups.17 Aging is associated with 

altered fat distribution patterns, with a shift in fat from subcutaneous depots to abdominal 

visceral depots.17 WC is a measure of abdominal adiposity. The US prevalence of high 

WC, above 88cm, is greatest among women age 60 to 79 years at 66%.103 There is 

evidence that increased adiposity and redistribution to android patterning occur during 

perimenopause rather than postmenopause.104 This research has shown that 

perimenopausal hormonal changes in inflammatory markers and adipokines induce VAT 

accumulation and adipose tissue redistribution favoring visceral depots. The early 

menopausal onset of VAT deposition patterning aligns with the trajectory observed in 

this study. 

Strengths and limitations 

  Limitations of this study include small sample sizes for racial minorities, and 

especially for Latina, Native American, and Asian women. This resulted in wide 

confidence intervals and limited power to detect small effect sizes. Results may not be 

generalizable to all Native American women because this study recruited most Native 

American women from southern Arizona. The WHI consists of healthy community 

dwelling adults and excludes institutionalized adults. Healthy women are more likely to 

participate in research and less likely to be lost to follow-up. However, healthy volunteer 

effects would have likely biased associations towards the null.  
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A strength of this analysis was low missing data rates in exposure variables (<1% 

missing). Baseline VAT measures were missing in 8% of participants. Rates of missing 

follow-up VAT measures were 22% at year 3, 30% at year 6, and 57% at year 9. Mixed 

effects regression models are useful for retaining individuals with incomplete follow-up 

data and are robust to missing at random data. Women with missing VAT follow-up 

years 3 and 6 did not differ from women with nonmissing data. We utilized DXA scans at 

visit year 9, although it was not a scheduled visit. Participants not missing year 9 VAT 

measures were more likely to be White and slightly younger (61.7 years at baseline) 

compared to missing data (63.3 years at baseline). The observed slight differences in 

missingness rates dependent upon observed covariates at year 9 follow-up had the 

potential to bias the analysis. However, the sensitivity analysis indicated that the model 

including year 9 data did not differ from a model excluding year 9. Thus, missing data 

was unlikely to have biased the results. 

Other strengths of this study include a large sample size of repeated VAT 

measures. Several confounders and important risk factors were evaluated including 

dietary energy and physical activity. Sensitivity analyses excluding HT intervention arms 

showed that HT use attenuated the effects on the association between social stress and 

VAT. Future research should further evaluate the effects of HT on VAT. 

 

Conclusion 

Identifying social stress as a risk factor for VAT aids in disentangling mechanisms of 

obesity related disease risk. Evidence is accumulating that VAT not SAT or total fat, is 
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biologically relevant to poor health outcomes. Whereas VAT appears to be causally 

related to morbidity and mortality, SAT does not.24 Chronic inflammation is a possible 

pathway through which obesity, and VAT in particular, influence chronic disease risk.21 

VAT secretes more pro-inflammatory cytokines (such as Leptin, Tumor Necrosis Factor-

alpha, and Interleukin-6) from adipocytes and macrophages, so that the pro-inflammatory 

characteristics of VAT are greater than that of SAT.24  Therefore, prevention efforts for 

social stress reduction may aid in prevention of obesity related chronic disease.  

This study enriched the scientific understanding of the longitudinal relationship 

between social factors and VAT. It extends on prior research, suggesting that 

psychosocial stress may increase obesity through promoting VAT accumulation. 

Revealing age, race/ethnic, and gender-specific psychosocial stressors contributing to 

adiposity better informs unique risk factors among postmenopausal women. This research 

further elucidates the complex role of obesity specific to postmenopausal women towards 

future development of targeted prevention strategies, particularly impactful in addressing 

health disparities. 
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Chapter 9: Overall Conclusions 
 

This dissertation evaluated the role of social stress in body composition among 

postmenopausal women in the WHI. Bone loss and increasing visceral adiposity are 

major contributors to aging related chronic disease and mortality. Osteoporotic fractures 

and obesity disproportionately impact aging women. The role of social stress in body 

composition was investigated through three studies under two specific aims. The first aim 

examined the role of psychosocial stress in bone health. The second aim examined the 

association of social stress and visceral adipose tissue. Overall, the findings from this 

dissertation suggest that social stress is associated with detrimental changes in body 

composition among aging women. Body composition changes are multifactorial, and this 

study adds social stress as an additional risk factor in postmenopausal women. The three 

studies found associations between social stress with longitudinal decreases in BMD, 

increased fracture incidence, and increased VAT.  

The first study examined associations of social stress with BMD loss over 6 years. 

The hypothesis was that greater social strain was associated with BMD loss, and greater 

social support and social functioning were protective of BMD loss. Overall, social stress 

was associated with change in BMD at the femoral neck, lumbar spine, and total hip. 

Social strain was associated with BMD measured at three sites, suggesting that poor 

quality of social relationships may have a greater effect on bone loss among 

postmenopausal women.   

 The second study investigated whether the finding of social stress induced BMD 

loss, extended to increased fracture risk. This study hypothesized that high social strain 
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was associated with greater fracture incidence, and high social support and social 

functioning were associated with lower incidence of hip fracture and any fracture. Indeed, 

the findings suggest that postmenopausal women with high social stress had a greater risk 

of fractures compared to women with low social stress, independent of other important 

risk factors. Furthermore, this study identified heterogeneity in the associations by 

race/ethnicity and age. The highest fracture risk was observed among Native American 

women. The strength of association between social stress and total fracture risk was 

greatest in the youngest age group (50-59 years at baseline) and diminished with 

increasing age. For hip fractures, the greatest risk was found to be among those in the 

middle age group, 60-69 years at baseline.  

The third study examined whether social stress was associated with VAT. The 

hypothesis was that high social strain, low social support, and low social functioning are 

associated with longitudinal increases in VAT. The study found that higher social stress 

was associated with increased VAT area and VAT/SAT ratio over 9 years. Effects were 

stronger among younger women (50-64 years) compared with women age 65-79 years. 

Effects also differed by race/ethnicity, with the greatest magnitude of effect from social 

support among Native American women. Our findings suggest social stress is 

longitudinally associated with increased VAT across race/ethnic groups, while White and 

Native American women have a greater propensity to deposit increased fat viscerally 

relative to subcutaneously in response to social stress.  
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Overall Trends in Social Stress Risk 

Taken together, the results of these studies display overall trends in disease risk 

and comorbidity associated with social stress. Social stress extends conceptualizations of 

psychosocial stress past the level of individual characteristics, such as life events, towards 

systemic stressors born from inequality in social organization, such as SES and 

neighborhood level racial segregation.45 In this dissertation, exclusion from desired 

participation in social systems is a pathway linking social structure to stress. Compared to 

other forms of psychosocial stress, social stressors have been shown to trigger the 

strongest physiological stress response with elevated cortisol levels and delay in cortisol 

recovery.29 A meta-analysis found approximately 162,000 annual deaths in the US were 

attributable to low social support, which is comparable to annual deaths from lung 

cancer.46  

Few prior studies have evaluated social indicators of psychosocial stress with 

bone outcomes, and most studies on psychosocial stress and body composition as 

reviewed in prior chapters have evaluated social stress at the level of the home: marital 

status and living with someone. Growing evidence suggests that socioenvironmental 

factors, such as social support, are particularly important to both cultural groups and 

women. To address this research gap, the current project investigated multilevel social 

domains. The findings suggest that socioenvironmental constraints, through social stress, 

become embodied into somatic characteristics, including degradation of body 

composition, that contribute to population-level patterns of disease. 

Assessing distinct components of social stress reveals pathways through which 

the social environment affects health. Heterogenous activation of physiological responses 
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is thought to depend on specific conditions of psychosocial stress.30 The quality of social 

interactions has been shown to result in stronger physiological stress response compared 

to the quantity of social relationships.28 Our results support this theory. The correlation 

between the three social stress measures was low, indicating they measure distinct 

components of social stress.  

 We found that social strain, an indicator of social quality, had a greater 

magnitude of association across studies. High social strain was associated with BMD loss 

at all three sites and associated with total and hip fracture incidence. Social strain was an 

important risk factor for fracture risk among Native American, Asian, and Latina 

race/ethnic groups. For VAT outcomes, social strain had the greatest effect on VAT 

relative to SAT. While social strain was an important stressor for White and Black 

women, social support had a large magnitude of effect on VAT among Native American 

women. Social support indicates the presence of people that can provide help or 

friendship. Taken together, bone loss and increased VAT deposition are among the 

physiological stress responses more strongly related to the quality of social relationships 

than the quantity.  

We identified age heterogeneity in the magnitude of association between social 

stress and body composition changes. Social stress among women age 50-64 years at 

baseline appeared to have a larger magnitude of effect on VAT compared with women 

age 65-79 years at baseline. Likewise, total fracture risk was greatest among women age 

50-59 years at baseline and diminished with increasing age. For hip fractures, the greatest 

risk was found among those in the middle age group, 60-69 years at baseline. These 
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results are consistent with research showing that body composition changes most 

significantly in response to hormonal changes around early menopausal stage.104 

Beginning in middle age, there is evidence for a paradoxical decline in 

psychosocial stress while wellbeing begins to increase.56,57 This trajectory is unexpected 

given that health deteriorates in older age with growing rates of morbidity. It may be that 

stress declines as cognitive and behavioral changes enhance emotional regulation in older 

age.58 This trend likely differs by SES and race/ethnicity, as more affluent women and 

White women are more likely to retire and participate in stress reducing activities in older 

age.59 In the WHI, White women are disproportionately overrepresented with increasing 

age. Alternatively, selective mortality may explain the age decline in negative health 

outcomes. The healthiest participants with low stress may have survived the longest and 

be overrepresented in the oldest age group. 

Social stress in body composition 

Social stress is a distal risk factor in chronic disease outcomes, such as CVD. This 

project aimed to fill a gap in understanding the physiologic pathway from stress to 

chronic disease risk, by evaluating body composition as one intermediate mechanism in a 

large prospective study. The physiological stress response is an adaptative response to a 

perceived threat intended to restore homeostasis. It activates energy to overcome the 

perceived threat. However, this response is maladaptive to body composition 

maintenance. The stress response actives the HPA axis that deregulates bodily systems 

important to maintaining body composition. Several HPA deregulated pathways are tied 

to changes in body composition, including growth hormone, cytokines, and 
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glucocorticoids including cortisol.8 The results of this study indicate an association 

between social stress and detrimental body composition changes, that likely occur 

through the physiologic stress response.   

Social stress has been found to change body composition through behavioral, 

stress coping mechanisms. Positive psychosocial factors promote healthy behaviors, 

while negative psychosocial factors are associated with high risk coping behaviors, such 

as cigarette smoking and falls.48 We controlled for behavioral factors in the analysis, 

including: tobacco use, alcohol, dietary energy intake, and physical activity. While 

residual confounding is possible, these findings may aid in discerning the somatic stress 

response pathway to body composition degradation. Assessing associations with VAT 

deposition aids in discerning the physiologic pathway from stress to obesity related 

disease risk, from the behavioral pathway, such as decreased physical activity. Indeed, we 

found behavioral factors did decrease but did not attenuate statistically significant 

associations between stress and VAT.  

In one pathway, assessing stress associated with changes in BMD discerns the 

physiologic pathway between stress and fracture outcomes from the behavioral pathway, 

such as stress increasing fall risk.84 While all three social stressors were associated with 

fracture incidence. Only social strain was associated with decreased BMD at the femoral 

neck, lumbar spine, and total hip. Point estimates for the percent change in BMD were 

also greater for social strain. Taken with prior evidence, these results suggest that social 

stress related decreases in BMD are one pathway through which social stress is 

associated with fracture outcomes. Furthermore, social strain may have a greater negative 

effect on BMD compared to social functioning and social support.  
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The results across the three studies provide consistent evidence that social stress is 

associated with detrimental changes in body composition. While this study was not a 

comprehensive analysis of body composition changes, the findings connect social stress 

to broad changes in body composition. Measuring the effect of stress in a single body 

composition system may underestimate the risk of stress in morbidity and mortality. 

Evaluating stress risk in multiple outcomes and through multiple pathways provides a 

more comprehensive evaluation of stress induced comorbidity and frailty, especially 

important in senescence. For example, stress impacts multiple body composition systems, 

as we found in both bone and adipose tissue. Changes in these body composition systems 

account for a large share of aging related morbidity and mortality. Comorbidity from the 

dysfunction of multiple body composition systems together poses synergistic increased 

risk for chronic disease outcomes, such as higher rates of falls associated with concurrent 

sarcopenia and obesity compared to each condition alone.143 Further assessment of 

overall body composition changes associated with stress would aid in holistic evaluation 

of chronic disease risk.  

Discerning mechanisms relating psychosocial stress to disease outcomes, aids in 

identifying body composition maintenance strategies. Social stress mediating strategies 

may compliment behavioral interventions for body composition maintenance among 

postmenopausal women. Social stress interventions may be particularly important to 

race/ethnic groups with high cultural value on social connectivity and familismo. These 

findings point to the need for more research on the pathways from social stress to body 

composition changes to chronic disease outcomes. 
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Overall Strengths and Limitations 

Strengths of this study include a large and racially diverse cohort with 

longitudinal fracture, BMD, and VAT outcomes among aging, postmenopausal women. 

This study measured VAT using DXA rather than relying on anthropometric measures. 

The findings contribute to the literature on fracture risk and health disparities through 

adding social stress as a culturally relevant risk factor with differential impact by race. 

The prospective study design adds evidence for a temporal association, with stressors 

occurring prior to body composition outcomes. Our results highlight the need for future 

research on social resiliency as a non-pharmaceutical fracture prevention strategy.  

Overall limitations of this research should be considered when interpreting these 

results. The WHI consists of healthy community dwelling adults and excludes 

institutionalized adults. Healthy volunteer bias may result in underestimated levels of 

psychosocial stress as the WHI cohort consists of healthy community-dwelling 

participants. However, this limitation along with the healthy volunteer effect would have 

likely underestimated effect sizes and biased associations towards the null. Social stress 

may not represent chronic stress, because it was self-reported at baseline. However, 

sociability is thought to remain stable over time, and social environment is not likely to 

change as WHI participants agreed to remain in the area for at least 3 years.116 We tested 

for bias related to including WHI OS and CT arms in combined analyses using sensitivity 

analysis and included study arm as covariates in analyses. The WHI selected well-

validated psychosocial stress questionnaires, although recall bias may affect older adult’s 

ability to remember past events. 
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Sample sizes for racial minorities, and especially for Native American and Asian 

women, were small with few hip fracture events. Most Native American women were 

recruited from southern Arizona, consequently results may not be generalizable to other 

Native American women. Hip fracture which were confirmed through central review of 

medical records. All other fractures were self-reported. Self-reported fractures maybe 

subject to misclassification bias. However, a prior WHI study found an average of 71% 

agreement between self-report and medical record.128 There is no evidence that 

misclassification is related to psychosocial stress. Thus, it is likely nondifferential 

misclassification. This is less likely to impact study results but could bias the associations 

to the null. 

Another limitation from this study, is that psychosocial stress was self-reported. 

This limitation can be overcome in a future study that validates self-reports of stress 

against biomarker indicators of stress in the WHI. In the WHI, biomarkers for oxidative 

stress including C-reactive protein, may aid in further validating whether activation of the 

physiologic stress response correlates with self-reported psychosocial stress among 

diverse postmenopausal women. However, each of the social stress surveys underwent 

extensive validity and reliability evaluation that support its use, including reliability 

among diverse and aging population groups.120,123,124 
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Future Directions 

The overall findings support future research that aims to identify population 

patterns of health and disease as biological expressions of the social structure. This 

research furthers the understanding of how social environmental factors influence 

disease. Most social stress research focuses on stress related to marriage. There is a need 

for future research to investigate community level, familial, and socioenvironmental 

stressors.  

The results of this project contribute to the broader literature on the association 

between social stress and chronic disease outcomes. This dissertation found stressors that 

indicate poor quality social interactions are particularly important to aging women and 

race/ethnic groups that emphasize social connectivity. The role of stress in bone health is 

understudied, and particularly relevant to aging women. The findings on heterogeneity 

between race/ethnic groups in the association between social stress with VAT and 

fracture incidence warrant future investigation in a larger sample of Native American 

women to validate our findings. More prospective population level research is needed to 

further differentiate specific pathways through which social stress impacts chronic 

disease outcomes.  

Extending from the findings of this dissertation, I will investigate VAT as an 

intermediary on the pathway from social stress to fracture risk. Conventionally, research 

has shown obesity to be protective of fractures through the concomitant increase in body 

weight and BMD.144 However, this association has been challenged by studies	showing 
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obese individuals are at higher risk of fractures.145  A recent cross sectional study in aging 

Brazilian women found that greater amounts of VAT was associated with increased 

fracture incidence in only non-obese women, hypothesizing obese women are protected 

from fractures due to a greater amount of SAT.100 Thus, bone degradation may be 

associated with high VAT and not SAT. This research question can be answered using 

the data from the WHI. Furthermore, stress is a shared risk factor for both increased VAT 

and bone loss. A second step in this analysis would be to test VAT as mediator in the 

association between stress and bone outcomes. 

 

Conclusion 

The robust WHI dataset provided the opportunity to expand on psychosocial stress 

research in a multiethnic cohort of postmenopausal women with several measures of 

social stress. The sample size for race/ethnic groups were sufficient to evaluate 

heterogeneity in the effect of psychosocial stress on body composition among White, 

Black, Latina, and Native American women. Understanding gender-specific psychosocial 

stressors that contribute to morbidity may better inform unique risk factors among 

postmenopausal women towards prevention strategies. 

This research capitalized on the prospective nature of WHI health outcomes data to 

expand on prior cross-sectional studies. There is a reverse relationship between declines 

in health and stress, with the incidence of adverse health outcomes leading to increases in 

psychosocial stress.91 Therefore, these prospective results aid in disentangling the 
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direction of the association with measures of psychosocial stress occurring prior to 

changes in body composition.	

This dissertation research enriches the scientific understanding of the relationship 

between social stress and body composition. We found that social stress was 

longitudinally associated with BMD and fractures. We also identified social stress as a 

risk factor for increased VAT. Taken together, these findings suggest that a positive and 

resilient social environment may combat stress related body composition degradation 

among postmenopausal women. Identifying population patterns of health and disease as 

biological expressions of social environments furthers the understanding of how social 

environmental factors influence disease towards non-pharmaceutical prevention and 

targeted screening.  
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Appendix 
 

Appendix A. Published article: Social Stress and Bone Loss among Postmenopausal 
Women: Results from the Women’s Health Initiative 

Follis SL, Bea J, Klimentidis Y, et al. Psychosocial stress and bone loss among 
postmenopausal women: results from the Women’s Health Initiative. J Epidemiol 
Community Health. 2019;0(1):1-5. doi:10.1136/jech-2019-212516 
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ABSTRACT
Background Bone loss is a major public health concern 
with large proportions of older women experiencing 
osteoporotic fractures. Previous research has established 
a relationship between psychosocial stressors and 
fractures. However, few studies have investigated bone 
loss as an intermediary in this relationship. This study 
investigates whether social stress is associated with bone 
loss during a 6-year period in postmenopausal women.
Methods Data from 11 020 postmenopausal women 
from the USA was used to examine self-reported 
psychosocial stress in relation to change in bone mineral 
density (BMD) measured at the femoral neck, lumbar 
spine and total hip. Linear regression models were used 
to examine associations between social measures of 
psychosocial stress (social strain, social functioning and 
social support) and per cent change in BMD over 6 years.
Results High social stress was associated with 
decreased BMD over 6 years. After adjustment for 
confounders, each point higher in social strain was 
associated with 0.082% greater loss of femoral neck 
BMD, 0.108% greater loss of total hip BMD and 0.069% 
greater loss of lumbar spine BMD (p<0.05). Low social 
functioning and low social support were associated with 
greater decreases in femoral neck BMD, and low social 
functioning was associated with greater decreases in 
total hip BMD.
Conclusion The findings provide evidence for an 
association between high social stress and greater 
bone loss over 6 years of follow-up. In agreement with 
the prior literature, the findings for social strain and 
social functioning suggest that poor quality of social 
relationships may be associated with bone loss in 
postmenopausal women.

INTRODUCTION
Skeletal fractures are a major societal burden, with 
one in two older women experiencing a fracture in 
her remaining lifetime.1 Fracture rates and related 
costs are projected to increase by 50% by 2025.2 
A better understanding of fracture risk factors and 
mechanisms is imperative to mitigate this increasing 
burden, particularly in postmenopausal women, 
who have particularly high risk.3 Menopause and 
ageing lead to a gradual inability to sustain bone 
mass through a variety of risk factors.4 Psychosocial 
stress is the cumulative physiological response to 
environmental, social and psychological stressors.5 
Previous research, based primarily on cross-sectional 
analyses, suggests that a number of psychosocial 

stressors may be associated with fractures: increased 
major life events6; lack of health insurance7; and 
lower levels of optimism,8 life satisfaction9 and 
education.10

Psychosocial stress may increase fracture risk 
through degradation of bone mineral density 
(BMD).11 It alters bone structure and stimulates bone 
remodelling through dysregulation of hormone 
secretion, including cortisol, thyroid hormones, 
growth hormone and glucocorticoids.4 However, 
few studies have examined the association between 
psychosocial stress and BMD, and findings have 
been mixed.12 Analogously, several studies support 
a relationship between depression and decreased 
BMD.13 In the Women’s Health Initiative (WHI) 
cohort, depressive symptoms were associated with 
fracture incidence, but not changes in BMD.14 In 
contrast, a Korean study found a cross-sectional 
association between stress, depression, and suicidal 
ideation with low BMD.15 Social stressors were 
shown to induce the largest physiological response 
in a meta-analysis of psychosocial stressors, and this 
association is stronger in women.16 17 However, 
the role of social stress related to fracture risk and 
BMD remains unclear.

Social environment differs drastically by race 
and class in the USA with higher stress in response 
to hostile environments, such as racial discrimina-
tion.18 19 Assessing distinct components of social 
stress reveals pathways through which the social 
environment affects health. In particular, there 
is some evidence that negative social interactions 
have stronger affects on health outcomes than posi-
tive interactions.19 20 The WHI cohort provides 
the opportunity to expand on this research in a 
multiethnic cohort of postmenopausal women with 
measures of psychosocial stress that evaluate the 
social environment: social strain, social support and 
social functioning. Social strain measures negative 
social interactions and relationships, and social 
support measures positive relationships. Social 
functioning measures limitations in social activity. 
There is a need to evaluate the directionality of 
the association through measuring psychosocial 
stress before decrease in BMD with longitudinal 
data. Elucidating social stress as a risk factor for 
low BMD will enable targeted prevention strategies 
specific to racially/ethnically diverse postmeno-
pausal women. The objective of this study was to 
examine the association of the social component of 
psychosocial stress with BMD loss.
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METHODS
Study population
The WHI is a prospective study composed of clinical trials (CT) 
(including low-fat diet patterns, hormone therapy, and vitamin 
D and calcium supplementation) and an observational study 
(OS).21 Postmenopausal women were recruited from 40 clinical 
centres throughout the USA between 1993 and 1998 using mass 
mailings as the primary recruitment method. The WHI enrolled 
a multiethnic cohort of 161 808 postmenopausal women aged 
50–79 years at baseline with a predicted survival of 3 years or 
more and the ability and agreement to reside in the area for 
at least 3 years after enrolment.22 The WHI study design and 
recruitment have been previously described.21 22 This analysis 
used data from the bone density sub-study, consisting of partici-
pants invited from 3 of the 40 clinical centres (Tucson-Phoenix, 
Arizona; Pittsburgh, Pennsylvania; or Birmingham, Alabama).23 
The sub-study included approximately 7% of the total WHI 
population (CT: n=4655 and OS: n=6365).

Assessment of areal BMD
BMD measures (g/cm2) of the femoral neck, lumbar spine and 
total hip were measured using DXA (QDR2000 and 4500W; 
Hologic, Bedford, Massachusetts, USA) at baseline and year 6 
follow-up visits. Quality assurance was maintained through 
central review of scans, cross-calibration of scanners and correc-
tions for longitudinal changes.24 The outcome variables, per cent 
change in BMD of the femoral neck, lumbar spine and total hip, 
were calculated from baseline to the year 6 visit as ((BMD at 
follow-up time−BMD at baseline)/BMD at baseline)×100.25

Psychosocial stress assessment
Information about psychosocial stress related to the social envi-
ronment (social strain, social support and social functioning) 
was collected by questionnaire at baseline.26 The psychosocial 
constructs and their components have been previously defined.20 
Social strain was measured using a previously validated measure 
of negative aspects of social relations.27 Participants rated their 
perceived social strain on a 1–5 scale with a total possible score 
of 20 indicating high social strain and high psychosocial stress. 
Social support was evaluated using the sum of responses from 
a nine-item questionnaire from the Medical Outcomes Study.28 
The total possible score ranged from 9 to 45, with higher scores 
indicating greater social support and lower psychosocial stress. 
The RAND 36-Item Health Survey Quality of Life subscales 
measured social functioning in the last 4 weeks with total 
possible scores from 0 to 100 and higher scores indicating lower 
psychosocial stress.29

Assessment of covariates
Covariates were assessed at baseline with self-reported ques-
tionnaires and included age, race/ethnicity, income, educa-
tion, smoking status, alcohol use, total minutes of recreational 
physical activity per week, self-rated general health, comorbid 
conditions (cardiovascular disease, arthritis, Parkinson’s disease, 
Alzheimer’s disease, diabetes and any cancer), age at menopause, 
history of fracture after age 55 years and hormone therapy use. 
Medications used for 2 or more weeks were recorded from each 
participant’s medication containers (including thyroid medi-
cation use, corticosteroid use or bisphosphonate use). Whole 
body fat mass was assessed with baseline DXA scans. Weight was 
measured on a balance-beam scale to the nearest 0.1 kg. Height 
was measured on a wall-mounted stadiometer to the nearest 

0.1 cm. Body mass index (BMI) was calculated as weight(kg)/
height(m) squared.30

Statistical analysis
Descriptive cohort characteristics were compared by social 
strain, dichotomised at the median as low or high social strain. 
Continuous variables were compared across social strain cate-
gories using two-sample t-tests, and categorical variables were 
compared using χ2 tests. The unadjusted per cent change in 
BMD was compared by social stain, social support and social 
functioning, dichotomised at the median as low or high, using 
two-sample t-tests.

In the primary analysis, linear regression models were used 
to analyse the association of social strain, social support and 
social functioning with change in BMD over 6 years. Stressors 
were analysed in separate models for change in BMD at the total 
hip, lumbar spine and femoral neck. Models were adjusted for 
potential confounders selected a priori from factors that have 
been associated with psychosocial stress and BMD in the litera-
ture, including age, race/ethnicity, income, education, comorbid 
conditions, self-rated health, BMI, fat mass, smoking status, 
alcohol use, hormone therapy use, age at menopause, phys-
ical activity, history of fracture after age 55 years, medications 
and CT arm. Model covariates were retained if their addition 
resulted in a change of at least 10% in the main exposure regres-
sion coefficients. Interaction terms between stressors and age, 
race/ethnicity, income, and hormone therapy use were evaluated. 
Missing covariate data were imputed using single imputation, 
and a sensitivity analysis was conducted to assess the robustness 
of the findings to complete case analysis. Two-sided p values less 
than 0.05 were considered significant. Statistical analyses were 
performed using SAS V.9.4.

RESULTS
Descriptive analysis
The analytic sample consisted of 8271 women after excluding 
2732 women missing years 1 and 6 BMD measurements, and 
26 women with no information on social strain, social support 
or social functioning. Compared with women with low social 
strain, those with high social strain were younger, had higher 
BMI and were more likely to smoke (table 1). Women with low 
social strain were more educated and physically active. Black, 
Latina and Native American women were more likely to report 
high social strain compared with White and Asian women.

Social stress and change in BMD
Figure 1 shows the per cent change in BMD at the femoral neck, 
total hip and lumbar spine compared by level of social strain, 
social support and social functioning. Participants reporting 
high social strain and low social functioning (ie, increased stress) 
had a significantly greater change in each BMD measurement 
compared with those reporting low stress (p<0.05) (figure 1). 
In the primary analysis, high social strain and low social func-
tioning were significantly associated with greater declines in 
BMD measured at the femoral neck, total hip and total spine, in 
univariate models (table 2). Compared with high social support, 
low social support was associated with greater decreases in the 
femoral neck and total hip BMD.

Model 2 adjusts for age, race/ethnicity, CT arm, education, 
BMI, smoking, hormone therapy use, age at menopause, phys-
ical activity, fracture after age 55 years and medications. After 
adjustment, each one point higher social strain score was signifi-
cantly associated on average with 0.082% greater loss of BMD 
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Table 1 Baseline characteristics of study participants by social strain 
dichotomised at the median as low or high

Social strain: Mean±SD or n (%)

Low (n=4650) High (n=3481)
Age, years* 63±7 61±7

Education*
  Less than high school diploma 275 (3) 284 (4)

  High school diploma 1021 (13) 850 (10)
  Some college or vocational 

school
1692 (21) 1340 (16)

  College graduate or more 1642 (20) 982 (12)
Smoking status*

  Never 2612 (33) 1861 (23)
  Past 1683 (21) 1284 (16)

  Current 301 (4) 295 (4)
Age of onset of menopause, 
years*

48±6 47±7

Fracture after age 55 years (yes) 544 (7) 360 (4)
Hormone therapy use

  Never 2187 (27) 1563 (19)
  Past 738 (9) 577 (7)

  Current 1723 (21) 1340 (16)
Minutes of recreational physical 
activity per week*

181±172 153±156

Body mass index* 28±6 29±6
Race/ethnicity*

  White, non-Hispanic 3883 (48) 2571 (32)
  Black or African–American 484 (6) 587 (7)

  Hispanic/Latino 213 (3) 244 (3)
  Native American or Alaska 

Native
33 (<1) 45 (1)

  Asian 13 (<1) 12 (<1)
  Other 16 (<1) 20 (<1)

Bisphosphonate use (yes) 56 (1) 33 (<1)
Thyroid drug use (yes) 650 (8) 472 (6)

Corticosteroid use (yes) 29 (<1) 24 (<1)

*Significant at p<0.05.

Figure 1 Associations between level of stressors and per cent change 
in BMD measured at (A) femoral neck, (B) total hip and (C) lumbar 
spine. Stressors dichotomised at the median as low or high scores. High 
social strain, low social support and low social functioning indicate 
high psychosocial stress. Vertical bars represent the SE. *Significant at 
p<0.05.

measured at the femoral neck, 0.108% greater loss at the total 
hip and 0.069% greater loss at the lumbar spine, over 6 years 
(p<0.05). Compared with those with the minimum social strain 
score, those with the maximum social strain score of 20 experi-
enced on average 1.728% greater loss of BMD at the total hip. 
Women with the lowest levels of social functioning (ie, a score of 
zero points) had on average 0.900% greater loss in femoral neck 
BMD and 0.800% greater loss in total hip BMD over 6 years 
compared with women with a social functioning score of 100 
points (p<0.05). Each one point lower social support score was 
associated on average with 0.020% (95% CI 0.001 to 0.038) 
greater decrease in femoral neck BMD.

DISCUSSION
Among postmenopausal women, we found that higher levels of 
social stress were associated with greater BMD loss over 6 years 
follow-up. Higher social strain and lower social functioning 
were associated with greater BMD loss of the femoral neck and 
the total hip. Lower social support was associated with greater 
femoral neck BMD loss. Only social strain was associated with 

greater BMD loss at the lumbar spine. Osteophytes can artifi-
cially increase estimations of lumbar spine BMD, and higher 
prevalence of osteophytes with age can mask BMD loss.31 This 
may account for our results indicating greater decreases in total 
hip and femoral neck BMD compared with lumbar spine BMD.

Few prior studies have evaluated psychosocial stress as 
a potential risk factor for bone loss, and results have been 
mixed.12 32 33 Prior cross-sectional studies on non-specific 
psychosocial stress with low BMD found an association with 
the perceived stress scale, while self-reported stress level was 
not associated.15 32 Specific stressors may be associated with 
different health outcomes.16 In the present study, social support 
provides a measure of the perception of interpersonal relation-
ships. Quality of social life was assessed with social functioning 
and social strain measuring interferences in social activities and 
relationships, respectively.

The quality of social interactions has been shown to result 
in stronger physiological stress response compared with the 
quantity of social relationships.12 Specifically, negative quality 
of social interactions, such as social strain, has stronger effects 
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Table 2  Rates of change in BMD by social strain, social support and 
social functioning

Model 1
B‡ (95% CI)

Model 2
B‡ (95% CI)

Femoral neck BMD
  Social strain† −0.104 (−0.156 to −0.051)** −0.082 (−0.136 to −0.028)*

  Social support§ 0.027 (0.009 to 0.045)* 0.020 (0.001 to 0.038)*
  Social functioning¶ 0.011 (0.004 to 0.019)* 0.009 (0.002 to 0.017)*

Total hip BMD
  Social strain† −0.102 (−0.146 to −0.059)** −0.108 (−0.152 to 

−0.063)**

  Social support§ 0.025 (0.010 to 0.040)* 0.015 (>−0.001 to 0.030)
  Social functioning¶ 0.010 (0.004 to 0.016)* 0.008 (0.001 to 0.014)*

Lumbar spine BMD
  Social strain† −0.146 (−0.204 to −0.088)** −0.069 (−0.128 to −0.010)*

  Social support§ 0.002 (−0.019 to 0.022) 0.008 (−0.012 to 0.028)
  Social functioning¶ 0.010 (0.002 to 0.019)* 0.003 (−0.005 to 0.012)

Model 1: unadjusted.
Model 2: adjusted for age, race/ethnicity, education, BMI, smoking, CT arm, hormone 
therapy use, age at menopause, physical activity, history of fracture after age 55 years 
and medications.
*Significant at p<0.05.
†Social strain total score ranges from 4 to 20, with higher scores indicating greater stress.
‡ B represents the per cent change in BMD, calculated as ((BMD at year 6−BMD at 
baseline)/BMD at baseline)×100, associated with one point higher score for each stressor.
§Social support total score ranges from 9 to 45, with high scores indicating less stress.
¶Social functioning total score ranges from 0 to 100, with high scores indicating less 
stress.
**Significant at p<0.0001.
BMD, bone mineral density; BMI, body mass index.

What is already known on this subject

 ► Bone loss among ageing women increases the susceptibility 
for fractures through many risk factors. Psychosocial stress 
is a well-established risk factor in many chronic diseases, 
and there is some evidence for an association with fractures; 
however, the role in bone loss is understudied.

What this study adds

 ► This study adds evidence for a longitudinal relationship 
between psychosocial stress occurring prior to bone loss 
measured over 6 years. Analysing distinct forms of social 
stress elucidates social strain as a particularly important 
risk factor for bone loss in postmenopausal women. These 
results support interventions to improve stress from negative 
social relationships in postmenopausal women, which may 
potentially limit bone loss and ultimately reduce fractures.

on health outcomes than positive interactions, including social 
support.19 A large meta-analysis of psychosocial stressors found 
that the strongest stress responses were associated with indica-
tors of negative social threat.16 Consistent with our study, there 
is evidence that social quality stressors, including social strain 
and social functioning, may be associated with bone loss. A study 
in a Korean population found that the presence of a large social 
network was associated with osteoporosis only when social 
quality was low.34 Similarly, poor marital quality but not marital 
status was associated with lower BMD in women.35 In an Austra-
lian population, involvement in social activities, but not social 
support, was associated with reduced risk of hip fractures after 
controlling for confounders.36 In agreement, we found social 
support was only associated with change in femoral neck BMD, 
but not total hip or lumbar spine BMD in a multiethnic cohort of 
postmenopausal women. Taken together, these data suggest that 
a high quality compared with quantity of social relationships 
may be more important to reduce bone loss related to stress, but 
further studies are needed to confirm this observation.34

Psychosocial stress may be associated with adverse health 
outcomes through both the behavioural and physiological 
mechanisms.37 For example, it has been linked to low BMD 
by multiple physiological pathways through modulation of the 
hypothalamic–pituitary–adrenal axis, altering the release of 
several bone-regulating hormones, including cortisol, glucocor-
ticoids, growth hormone and cytokines.4 High serum glucocor-
ticoid levels reduce bone mass through altering bone formation 
and resorption.4 This activity differs by skeletal site with a greater 
loss of trabecular bone compared with cortical bone.38 In partic-
ular, glucocorticoid excess most severely decreases spine and hip 
BMD.39 A cross-sectional analysis found higher cortisol levels 
were associated with lower BMD of the spine.11 In accordance, 

our results showed that psychosocial stress was associated with 
decreases in the lumbar spine and hip BMD.

Heterogeneous activation of physiological responses is 
thought to depend on specific conditions of psychosocial stress 
with social stress resulting in the greatest cortisol response and 
delayed cortisol recovery.16 This association is greater in women 
than men, related to culturally nurturing socialisation.17 There-
fore, social stress measures evaluating the quality of social 
relationships, as we demonstrated social strain and social func-
tioning, are particularly useful among psychosocial stressors as 
risk factors for health conditions related to women.

Strengths and limitations
Healthy volunteer bias may result in underestimated levels of 
psychosocial stress as the WHI cohort consists of healthy commu-
nity-dwelling participants. Psychosocial stress was self-reported at 
baseline; thus, the measurement may not represent chronic stress, 
and stress levels may have changed over time. However, sociability 
is thought to remain stable over time.40 The WHI selected well-val-
idated psychosocial stress questionnaires, although recall bias may 
affect older adult’s ability to remember past events. The descrip-
tive analysis aligns with prior research indicating higher levels of 
psychosocial stress in Black, Native American and Latina race/
ethnicities, though this analysis was underpowered to examine 
stratified models.41 Future research should investigate subgroup 
differences in psychosocial stress-related BMD loss. Strengths of 
this study include a large racially/ethnically representative cohort 
and a longitudinal study design measuring BMD over 6 years. The 
longitudinal study design aids in disentangling reverse causality, 
because osteoporosis diagnosis and fracture events may also lead 
to increased stress, in a bidirectional association.13

Conclusion
This study contributes to the identification of low BMD risk factors 
specific to postmenopausal women. We identified specific psycho-
social stressors pertaining to the social environment associated with 
bone loss. Higher social strain was associated with greater BMD 
loss of the total hip, lumbar spine and femoral neck over 6 years 
of follow-up. Social functioning stress was associated with bone 
loss of the total hip and femoral neck. In agreement with the social 
stress literature, we found that bone loss is among the physiological 

U
niversity of Arizona. Protected by copyright.

 on D
ecem

ber 1, 2019 at Arizona H
ealth Science Library

http://jech.bm
j.com

/
J Epidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech-2019-212516 on 9 July 2019. D
ow

nloaded from
 



 

 

126 

 

892 Follis SL, et al. J Epidemiol Community Health 2019;73:888–892. doi:10.1136/jech-2019-212516

Research report

stress responses more strongly related to the quality of social rela-
tionships than quantity. Understanding gender-specific psychoso-
cial stressors contributing to morbidity will better inform unique 
risk factors among postmenopausal women. This research helps to 
elucidate the complex role of psychosocial stress in BMD among 
postmenopausal women towards the identification of specific 
patient groups that would benefit more from targeted behavioural 
prevention strategies. Taken together with prior evidence, the 
results support community-building social stress interventions in 
postmenopausal women to potentially limit bone loss.
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