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ABSTRACT OF THE DISSERTATION 

 

Measurement of Psychosocial Resources, Allostatic Load, and Their Relations 

 

By 

 

Joshua Fredrick Wiley 

Doctor of Philosophy in Psychology 

University of California, Los Angeles, 2015 

Professor Annette Louise Stanton, Chair 

 

Background: The present four studies aimed to develop comprehensive, 

succinct measures of psychosocial resources and system-wide physiological 

dysregulation (allostatic load) and integrate these into a conceptual model, a modified 

form of the Reserve Capacity Model (Gallo & Matthews, 2003), to characterize how 

socioeconomic status, stress, psychosocial factors, mood, physiology, and health 

behaviors contribute to health outcomes. 

Methods: Identification of factors underlying psychosocial resources was 

conducted in four independent samples in which a range of psychological and social 

resources were measured.  A systematic review of psychosocial resources and 

allostatic load was conducted by retrieving all articles with “allostasis” or “allostatic load” 
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in the title, abstract, or keywords from major databases.  An allostatic load factor was 

examined using data from the large Midlife in the United States (MIDUS) study, which 

was also used for the final study linking SES, psychosocial resources, health behaviors, 

allostatic load, and a health outcome. 

Results:  In the first study, two factors, psychological and social resources, 

provided the best fit to all the psychosocial resources assessed.  In Study 2, evidence of 

a common factor, allostatic load, underlying 23 biomarkers in MIDUS emerged, 

although there was also evidence of unique system-specific factors.  In the systematic 

review of psychosocial resources and AL, results were mixed, with some studies finding 

null effects, and others finding significant positive or negative effects of psychosocial 

resources on allostatic load.  In a fourth study testing the modified Reserve Capacity 

Model, results largely supported the model’s predictions.  SES was associated with 

better health outcomes indirectly via lower allostatic load, lower negative mood, and 

higher physical activity. These associations were themselves linked to SES via 

psychological resources and major stressful life events. Psychological resources were 

associated with higher physical activity, but not directly to allostatic load or health 

outcomes, and social resources had no association independent of psychological 

resources. 

Conclusions: Psychological resources, social resources, and allostatic load form 

coherent constructs. Psychosocial resources appear more strongly associated with 

health behaviors than directly to allostatic load or health outcomes.  Results generally 

supported the modified Reserve Capacity Model, suggesting it is a useful conceptual 

framework to guide future research.  
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GENERAL INTRODUCTION 

Psychosocial resources (PSRs) are a diverse set of psychological (e.g., 

optimism) and social (e.g., perceived emotional support) constructs that promote 

psychological and physical health or can be drawn on to cope with and buffer the 

deleterious health effects of stress (Taylor & Broffman, 2011).  Despite the common 

health promoting role of resources, consensus exists on neither which specific 

resources should be assessed nor how they should be measured in research.  Further, 

although PSRs are theoretically related to both psychological and physical health, the 

bulk of the research has focused on psychological health outcomes.  In the present 

research, we focus on the aggregate level to investigate the relations between PSRs 

and physical health.  We operationalize broad PSRs by investigating a factor model for 

a variety of specific resources.  We operationalize broad physical health using allostatic 

load (AL), an objectively measured, multisystem index created from biomarkers. 

Manuscript 1 comprises four samples (women and men prior to biopsy to detect 

ocular melanoma; women and men after treatment of ocular melanoma; women treated 

for breast cancer; healthy undergraduates) who completed various measures of PSRs.  

We explore the factor structure of PSRs and investigate whether multiple specific 

resources can be aggregated into a general psychosocial resource factor or separate 

psychological and social resource factors. 

In the second manuscript, we compare alternative models of the factor structure 

underlying biomarkers of seven biological systems to examine whether the results are 

consistent with allostatic load theory and to create an AL index. 
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In the third manuscript, a systematic review of research of PSRs and AL was 

conducted to investigate the strength of evidence for a relationship between PSRs and 

AL.  Studies that included a multi-system index of AL and any PSR were included.  In 

order to not miss studies, PSRs were defined generally and included studies that 

measured both resources (e.g., social integration and connection) and lack of resources 

(e.g., social isolation). 

The final manuscript draws on the results from Manuscript 1 to create 

psychological and social resource factors in data from MIDUS and from Manuscript 2 to 

create a single measure of AL.  These are combined along with other measures in 

MIDUS to test a modified version of the Reserve Capacity Model (Gallo & Matthews, 

2003; Matthews & Gallo, 2011).  In light of the important role of PSRs as moderators 

identified in Manuscript 3, sex was examined as a potential moderator of the pathways 

in the integrative model in Manuscript 4.  

The studies evaluate optimal ways to use measures of multiple psychosocial 

resources and biomarkers.  These methods may be applied in many other research 

contexts, such as studies investigating the relations between psychosocial resources 

and psychological adjustment, or stress and allostatic load.  These studies will also 

illuminate the overall relation and magnitude of effect between a comprehensive 

assessment of PSRs and AL, an objective measure of physical health. 
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Abstract 

Extensive research addresses the roles of psychosocial resources (PSRs; e.g., 

optimism, social support) in health.  Most researchers examine individual PSRs or PSR 

sets.  Using data from four samples (N = 615), we tested whether PSRs could be 

synthesized using a one-factor (psychosocial) or two-factor (psychological, social) 

model.  A two-factor model provided excellent fit.  Meta-analytically combining the 

samples, psychological resources correlated r =-.50 and r =.51, and social resources 

correlated r =-.32 and r =.28 (ps<.001) with negative and positive indicators of 

psychological health, respectively.  Assessing multiple resources and modeling them 

using two factors or composites is recommended in future research.  

 

Keywords: resources, perceived control, optimism, social support, protective factors 
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Introduction 

Psychosocial resources are defined as “individual differences and social 

relationships that have beneficial effects on mental and physical health outcomes” (p. 1; 

Taylor and Broffman, 2011).  Individual resources such as self-esteem (Hu and Ai, 

2014), hope (Hirsch and Sirois, 2014), optimism (de Moor et al., 2006), and social 

support  (Brand et al., 2014) are commonly examined in health psychology research as 

predictors, moderators, and mediators of effects on psychological and physical health. 

For example, from January 2009 through July 2014, 111 of 722 articles published in the 

Journal of Health Psychology included an examination of at least one psychosocial 

resource. Researchers frequently assesses multiple individual resources (e.g., 

Applebaum et al., 2014; He et al., 2014). Although several major theories conceptualize 

psychosocial resources (PSRs) as a constellation (e.g., Hobfoll, 1989; Taylor and 

Armor, 1996), most scales designed to measure them focus on one specific resource 

(see the Conservation of Resources Evaluation scale for an exception; Hobfoll et al., 

1991).  In light of theories conceptualizing psychosocial resources as a cluster and of 

frequent empirical work assessing multiple resources, the present article aims to 

evaluate whether measures of commonly used psychosocial resources can be analyzed 

as one or two factors rather than using each resource individually.  We also examine 

associations between the psychosocial resource factor(s) and measures of 

psychological health. 

Psychosocial Resources and Psychological Health 

Taylor and Broffman (2011) comprehensively reviewed the most studied 

psychosocial resource constructs and the evidence relating them to psychological and 
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physical health. An attractive aspect of PSRs is that they both theoretically promote 

good health and help buffer the deleterious effects of distress and disease. This 

observation is evidenced in the breadth of outcomes associated with PSRs, from 

emotional well-being and stress responses to recovery from surgery and mortality 

(Taylor and Broffman, 2011). Due to their broad effects on psychological health, 

psychosocial resources are particularly relevant to health psychology research on 

adjustment to stress and disease.  The present study examines an array of resources 

including multiple domains of social support, optimism, mastery, hope, and self-esteem, 

all of which are individually associated with psychological health. 

Social support entails the perception of being cared for and having assistance 

available if needed and is tied to declines in depressive symptoms and distress and 

improved adjustment in individuals with chronic disease (for an overview, see Stanton et 

al., 2007). Dispositional optimism (the enduring tendency to hold positive expectancies 

about one’s future; Scheier et al., 1994) is related cross-sectionally and prospectively to 

depressive symptoms, distress, and life satisfaction (Carver et al., 2010). The benefits 

of optimism are observed in diverse contexts including acute and chronic stress, 

medical experiences, and academic situations.  

Like social support and optimism, hope (having the agency or motivation, the 

“will”, to pursue goals; and perceiving pathways to one’s goals, the “ways”; Snyder et 

al., 1991) is associated with psychological health, prospectively predicting lower levels 

of depression and negative affect and higher positive affect (e.g., Michael and Snyder, 

2005; Arnau et al., 2007). Mastery is a more specific measure of agency and personal 

control than optimism and hope, targeting an internal locus of control and the perceived 
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ability to achieve goals (Pearlin and Schooler, 1978). Mastery is linked to psychological 

health (e.g., Taylor and Stanton, 2007) and lower depressive symptoms (e.g., 

Mausbach et al., 2007). Finally, dispositional self-esteem captures stable, favorable 

self-perceptions. Self-esteem is associated with lower depressive symptoms (Hu and Ai, 

2014); a meta-analysis demonstrated stronger effects from self-esteem to subsequent 

depression than the reverse (Sowislo and Orth, 2013). 

Psychosocial Resources as a Constellation 

Psychosocial resources comprise numerous constructs, which tend to be 

correlated moderately. For example, a meta-analysis of optimism and hope found 

moderate to strong correlations of each with other psychosocial resources including 

self-esteem, self-efficacy, and social support (Alarcon et al., 2013).  An earlier review of 

the literature on PSRs and health also noted the intercorrelations among resources; the 

authors suggested that researchers should examine a PSR profile or constellation 

(Taylor and Seeman, 1999). 

Although it is theoretically attractive to capture the effects of a constellation of 

resources, including many variables complicates analyses and interpretation.  Saphire-

Bernstein et al. (2011) summarized resources using a single factor for the psychological 

resources of mastery, optimism, and self-esteem; however, most studies that include 

multiple resources have used them individually (e.g., Applebaum et al., 2014; He et al., 

2014), perhaps because there are few empirical studies that demonstrate a sound 

methodological approach for summarizing and better utilizing diverse psychosocial 

resources.  Such a method may encourage researchers to apply Taylor and Seeman’s 

(1999) notion of measuring a constellation of resources. 
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The Present Study 

The first aim was to test whether a constellation of psychosocial resource 

measures can be summarized using one or two factors.  To maximize the 

generalizability of results to contexts relevant in health psychology, we tested 

psychosocial resource factors in four distinct populations representing a range of health 

status: healthy undergraduates, patients referred for diagnosis of eye cancer, women 

who were undergoing or had completed treatment for breast cancer, and eye cancer 

survivors. The specific resource indicators vary across the samples, and we 

hypothesized that if psychological and social resources are broad constructs, the 

specific scales used should not change the overall one- or two-factor structure. 

The second aim was to examine whether different measures of psychosocial 

resources share a common core or have distinct, unique relations with psychological 

health outcomes. This is in light of the extensive theoretical work linking psychosocial 

resources to health outcomes, such as the reserve capacity model (Gallo and 

Matthews, 2003) where resources buffer the effects of stress on health outcomes, and 

Taylor and Stanton’s (2007) model in which coping resources such as social support 

and optimism contribute to neural and behavioral processes and ultimately 

psychological and physical health.  To test the second aim, we embedded the 

measurement models identified from our first aim into a larger structural equation model 

and correlated the psychosocial resources factors with indicators of psychological 

health.  To increase generalizability of outcomes, we incorporated different indicators of 

both negative (e.g., depressive symptoms) and positive (e.g., positive affect) 

psychological health.  We included both positive and negative indicators of 
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psychological health because prior research has demonstrated unique patterns of 

results for each (e.g., Watson, 1988).  We hypothesized that individuals who score high 

on psychological or social resources would report lower negative and higher positive 

psychological adjustment. 

Method 

In each of the four study samples, participants completed measures of 

psychosocial resources and negative and positive psychological health as part of the 

original study’s protocol. Psychosocial resources were scored so that higher values 

indicate more resources. All studies were conducted at UCLA and approved by its 

institutional review board. 

Sample 1 

Sample 1 was comprised of 99 patients from the UCLA Jules Stein Eye Institute 

(JSEI) who had a diagnosis of ocular melanoma between January 1, 2002 and 

December 31, 2006 who were enrolled  in a study of quality of life (see also Beran et al., 

2009; Wiley et al., 2013). 

Sample 2 

Sample 2 included 299 patients referred to UCLA’s Ophthalmic Oncology Center 

at JSEI for diagnostic evaluation of ocular melanoma who were recruited prior to or on 

the day they came to the JSEI for diagnostic evaluation.  Baseline questionnaires were 

collected immediately before their appointments. 

Sample 3 
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Sample 3 was comprised of 88 women who had completed or were currently 

undergoing medical treatment for any stage breast cancer recruited from a community 

medical oncology practice. The data came from baseline questionnaires from a 

randomized controlled trial of an internet-based intervention designed to facilitate 

communication with participants’ social networks (Stanton et al., 2013).  

Sample 4 

Sample 4 included 129 students recruited from undergraduate psychology 

courses at UCLA for course credit. Participants were recruited into an experimental 

study regarding health and personality. Participants completed background 

questionnaires prior to the experimental manipulation, and the present study used those 

data. 

Measures 

Social resources. 

Medical Outcomes Study Social Support Survey (MOS SSS). The MOS SSS 

(Sherbourne and Stewart, 1991) consists of four subscales (tangible, affectionate, 

positive interactions, and emotional or informational support) and was collected in 

Samples 1, 2, and 4 (all αs ≥ .79).  

Sources of Social Support Scale (SSSS). Administered to Sample 3, SSSS 

(Carver, 2006) subscales were averaged across partners, family, and friends: emotional 

support (α = .73), instrumental support (α = .60), and informational support (α = .58). 

Sarason Social Support Questionnaire (SSQ). Administered to Sample 3, the 

SSQ (Sarason et al., 1987) has four subscales: emotional number (α = .91) is the 
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number of people who provide support in several emotional domains; instrumental 

number (α = .83) is the number of people who provide support in several instrumental 

(i.e., tangible or physical) domains; emotional satisfaction (α = .96) is how satisfied the 

participant was with their emotional support; instrumental satisfaction (α = .93) is 

satisfaction with instrumental support. The two number subscales and the two 

satisfaction subscales were averaged to create overall indices of structural support and 

social support satisfaction.  

Psychological resources. 

Life Orientation Test-Revised (LOT-R). The LOT-R (Scheier et al., 1994) was 

assessed in all four samples with positively and negatively valenced items used to form 

two subscales: optimism (αs from .61-.74) and low pessimism (αs from .54-.83). The 

LOT-R is often considered on these two dimensions (e.g., Segerstrom et al., 2011). 

Mastery. The Pearlin and Schooler (1978) personal mastery scale is a one-

dimensional scale that measures a sense of personal control or mastery over one’s life 

and was assessed in Samples 1 and 4 (αs from .74-.77).  

Hope. The Hope scale (Snyder et al., 1991) measures agency (a belief one has 

the ability to reach goals) and pathways (the ability to find ways to achieve goals) and 

was assessed in Sample 1 (α = 0.88). 

Rosenberg Self-Esteem Scale (RSES). The RSES (Rosenberg, 1965) 

measures self-esteem and was assessed in Sample 4 (α = .89). 

Psychological health. 
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Center for Epidemiologic Studies Depression Scale (CES-D). The CES-D 

(Radloff, 1977) measures depressive symptoms and was assessed in Samples 1, 2, 

and 3 (αs from .89-.91) with higher scores indicating more depressive symptoms. 

Negative Affect (NA). NA was measured using the Positive and Negative Affect 

Schedule (PANAS; Watson et al., 1988) and was assessed in Sample 4. The NA 

subscale (α = .81) of the PANAS has 10 adjectives (e.g., “distressed”). Participants 

were prompted to respond how they felt “right now”. 

Positive Affect (PA). PA was measured using the PANAS (Watson et al., 1988) 

and was assessed in Samples 1, 2, and 4. The PA subscale (αs from .88-.90) of the 

PANAS has 10 adjectives (e.g., “excited”). Samples 1 and 2 were prompted to respond 

how they felt “in the past week” whereas Sample 4 was “right now”. 

Satisfaction with Life Scale (SWLS). The SWLS (Diener et al., 1985) measures 

overall life satisfaction and was assessed in Sample 3 (α = 0.89). 

Data Analysis 

To test the measurement model of PSRs, we compared two models. The first 

model included all resources as indicators for a single latent factor. The second model 

included two correlated factors, with social resource measures loading on one latent 

factor and psychological resource measures loading on the other. We expected a one- 

or two-factor structure to fit the data; however, model modifications were examined if a 

two-factor model did not provide adequate fit.  For samples with only two indicators for 

psychological resources, their paths were constrained to be equal to identify the 

psychological resources factor. Because our samples were relatively small and to keep 
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the ratio of sample size to variables low, resource scales and subscales rather than 

items were used. 

The best fitting measurement models were correlated with negative and positive 

indicators of psychological health. To synthesize results across samples, final models 

with psychological health variables were re-estimated using Bayesian SEM (Muthén 

and Asparouhov, 2012), and 500 samples were drawn using Markov chain Monte Carlo 

methods from the posterior distributions of the latent factors. The data from all four 

samples were meta-analyzed by combining factor scores and outcomes across samples 

using a multiple group model treating the repeated samples of the factor scores as 

multiply imputed data (Asparouhov and Muthén, 2010). 

Full information maximum likelihood (FIML) estimation with robust standard 

errors was used for all estimates. FIML yields unbiased estimates when data are 

missing completely at random or missing at random, and is a more efficient estimator 

than listwise deletion (Enders and Bandalos, 2001). Analyses were conducted using R 

v. 3.0.1 (R Core Team, 2014) and Mplus v. 7.0 (Los Angeles, CA: Muthén & Muthén). 

SEM. Good model fit was chosen as the combination of the Comparative Fit Index (CFI) 

> 0.95, standardized root mean squared residual (SRMR) < .08, root mean squared 

error of approximation (RMSEA) < .06, and a nonsignificant χ2 (Hu and Bentler, 1999). 

Results 

Descriptive Statistics 

Descriptive statistics and correlations for all samples are reported in 

Supplementary Tables 1 – 4.  Sample 1 contained 99 adults (48 females) with a mean 
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age of 63.7 years (SD = 12.9) who were diagnosed with ocular melanoma for an 

average of 24.6 months (SD = 17.7 months); .86 were white, and 13 were another or 

non-specified race/ethnicity. Mean years of education was 15.44 (SD = 3.08) (for 

details, see Beran et al. (2009) and Wiley et al. (2013)).   

Sample 2 contained 299 adults (161 females) with a mean age of 58.9 years (SD 

= 13.6); 250 were white, 16 were Latino/a, and 33 were another or non-specified 

race/ethnicity. Mean years of education was 15.71 (SD = 3.15). 

In Sample 3, 88 women completed baseline questionnaires an average of 63 

months after diagnosis of breast cancer (SD = 50.4 months); 72 were white and 16 were 

another race/ethnicity. Mean years of education was 16.23 (SD = 2.77) (see Stanton et 

al. (2013) for details). 

Sample 4 contained 129 undergraduates (94 females) with a mean age of 19.1 

years (SD = 1.9); 61 were Asian, 30 were Latino/a, 30 were white, and 8 were 

Other/Unknown. 

Measurement Models 

A one-factor model of psychosocial resource indicators fit poorly across all four 

samples (Table 1), and factor loadings were highly variable. A two-factor model with a 

latent psychological and social resources factors fit the data well across all four samples 

(Table 1), and all factor loadings were consistently high and statistically significant. 

Across the samples, factor correlations ranged from .35 – .47. As the two-factor model 

fit well, no model modifications were explored. 

Final Models 
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For all samples, the final model used the two-factor measurement model and 

correlated the psychological and social resources with a negative and positive indicator 

of psychological health. 

Standardized estimates for factor loadings, model fit, and correlations for all 

samples are shown in Figure 1. For Sample 1, 2, and 3, psychological resources had 

moderate to large negative correlations with the CES-D. Psychological resources also 

had moderate to large positive correlations with PA in Samples 1, 2, and 4, and SWLS 

in Sample 3. Social resources demonstrated a similar pattern of correlations, although 

the magnitude of effects was lower than for psychological resources in Samples 1, 2, 

and 4. In Samples 1 and 4, social resources correlated significantly with CES-D, but 

were not statistically significantly correlated with PA. Sample 3 had different indicators 

for social resources than did the other samples, and in Sample 3, social resources 

correlated strongly and negatively with CES-D and positively with SWLS.  

Meta-Analysis 

Combining the data from all four samples, psychological and social resources 

correlated an average of r = .40 (p < .001).  Psychological resources correlated an 

average of r = -.50 (p < .001) and r = .51 (p < .001) with the negative and positive 

indicators of psychological health, respectively. Social resources correlated an average 

of r = -.32 (p < .001) and r = .28 (p < .001) with the negative and positive indicators of 

psychological health, respectively.  The negative and positive indicators of 

psychological health correlated an average of r = -.39 (p < .001). 

Discussion 
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Common across several theoretical models of resources and health (e.g., Gallo 

and Matthews, 2003; Taylor and Stanton, 2007) is that multiple constructs are 

considered resources, which poses the methodological challenge of selecting which 

resource to test or whether to test multiple resources simultaneously.  A general one-

factor model of PSRs fit the data poorly.  However, a two-factor psychological and 

social resources factor model demonstrated good fit to the PSRs assessed across all 

four samples, and the individual resources all loaded significantly on their respective 

factors.  Other research also supports distinguishing psychological and social 

resources. For example, conceptually related work on eudaimonic well-being (Ryff, 

1989) yielded a scale that measures six unique, albeit highly correlated, psychological 

(e.g., environmental mastery) and social (e.g., positive relations with others) 

dimensions. 

Using individual resources separately requires multiple models to be examined or 

the “most important” psychosocial resource to be chosen.  To the extent that resources 

function similarly, modeling resources individually adds unnecessary complexity.  Our 

results suggest a resolution by using a factor for psychological (intrapersonal) and 

social (interpersonal) resources; these factors can encompass multiple measured 

resources. 

Overall, the psychological and social resource factors demonstrated moderate to 

strong correlations with psychological health, consistent with previous research on 

individual resources, including optimism (Alarcon et al., 2013), personal control/self-

efficacy (e.g., Brown et al., 2014), and social support (Helgeson and Cohen, 1996; Dour 

et al., 2014).  Although not assessed in the present study, meta-analyses have also 
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demonstrated links between individual resources and objective outcomes including 

social support with treatment adherence (DiMatteo, 2004), optimism with physical health 

(Rasmussen et al., 2009), and mastery with cardiometabolic health and mortality 

(Roepke and Grant, 2011).  Considering the strong relations between psychosocial 

resources and psychological health, one question is whether they are distinct 

constructs. In a factor analysis of items from psychological resources and a depressive 

symptoms scale, Saphire-Bernstein et al. (2011) found that the two constructs were 

distinct, but correlated at r = -.50.   

The direction of associations between PSRs and psychological health were the 

same across samples, yet there were some differences. In that PSRs are trait-like, they 

may be more highly related to stable characteristics of psychological health than to state 

affect.  Consistent with that notion, in Sample 3, social resources were strongly 

correlated with satisfaction with life, and in Sample 4, psychological and social 

resources demonstrated weaker relations to positive and negative affect reported “in the 

present moment”.  Another explanation is that Sample 3 contains solely women for 

whom social resources may be particularly salient and Sample 4 consisted of healthy 

college-aged students with no known prior or current serious health-related threats 

providing limited room for protective effects of PSRs.   

For a two-factor structure to be useful to health researchers practically, it needs 

to generalize across different populations and varying degrees of health or disease.  In 

the present study, the two-factor structure demonstrated excellent fit across women and 

men, younger and older adults, and health statuses from healthy to recently diagnosed 

with eye cancer, active or completed breast cancer treatment, and eye cancer 
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survivorship.  Although most participants across samples were white, Sample 4 was 

diverse, with the largest proportion being Asian.  

Study Limitations 

A limitation of this study is that only a sample of the numerous psychosocial 

resources were assessed.  Future studies should assess the structure of other PSRs.  

For the resources assessed (e.g., mastery/self-efficacy, social support), many published 

measures are available, and the social resources included in our studies primarily 

assessed perceived support, except in Sample 3.  , We did assess the most commonly 

studied domains of psychosocial resources, however. 

Because this study involved secondary data analysis, identical measures were 

not collected in each sample, making it impossible to test whether the factor structure of 

psychological and social resources was invariant across populations.  It is encouraging 

that in our study, a two-factor structure provided excellent fit across four samples with 

varying measures, and although not definitive, it sets a precedent for testing and using 

psychological and social resource factors in health research. 

Because our samples were relatively small and SEM requires large samples, we 

used psychosocial resource subscales, not individual items, to keep the ratio of sample 

size to variables higher.  Future studies with larger sample sizes would benefit from 

treating subscales as latent rather than observed variables.  Despite these sample size 

concerns, the model did fit well in the largest sample (N = 299), and loadings and 

correlations between factors and psychological health were consistent across all 

samples. In the meta-analytic synthesis, the sample size reached 615. 
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Finally, participants were diverse with respect to sex, age, and health status. 

Generalizability is limited to primarily well-educated, urban-dwelling, white adults, 

although Sample 4 was racially diverse. Cultural or socioeconomic differences might 

exist in the structure or relative importance of PSRs.  

Summary and Directions for Research 

We showed the feasibility of using a two-factor model to measure a constellation 

of psychosocial resources across four samples, diverse with respect to health, age, and 

sex.  Psychological and social resource factors demonstrated moderate to strong 

correlations with, yet are not redundant with, a variety of negative and positive 

indicators of psychological health.  These results provide a methodological basis for 

researchers testing larger theories of psychological and physical adjustment to measure 

a constellation of resources and model resources using factors or composites to 

represent psychological and social resources, rather than selecting a single scale to 

represent each construct. 

We suggest that researchers interested in PSRs at a minimum assess one 

measure of both psychological and social resources.  Excellent model fit to the data in 

the present study suggests that the associations between the individual resources and 

psychological health indicators in the present samples were explained by psychological 

and social resource factors. Thus, the resource factors may be more important than the 

specific PSRs chosen as indicators.  Prior work consistently demonstrates the relation 

between resources and physical health, but research is needed to determine whether 

the resource factors are sufficient to account for associations between resources and 

physical health or biomarkers.  Distinct effects also may emerge when using resources 
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as moderators.  Until these questions have been addressed, researchers interested in 

PSRs may wish to assess multiple resources in order to test whether any have distinct 

effects. 

Given that psychological and social resources are distinct, albeit related, 

constructs, researchers may consider using the term “psychosocial” when resources 

from both domains are discussed and the more specific “psychological” or “social” when 

only one construct is examined. Although it is important not to promote a false 

dichotomy, it also is advisable to acknowledge conceptual and empirical distinctions 

among constructs when warranted. 

Finally, multiple theories (e.g., Gallo and Matthews, 2003; Taylor and Broffman, 

2011) posit PSRs as moderators and mediators of psychosocial constructs such as 

stress or socioeconomic status, and as playing key roles in the maintenance of good 

health and adjustment to stress. Future research should focus on moving beyond 

testing simple associations to evaluating more comprehensive models of health and 

adjustment including examining PSRs as predictors of psychological and physical 

health trajectories. 
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Table 1. Fit Statistics for One- and Two-Factor Psychological and Social Resources 

Measurement Models 

  Sample 1 Sample 2 Sample 3 Sample 4 

 M1 M2 M1 M2 M1 M2 M1 M2 

χ2 100.14 13.52 82.76 8.75 40.10 20.19 146.60 23.05 

df 20.00 19.00 9.00 9.00 14.00 14.00 20.00 19.00 

p 0.00 0.81 0.00 0.46 0.00 0.12 0.00 0.24 

CFI 0.68 1.00 0.86 1.00 0.82 0.96 0.67 0.99 

SRMR 0.14 0.03 0.10 0.02 0.09 0.07 0.14 0.04 
RMSEA 
90% CI 

.20 
[.16,.24] 

.00 
[.00,.06] 

.17 
[.14,.20] 

.00 
[.00,.06] 

.15 
[.09,.20] 

.07 
[.00,.14] 

.22 
[.19,.26] 

.04 
[.00,.09] 

N 99 99 295 295 88 88 129 129 

 

Note. M1 = one-factor model, M2 = two-factor model, CFI = comparative fit index, 

SRMR = standardized root mean square residual, RMSEA = root mean standard error 

of approximation.  Bold indicates the best-fitting model for each sample. All models 

were estimated using a robust estimator and chi-square. 
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Figure 1. Final Structural Models of Psychological and Social Resources and 
Psychological Health 
 

 
 
Note. * p < .05, ** p < .01, *** p < .001. All models used a robust estimator and 

standardized estimates and fit well.  Sample 1, χ2(31) = 28.26, p = .61, CFI = 1.00, SRMR = 
.04, RMSEA = .00, N = 99.  Sample 2, χ2(17) = 23.67, p = .13, CFI = .99, SRMR = .03, RMSEA = 
.04, N = 299.  Sample 3, χ2(24) = 35.19, p = .07, CFI = .95, SRMR = .06, RMSEA = .07, N = 88.  
Sample 4, χ2(31) = 43.20, p = .07, CFI = .97, SRMR = .05, RMSEA = .06, N = 129. 
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Abstract 

Objective: The purpose of this study was to compare the relative fit of four 

alternative factor models of allostatic load (AL) and physiological systems, and to test 

factor invariance across age, medication use, race, and sex. 

Methods: Data were from the Midlife in the United States (MIDUS) II study 

Biomarker Project, a large (N = 1,255) multisite study of adults aged 34–84.  

Specifically, 23 biomarkers were included, representing seven physiological systems: 

metabolic lipids, metabolic glucose, blood pressure, parasympathetic nervous system, 

sympathetic nervous system, hypothalamic-pituitary-adrenal axis, and inflammation.  

For factor invariance tests, age was categorized into three groups (≤ 45, 45 to 60, and 

>60 years), self-report medications were coded as zero or ≥ one medication(s), and 

race was categorized as White and Other Race/Ethnicity. 

Results: A bi-factor model where biomarkers simultaneously load onto a 

common allostatic load factor and seven unique system-specific factors provided the 

best fit to the biomarker data (CFI = .967, RMSEA = .043, SRMR = .028).  The bi-factor 

model was invariant across age groups, medication use, race, and sex. 

Conclusions: These results support the theory that represents AL and 

operationalizes AL as multi-system physiological dysregulation and operationalizing AL 

as the shared variance across biomarkers.  Results also demonstrate that in addition to 

the variance in biomarkers accounted for by AL, individual physiological systems 

account for unique variance in system-specific biomarkers.  

 

Keywords: physiological dysregulation; allostatic load; biomarkers; MIDUS 
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Acronyms: AL = allostatic load; SNS = sympathetic nervous system; PSNS = 

parasympathetic nervous system; HPA = hypothalamic-pituitary-adrenal axis; WHR = 

waist-to-hip ratio; HDL = high density lipoprotein; LDL = low density lipoprotein; HOMA-

IR = homeostatic model assessment of insulin resistance; HbA1c = glycosylated 

hemoglobin; SBP = systolic blood pressure; DBP = diastolic blood pressure; SDRR = 

standard deviation of beat to beat intervals; RMSSD = root mean square of successive 

differences (RMSSD) of beat to beat intervals; LFHRV = low frequency spectral power; 

HFHRV = high frequency spectral power; E = epinephrine; NE = norepinephrine; Cort = 

cortisol; DHEA-S = dihydroepiandrosterone sulfate; CRP = C-reactive protein; IL6 = 

interleukin-6; sE-Selectin = soluble E-selectin; sICAM-1 = soluble intracellular adhesion 

molecule 1; MIDUS = Midlife in the United States; CFI = comparative fit index; RMSEA 

= root mean square error of approximation; SRMR = standardized root mean square 

residual; TLI = Tucker Lewis Index. 
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Introduction 

Psychosomatic research has characterized the relations of psychological 

variables and indicators of major physiological regulatory systems in humans such as 

the parasympathetic nervous system (PSNS) and the hypothalamic-pituitary-adrenal 

(HPA) axis (for examples of reviews, see 1, 2, 3).  Measures of physiological systems 

are frequently operationalized via the use of biomarkers.  As the field of psychosomatic 

medicine has advanced, it is increasingly common for multiple biomarkers to be 

assessed.  Although many biomarkers exist for each physiological system, there is little 

consensus on how to integrate these biomarkers to assess the state and functioning of 

physiological systems and multi-system physiological dysregulation.   

One conceptual approach to integrating biomarkers of multiple systems is 

allostatic load (AL), which posits that the body’s adaptation to challenge and demands 

of the environment (allostasis; 4) over time takes a physiological toll and results in 

cumulative wear-and-tear or dysregulation across multiple physiological systems (5).  

Thus, the dysregulation is hypothesized to be a multi-systems phenomenon that occurs 

across multiple regulatory systems rather than in particular systems only.  Figure 1 

contains a diagram of three potential levels of analysis for biomarkers, from using 

specific biomarkers as outcomes (bottom), to combining multiple biomarkers to assess 

specific physiological systems (middle), and the highest aggregate combining multiple 

physiological systems (AL; top).  The primary goal of this paper is to test several 

plausible measurement models of biomarkers hypothesized to represent both overall AL 

and individual physiological systems. 
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An individual with allostatic overload and system-wide dysregulation will 

demonstrate some degree of dysregulation in multiple physiological regulatory system 

involved in allostasis, and this physiological dysregulation may be assessed using a 

composite index from multiple systems.  To date, such Indices of AL have typically been 

created by assuming equal influence of individual biomarkers, dichotomizing them into 

high and low health risk based on quartiles or clinical risk points, averaging within a 

particular physiological system (e.g., cardiovascular), and then summing (e.g., 6, 7).  

Similar indices have been created by first standardizing individual biomarkers and then 

summing (e.g., 8).  Although less commonly applied to biological data, scale 

development and testing methods such as factor analysis have been used for years to 

develop and validate measures of latent constructs (e.g., depressive symptoms) from 

multiple observed indicators (e.g., feeling sad or blue, loss of interest).  For an 

introduction to factor analysis in psychosomatic research, see (9). 

The few studies that have examined the psychometric properties and tested the 

factor structure of biomarkers in relation to AL found that a second-order AL factor (i.e., 

biomarkers load onto individual system factors which in turn load onto AL) provided 

adequate fit to the data (10-12).  Related work in metabolic syndrome has shown a 

similar hierarchical factor structure (e.g., 13, 14).  In addition, a second-order AL factor 

model of biomarkers was found to be invariant across sex and ethnicity (11), and 

provided good fit when controlling for sex and age (10); it did, however, differ between 

participants on and off of medications in an elderly sample (12). 

Limitations are apparent in the existing literature on AL.  First, previous research 

has had relatively few biomarkers per system, leaving open the question whether the 
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same factor structure will emerge when systems are more comprehensively assessed.  

Second, although AL is hypothesized to be prominent in the aging process (15), to our 

knowledge, no previous study has tested whether the measurement of AL is invariant 

across adulthood or whether the relations among biomarkers differ as a function of age.  

Finally, although a second-order factor model provided adequate fit in previous studies, 

there was room for improvement of model fit.  Given the complex relations among 

biomarkers, examining alternative models may be valuable. 

In the present study, we used data from the Midlife in the United States (MIDUS) 

II Biomarker Project, to address the following aims. 

Aim 1 

To test and compare four theoretically-derived factor models that reflect one or 

both of two hypotheses: (1) biomarkers within a physiological system are associated, 

and (2) based on AL theory that there is system-wide dysregulation, biomarkers or 

systems should load onto a common factor.  The specific models are discussed in the 

Data Analysis section, and illustrated in Figure 2.  Model 1 reflects (2) only, Model 2 

reflects (1) only, Models 3 and 4 are alternative models that reflect both (1) and (2).  

Specifically, we hypothesize that Model 1, which does not account for any system-

specific effects, will demonstrate poor fit to the data.  Models 2 and 3 will both 

demonstrate acceptable fit, with Model 3 representing a more parsimonious version of 

Model 2.  To the extent that system-wide and system-specific effects overlap, Model 4 

will demonstrate no better fit than Model 3, and be less parsimonious.  To the extent 

that system-wide and system-specific have unique and non-overlapping elements, 

Model 4 should demonstrate better fit.  Because we expect important, unique system-
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wide and system-specific effects, we hypothesize that Model 4 will demonstrate the best 

fit. 

Aim 2 

To test whether the optimal factor structure underlying biomarkers of AL (Aim 1) 

are invariant across adulthood from 34 y to 84 y as well as across medication use, 

race/ethnicity, and sex. 

Methods 

Sample 

The sample came from the larger MIDUS study.  The first wave of data, MIDUS I, 

included phone interviews and mailed questionnaires for a national sample of adults, 

ages 25 to 74 designed to assess factors related to physical and psychological health 

and well-being in early adulthood, middle adulthood, and older age.  Data for MIDUS I 

were collected in 1994-1995 in four parts: a large, national probability sample (the core 

sample; N = 3,487), siblings of the core sample (N = 950), twins (N = 957 pairs), and an 

over-sampling in metropolitan areas (N = 757).  Participants from MIDUS I, as well as 

an additional sample of urban African-Americans living in Milwaukee, WI (N = 592, to 

increase diversity) were assessed in 2005 for MIDUS II (16).  MIDUS II included follow 

up questionnaires, and a subset of participants who were eligible and consented (N = 

1,054 from the original sample and N = 201 from the Milwaukee sample) participated in 

the MIDUS II Biomarker Project where extensive biological data were collected (17). 

Procedure 
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As part of the MIDUS II Biomarker project, participants went to one of three 

(University of California Los Angeles, University of Wisconsin, and Georgetown 

University) General Clinical Research Centers for a medical exam, comprehensive 

biomarker assessment (e.g., fasting blood draw, 12-hour urine, electrocardiography), 

and reported on medical history and major, chronic health conditions.  Details on 

MIDUS are available online at http://www.midus.wisc.edu and for the biomarker project, 

see (17).  The MIDUS II Biomarker Project was approved by the Institutional Review 

Boards of the University of Wisconsin, Madison, the University of California, Los 

Angeles, and Georgetown University. 

Demographics and Health Outcomes 

Demographic data including age, sex, and race/ethnicity were collected via self-

report.  For analysis, race/ethnicity was coded as White vs. Other Race/Ethnicity.  Self-

reported medication use, including antihypertensive medications, heart rate reducing 

(e.g., beta blockers), diabetes medications, cholesterol-lowering mediations, and 

fibrates, was collected and used to code whether participants were taking one or more 

medication that would affect the biomarkers assessed or not. 

Biological Measures 

Seven physiological systems were measured using 23 biomarkers.  Details on 

collection and assay of biomarkers are reported in Supplementary data file 1 in (18). 

Lipids.  The metabolic lipid system was measured using waist-to-hip ratio 

(WHR), triglycerides in mg/dL, high density lipoprotein (HDL) cholesterol in mg/dL, and 

low density lipoprotein (LDL) cholesterol in mg/dL. 
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Glucose.  The metabolic glucose system was measured using the homeostatic 

model assessment of insulin resistance (HOMA-IR), fasting glucose in mg/dL, and 

glycosylated hemoglobin (HbA1c) in percent. 

Cardiovascular.  The cardiovascular system was measured with resting systolic 

blood pressure (SBP) in mmHg and diastolic blood pressure (DBP) in mm Hg.  For the 

model, these were converted into pulse pressure (SBP – DBP) and SBP. 

Parasympathetic Nervous System.  The parasympathetic nervous system 

(PSNS) was measured using heart rate variability and resting pulse rate (in beats per 

minute).  Heart rate variability was assessed via electrocardiography and was 

operationalized as the standard deviation of beat to beat intervals (R―R interval; 

SDRR), root mean square of successive differences (RMSSD), low frequency spectral 

power (LFHRV) and high frequency spectral power (HFHRV). 

Sympathetic Nervous System.  The sympathetic nervous system (SNS) was 

measured using 12-hour, overnight urinary epinephrine (E) in μg/g creatinine and 

norepinephrine (NE) in μg/g creatinine. 

Hypothalamic Pituitary Adrenal Axis.  The hypothalamic pituitary adrenal 

(HPA) axis was measured using 12-hour, overnight urinary cortisol mg/g creatinine and 

blood serum dihydroepiandrosterone sulfate (DHEA-S) in μg/dL. 

Inflammation.  Inflammation was measured using plasma levels of C-reactive 

protein (CRP) in mg/L, interleukin-6 (IL6), fibrinogen in mg/dL, sE-Selectin in ng/mL, 

and soluble intracellular adhesion molecule 1 (sICAM-1) in ng/mL. 

Data Analysis 
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Structural equation modelling (SEM) was used to compare four, plausible 

alternative models of the relations among biomarkers, with age and sex included as 

covariates.  The general structure of these models is diagrammed in Error! Reference 

ource not found..   

Model 1. All 23 biomarkers load onto a single factor.  This model tests whether 

there is a single, common cause underlying individuals’ levels on all biomarkers across 

all systems.   

Model 2. Biomarkers load onto their respective physiological system, and the 

seven systems are allowed to freely covary.  This model tests whether relations among 

biomarkers are explained by each physiological subsystem and the relation among 

physiological subsystems.   

Model 3. Biomarkers load onto their respective physiological system, and the 

seven systems in turn load onto a second-order factor.  This model tests whether 

relations among biomarkers are explained by each physiological subsystem, and the 

relations among the physiological subsystems are explained by a single, common 

factor.   

Model 4. Biomarkers load onto their respective physiological system, and the 

seven systems are allowed to freely covary; in addition, each biomarker loads directly 

onto a common factor (AL).  This bi-factor model tests whether the relations among 

biomarkers are explained by two processes: 1) a common factor, capturing the notion 

that there is an underlying process influencing multiple physiological systems and 2) 

system specific factors, capturing the notion that beyond the common portion shared 
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across biomarkers, there are unique effects of particular physiological systems that are 

independent of other systems.  

Model fit indices were used to find the best fitting of the four hypothesized factor 

structures.  Multiple group SEM was used to test whether the best-fitting model (1 – 4) 

was the same (invariant) or varied across different groups.  Specifically, model 

invariance was tested for age group (≤ 45, 45 to 60, >60 years) to establish whether the 

structure is consistent or differs for younger and older participants, medication use 

because medications may artificially constrain certain biomarkers and because of the 

previous invariance reported (12), race/ethnicity (White vs. Other Race/Ethnicity), and 

sex (Female vs. Male). 

Statistical Methods 

Biomarkers were assessed for univariate normality and log transformations were 

applied to E, NE, SDRR, RMSSD, LFHRV, HFHRV, cortisol, DHEA-S, CRP, IL6, sE-

Selectin, HbA1c, fasting glucose, HOMA-IR, and triglycerides.  Outliers were addressed 

by windsorizing the lower and upper 0.5%.  Because multivariate non-normality 

remained despite these transformations, a robust estimator and standard errors were 

used.  To address the small amount (< 3%) of missing data, full information maximum 

likelihood (FIML) estimation was used (19).  Standard errors and model tests were 

adjusted for clustering in siblings and twins. 

Good model fit was chosen as the combination of the Comparative Fit Index 

(CFI) > 0.95, standardized root mean squared residual (SRMR) < .08, and root mean 

squared error of approximation (RMSEA) < .06 (20). Data management, descriptive 

statistics, and transformations were conducted using R v. 3.1.1 (21) and Mplus v. 7.3 
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(Los Angeles, CA: Muthén & Muthén) via MplusAutomation v. 0.6-3 (22) for the 

structural equation models. 

Results 

Participant age ranged from 34 to 84 with approximately equal numbers of 

females and males.  Sample characteristics and descriptive statistics for the biomarkers 

(untransformed) are presented in Table 1.  Based on preliminary analyses, three 

modifications were made to all hypothesized models.  First, HOMA-IR was allowed to 

cross load on both the lipid metabolism and glucose metabolism factors.  Second, heart 

rate was used as an indicator of the PSNS rather than the cardiovascular factor.  Third, 

a residual correlation between HFHRV and RMSSD was allowed.  No other 

modifications to the hypothesized models were done. 

Aim 1: Model Comparisons 

Model fit indices comparing the four alternative models (Figure 2) are shown in 

Table 2.  As hypothesized, the one factor model (M1) demonstrated poor fit to the data 

(CFI = .533, RMSEA = .146, SRMR = .104).  The correlated factors model (M2) 

demonstrated acceptable fit, with two of the three indices meeting the criteria for good 

fit, although the CFI did not (CFI = .932, RMSEA = .058, SRMR = .051).  The second 

order model (M3) fit statistically significantly worse than the correlated factors (Δχ2
(df = 14) 

= 75.78, p < .001); however, consistent with our hypotheses, the difference in fit indices 

was small (ΔCFI = .004, ΔRMSEA < .001, ΔSRMR = .004), suggesting that the more 

parsimonious second order factor model (M3) provides similar fit to the correlated 

factors model.  As expected, the bi-factor model demonstrated the best fit to the data, 
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and met all criteria for good model fit (CFI = .967, RMSEA = .043, SRMR = .028).  The 

bi-factor model also fit significantly better than all alternative models (all ps < .001).  

These results suggest that a common factor does underlie the individual biomarkers, 

but that there are also unique system-specific effects. 

Aim 2: Model Invariance 

The fit of the bi-factor model was tested across age (≤ 45, 45 to 60, >60 years), 

medication (no medications, 1+ medications), race/ethnicity (White, Other 

Race/Ethnicity), and sex (female, male) groups using a multiple group model 

constraining both the factor loadings and the intercepts of the individual biomarkers to 

be equal across groups.  Model fit indices are shown in Table 2.  The invariant multiple 

group bi-factor model provided good fit to the data for all groups (all CFIs > .95, all 

RMSEAs < .05, all SRMRs < .06). 

Discussion 

Across 23 biomarkers in a large sample of adults, a bi-factor model of AL 

provided both good fit and was the best fitting of all alternative models tested.  This 

result has two important implications.  First, it confirms what previous studies have 

demonstrated that consistent with AL theory, a common factor underlies biomarkers of 

multi-system physiological functioning (10-12).  Second, it is the first study, to our 

knowledge, that demonstrates that in addition to the common underlying AL factor, 

there are also significant system-specific factors.   

In a recent editorial, Gallo, Fortmann, and Mattei (23) argued for a need to 

standardize the measurement of AL and for researchers to report on the specific 
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components of AL.  We agree that the specific components of AL are important; indeed 

the bi-factor structure suggests that specific physiological systems account for 

additional variance in biomarkers over and above AL.  Using a method that allows both 

AL and specific physiological systems to be used as independent predictors or 

outcomes facilitates examining both system-wide (AL) and system-specific effects.  We 

believe that using a bi-factor model represents an important advance in psychosomatic 

research for untangling the relations between psychological factors and system-specific 

and system-wide physiological dysregulation. 

We found that the bi-factor model was invariant across race/ethnicity and sex, 

which is consistent with prior research on AL (11), as well as across age groups.  

Contrary to findings from the Lothian birth cohort (12), in the MIDUS data, we found no 

difference in the relations among biomarkers for participants on or off medications (i.e., 

the bi-factor model was invariant by medication use).  Perhaps the differences in results 

are due to differences in the age of the samples.  In the Lothian cohort (12), the average 

age was 72.5 (SD = .70) whereas in the present sample, the average age was 54.5 (SD 

= 11.71), and the average age for participants taking at least one medication was only 

slightly older at 57.5, substantially lower than the age of participants in the sample used 

by (12).   

Limitations of the current study should be noted.  The sample was predominantly 

White, with fewer African-Americans and only small numbers of other races/ethnicities 

represented.  Thus although we demonstrated that the bi-factor model was invariant 

across both Whites and Other Race/Ethnicity (primarily African-Americans), these 

results may not generalize to all races or ethnicities.  In addition, only basal levels of 
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biomarkers were assessed; future research is needed to examine relations among 

functional measures of biomarkers (e.g., inflammatory response to antigens). 

The study also has several important strengths.  The current study 

comprehensively assessed seven physiological systems using 23 biomarkers.  The use 

of many biomarkers ensures that each of the seven systems are measured by more 

than one biomarker, allowing us to differentiate effects shared across systems and 

effects unique to systems.  Another strength is the large sample, with over 1,000 

participants representing a broad age range from 34- to 84-years old.  Finally, the 

current study used careful statistical analyses including: accounting for clustering in 

twins and siblings in the MIDUS data, non-normality of the biomarkers, missing data, 

investigating plausible alternative theoretical models, and testing for invariance across 

age, race/ethnicity, medication use, and sex. 

In conclusion, across 23 biomarkers in MIDUS, we found evidence for a common 

AL factor, as well as for seven system-specific factors, and this model held across all 

subpopulations tested.  Future research is needed to examine the predictive effects of 

AL and specific systems on health.  Future research could also explore whether for 

specific outcomes, such as specific diseases, whether the common AL factor or a 

particular system-specific factor is most important.  In order to standardize the 

measurement of AL as Gallo, Fortmann, and Mattei (23) suggest, further work is 

needed to reach consensus on how to define “optimal” measures of AL and specific 

physiological systems (e.g., predict disease incidence or mortality, predict functioning), 

and then to develop and validate sets of biomarkers for each system and for AL overall. 

References 



Paper 2. Modeling Multisystem Dysregulation 

 

51 

1. Cohen S, Herbert TB. Health psychology: Psychological factors and physical disease 

from the perspective of human psychoneuroimmunology. Annual Review of Psychology. 

1996;47:113-42. 

2. Uchino BN, Cacioppo JT, Kiecolt-Glaser JK. The relationship between social support 

and physiological processes: A review with emphasis on underlying mechanisms and 

implications for health. Psychological Bulletin. 1996;119:488-531. 

3. Krantz DS, Manuck SB. Acute psychophysiologic reactivity and risk of cardiovascular 

disease: A review and methodologic critique. Psychological Bulletin. 1984;96:435. 

4. Sterling P, Eyer J. Allostasis: A new paradigm to explain arousal pathology. In: Fisher 

S, Reason J, editors. Handbook of life stress, cognition and health. Oxford, England: 

John Wiley & Sons; 1988. p. 629-49. 

5. McEwen BS, Stellar E. Stress and the individual: mechanisms leading to disease. 

Arch Intern Med. 1993;153:2093-101. 

6. Karlamangla AS, Singer BH, Seeman TE. Reduction in allostatic load in older adults 

is associated with lower all-cause mortality risk: MacArthur studies of successful aging. 

Psychosomatic Medicine. 2006;68:500-7. 

7. Seeman TE, Glei D, Goldman N, Weinstein M, Singer B, Lin Y-H. Social relationships 

and allostatic load in Taiwanese elderly and near elderly. Social Science & Medicine. 

2004;59:2245-57. 

8. Brody GH, Yu T, Chen Y-f, Kogan SM, Evans GW, Windle M, Gerrard M, Gibbons 

FX, Simons RL, Philibert RA. Supportive family environments, genes that confer 

sensitivity, and allostatic load among rural african american emerging adults: A 

prospective analysis. J Fam Psychol. 2013;27:22. 



Paper 2. Modeling Multisystem Dysregulation 

 

52 

9. Babyak MA, Green SB. Confirmatory Factor Analysis: An Introduction for 

Psychosomatic Medicine Researchers. Psychosomatic Medicine. 2010;72:587-97 

10.1097/PSY.0b013e3181de3f8a. 

10. McCaffery JM, Marsland AL, Strohacker K, Muldoon MF, Manuck SB. Factor 

structure underlying components of allostatic load. PLoS One. 2012;7:e47246. 

11. Seeman TE, Gruenewald TL, Karlamangla AS, Sidney S, Liu K, McEwen BS, 

Schwartz J. Modeling multisystem biological risk in young adults: The Coronary Artery 

Risk Development in Young Adults Study. American Journal of Human Biology. 

2010;22:463-72. 

12. Booth T, Starr JM, Deary I. Modeling multisystem biological risk in later life: 

Allostatic load in the lothian birth cohort study 1936. American Journal of Human 

Biology. 2013;25:538-43. 

13. Marsland AL, McCaffery JM, Muldoon MF, Manuck SB. Systemic inflammation and 

the metabolic syndrome among middle-aged community volunteers. Metabolism. 

2010;59:1801-8. 

14. McCaffery JM, Shen B-J, Muldoon MF, Manuck SB. Ambulatory blood pressure and 

the metabolic syndrome in normotensive and untreated hypertensive men. Metabolic 

Syndrome and Related Disorders. 2007;5:34-44. 

15. McEwen BS. Interacting mediators of allostasis and allostatic load: towards an 

understanding of resilience in aging. Metabolism. 2003;52, Supplement 2:10-6. 

16. Radler BT, Ryff CD. Who participates? Accounting for longitudinal retention in the 

MIDUS national study of health and well-being. Journal of Aging and Health. 

2010;22:307-31. 



Paper 2. Modeling Multisystem Dysregulation 

 

53 

17. Love GD, Seeman TE, Weinstein M, Ryff CD. Bioindicators in the MIDUS national 

study: Protocol, measures, sample, and comparative context. Journal of Aging and 

Health. 2010;22:1059-80. 

18. Gruenewald TL, Karlamangla AS, Hu P, Stein-Merkin S, Crandall C, Koretz B, 

Seeman TE. History of socioeconomic disadvantage and allostatic load in later life. 

Social Science & Medicine. 2012;74:75-83. 

19. Enders CK, Bandalos DL. The relative performance of full information maximum 

likelihood estimation for missing data in structural equation models. Structural Equation 

Modeling. 2001;8:430-57. 

20. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: 

Conventional criteria versus new alternatives. Structural Equation Modeling. 1999;6:1-

55. 

21. R Core Team. R: A language and environment for statistical computing. Vienna, 

Austria: R Foundation for Statistical Computing; 2014. 

22. Hallquist M, Wiley JF. MplusAutomation: Automating Mplus model estimation and 

interpretation. 0.6-3 ed2014. 

23. Gallo LC, Fortmann AL, Mattei J. Allostatic load and the assessment of cumulative 

biological risk in biobehavioral medicine: Challenges and opportunities. Psychosomatic 

Medicine. 2014;76:478-80. 

  



Paper 2. Modeling Multisystem Dysregulation 

 

54 

Table 1. Descriptive statistics for sample demographics and raw biomarker values 

 Median (IQR) / N (%) 

Demographics  

  Age (years) 54 (45, 62) 

  Sex: Female 713 (56.8%) 

  Race/Ethnicity: White 967 (77.2%) 

    African American 222 (17.7%) 

    Other 64 (5.1%) 

  Medications: None 486 (38.7%) 

Sympathetic nervous system  

  Urine epinephrine (mg/g of creatinine) 1.67 (1.13, 2.46) 

  Urine norepinephrine (mg/g of creatinine) 24.80 (18.14, 32.94) 

Parasympathetic nervous system  

  R-R interval standard deviation (ms) 32.53 (23.72, 44.62) 

  Root mean square of successive differences (ms) 18.38 (12.13, 27.57) 

  Low-frequency power (ms2) 245.95 (114.95, 514.50) 

  High-frequency power (ms2) 140.45 (58.80, 304.75) 

  Resting heart rate (beats per minute) 70.00 (64.00, 79.00) 

Hypothalamic-pituitary-adrenal axis  

  Urine cortisol (mg/g of creatinine) 12.00 (6.75, 19.00) 

  Serum dehydroepiandrosterone sulfate (μg/dL) 87.00 (52.00, 145.00) 

Inflammation  

  Serum C-reactive protein (mg/L) 1.44 (0.69, 3.64) 

  Serum interleuken-6 (ng/L) 2.17 (1.37, 3.52) 

  Fibrinogen (mg/dL) 344.00 (291.00, 403.00) 

  Soluble Intracellular adhesion molecule-1 (mg/L) 273.85 (220.03, 338.08) 

  Soluble E-selectin (ng/mL) 39.16 (28.17, 52.41) 

Cardiovascular  

  Pulse Pressure (mm Hg) 54.00 (45.00, 64.00) 

  Systolic blood pressure (mm Hg) 130.00 (119.00, 143.00) 

Glucose  

  Blood glycosylated hemoglobin (%) 5.86 (5.60, 6.24) 

  Fasting blood glucose (mg/dL) 96.00 (90.00, 105.00) 

  Homeostasis model assessed insulin resistance 2.40 (1.43, 4.35) 

Lipids  

  Low-density lipoprotein cholesterol (mg/dL) 102.00 (80.23, 128.32) 

  High-density lipoprotein cholesterol (mg/dL) 52.79 (42.50, 66.25) 

  Serum triglycerides (mg/dL) 106.00 (77.00, 155.00) 

  Waist-to-hip circumference ratio 0.89 (0.82, 0.97) 
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Table 2. Model Fit Statistics 

     Invariance Testing 

 One  
Factor 

Correlated  
Factors 

Second 
Order 

Bi-factor Age Medication Race Sex 

Parameters 116 134 120 156 364 260 260 214 

χ2 6349.9 1098.3 1174.1 623.6 1215.4 907.2 926.0 1004.6 

DF 229 211 225 189 671 430 460 430 

P value <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 

CFI .533 .932 .928 .967 .957 .963 .963 .953 

TLI .390 .904 .904 .948 .942 .949 .949 .940 

RMSEA .146 .058 .058 .043 .044 .042 .043 .046 

SRMR .104 .051 .056 .028 .051 .038 .036 .042 

Note. CFI = Comparative Fit Index, TLI = Tucker Lewis Index, RMSEA = root mean 

square error of approximation, SRMR = standardized root mean square residual. Age 

group (≤ 45, 45 to 60, >60 years), medication (no medications or 1+ medications), race 

(White vs. Other Race/Ethnicity), and sex (female vs. male) invariance were tested for 

the best fitting, bi-factor model.  Continuous age and sex were included as covariates in 

all models, except sex was omitted as a covariate in the sex invariance model.  N 

ranged from 1,252 – 1,254 due to missing data. 
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Figure 1. Continuum of specificity of biomarker outcomes, from the level of individual 

biomarkers, to individual physiological systems, to composites across multiple systems. 
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Figure 2. Sample diagrams of the four plausible factor models tested and 

compared. 
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Abstract 

Background: Allostatic load (AL) represents cumulative wear-and-tear on the body and 

is operationalized as a multi-system index of biomarkers.  Research demonstrates the 

association of AL and important health outcomes such as morbidity and mortality, 

leading to a growing body of literature that uses AL as an outcome in itself.  

Psychosocial resources (PSRs) represent a broad class of constructs that are positively 

related to psychological and physical health.  The current review seeks to characterize 

the relations between PSRs and AL. 

Method: A systematic review was conducted of studies examining the relation between 

at least one PSR and AL.  From the 1,277 abstracts screened, 42 full-text articles were 

reviewed, and 25 studies met the criteria for inclusion. 

Results: There was mixed evidence for a relationship between psychosocial resources 

and allostatic load. Compared to cross-sectional studies, longitudinal studies were more 

likely to report a significant relationship (k = 10/12 versus k = 7/13, respectively).  

Studies that reported a significant main or moderated relationship tended to have a 

larger sample size than those that reported no significant relationship (Median 782.0 vs. 

224.5, respectively). Whether a study reported a significant main or moderated 

relationship did not differ by whether psychological (k = 9/13) or social (k = 10/15) 

resources were assessed.   

Conclusions: Evidence for a relationship between PSRs and AL is equivocal, and 

obtained significant relationships are generally small in magnitude.  Longitudinal studies 

and those with larger sample sizes appeared more likely to yield significant main or 

moderated relationships.  Most (k = 13/25) studies used a cross-sectional design and 
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only one study investigated whether a PSR predicted change in AL.  Future research is 

needed examining PSRs as a predictors of change, not merely level, of AL. 

 

Keywords: allostatic load; psychosocial resources; social relationships; review 
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Introduction 

Allostatic load (AL) theory posits that repeated adaptation to challenge (allostasis 

or stability through change, 1) can lead to impaired ability to respond to stress (e.g., a 

failure to properly shut off stress response systems) and cumulative wear-and-tear on 

the body.  AL has been operationalized by assessing indicators of multiple biological 

systems, such as the cardiovascular, metabolic, inflammatory, and neuroendocrine 

systems.  Because the theory posits effects across the entire body, it suggests a 

common correlation among biological systems.  Researchers have created multi-system 

indices of AL by measuring biomarkers from different systems, creating risk cutoffs 

(frequently based on the upper or lower 25th percentile), and summing the number of 

systems in which an individual is at risk.  Research using multisystem indices of AL 

demonstrates robust relations between AL and health.  For example, in older adults, AL 

is associated with declines in memory and cognition (3), higher incidence of 

cardiovascular disease (2), and mortality (4). 

Since its introduction and the classic papers by Bruce McEwen and colleagues 

(5-7), scientific publication on AL and allostasis has grown steadily, with the number of 

published studies in PubMed going from 4 in 1998 to 126 in 2014.  As the value of AL 

as a predictor of health outcomes and mortality has become apparent, research has 

shifted from utilizing AL as a predictor to using AL as an outcome.  Although caution is 

warranted when examining biomarkers in place of clinical endpoints (c.f., 8) and 

researchers have noted the limitations of biomarkers as outcomes (e.g., 9), AL is an 

attractive outcome for pre-clinical studies and in populations where poor health may not 

have progressed to the point of indicating clinical risk.  Furthermore, because AL can be 
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measured by continuous scores on biomarkers, it has the potential to be a sensitive 

marker of change.  Sensitivity to small differences is particularly important in the 

biobehavioral sciences, where the effects of a focal variable on a given physiological 

system may be expected to be small. For example, a meta-analysis of 43 studies of 

optimism and objective physical health outcomes found a mean effect size of d = 0.11 

(10).  The primary goal of this review is to characterize the relations of psychological 

and social resources with allostatic load. 

Psychosocial Constructs and Allostatic Load 

Empirical work demonstrates a robust link between indicators of stress and 

adversity with AL.  For example, lower socioeconomic status (SES) is associated with 

higher AL (e.g., 11, 12-15). Direct measures of chronic stress in the domains of work, 

finances, and caregiving also are associated with higher AL (16).  However, studies 

examining other psychosocial predictors of AL are comparatively sparse.  

Defining psychosocial resources. 

Psychosocial resources (PSRs) represent a set of variables that may explain 

variation in AL and health outcomes.  Broadly, anything that is intrinsically valuable or 

facilitates access to something intrinsically valuable may be considered a resource (17).  

Psychosocial resources then may be defined as “individual differences and social 

relationships that have beneficial effects on mental and physical health outcomes” (p. 1; 

18).  PSRs are distinguished from other resources such as socioeconomic status, 

biological resources, and cultural resources in their focus on either intraindividual 

psychological resources or interindividual social resources.  Moreover, empirical 
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evidence supports the distinction between psychological and social resources (Wiley, 

Cleary, Beran, Karan, Jorge, McCannel, & Stanton, submitted); we adopt that distinction 

in this review. 

It is important to distinguish between psychosocial resources and their 

hypothesized psychosocial and physical health consequences. Mental and physical 

health are intrinsically valued, but PSRs, such as a high perception of control, need not 

be valued in and of themselves.  For a construct to be considered a PSR, it is sufficient 

that the construct help enhance or protect health, but by itself is not an indicator of 

health, such as psychological well-being or physical stamina. 

Another important distinction is that between positive resources and their 

“negative” counterparts.  For example, if high optimism is considered a psychological 

resource, should the low optimism and the absence of pessimism also be considered 

resources?  Whether a construct is unidimensional or multidimensional matters.  For 

example, if social integration is defined as frequent interactions with a large social 

network, and social isolation is defined as infrequent interactions with a social network, 

it is clear that the construct is unidimensional and whether it is framed positively (i.e., 

“social integration”) or negatively (i.e., “social isolation”), it is a social resource.  

Unfortunately, such clarity as with social integration versus isolation rarely exists. How 

constructs are operationalized complicates determining whether a specific construct is a 

PSR.  Because the literature on PSRs and AL is small, we included PSR constructs 

when their presence or absence could facilitate (but not be equivalent to) psychological 

or physical health outcomes.  

Psychosocial Resources, allostatic load, and health outcomes. 
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Psychosocial resources are linked to diverse health outcomes.  For example, 

social support predicts psychological adjustment to chronic disease (for a review, see 

20) and physical health outcomes (21).  Both functional (e.g., received and perceived 

social support) and structural (e.g., social integration) social support are protective 

factors for mortality on par in magnitude to commonly known risk factors such as 

smoking (for reviews, see 22, 23). Another PSR, optimism, is linked to both 

psychological and physical health outcomes (for a review, see 24).  AL may be a 

conduit for the effects of PSRs on morbidity and mortality. 

Psychosocial resources may influence physiology and AL via several pathways.  

First, PSRs may indirectly influence health via health behaviors.  Thus, people who are 

high in PSRs may engage in fewer deleterious behaviors, such as cigarette smoking, or 

engage in more health-promoting behaviors, such as physical activity.  Second, PSRs 

may have a direct influence on physiology.  Third, PSRs may indirectly influence health 

by preventing or buffering (e.g., 25) the deleterious effects of stress and physiological 

stress reactivity on health.  The mechanisms linking PSRs to physiology are important 

to consider when interpreting results, particularly when there are covariates in the model 

as these may actually represent the mechanisms through which PSRs influence 

physiology.  For example, people who are high in PSRs may be more adherent to 

medical treatment and have a better diet and consequently have better health.  

Including adherence and diet as covariates, without examining how PSRs relate to 

each, would mask the salutary effects of PSRs on AL or health outcomes through health 

behaviors. 
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AL theory posits that repeated or extended exposure to stress, or failure to 

recover from the stressor, can provoke wear-and-tear on the body’s systems and 

subsequent adverse health outcomes (5).  Despite the theoretical link between 

cumulative stress and AL, empirical evidence is equivocal.  For example, Gersten (26) 

found no effect of cumulative life history stress on neuroendocrine AL.  One explanation 

for the equivocal findings is that individuals’ physiological responses to stressors may 

not be the same.  For example, consistent with the buffering hypothesis of social 

support, individuals high in PSRs may not perceive events as stressful or may be able 

to recover well even after repeated stressful experiences. In this case, PSRs would 

buffer the effects of stress on health outcomes. Therefore, in addition to main effects of 

PSRs on AL, in the current review, potential moderating effects of psychosocial 

resources will be examined.  The purpose of the current systematic review is to 

examine the empirical literature on both direct and moderating relations of PSRs, 

specifically indicators of social relationships and dispositional psychological resources, 

with AL. 

Methods 

This systematic review was conducted with a standard protocol in accordance with the 

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

guidelines. 

Search Strategy 

Systematic searches of literature were carried out across five databases: 

PubMed, CINAHL Plus, PsycInfo, Scopus, and Embase.  The search duration was 
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between the inception of each database and December 2014.  No language restriction 

was applied; records written in foreign languages were translated for review.  Search 

strategy and terms were decided a priori.  All records with either “allostatic load” or 

“allostasis” occurring anywhere in the title, abstract, or keywords of articles were 

included. 

Selection Criteria 

The following selection criteria were applied:  

1) Included empirical data and results.  Reviews, theoretical papers, and other 

papers not reporting data and analyses were excluded.  

2) Published in a scientific journal.  Dissertations and conference presentations 

were not included, unless they were published in a peer-reviewed, scientific 

journal, in order to partially control for quality of the study. 

3)  Conducted on humans.  Only studies on humans were included.  Nonhuman 

animal research was excluded. 

4) Included at least two biological systems and a composite index of AL.  For 

example, studies examining only PSRs and diurnal cortisol were not included.  In 

order to focus on AL as the cumulative wear-and-tear across the system, studies 

that examined more than one system (e.g., salivary cortisol and salivary alpha-

amylase), but that did not examine them as a composite, were excluded.   

5) Included at least one PSR.  Although being a “resource” suggests that higher 

levels should be beneficial, due to the limited research and the difficulty in 

distinguishing having high levels of something good versus low levels of 

something bad, psychosocial variables that were “good” at either high or low 
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levels were included.  For example, social isolation was included.  In the 

remainder of this paper, the terms “social resources” and “psychological 

resources” are used generally for these variables regardless of whether it is 

desirable to be high (e.g., social integration) or low (e.g., social isolation). Studies 

incorporating marital status into more complex measures of social integration 

were included; however, studies in which the only social relationship variable was 

marital status were excluded, because A) marital status alone is not a 

comprehensive measure of social network or integration, B) marital status alone 

does not capture quality of the relationship or available support, C) many studies 

do not focus on the relationship of marital status and AL, but rather include it 

among other covariates, and D) a large meta-analysis by Holt-Lunstad, Smith 

(23) of various measures of social network revealed that marital status alone had 

one of the weaker relations to mortality. 

6) Tested or reported the relation between PSRs and AL.   Included studies had 

to report on the relationship between PSRs and AL.  Studies that assessed both 

but did not relate them were excluded. 

Screening 

Reference management software (PaperPile) was used to remove duplicates 

automatically and for an initial screen of criteria 1 and 2.  Next, two authors (JFW and 

BB) independently screened the remaining records for eligibility of inclusion following 

criteria 1 – 5 listed above.  Because not all studies including both PSRs and AL are 

focused on PSRs, we only required that PSRs be mentioned in the abstract, not 

explicitly related to AL, therefore, criterion 6 was not used at this stage of screening.  
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Disagreements were resolved via discussion.  For the remaining abstracts, full text of 

the articles were retrieved and again screened independently by two authors (JFW and 

BB) for eligibility of inclusion following criteria 1 – 6. 

Data Extraction 

A data extraction sheet was developed based on the STROBE Statement, a 

guideline for reporting observational studies.  There is not a gold standard quality 

assessment tool for systematic reviews of observational studies without direct group 

comparisons; however, in addition to extracting data regarding the sample and 

methods, we assessed three criteria related to quality of information on the association 

between PSRs and AL. Shown in Table 1, the three criteria were whether the study had 

a clearly described, directional a priori hypothesis, whether the sample size was 

justified, and whether the measures of psychosocial resources were validated and had 

adequate internal consistency reliability. 

Results 

Study Design and Characteristics 

A study selection flow diagram is shown in Figure 1.  From the 1,277 references 

screened, a total of 25 studies ultimately were eligible for review.  Inter-rater reliability 

for inclusion or reason excluded was high for the 821 abstracts screened, κ [95% CI] = 

.81 [.78, .84] as well as the screening of the full text of 42 articles, κ [95% CI] = .96 [.87, 

1.0].  Quality assessments for each study are reported in Table 2.  Most studies (k = 13) 

had an a priori directional hypothesis, did not discuss or justify the sample size at all (k 
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= 15) and used validated measures of PSRs and/or reported adequate internal 

consistency reliability (k = 15).  None of the 25 studies justified the sample size a priori.   

The 25 studies used 15 unique samples (details of the sample recruitment and 

setting are reported in Table 3).  The majority (k = 19) of studies used data from large 

epidemiologic studies, often on subsamples of participants for whom biomarkers were 

available.  Studies were geographically diverse conducted in Asia (k = 4), Europe (k = 

4) and North America (k = 17).  They also included a wide age range with the average 

age ranging from 9.2y to 74.5y.  Samples contained an approximately equal number of 

females and males.  All studies were observational and employed longitudinal (k = 12) 

or cross-sectional (k = 13) designs.  Detailed study characteristics are reported in Table 

4. 

Measures of Allostatic Load 

Table 5 presents the biomarkers included to assess AL in each study as well as 

the method used to create the AL index.  The most common method of creating an AL 

index was by dichotomizing biomarkers into “at risk” or “not at risk” based on quartiles 

and then summing (k = 21), with the remaining studies standardizing (k = 3), and the 

last calculating risk as at below the 10th percentile or above the 90th percentile on each 

biomarker.  These scores then were either directly summed, or first averaged within a 

biological system (e.g., cardiovascular, sympathetic) and then summed across systems, 

in order to give each system equal weight in the overall composite. 

The number of biomarkers included in the AL indices ranged from 6 to 24 

(Median = 10).  The most common biomarkers were systolic blood pressure (k = 25), 

diastolic blood pressure (k = 23), epinephrine (k = 19), norepinephrine (k = 19), cortisol 
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(k = 18), high density lipoprotein cholesterol (k = 18), glycosylated hemoglobin (k = 17), 

and waist-to-hip ratio (k = 17), with the remaining biomarkers occurring less frequently 

(see Appendix 1 for the frequency of each biomarker). 

Psychological Resources and Allostatic Load 

Ten studies assessed only psychological resources, with three additional studies 

assessing both psychological and social resources in relation to AL.  Control-oriented 

resources (e.g., self-control, self-regulation, perceived mastery, perceived control, 

perceived low constraints representing the opposite of perceived mastery/control) were 

the most frequently studied (k = 7), followed by optimism (k = 4), positive affect (k = 2), 

sense of coherence (k = 2), self-worth (k = 1), and shift and persist (k = 1).  Detailed 

results are presented in Table 6. 

Control-related resources. 

In a longitudinal study of adolescent rural African American students (27), 

teacher-rated self-control/competence had no main effects but exacerbated the 

deleterious effect of SES-related risk on AL, suggesting that maintaining self-

control/competence in the face of adversity may take a physiological toll.  Similarly, in a 

cross-sectional study of adults caring for spouses with Alzheimer’s disease (28), 

mastery had no main effects, but exacerbated the effects of being a caregiver.  

However, in a longitudinal study of children (29), behaviorally assessed self-regulation 

did not interact with childhood poverty. Although the relation was not significant, self-

regulation was associated with higher AL (29, 30).  In contrast, in epidemiological 

samples of adults from longitudinal data from Taiwan (31) and cross-sectional data from 
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the US (32), higher mastery and perceived control and low perceived constraints were 

associated with significantly lower AL, and another cross-sectional study of adults 

reported no relation (33). 

Other psychological resources. 

One longitudinal (31) and two cross-sectional studies (34, 35) assessing 

optimism found no significant relation. In all three, higher optimism was associated with 

lower AL, but the effect sizes were near zero.  In the fourth longitudinal study assessing 

optimism (36), in lifetime career patterns where the women tended to have high 

optimism the women also tended to have low AL.  Although this effect appeared large (r 

= -.61), the data were not presented at the level of individual women, but only at the 

level of 10 distinct career patterns. Therefore, these results are based on essentially 10 

data points.  Two cross-sectional studies assessed positive affect (33, 37), and found 

no main effects, although one found that positive affect buffered the deleterious effect of 

parenting a child with a developmental disorder (37) on AL.  Two studies assessed 

sense of coherence.  One cross-sectional study reported higher sense of coherence 

was associated with lower AL, although the relationship was not significant (35). One 

longitudinal study found that higher AL predicted a decrease in sense of coherence 6 

years later (38). 

In a cross-sectional study, for adults with low SES, being high in indicators of 

both “shift” (positive reappraisal, control, and emotion regulation) and persistence was 

associated with lower AL (39), with a marginally significant main effect of high 

persistence associated with lower AL in the high-SES group.  One longitudinal study 

(36) reported that across 10 distinct lifetime career patterns, psychological well-being 
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(self-acceptance, positive relations with others, autonomy, environmental mastery, 

purpose in life, and personal growth) had a strong negative associated with AL.  As 

described above, this study was limited due to the correlation being calculated at the 

group level rather than the individual level.  Seven dispositional coping styles had no 

significant cross-sectional associations with AL (34), although most were in the direction 

that higher approach-oriented and lower avoidance-oriented coping were associated 

with lower AL.  Finally, in a cross-sectional study of children, self-worth and persistence 

were non significantly associated with lower AL (30). 

In summary, there is mixed evidence for a relationship between psychological 

resources and AL.  Approximately equal number of studies reported a significant main 

effect only (k = 5/13), moderated effect (k = 4/13) and no significant effects (k = 4/13).  

Only one study that reported testing for moderation reported no significant moderated 

effects, whereas more (k = 4/13) reported at least one non-significant main effect, 

excluding studies that found significant moderated effects.  Studies that assessed PRs 

tended to have a smaller sample size than studies that did not assess PRs (median N = 

339 vs. 601).  All  studies assessing PRs reported some information on the quality of 

the PR measures, and most used validated measures or reported good internal 

consistency reliability (k = 9/13).  There were no discernible differences in the quality of 

hypothesis or justification of sample size for studies with PRs versus those that did not 

assess PRs.  Finally, most studies assessing PRs were cross-sectional (k = 8/13). 

Social Resources and Allostatic Load 

Twelve studies solely assessed social resources, with three additional studies 

assessing both social and psychological resources in relation to AL.  Social support and 
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quality of relationships were the most frequently assessed social resources (k = 14/15). 

Fewer studies assessed more structural variables such as indices of social connection, 

and quantity of social contacts or social activities (k = 9/15), although many (k = 8/15) 

studies assessed both social support/quality of relationships and structural measures.  

Detailed results are presented in Table 7 and in Table 6 for the studies assessing both 

psychological and social resources. 

Social support/quality of relationships. 

Three studies demonstrated that social support moderated the effects of 

adversity.  Although emotional support had no main effect, in a longitudinal study, it 

buffered the effect of perceived discrimination on AL (40).  Similarly, in a three-way 

interaction, emotional support buffered the effect of a longitudinally assessed worsening 

pattern of neighborhood poverty, but had no impact for improving, stable low or stable 

high neighborhood poverty (41).  Finally, in a longitudinal study, having a pattern of 

positive relationships (above the median on caring from at least one parent and above 

median in one domain of bonding with current partner) versus negative relationships 

(below the median on caring from both parents or below median on both domains of 

bonding with current partner) was associated with lower AL in low but not high 

household income (42). 

In a longitudinal study, a composite of social support from friends, family, and 

spouse had no main effects, but was moderated by age, such that in younger adults 

higher social support was associated with lower AL, but in older adults higher social 

support was associated with higher AL (43).  Sex did not moderate any of these effects.  

In contrast, in a cross-sectional study, AL was significantly lower for positive vs. 
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negative relationships for women, but not men (44). The same study found, however, 

that emotional support was associated with lower AL for men, but not women (44).  The 

relations of low emotional support across multiple study assessments and low emotional 

support at any one study assessment also differed significantly by sex in adults aged 

54y - 70y, with lower emotional support associated with higher AL for men but lower AL 

for women (45).  The difference between women and men was significant, although 

neither simple effect was significant.  However, no relationships between emotional 

support and AL were found in the elderly aged 71y and older (45), which is consistent 

with the results reported in (43). 

Two studies reported main effects of social support. Social support was 

associated with lower AL in a cross-sectional study of middle-aged adults (46).  In 

contrast, social support predicted higher AL four years later, controlling for concurrent 

social support, in a sample of older adults residing in England (47). 

Despite these positive findings for social support, eight studies report null results.  

Four cross-sectional studies, found no relationship between AL and social support or 

loneliness (34), social support from either friends or family (33), instrumental support 

(44), or emotional or instrumental support in women (48).  Two studies additional cross-

sectional studies assessed job-related social support and found it had no main effect 

and did not interact with job demands (49) and had no main effect in women or men nor 

did it interact with age or occupational status (50).  Two longitudinal studies reported no 

associations.  High emotional support across multiple study assessments was not 

associated with AL, nor did it interact with age group or sex (45).  Another longitudinal 

study found no main effects of emotional support and AL, although as one part of a 
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composite of 12 psychosocial indicators, the composite moderated the effect of stress 

so that the effects of stress were buffered by high resources (31).  Individual 

psychosocial indicators were not tested as moderators making it impossible from that 

study to know whether social support would have specific buffering effects on stress. 

Structural social resources. 

Several studies have observed gender-related differences in the effects of 

structural social resources.  In a longitudinal study, for adults aged 54y - 70y the effect 

of being married at all study waves differed significantly between women and men.  

Although simple effects were not significant, being married was associated with higher 

AL for women but lower AL for men (45).  The association between AL and having 

above median number of ties with immediate family across study waves also differed 

between women and men.  High number of ties with immediately family was associated 

with higher AL for men but lower AL for women (45).  Conversely, overall social 

integration (sum of ties with children, close relatives and friends) was associated with 

lower AL for men, but not women in a cross-sectional study (44).  Similarly, social 

integration (ties with children, close relatives, and close friends) was not associated with 

AL in women in another cross-sectional study (48). 

Other studies report no differences as a function of participant sex.  Higher 

contact with friends and family was associated with higher AL across men and women 

in a longitudinal study (43).  In another longitudinal study, having more social ties 

(number of close friends and relatives) was associated with lower AL (46), and this 

effect was not moderated by sex or age.  In a longitudinal study of adults aged 71y or 

more, high ties with non-relatives were associated with significantly lower AL across 
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women and men (45).  Similar to the finding of high ties with non-relatives rather than 

relatives being related to AL, frequency of friend contact, but not family contact, was 

associated with lower AL in a cross-sectional study (33). 

There is also some suggestion that structural social resources may moderate the 

effects of stress.  In one study, social connections were assessed at multiple waves and 

results from each indicator summed.  There were no main effects for living with children, 

frequency of contact with children, regular contact with relatives, regular contact with non-

relatives, or social activities (31).  However, a composite of 12 psychosocial indicators 

(including each of the structural measures) moderated the effect of stress, such that the 

effects of stress were buffered by low vulnerabilities (high resources). 

Two studies reported null results.  Neither number of social roles nor a weighted 

composite of social ties were significantly associated with AL in a cross-sectional study 

of adults (34).  Likewise in a longitudinal study, there was no association between AL 

and count of study waves below median on social activities, below median on number of 

friends or neighbors seen or talked to at least weekly, at least weekly non-resident child 

contact, or co-residing with a child (51). 

In summary, the evidence for the relationship between social resources and AL is 

mixed, with some consistency in the evidence that social support buffers the effects of 

low SES or stress on AL.  Two studies have found sex differences in the effects of both 

social support and structural social resources; however, four studies also reported no 

sex differences for at least one social resource.  Studies that included a social resource 

tended to have a larger sample size (for studies with a social resource, the median was 

782 versus 290 for studies without any social resource assessed).  Nine of the studies 
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that assessed social resources reported testing for moderation of which 6 (66.7%) 

reported at least one significant moderated effect.  Eight of the 15 studies assessing 

social resources reported at least one significant main effect.  More studies assessing 

social resources than that assessed psychological resources had lower quality 

measures, with four (26.7%) studies using unvalidated measures and reporting no 

internal consistency metrics, four (26.7%) reporting inadequate internal consistency 

reliability, and seven (46.7%) using validated measures or reporting adequate internal 

consistency reliability. 

Discussion 

Summary of Findings 

The goal of this systematic review was to characterize empirical findings on the 

relations between psychological resources, social resources, and AL.  Across 

populations diverse with respect to age, race, and sex, mixed evidence exists for a 

relationship between these resources and AL.  In general, when PSRs were significantly 

associated with AL, they had either direct protective effects (k = 9) or buffered the 

effects of stress and adverse conditions (k = 4).  However, in four studies with 

statistically significant effects, higher PSRs were associated with worse AL, or PSRs 

exacerbated the effects of stress and adverse conditions.  The four studies with 

significant effects were split between control and mastery (k = 2) and social support and 

contact (k = 2).  One study found that, controlling for AL in 2004/5 and social support in 

2008/9, higher social support in 2004/5 predicted higher AL in 2008/9 (47).  This study 

is noteworthy because it is the only study predicting longitudinal change in AL from a 
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PSR and was based on a sample of over 6,000 adults in England.  Although it was not 

statistically significant, higher concurrent social support was associated with lower AL.  

Taken together, these results suggest that participants who were high in social support 

at study entry and then low four to five years later, may have an increase in AL, 

whereas those who were low at study entry and then high at follow-up may have a 

decrease in AL. 

An important finding from this review is that many studies (k = 14/25) tested for 

moderation, and nonsignificant main effects often (k = 6/14) were qualified by significant 

interactions.  Significant moderators include perceived discrimination, neighborhood 

poverty, SES-related risk, household income, parental education (construed as 

childhood SES), age, number of stressors, caregiver status (presumably a chronic 

stressor), and sex. Thus, effects of psychological and social resources varied as a 

function of other environmental and individual contexts. 

There were no apparent differences in whether significant main or moderated 

results were found by whether psychological (k = 9/13, 69.2%) or social resources (k = 

10/15, 66.7%) were assessed.  Studies that reported statistically significant main effects 

tended to have a larger sample size (Median = 871) than those that reported a non 

significant main effect (Median = 282.5), and studies that tested and found a significant 

moderated effect had a larger sample size (Median = 454.5) than studies that tested but 

did not find a significant moderated effect (Median = 282.5).  Studies with a longitudinal 

design were more likely to report a significant main or moderated effect (k = 10/12, 

83.3%) versus studies with a cross-sectional design (k = 7/13, 53.8%).  Studies with an 

a priori and directional hypothesis were more likely to test for moderation (k = 11/13, 
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84.6%) than were studies with non directional or no hypotheses about PSRs and AL (k 

= 3/12, 25.0%); however, this was not associated with finding significant moderated 

effects among those studies that did test for moderation (k = 8/11, 72.7% for a priori 

directional hypotheses and k = 2/3, 66.7% for non directional hypotheses).  There were 

no apparent differences by the quality of PSR measure(s) included and results found. 

Effect Sizes 

Even for statistically significant results, effect sizes were typically small.  For 

example, for psychological resources, the interaction of self-control/competence with 

SES-related risk uniquely accounted for 4.3% of the variance in AL (27), and when AL 

predicted change in sense of coherence, it accounted for 3% of the variance (38).  For 

social resources, one study reported the difference between participants with the 

highest versus lowest social ties was Cohen's d = .22 and for the highest versus lowest 

social support was Cohen's d = .26 corresponding to small effects (32).  Including non 

significant results, correlations or adjusted standardized regression coefficients tended 

to be in the range of 0 to .10.  An implication of these relatively small effects is studies 

on PSRs and AL will need relatively large samples to be adequately powered.  For 

example, to have power of .80 to detect a Cohen’s d of .22 requires a sample size of 

651, and to detect a correlation of .10 requires a sample size of 782. 

Limitations 

Results from this review should be interpreted in light of several limitations.  At 

the level of the review, because there is ambiguity in the definition of PSRs, it is 

possible that some studies that should have been included were missed.  In addition, 
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the first steps of the search were conducted by searching through titles, abstracts, and 

keywords. It is possible that some studies included a PSR as a covariate only and did 

not mention it in any of the fields examined.  It is encouraging, however, that several of 

the included studies only assessed PSRs as covariates or potential confounds, 

suggesting that our search process was successful in identifying even studies that did 

not focus on PSRs.  The current results may also be influenced by publication bias for 

significant findings.  However, many studies reporting multiple PSRs included null as 

well as significant results, and there were studies published with solely null results.  

Another limitation is that in the studies reported, there is substantial heterogeneity in 

measures of PSRs, design and duration of studies, sample sizes, and whether 

moderation (and if so which moderators) was examined.  In light of such heterogeneity 

and the relatively small literature, it was difficult to explain contradictory findings. 

The studies included in this review also have limitations.  Although potentially 

indicating a lack of publication bias, the fact that several studies did not focus on PSRs 

or included them solely as covariates calls into question the quality of evidence 

regarding the relations between PSRs and AL (see Table 2 for quality assessments).  It 

is noteworthy that of the 13 studies with an a priori, directional hypothesis about the 

relations between PSRs and AL, 69% (k = 9/13) used validated PSR measures or 

reported good psychometric properties, whereas for studies with no hypothesis, only 

40% (k = 2/5) did so.  Examining the nine studies with both a priori directional 

hypotheses and adequate PSR measures, all tested for moderation.  Seven (77.8%) 

reported significant moderated effects and 8 (88.9%) reported non significant main 

effects. 
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Another limitation is that most of the study designs were cross-sectional (k = 

13/25). Most of the remaining studies that employed a longitudinal design used earlier 

PSRs to predict later AL, with only a single study (47) predicting longitudinal change in 

AL.  Thus, it is difficult to draw any conclusions about the direction of effects or 

causality. 

Strengths 

This review has a number of strengths.  We mitigated the risk of missing relevant 

studies by using a broad search strategy to retrieve all studies including "allostatic load" 

or "allostasis." Two independent raters screened each study.  Because many of the 

studies used epidemiologic datasets, most results are based on large samples of more 

than 300 participants (k = 16/25), and only three studies had fewer than 100 

participants.  Indices of AL were also well constructed, with k = 13/25 studies using at 

least 10 biomarkers.  Finally, samples were diverse with respect to age, sex, 

race/ethnicity, and geographic location. 

Directions for Future Research 

This review identifies several gaps in the literature.  First, many studies on 

psychological resources tended to examine only one resource, such as mastery, and 

the measures of social integration were often comparatively crude (e.g., sum of self-

reported frequency of contact with family and friends).  In order to evaluate carefully the 

potential links between PSRs and AL, diverse and thorough measures of social 

networks or integration as well as rich measures of psychological resources are 

needed.  This may be particularly important for social integration, in light of a meta-
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analysis by Holt-Lunstad, Smith (23) showing stronger effects for complex (versus 

simple) measures of social integration on mortality. 

Second, findings suggest that many relationships of PSRs with AL are qualified 

by significant interactions.  Future research on PSRs and AL should carefully consider 

potential interactions (e.g., with SES, stressors such as perceived discrimination and 

caring for an ill loved one, sex/gender), in order to avoid calling a missed moderated 

relationship a null relationship. 

Third, only one study predicted longitudinal change in AL from PSRs.  Most 

studies examined cross-sectional relationships, and those that were longitudinal 

typically used PSRs to predict AL, but not change in AL.  In order to establish 1) 

whether there is a consistent association between PSRs and AL, and 2) if there is a 

relationship, to establish the nature and direction of that relationship, future studies 

need to move beyond cross-sectional associations and main-effects predictions, to 

studies assessing change in AL and PSRs over time. 

We believe there is a need for work to develop theories and models that explain 

which PSRs, for whom, and under what conditions are related to AL.  Identification of 

mechanisms for their relations also is needed. For example, in the current review social 

resources were related to lower AL among women or among men in different studies.  

Perhaps social resources are important to both sexes, but the specific resources vary 

as a function of gender-related factors.  It may also be that sex moderates effects 

because of other concomitant differences (e.g., different resources are better matched 

to the kinds of stressors most often faced by women and men in these samples).  

Certain resources (e.g., perceived mastery and control) exacerbated the effects of 
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stressors (SES-related risk and caring for a spouse with Alzheimer's disease) whereas 

others (positive affect) buffered the effect of caring for a child with a developmental 

disorder.  In order to move forward, theories that explain and integrate both main and 

moderated effects of potentially different resources are needed. 

Finally, the literatures on AL as a predictor and AL as an outcome are distinct.  

Few studies have merged these two approaches, and none of the studies included in 

this systematic review of PSRs and AL included a fully specified model, as suggested 

by Friedman and Kern (9).  For example, no study examined a model that included 

PSRs, AL, and health outcomes, with PSRs predicting change in AL, and change in AL 

predicting health outcomes.  If AL is to be used as a surrogate endpoint in place of 

health outcomes such as disease incidence or mortality, it is important to demonstrate 

not only that AL is related to the health outcomes, but also that AL accounts for the 

relationship between PSRs and health outcomes.  If PSRs and AL are two separate and 

unique predictors of health outcomes, it is not reasonable to substitute AL for health 

outcomes when studying the relationship between PSRs and health.  Only once the 

causal ordering of PSRs, AL, and health outcomes has been established can we draw 

strong inference about health outcomes or risk for health outcomes from studies of 

PSRs and AL alone.  

Conclusion 

Some evidence exists for both a direct relationship between PSRs and AL and a 

role of PSRs moderating the relations of stressors such as discrimination, low SES, and 

caregiving status with AL.  Nevertheless, these findings are tempered by numerous null 

and primarily cross-sectional results.  Future research developing theoretical models to 
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explain the relations among PSRs, moderators, and AL and studies utilizing rigorous, 

longitudinal designs to predict change in AL from comprehensive assessments of PSRs 

will help to clarify the direction of the relationship between PSRs and AL as well as their 

strength and magnitude. 
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Table 1.  Quality Assessment Scoring 

 
- o + 

A priori 
hypothesis 

No hypothesis 
reported 

hypothesis reported, 
but non direction 

Directional hypothesis 
reported 

Sample Size 
Determination 

No information on 
sample size 
determination 
reported 

Sample size 
unjustified or 
discussed post hoc 

Sample size justified 
to be adequate 

Quality of PSR 
Measure 

Unvalidated and 
no psychometric 
properties reported 

Psychometrics 
reported but 
inadequate 
(Cronbach’s α < .70) 

Validated scale, 
objective outcome, or 
good psychometric 
properties reported 
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Table 2.  Quality of Study Assessment 

  

a priori 
hypothesis 

Sample 
size 

Quality of 
PSR 

Measure(s) 

Brody 2014a (40) + - + 

Brody 2014b (41) + - + 

Brody 2013 (27) + o + 

Brooks 2014 (43) + o + 

Chen 2012 (39) + o + 

Evans 2003 (30) - - o 

Evans 2013 (29) + - + 

Glei 2007 (31) o - o 

Gruenewald 2011 (33) - - o 

Hawkley 2011 (34) o - + 

Johansson 2007 (36) - - + 

Juster 2013 (50) + o + 

Lindfors 2006 (38) o o + 

Maselko 2007 (48) - - - 

Read 2014 (47) - - + 

Roepke 2010 (28) + - + 

Schnorpfeil 2003 (49) + - o 

Seeman, M. 2014 (32) + o o 

Seeman, T. 2004 (45) + - - 

Seeman, T. 2014 (46) o - o 

Seeman, T. 2002 (44) o - - 

Singer 2000 (42) o o + 

Song 2014 (37) + o + 

Tanaka 2011 (35) o o + 

Weinstein 2003 (51) + o - 
Note.  Description of categories can be found in Table 1. 
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Table 5.  Measures of Allostatic Load 

Biomarkers References 

Risk quartile and sum   

SBP, DBP,BMI, E, NE, CORT Brody 2014b (41); 
Brody 2013 (27); 
Evans 2003 (30); 
Evans 2013 (29) 

SBP, pulse pressure, BMI, WHR, HDL, LDL, triglycerides, HbA1c, glucose, 
HOMA-IR, LFHRV, HFHRV, pulse, SDRR, RMSSD, E, NE, CORT, DHEA-S, 
CRP, Fibrinogen, IL-6, E-selectin, s-ICAM 

Brooks 2014 (43); 
Seeman, M. 2014 
(32) 

SBP, DBP, BMI, WHR, HDL, LDL, triglycerides, HbA1c, glucose, HOMA-IR, 
LFHRV, HFHRV, pulse, SDRR, RMSSD, E, NE, CORT, DHEA-S, CRP, 
Fibrinogen, IL-6, E-selectin, s-ICAM 

Chen 2012 (39); 
Gruenewald 2011 
(33) 

SBP, DBP, WHR, HDL, TC, HbA1c, PEF Johansson 2007 (36); 
Lindfors 2006 (38) 

SBP, DBP, BMI, WHR, HDL, LDL, triglycerides, SDRR, insulin, glucose, 
HOMA-IR, CRP, TNF-a, IL-6, AUC ground of stress reactivity salivary cortisol 

Juster 2013 (50) 

SBP, DBP, HDL, TC, HbA1c, E, NE, CORT, DHEA-S Maselko 2007 (48) 
SBP, DBP, WHR, HDL/TC, triglycerides, HbA1c, PEF, Fibrinogen, CRP Read 2014 (47) 
SBP, DBP, BMI, HDL, TC/HDL, plasma norepinephrine, plasma epinephrine Roepke 2010 (28) 
SBP, DBP, BMI, WHR, HDL, TC, HbA1c, E, NE, CORT, DHEA-S, albumin, 
TNF-a, CRP 

Schnorpfeil 2003 (49) 

SBP, DBP, WHR, HDL, TC, HbA1c, E, NE, CORT, DHEA-S Seeman, T. 2004 (45) 
SBP, DBP, WHR, HDL, LDL, triglycerides, glucose, insulin, LFHRV, HFHRV, 
pulse, E, NE, CORT RISE, CORT SLOPE, CRP,  IL-6 

Seeman, T. 2014 (46) 

SBP, DBP, WHR, HDL, TC, HbA1c, E, NE, CORT, DHEA-S Seeman, T. 2002 
(44); Singer 2000 (42) 

SBP, DBP, WHR, HDL, TC/HDL, HbA1c, E, NE, CORT, DHEA-S, CRP Song 2014 (37) 
SBP, DBP, WHR, HDL, HDL/TC, HbA1c, E, NE, CORT, DHEA-S Weinstein 2003 (51) 

Standardized and summed   

SBP, DBP, BMI, E, NE, CORT, CRP Brody 2014a (40) 
SBP, DBP, waist circumference, HDL, TC, HbA1c, E, NE, CORT Hawkley 2011 (34) 
SBP, DBP, WHR, HDL, HDL/TC, triglycerides, HbA1c, HOMA-IR, CRP Tanaka 2011 (35) 

< 10% or > 90% and sum   

SBP, DBP, BMI, WHR, TC, TC/HDL, triglycerides, HbA1c, glucose,  E, NE, 
dopamine, CORT, DHEA-S, IL-6, IGF-1 

Glei 2007 (31) 

Note.  SBP = systolic blood pressure; DBP = diastolic blood pressure; E = overnight urinary epinephrine; 

NE = overnight urinary norepinephrine; CORT = overnight urinary cortisol; AUC = area under the curve; 

TC = total cholesterol; HDL = high-density lipoprotein cholesterol; LDL = low-density lipoprotein 

cholesterol; CRP = C-reactive protein; HbA1c = glycosylated hemoglobin; HOMA-IR = homeostatic model 

assessment insulin resistance; WHR = waist-to-hip ratio; BMI = body mass index; DHEA-S = serum 

dihydroepiandrosterone sulfate; LFHRV = low frequency heart rate variability; HFHRV = high frequency 

heart rate variability; SDRR = standard deviation of R-R interval; RMSSD = root mean square successive 

difference; PEF = peak expiratory flow; IL-6 = interleukin; TNF-a = tumor necrosis factor alpha; s-ICAM = 

soluble intracellular adhesion molecule; IGF-1 = insulin-like growth factor 1. 
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Figure 1.  Flow chart of study retrieval, review, and inclusion in systematic review.  
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Appendix 1.  Frequency of use of each biomarker across the 25 studies 
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Appendix 2.  Plot of the means of allostatic load against the means of various 

psychosocial variables for each of the 10 occupational groups. 

 

Note.  Data were reported in Table 3 of (36).  Point size indicates the number of people 

in a given group.  Analyses of the reported means showed allostatic load was negatively 

correlated with optimism (r = -0.62), and psychological well-being (r = -0.65). 
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Abstract 

Background: Rich conceptual models of how socioeconomic status and 

psychosocial factors “get under the skin” have guided research on these questions.  

Few studies, however, have attempted to test comprehensive conceptual models in a 

single study.  The present study tests a modified form of the Reserve Capacity Model 

(Gallo & Matthews, 2003) for understanding psychosocial, behavioral, and biological 

factors linking socioeconomic status and health outcomes. 

Methods: The sample of 1,050 participants came from the large Midlife in the 

United States (MIDUS) study.  Psychosocial factors including socioeconomic status 

(SES), stressful life events (SLEs), psychological (PRs) and social (SRs) resources, and 

positive (PM) and negative (NM) mood were assessed via self-report, as were health 

behaviors including smoking status and physical activity (PA). Seven biological 

systems, including 23 biomarkers, indicated allostatic load (AL).  The number of major 

health conditions, the health outcome, was coded from medical history collected via 

interview.  Path analysis was conducted to test the complete conceptual model. 

Results:  SES predicted PA, AL and NM both directly and indirectly via higher 

PR and fewer SLEs. SES also predicted the number of major health conditions 

indirectly via PA, AL and NM, which all were directly associated with health conditions. 

SRs and PM were not associated significantly with the number of health conditions.    

Conclusions: Findings support most but not all the predictions from the modified 

Reserve Capacity Model.  Testing comprehensive models is feasible and provides a 

way to integrate more micro-level research..  Our results reveal both proximal (i.e., NM, 
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PA, AL) and more distal (i.e., SLEs, PRs) factors that may be helpful intervention 

targets to reduce existing disparities in health outcomes as a function of SES. 

 

Keywords:  reserve capacity model; psychosocial resources; socioeconomic status; 

allostatic load; health behaviors 
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Introduction 

Researchers have proposed integrative frameworks linking environmental 

factors, stress, psychological responses, health behaviors, and health outcomes (e.g., 

Adler & Snibbe, 2003; Gallo & Matthews, 2003; Taylor, Repetti, & Seeman, 1997).  

Hypotheses generated from these conceptual models have catalyzed numerous studies 

characterizing the associations of physical health endpoints with socioeconomic status 

(SES; Chen, Miller, Lachman, Gruenewald, & Seeman, 2012; Gruenewald et al., 2012), 

affect/mood (Pressman & Cohen, 2005), personality (Rasmussen, Scheier, & 

Greenhouse, 2009), and social support (Uchino, 2009).  Focused studies have 

deepened our understanding of the mechanisms explaining how psychosocial factors 

“get under the skin” including via behavioral processes such as physical activity (PA) 

(Steptoe, Wright, Kunz‐Ebrecht, & Iliffe, 2006) and biological processes such as 

hypothalamic-pituitary-adrenal axis function (Agbedia et al., 2011; Dickerson & Kemeny, 

2004), immune function (Bower, Kemeny, Taylor, & Fahey, 1998; Pressman et al., 

2005), neural mechanisms (Eisenberger, Taylor, Gable, Hilmert, & Lieberman, 2007), 

cellular aging (Epel et al., 2004), and gene expression (Cole et al., 2007). 

Links between particular psychosocial factors and health outcomes are well 

established (Carver, Scheier, & Segerstrom, 2010; Uchino, 2006). However, a dearth of 

research comprehensively tests the rich conceptual models connecting psychosocial 

processes, health behaviors, biological markers, and physical health outcomes (for an 

example, see Matthews, Räikkönen, Gallo, & Kuller, 2008).  Reviewing the literature 

linking SES and health, Matthews and Gallo (2011) called for research to test integrated 

models. Another recent review called for comprehensive models of causes, 
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mechanisms, and correlates of personality and health outcomes (Friedman & Kern, 

2014).  

The present study aims to test a comprehensive conceptual model of 

socioeconomic status, psychosocial resources, and health outcomes, which is an 

extension of the Reserve Capacity Model (RCM; Gallo & Matthews, 2003; Matthews & 

Gallo, 2011).  As shown in Figure 1, this model differs from the RCM in hypothesizing: 

(a) direct paths from SES to mood, (b) direct paths from psychosocial resources (PSRs) 

to mood and the health outcome, which in this study is the number of major medical 

conditions (e.g., diabetes, stroke) experienced by the participant; and (c) PSRs as 

moderators of the direct effects of SES on mood, biobehavioral pathways, and health 

outcomes.  In the following sections, we briefly discuss each facet of the model. These 

modifications have their basis in the empirical literature briefly characterized here. 

Socioeconomic Status 

SES plays a role in numerous psychological, social, and physical processes, 

including: (a) PSRs such as mastery, self-esteem and social relationships (House et al., 

1994);  (b) subjective well-being (Pinquart & Sörensen, 2000); (c) biological outcomes 

such as blunted diurnal cortisol (Agbedia et al., 2011), body mass (Chapman, Fiscella, 

Duberstein, Coletta, & Kawachi, 2009), inflammation (Gruenewald, Cohen, Matthews, 

Tracy, & Seeman, 2009), and allostatic load (AL; Gruenewald et al., 2012); and (d) 

health outcomes such as functional status (House et al., 1994) and mortality.  As a 

striking example, in two prospective cohorts with a total of more than 20,000 

participants, SES predicted mortality more than 15 years later, after accounting for the 

substantial effects of health behaviors such as alcohol consumption, smoking, and PA 
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(Stringhini et al., 2011).  SES may have such broad influences in part due to its effects 

on human development beginning in utero and continuing through childhood and 

adolescence (Bradley & Corwyn, 2002).  Studies comparing the effects of childhood 

SES and adulthood SES on health have documented effects for both.  For example in a 

large sample of community-dwelling adults, both childhood SES and adulthood SES 

were associated with inflammation (Pollitt et al., 2007), although the effect of adulthood 

SES was stronger, a finding echoed in another study examining childhood and 

adulthood SES as predictors of coronary heart disease morbidity (Marmot, Shipley, 

Brunner, & Hemingway, 2001).  In summary, the effects of concurrent SES may be 

stronger than childhood SES, although there is evidence that both may be important. 

Psychosocial Resources 

Psychosocial resources (PSRs) represent a broad class of both intraindividual 

(e.g., personality, self-, and ego-related psychological factors such as optimism, 

mastery, self-esteem) and interindividual (e.g., emotional support, instrumental support, 

social integration, social relationships) resources that are hypothesized to have salutary 

effects on psychological and physical health (Taylor & Broffman, 2011).  Psychosocial 

resources have robust relationships with psychological health and adjustment (Brenner, 

Melamed, & Panush, 1994; Brissette, Scheier, & Carver, 2002; Helgeson & Cohen, 

1996; Henselmans et al., 2010; Hobfoll, Johnson, Ennis, & Jackson, 2003; Horton & 

Wallander, 2001; Taylor & Armor, 1996; Wethington & Kessler, 1986).  A large body of 

research also demonstrates relations between PSRs and biomarkers including cortisol, 

blood pressure, and inflammatory markers (Kirschbaum, Klauer, Filipp, & Hellhammer, 

1995; Loucks, Berkman, Gruenewald, & Seeman, 2006; Loucks, Sullivan, et al., 2006; 
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Pressman et al., 2005; Segerstrom, 2001; Segerstrom, Taylor, Kemeny, & Fahey, 1998; 

Younger, Finan, Zautra, Davis, & Reich, 2008).  Further, PSRs are related to health 

outcomes such as cardiovascular endpoints and mortality (Berkman & Syme, 1979; 

Carver et al., 2010; Holt-Lunstad & Smith, 2012; Mausbach et al., 2007; Rasmussen et 

al., 2009; Seeman, 1991; Uchino, 2006, 2009).  Finally, there is some evidence that 

PSRs are related to AL.  For example, in one study, high positive reappraisal and 

emotion regulation ability combined with a future orientation in childhood predicted 

lower AL in middle age, but only for participants low in SES (Chen et al., 2012).  In 

another study, positive relationship histories were associated with lower AL (Seeman, 

Singer, Ryff, Love, & Levy-Storms, 2002).  However, null results also exist.  For 

example, one study found no direct effect of social support, optimism, or social network 

on AL (Hawkley, Lavelle, Berntson, & Cacioppo, 2011) and another demonstrated no 

effect of social support (Juster, Moskowitz, Lavoie, & D'Antono, 2013).  Finally, studies 

have found that PSRs moderate the effects of SES on AL (Brody, Lei, Chen, & Miller, 

2014) and between SES and health (Schöllgen, Huxhold, Schüz, & Tesch-Römer, 

2011). 

Mood 

The original RCM posited that cognitive and emotional constructs, including 

mood, partially explain the health disadvantage of having low SES (Gallo & Matthews, 

2003).  We included measurements of positive and negative mood (PM, NM), which are 

considered to be distinct (Watson & Clark, 1997).  PM represents an experience of 

pleasurable engagement, and low PM indicates sadness and lack of energy (Watson, 

Clark, & Tellegen, 1988).  Higher PM is related to lower rates of hospitalization for 
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cardiovascular disease (Middleton & Byrd, 1996) and better disease and health 

outcomes (Pressman & Cohen, 2005).  A meta-analysis of 35 studies of healthy 

individuals and 35 studies of individuals with disease demonstrated that PM predicted 

longevity (Chida & Steptoe, 2008).  Little research exists on the relationship of PM with 

AL.  One study found that PM buffered the deleterious effects of being a caregiver on 

AL (Song et al., 2014); however, some evidence suggests that PM is associated with 

health behaviors, such as physical exercise and sleep, as well as to autonomic nervous 

system and hypothalamic-pituitary-adrenal axis responses (Pressman & Cohen, 2005). 

NM represents the experience of distress, hostility, and generally unpleasant 

engagement (Watson et al., 1988).  Many studies link higher NM and related constructs 

such as depressed mood to poorer health outcomes.  For example, meta-analyses 

reveal depression to be a significant risk factor for coronary heart disease (Rugulies, 

2002) and mortality (Cuijpers & Smit, 2002), a relationship accounted for in part by 

health behaviors including PA (Whooley et al., 2008).  The relationship between 

depressive and anxiety symptoms with AL is mixed (Juster et al., 2011; Juster et al., 

2013).  

Allostatic Load 

Many studies link AL with diverse health and disease outcomes (for a recent 

review, see Beckie, 2012).  For example, higher AL predicts functional decline 

(Karlamangla, Singer, McEwen, Rowe, & Seeman, 2002), lower cognitive and physical 

functioning, higher incidence of cardiovascular disease (Seeman, Singer, Rowe, 

Horwitz, & McEwen, 1997), and higher mortality (Karlamangla, Singer, & Seeman, 

2006). 
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A systematic review (Wiley, Bei, Bower, & Stanton, in preparation) demonstrated 

that when PSRs are related to AL, the effects often vary by sex of the participant.  

Further, Matthews and Gallo (2011) suggest that the relationship between SES and 

health may differ as a function of gender-related factors.  Therefore, participant sex may 

represent an important moderator in the proposed model.  In the present study, we use 

study entry and follow-up data from the Midlife in the United States (MIDUS) study.  Our 

primary aim is to test an integrative model of SES, PSRs, AL, health behaviors, and 

health outcomes, and to explore the potential moderating role of participant sex. 

Hypothesis 1 (SES) 

Higher childhood SES and an increase in SES from childhood to adulthood will 

predict: (1) higher psychological and social resources (PR, SR), PM, and PA, (2) lower 

NM, smoking, and AL, and (3) fewer stressful life events (SLEs) and major health 

conditions. 

Hypothesis 2 (Stress) 

Because SLEs occur across the lifespan, whereas PSRs and mood are 

assessed in adulthood only in this study, a greater number of SLEs will predict (1) lower 

PR, SR, and PM and (2) higher NM.  

Hypothesis 3 (Psychosocial Resources) 

PR and SR will be associated with (1) higher PM and PA, (2) lower NM, smoking, 

and AL, (3) fewer major health conditions, and (4) will buffer the deleterious effects of 

low SES and high stress on mood, health behaviors, and AL. 

Hypothesis 4 (Mood) 



Paper 4: Reserve Capacity Model in MIDUS 

 

119 

Higher PM and lower NM will be associated with (1) higher PA and (2) lower AL 

and smoking. 

Hypothesis 5 (Biobehavioral) 

Higher allostatic load and smoking and lower physical activity will be associated 

with more major health conditions. 

Exploratory Hypothesis 

PR and SR will demonstrate differential associations as a function of participant 

sex (i.e., moderation). 

Methods 

Sample 

The sample came from the Midlife in the United States (MIDUS) study.  MIDUS I 

is a longitudinal study with baseline psychosocial and sociodemographic data collected 

in 1994-1995 on a large, national probability sample (the core sample; N = 3,487), 

siblings of the core sample (N = 950), twins (N = 957 pairs), and an over-sampling in 

metropolitan areas (N = 757).   An additional Milwaukee sample that was a city-specific 

oversample of African Americans was recruited in 2005.  Approximately ten years later 

in 2004-2006, MIDUS II was conducted with the goal of following all possible 

participants from MIDUS I (Radler & Ryff, 2010).  In addition to completing surveys, a 

subset of participants from MIDUS II were invited to participate in the MIDUS II 

Biomarker Project and those who agreed (39.3% response rate, N = 1,054 from the 

original sample and N = 201 from the Milwaukee sample) had biomarker data collected 

(Love, Seeman, Weinstein, & Ryff, 2010). 
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Procedures 

As part of the MIDUS II Biomarker Project, participants went to one of three 

(University of California Los Angeles, University of Wisconsin, and Georgetown 

University) General Clinical Research Centers for a medical exam and comprehensive 

biomarker assessment (e.g., fasting blood draw, 12-hour urine, electrocardiography). 

They also reported on medical history and major, chronic health conditions.  For more 

details on the biomarker project, see Love et al. (2010).  The MIDUS II Biomarker 

Project was approved by the Institutional Review Boards of the University of Wisconsin, 

Madison, the University of California, Los Angeles, and Georgetown University. 

Measures 

Socioeconomic status.  A childhood SES advantage index (based on 

retrospective reports from MIDUS I) was calculated by summing three measures: (1) 

whether on welfare as a child (0 = yes, 2 = no), (2) financial status when growing up (0 

= worse off than others, 1 = same as others, 2 = better off than others), and (3) highest 

parental education (0 = < high school, 1 = high school/GED, 2 = ≥ some college), with 

the total score ranging from 0 to 6. 

An adulthood SES advantage index (based on responses at MIDUS II) was 

calculated by summing five measures: (1) participant education (0 = high school/GED, 1 

= some college/AA, 2 = college degree or greater), (2) family-adjusted poverty to 

income ratio (0 = < 300%, 1 = 300 – 599%, 2 = ≥ 600%), (3) current financial situation 

(0 = worst, 1 = average, 2 = best), (4) money sufficient to meet needs (0 = not enough,1 

= just enough, 2 = more than enough), and (5) difficulty paying bills (0 = very or 

somewhat difficult, 1 = not very difficult, 2 = not difficult at all), with the total score 
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ranging from 0 to 10.  Both the childhood and adulthood SES measures were 

standardized to have a mean of zero and standard deviation of one, and a difference 

score was calculated as ΔSES = adulthood – childhood.  Childhood SES and ΔSES 

were used in analysis. 

Stressful life events.  A checklist of 27 SLEs was administered in MIDUS II.  

For example, participants were asked if they had ever experienced events such as 

“Flunked out of school”, “Physically assaulted or attacked”, or “Suffered a financial or 

property loss unrelated to work.” 

Psychological resources.  Perceived personal mastery (4 items; e.g., “I can do 

just about anything I really set my mind to”) and constraint (8 items; e.g., “Other people 

determine most of what I can and cannot do”) were measured using items selected from 

the Pearlin and Schooler (1978) Mastery Scale and items created by Lachman and 

Weaver (1998), all rated on a seven-point Likert scale from 1 (strongly agree) to 7 

(strongly disagree).  Self-esteem was measured using 7 items (e.g., “I take a positive 

attitude toward myself”) rated on a seven-point Likert scale from 1 (strongly agree) to 7 

(strongly disagree), all from the Rosenberg Self-Esteem Scale (Rosenberg, 1965).  

Dispositional optimism and low pessimism were measured using 6 items (e.g., “In 

uncertain times, I usually expect the best”) rated on a five-point scale (1 = agree a lot 

agree, 5 = disagree a lot), all from the Life Orientation Test Revised (Scheier, Carver, & 

Bridges, 1994).  All scales were administered in MIDUS II. 

Social resources.  A composite SR factor was created from items assessing 

social support from spouse/partner (six items), family (four items), and friends (four 

items), all rated on a four-point scale (1 = a lot, 4 = not at all).  Example items include, 
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“How much do your friends [family] really care about you?”, “How much can you rely on 

them for help if you have a serious problem?”).  Spouse/partner support was measured 

using the four items from friends and family and two additional items (“How much does 

he or she appreciate you?” and “How much can you relax and be yourself around him or 

her?”) rated on the same four-point scale.  Social support items in MIDUS were revised 

from those in Schuster, Kessler, and Aseltine Jr. (1990) and administered in MIDUS II. 

Mood.  NM was measured using 11 items, prompted by “During the past 30 

days, how much of the time did you feel . . .” and example items include, “so sad 

nothing could cheer you up”, “nervous”, “hopeless”, and “irritable”.  Items were rated on 

a five-point scale (1 = all of the time, 5 = none of the time).  PM was measured similarly 

with ten positive items including, “cheerful”, “extremely happy”, “calm and peaceful”, and 

“proud”.  Items were drawn from Mroczek and Kolarz (1998).  All scales were 

administered in the MIDUS II main survey. 

Health behaviors.  Health behaviors were assessed as part of the medical 

history exam from the MIDUS II Biomarker Project.  Two items asking “Have you ever 

smoked cigarettes regularly – that is, at least a few cigarettes every day?” and “Do you 

currently smoke cigarettes regularly?” were recoded to create smoking status (0 = non-

smoker, 1 = ex-smoker, 2 = current smoker). 

For PA, participants were first given definitions of vigorous (“causes your heart to 

beat so rapidly you can feel it in your chest and you perform it long enough to work up a 

good sweat and breath heavily”), moderate (“causes your heart rate to increase slightly 

and you typically work up a sweat”), and light (“requires little physical effort”) levels of 

activity and then asked whether they engaged in regular exercise or activity of any type 
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for 20 minutes or more at least three times per week (“no” response was coded as 0).  If 

participants responded “yes” they were asked to list the type of activity (up to seven), 

the number of times they did the activity per week on average, the average number of 

minutes per session, and the intensity (3 = vigorous, 2 = moderate, 1 = light).  A total PA 

index was created as sessions per week x average minutes per session x intensity, and 

this was split into tertiles (1 = lowest tertile, 2 = middle tertile, 3 = upper tertile).   

Allostatic load.  AL was measured using 23 biomarkers from seven 

physiological systems assessed in the MIDUS II Biomarker Project.  Biomarkers 

included: (a) lipid indicators, including triglycerides, high and low density lipoprotein 

cholesterol, waist-to-hip ratio, (b) glucose indicators, including homeostatic model 

assessment of insulin resistance, fasting glucose, and glycosylated hemoglobin, (c) 

cardiovascular indicators including resting systolic blood pressure and diastolic blood 

pressure, converted into pulse pressure (systolic – diastolic) and systolic blood 

pressure, (d) parasympathetic nervous system indicators including resting pulse rate, 

standard deviation of beat to beat intervals, root mean square of successive differences, 

low frequency spectral power, and high frequency spectral power, (e) sympathetic 

nervous system indicators including 12-hour, overnight urinary epinephrine and 

norepinephrine, (f) hypothalamic pituitary adrenal axis indicators including 12-hour, 

overnight urinary cortisol and blood serum dihydroepiandrosterone sulfate, and (g) 

inflammatory indicators including plasma C-reactive protein, interleukin-6, fibrinogen, 

soluble E-Selectin, and soluble intracellular adhesion molecule 1. 

Health conditions.  A detailed medical history was conducted as part of MIDUS 

II Biomarker Project.  As part of the interview, a number of health conditions were 
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assessed by asking participants, “Have you ever had any of the following 

conditions/illnesses?” and if they responded “yes” then “was it diagnosed by a 

physician?”  In this study, we focused on major conditions.  Eight major domains were 

identified and specific conditions were first aggregated into them: lung problems, high 

blood pressure, diabetes, stroke, cancer, heart disease, circulation problems, and blood 

clots.  Thus, participants could get a score of 0 or 1 if they had one or more condition in 

a particular domain.  As in previous studies (Gruenewald et al., 2012), scores on all 

domains were summed to create a total count of major conditions at the time of 

biomarker assessment, with a possible range from 0 to 8. 

Covariates.  Participant age (at MIDUS II) and sex were collected via self-report. 

Analytic Plan 

Preliminary analyses.  Three separate confirmatory factor analyses were 

conducted to validate study constructs: (1) PR and SR factors, (2) PM and NM factors, 

and (3) an AL factor.  Due to the complexity of the theoretical model being tested and 

the number of items for all constructs, rather than including latent factors for each 

construct, factor scores were extracted.  Briefly, after confirming good fit, factor models 

were re-estimated using Bayesian SEM (Muthén & Asparouhov, 2012), and 50 samples 

drawn using Markov chain Monte Carlo methods from the posterior distributions of the 

latent factors. These multiply imputed factor scores were then merged to create 50 

datasets with the repeated samples of the factor scores treated as multiply imputed data 

(Asparouhov & Muthén, 2010a, 2010b).  All factors were standardized to have a mean 

of zero and standard deviation of one. 
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Primary analyses. The theoretical model and hypotheses were tested using 

path analysis.  Participant sex and age were included as covariates for all dependent 

variables in the model.  Moderated effects were tested by including interactions (e.g., 

psychological resources x sex, psychological resources x ΔSES).  If interactions were 

not statistically significant, they were reported and dropped from the final model. 

Statistical Methods 

For the preliminary confirmatory factor analyses, good model fit was chosen as 

the combination of the Comparative Fit Index (CFI) > 0.95, standardized root mean 

squared residual (SRMR) < .08, root mean squared error of approximation (RMSEA) < 

.06, and a nonsignificant χ2 (Hu & Bentler, 1999). SRMR and CFI are sensitive to 

different types of model misspecification.  For the first factor model (i.e., psychological 

and social resources) and the second factor model (i.e., positive and negative affect), 

items were treated as ordered categorical data and estimated using all available data 

using the weighted least squares with means and variance adjusted (WLSMV) estimator 

in Mplus.  For categorical data, SRMR is not available.  The final factor model for 

allostatic load was based on factor scores from a previously validated bi-factor model 

(Wiley, Gruenewald, Karlamangla, & Seeman, submitted). 

For the primary analyses, to address potential non-normality of the data, 

maximum likelihood estimation with robust standard errors was used for all estimates, 

pooled across the 50 multiply imputed datasets.  In the path analyses, smoking status 

and PA were modeled as ordered categorical variables using ordinal logistic regression. 

SLEs (count of stressful events) and count of major health conditions were modeled 

using Poisson regression appropriate for count data. All other variables were treated as 
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continuous and normally distributed.  Because of the categorical and count variables, 

overall model fit indices were not available.  To obtain approximate estimates of overall 

model fit, a separate analysis was conducted in which the final model was repeated 

assuming all variables were normally distributed. 

All models were adjusted for non-independence due to twins and siblings using 

cluster robust standard errors.  Data management, descriptive statistics, and 

transformations were conducted using R v. 3.1.2 (R Core Team, 2014). Mplus v. 7.3 

(Los Angeles, CA: Muthén & Muthén) via MplusAutomation v. 0.6-3 (Hallquist & Wiley, 

2014) was used for the confirmatory factor analyses and path analyses. 

Results 

Preliminary Analyses 

Based on parallel models previously developed and validated in four separate 

samples (Wiley, Cleary, Beran, Karan, Jorge, McCannel, & Stanton, in preparation), for 

PR and SR, we tested a model with first-order latent factors of perceived personal 

mastery, low constraints, self-esteem, optimism, and low pessimism, all loading onto a 

second-order PR factor, and first-order latent factors of spouse/partner support, friend 

support, and family support all loading onto a second-order SR factor.  No modifications 

were made to the model.  All participants with any data from the MIDUS II main survey 

were included in this analysis (N = 4,041).  The model provided adequate fit to the data, 

χ2 = 7366.94, df = 693, p < .001, CFI = .953, RMSEA = .049, 90% CI = [.048, .050].  All 

but three items had absolute standardized factor loadings > .60.  Although the chi-
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square test was significant, the fit indices indicated adequate fit to the data.  Next, 50 

sets of plausible factor scores were extracted. 

For PM and NM, all items loaded directly onto two correlated first-order latent 

factors.  Again all participants with any data on the mood items from MIDUS II were 

included (N = 4,025).  No model modifications were performed.  The model provided 

acceptable fit to the data, χ2 = 6507.54, df = 188, p < .001, CFI = .951, RMSEA = .091, 

90% CI = [.089, .093].  All items had absolute standardized factor loadings > .70.  

Although the RMSEA was slightly higher than recommended, we opted to continue with 

our a priori specified model rather than perform post hoc model modifications, and 50 

sets of plausible factor scores were extracted. 

For AL, we used 50 sets of plausible factor scores based on the general factor 

from a bi-factor model (i.e., each biomarker loading onto its respective system as well 

as a general AL factor).  This model (N = 1,254) has been previously shown to provide 

good fit to the data, χ2 = 623.6, df = 189, p < .001, CFI = .967, RMSEA = .043, SRMR = 

.028 (Wiley, Gruenewald, Karlamangla, & Seeman, submitted).  Importantly, this model 

adjusted for participant age and sex; therefore, the AL scores are already adjusted for 

those effects.  

Descriptive Statistics  

For the primary analyses, data came from participants in MIDUS I (when 

childhood SES was assessed), MIDUS II main survey (when adult SES and 

psychosocial variables were assessed), and MIDUS II Biomarker Project (when AL, 

health behaviors, and number of major health conditions were assessed), leaving a final 

sample size of 1,050 with approximately equal numbers of women (n = 575) and men (n 
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= 475). On average, participants were 55 years old, married or living with a partner (n = 

786) with most having a college degree or greater (n = 489), with fewer having only 

some college or an associate degree (n = 300), or high school diploma/GED (n = 248).  

Most participants had never smoked (n = 581) with fewer past (n = 349) and current (n = 

120) smokers.  For PA, approximately equal number of participants never engaged in 

regular physical activity (n = 226) as fell into each of the remaining tertiles for those 

participants who reported at least some PA (lowest n = 272, middle n = 292, highest n = 

260).  Means, standard deviations, and correlations among variables for the primary 

analyses are reported in Table 1. 

Primary Analyses 

We tested whether Childhood SES, ΔSES, or Sex moderated any of the direct 

paths from PR or SR to PM or NM, AL, PA or smoking status, or number of major health 

conditions.  A more focal set of interactions of PR and SR x SLEs were tested for PM 

and NM based on exploratory questions from our theoretical model.  Only one 

statistically significant interaction emerged. PR and ΔSES interacted to explain NM, 

such that higher PR buffered the effects of a decline in SES from childhood to adulthood 

on NM.  The final model after dropping all non-significant interactions is presented in 

Figure 2.  The model provided good fit to the data χ2 = 10.967, df = 9, p = .28, CFI = .99, 

RMSEA = .013, SRMR = .012.  Estimates and standard errors are reported for both 

significant and non-significant paths in Table 2. 

Socioeconomic status.  As hypothesized, childhood SES and ΔSES 

independently predicted fewer SLEs, with incident rate ratios of .73 and .81, 

respectively, indicating that a 1 SD difference in childhood SES predicted .73 times as a 
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many SLEs, whereas a 1 SD positive change from childhood to adulthood SES was 

associated with .81 times as many SLEs (ps < .001).  Both childhood SES and ΔSES 

also predicted higher PR and SR (ps < .001), lower odds of smoking (OR = .80, p = .016 

and OR = .85, p = .026, respectively), and lower AL (b = -.09, p = .004 and b = -.14, p = 

.021).  Contrary to expectation, no main effects of SES were found for mood (ps > .10), 

PA (ps > .05), or the number of major health conditions (ps > .05). 

Stressful life events.  As hypothesized, a greater number of SLEs predicted 

lower PR and SR, as well as lower PM and higher NM (all ps < .05).  Although not 

explicitly hypothesized, more SLEs also predicted higher odds of smoking (OR = 1.21, p 

< .001) and higher AL (b = .03, p = .028). 

Psychosocial resources.  As hypothesized, both PR and SR were associated 

with higher PM (p < .001 and p = .026, respectively), and PR were associated with 

lower NM (p < .001) and higher PA, with a 1 SD difference in PR associated with 1.24 

times higher odds of more PA (p = .024).  Contrary to expectation, neither PR nor SR 

were associated with smoking, AL, or number of major health conditions1, and SR were 

not associated with NM or PA. 

With regard to moderation hypotheses, there was a significant interaction 

between change in SES and PR on NM (b = .04, p = .05) such that higher PR buffered 

the effects of change in SES on NM. At 1 SD below the mean on PR, a 1 SD increase in 

SES was associated with .08 SD lower NM (simple slope p = .019), but at 1 SD above 

the mean on PR, a 1 SD increase in SES was associated with only .01 SD lower NM 

                                            
1 Because PR and SR were highly correlated at r = .64, a separate model was tested including 

only PR.  Results were similar with the only substantive difference being the emergence of an association 
between PR and smoking (OR = 1.20, p = .03).  The model was repeated including only SR, and for this 
model the only difference was an association between SR and lower NM (b = -.32, p < .001). 



Paper 4: Reserve Capacity Model in MIDUS 

 

130 

(simple slope p = .79).  None of the other tested interactions of psychological and social 

resources with SES, SLEs, or participant sex were significant (ps > .05). 

Mood.  None of the hypothesized associations for PM and NM were statistically 

significant (all ps > .10)2.  Although not hypothesized, the only significant effect of mood 

that emerged was an association with more major health conditions, such that a 1 SD 

difference in NM was associated with 1.11 times as many major health conditions (p = 

.044). 

Biobehavioral variables.  As hypothesized, a 1 SD difference in PA was 

associated with .92 times as many major health conditions (p = .003). There was no 

relationship between smoking status and health conditions (p = .86). A 1 SD difference 

in AL was associated with 1.28 times as many major health conditions (p < .001).   

Discussion 

Using a large sample of women and men extensively profiled psychologically, 

socially, and physiologically, we tested a comprehensive model of the relations of SES, 

psychosocial, and biobehavioral variables with physical health endpoints.  Building on 

research that has characterized the relationships between specific constructs in depth, 

such as SES and AL (Gruenewald et al., 2012) and social relationships and AL (Brooks 

et al., 2014), this study focuses on the bigger picture of how these factors may function 

together. 

                                            
2 Because PM and NM were highly correlated at r = -.72, an identical model was tested including 

only PM or NM.  Including NM only, the only result that changed was the emergence of a relationship 
between higher NM and 1.26 times higher odds (p = .007) of smoking.  Including PM only, the only 
change was the emergence of a relationship between higher PM and .92 times lower odds (p = .004) of 
smoking and a marginally significant association between higher PM and lower AL (b = -.087, p = .054). 
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Taken as a whole, three pathways emerged connecting SES to the number of 

major health conditions.  The first is a behavioral pathway via PA.  SES predicts higher 

PR both directly and indirectly via fewer SLEs, and PR in turn is associated with more 

PA, which is associated with fewer major health conditions.  Second, there is a 

physiological pathway via AL.  Higher SES predicts lower AL both directly and indirectly 

via fewer SLEs, and lower AL is associated with few major health conditions.  Third, 

there is a mood pathway.  Higher SES indirectly predicts lower NM via fewer SLEs and 

higher PR, and lower NM is associated with fewer major health conditions. 

Considering the relations between SES and the psychosocial variables (i.e., 

PSRs, SLEs, mood), the results supported all except one predicted pathway, namely 

that PSRs would moderate the effects of stress on mood.  Strong support also emerged 

for associations between biobehavioral factors (i.e., PA, smoking, AL) and the health 

outcome, the number of major conditions.  However, fewer hypotheses regarding how 

these two “sides” of the model fit together were supported.  For example, in the fully 

specified model3 SES did not directly predict the number of major health conditions; 

instead the effects of SES were all indirect via health behaviors, AL, and mood.  Also 

unexpected was the absence of significant associations between SR and mood with 

health behaviors or AL (although sensitivity analyses indicated that when PM was not 

controlled, there was a significant association between NM and smoking).  The lack of 

significant results for SR and mood may also be due to their overlap; as mood over the 

past 30 days was measured, both PM and NM were strongly associated with PR and 

                                            
3 Analyses (not shown) only examining the association between childhood SES, change in SES, 

and number of major health conditions demonstrated strong effects, with a 1 SD difference in childhood 
SES predicting .85 times as many major health conditions, and a 1 SD change from childhood to 
adulthood predicting .91 times as many major health conditions (p < .001 and p = .003, respectively). 



Paper 4: Reserve Capacity Model in MIDUS 

 

132 

had somewhat weaker unique associations with SR.  As unique effects over and above 

the other variables in the model, these results suggest that PR and NM have the 

strongest associations.  In regard to the exploratory hypothesis that sex would moderate 

the association the associations with PSRs, none of the interactions with stress were 

significant, which although inconsistent with some studies (Seeman et al., 2004) is 

consistent with others (Seeman, Gruenewald, Cohen, Williams, & Matthews, 2014). 

Unexpected significant associations also emerged.  SLEs were directly 

associated with both smoking and AL.  Although more SLEs were associated with lower 

PM and higher NM, mood did not account for the association between SLEs and AL or 

health behaviors, indicating a need to identify alternate pathways.  Likewise, a direct 

association was evident between NM and the number of major health conditions.  

Perhaps this association represents the burden of disease on mood, in that the 

relationship was cross-sectional and reciprocal or reverse causality is possible.  If NM is 

indeed a risk factor for major health conditions, further work is needed to identify 

potential mechanisms beyond those examined in the present study, including additional 

health behaviors such as adherence to treatment, diet/nutritional factors, sleep, or 

potentially more specific physiological mechanisms than AL. 

Limitations and Strengths 

Results should be interpreted in light of several limitations.  First, although 

childhood SES was assessed 10 years prior to the other variables, the remaining data 

are cross-sectional.  Therefore, these data should not be interpreted as providing 

evidence for causal associations.  Nevertheless, significant relationships are largely 

consistent with what would be expected based on the theoretically and empirically 
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grounded conceptual model.  In addition, because the sample was predominantly White 

(92% for the primary analyses), generalizability is limited.  It is challenging to capture 

overall physical health outcomes.  One of the single most important health outcomes, 

mortality, was not available in the current study; however, the health conditions 

assessed, including cancer and cardiovascular disease, are major causes of morbidity 

and mortality. 

There are also limitations inherent in testing large and comprehensive models.  It 

is possible that there are alternative models that provide equal or better explanations of 

the observed data.  However, with 12 variables, even if each variable only predicts one 

other variable, more than 479 million possible combinations exist, making it untenable to 

examine all possible combinations.  Theoretical work is needed to guide the empirical 

models tested.  These models can then be refined both by micro-level research testing 

specific pathways and more macro-level investigations testing multiple relationships or 

comprehensive theoretical models. 

This study also has a number of notable strengths.  It includes a large sample of 

participants, who were initially recruited into MIDUS I using random digit dialing.  

MIDUS is also one of the only studies to include high quality and comprehensive 

measures of psychosocial factors, health behaviors, biomarkers, and health outcomes.  

For example, psychological resources were characterized by self-esteem, mastery, and 

optimism, and 23 biomarkers from seven systems were assessed for AL.  The 

combination of a large sample size and comprehensive and broad measures make 

MIDUS ideal for testing models integrating psychosocial, behavioral, physiological, and 

health factors.  Another strength is the careful analyses including (a) construction of PR 
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and SR, PM and NM, and AL indicators using confirmatory factor analysis, and multiply 

imputed factor scores to mitigate the effects of measurement error, (b) clustered 

standard errors to account for siblings and twins in the MIDUS data, and (c) 

sophisticated path analysis accounting for the non-normal distributions of stressful life 

events and number of major conditions. 

Conclusions and Future Directions 

Findings from this study were largely consistent with the tenets of the RCM.  

Specifically, the data were consistent with the notion that SES in childhood and 

adulthood influences PSRs, life stress, health behaviors, and physiology, and through 

these mechanisms are linked to health outcomes.  Although the data did not support the 

hypothesis that PSRs would be associated with physiological processes directly, they 

did support an association between PSRs and health behaviors, which in turn were 

associated with both AL and health outcomes.  Interestingly, we found limited evidence 

of relationships of mood with biobehavioral factors or health outcomes, although SLEs 

and PSRs did demonstrate the expected associations with PM and NM.  To investigate 

whether this result was a function of the measures employed, we conducted separate 

analyses (data not shown) using depressive symptoms and anxiety symptoms in place 

of NM; results were substantially similar. 

Future research is needed to examine whether the current model generalizes to 

populations other than non-Hispanic whites in the United States.  Future research would 

also benefit from taking a lifespan developmental perspective, including longitudinal 

assessment of these constructs and consideration of whether timing matters.  For 

example, different effects may emerge if PSRs and emotions/mood were assessed 
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before or concurrent with SLEs occurrence.  Likewise, for health behaviors such as PA, 

lifetime history of PA may be more important than assessing levels of PA only in 

adulthood.  Further theoretical work is needed that synthesizes both micro- and macro-

level research to explain inconsistent results, such as that PA, but not smoking, was 

associated with both AL and number of major health conditions. 

Although these data do not support causal inference, results have practical 

implications. The protective effects of high childhood SES and an increase from 

childhood to adulthood in SES appear to be conveyed through psychosocial and 

behavioral pathways.  Specifically, adults with low childhood SES or a decrease in SES 

after childhood are more likely to experience stressful life events, smoke, have higher 

AL, and have compromised PSRs, which in turn are associated with lower PA.  From 

the perspective of primary prevention, although intervening on SES and major SLEs 

may be challenging, interventions designed to bolster PSRs and improve health 

behaviors, particularly PA, may help to counter the deleterious effects of low SES on 

negative mood, physiological function and health.  Although SR did not have unique 

effects in this study, other research has found that in African-American adolescents, 

high emotional support from parents and peers buffered the deleterious effects of racial 

discrimination from ages 16 to 18 on AL at age 20 (Brody, Lei, Chae, et al., 2014) as 

well as buffering the effects of increasing neighborhood poverty on AL (Brody, Lei, 

Chen, et al., 2014), suggesting that it may be useful to target both PRs and SRs.  From 

the perspective of secondary prevention, individuals with low SES who are already 

compromised psychosocially and behaviorally may benefit from increased screening for 
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physiological dysregulation and, where applicable, treatment aimed to prevent or slow 

further physiological dysregulation. 

The modified version of the Reserve Capacity Model tested in this study provides 

insight into how plausible mechanisms for the relationship between SES and health 

outcomes link together.  Testing complete conceptual models can help to determine 

whether the evidence supports the conceptual model or which specific components 

warrant revision or future research to clarify further.  In summary, although there were 

no significant associations of mood with health behaviors and AL, the remaining results 

largely supported the Reserve Capacity Model, suggesting that it is a useful conceptual 

framework to guide research.  

 

References 

Adler, N. E., & Snibbe, A. C. (2003). The role of psychosocial processes in explaining 

the gradient between socioeconomic status and health. Current Directions in 

Psychological Science, 12(4), 119-123.  

Agbedia, O. O., Varma, V. R., Seplaki, C. L., Seeman, T. E., Fried, L. P., Li, L., . . . 

Carlson, M. C. (2011). Blunted diurnal decline of cortisol among older adults with 

low socioeconomic status. Annals of the New York Academy of Sciences, 1231, 

56-64. doi: 10.1111/j.1749-6632.2011.06151.x 

Asparouhov, T., & Muthén, B. O. (2010a). Multiple imputation with Mplus. Los Angeles, 

CA: Muthén & Muthén. 

Asparouhov, T., & Muthén, B. O. (2010b). Plausible values for latent variables using 

Mplus. Los Angeles, CA: Muthén & Muthén. 



Paper 4: Reserve Capacity Model in MIDUS 

 

137 

Beckie, T. M. (2012). A systematic review of allostatic load, health, and health 

disparities. Biological Research for Nursing, 14(4), 311-346.  

Berkman, L. F., & Syme, S. L. (1979). Social networks, host resistance, and mortality: A 

nine-year follow-up study of Alameda County residents. American Journal of 

Epidemiology, 109(2), 186-204.  

Bower, J. E., Kemeny, M. E., Taylor, S. E., & Fahey, J. L. (1998). Cognitive processing, 

discovery of meaning, CD4 decline, and AIDS-related mortality among bereaved 

HIV-seropositive men. Journal of Consulting and Clinical Psychology, 66(6), 979-

986.  

Bradley, R. H., & Corwyn, R. F. (2002). Socioeconomic status and child development. 

Annual Review of Psychology, 53(1), 371-399.  

Brenner, G. F., Melamed, B. G., & Panush, R. S. (1994). Optimism and coping as 

determinants of psychosocial adjustment to rheumatoid arthritis. Journal of 

Clinical Psychology in Medical Settings, 1, 115-134.  

Brissette, I., Scheier, M. F., & Carver, C. S. (2002). The role of optimism in social 

network development, coping, and psychological adjustment during a life 

transition. Journal of Personality and Social Psychology, 82(1), 102-111. doi: 

10.1037/0022-3514.82.1.102 

Brody, G. H., Lei, M.-K., Chae, D. H., Yu, T., Kogan, S. M., & Beach, S. R. H. (2014). 

Perceived discrimination among African American adolescents and allostatic 

load: A longitudinal analysis with buffering effects. Child Development, 85(3), 

989-1002. doi: 10.1111/cdev.12213 



Paper 4: Reserve Capacity Model in MIDUS 

 

138 

Brody, G. H., Lei, M.-K., Chen, E., & Miller, G. E. (2014). Neighborhood poverty and 

allostatic load in african american youth. Pediatrics, 134(5), e1362-1368. doi: 

10.1542/peds.2014-1395 

Brooks, K. P., Gruenewald, T., Karlamangla, A., Hu, P., Koretz, B., & Seeman, T. E. 

(2014). Social relationships and allostatic load in the MIDUS study. Health 

Psychology, 33(11), 1373-1381. doi: 10.1037/a0034528 

Carver, C. S., Scheier, M. F., & Segerstrom, S. C. (2010). Optimism. Clinical 

Psychology Review, 30(7), 879-889.  

Chapman, B. P., Fiscella, K., Duberstein, P., Coletta, M., & Kawachi, I. (2009). Can the 

influence of childhood socioeconomic status on men's and women's adult body 

mass be explained by adult socioeconomic status or personality? Findings from a 

national sample. Health Psychology, 28(4), 419-427. doi: 10.1037/a0015212 

Chen, E., Miller, G. E., Lachman, M. E., Gruenewald, T. L., & Seeman, T. E. (2012). 

Protective factors for adults from low-childhood socioeconomic circumstances: 

The benefits of shift-and-persist for allostatic load. Psychosomatic Medicine, 

74(2), 178-186.  

Chida, Y., & Steptoe, A. (2008). Positive psychological well-being and mortality: A 

quantitative review of prospective observational studies. Psychosomatic 

Medicine, 70(7), 741-756.  

Cole, S. W., Hawkley, L. C., Arevalo, J. M., Sung, C. Y., Rose, R. M., & Cacioppo, J. T. 

(2007). Social regulation of gene expression in human leukocytes. Genome 

Biology, 8(9), R189.  



Paper 4: Reserve Capacity Model in MIDUS 

 

139 

Cuijpers, P., & Smit, F. (2002). Excess mortality in depression: A meta-analysis of 

community studies. Journal of Affective Disorders, 72(3), 227-236.  

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: A 

theoretical integration and synthesis of laboratory research. Psychological 

Bulletin, 130(3), 355-391. doi: 10.1037/0033-2909.130.3.355 

Eisenberger, N. I., Taylor, S. E., Gable, S. L., Hilmert, C. J., & Lieberman, M. D. (2007). 

Neural pathways link social support to attenuated neuroendocrine stress 

responses. NeuroImage, 35(4), 1601-1612. doi: 

http://dx.doi.org/10.1016/j.neuroimage.2007.01.038 

Epel, E. S., Blackburn, E. H., Lin, J., Dhabhar, F. S., Adler, N. E., Morrow, J. D., & 

Cawthon, R. M. (2004). Accelerated telomere shortening in response to life 

stress. Proceedings of the National Academy of Sciences, 101(49), 17312-

17315. doi: 10.1073/pnas.0407162101 

Friedman, H. S., & Kern, M. L. (2014). Personality, well-being, and health. Annual 

Review of Psychology, 65(1), 719-742. doi: 10.1146/annurev-psych-010213-

115123 

Gallo, L. C., & Matthews, K. A. (2003). Understanding the association between 

socioeconomic status and physical health: Do negative emotions play a role? 

Psychological Bulletin, 129(1), 10-51. doi: 10.1037//0033-2909.129.1.10 

Gruenewald, T. L., Cohen, S., Matthews, K. A., Tracy, R., & Seeman, T. E. (2009). 

Association of socioeconomic status with inflammation markers in black and 

white men and women in the Coronary Artery Risk Development in Young Adults 

(CARDIA) study. Social Science & Medicine, 69(3), 451-459.  

http://dx.doi.org/10.1016/j.neuroimage.2007.01.038


Paper 4: Reserve Capacity Model in MIDUS 

 

140 

Gruenewald, T. L., Karlamangla, A. S., Hu, P., Stein-Merkin, S., Crandall, C., Koretz, B., 

& Seeman, T. E. (2012). History of socioeconomic disadvantage and allostatic 

load in later life. Social Science & Medicine, 74, 75-83. doi: 

10.1016/j.socscimed.2011.09.037 

Hallquist, M., & Wiley, J. F. (2014). MplusAutomation: Automating Mplus model 

estimation and interpretation (Version 0.6-3). Retrieved from http://cran.r-

project.org/package=MplusAutomation 

Hawkley, L. C., Lavelle, L. A., Berntson, G. G., & Cacioppo, J. T. (2011). Mediators of 

the relationship between socioeconomic status and allostatic load in the Chicago 

Health, Aging, and Social Relations Study (CHASRS). Psychophysiology, 48(8), 

1134-1145. doi: 10.1111/j.1469-8986.2011.01185.x 

Helgeson, V. S., & Cohen, S. (1996). Social support and adjustment to cancer: 

reconciling descriptive, correlational, and intervention research. Health 

Psychology, 15(2), 135-148.  

Henselmans, I., Fleer, J., de Vries, J., Baas, P. C., Sanderman, R., & Ranchor, A. V. 

(2010). The adaptive effect of personal control when facing breast cancer: 

Cognitive and behavioural mediators. Psychology & Health, 25(9), 1023 - 1040.  

Hobfoll, S. E., Johnson, R. J., Ennis, N., & Jackson, A. P. (2003). Resource loss, 

resource gain, and emotional outcomes among inner city women. Journal of 

Personality and Social Psychology, 84(3), 632-643. doi: 10.1037/0022-

3514.84.3.632 

http://cran.r-project.org/package=MplusAutomation
http://cran.r-project.org/package=MplusAutomation


Paper 4: Reserve Capacity Model in MIDUS 

 

141 

Holt-Lunstad, J., & Smith, T. B. (2012). Social relationships and mortality. Social and 

Personality Psychology Compass, 6(1), 41-53. doi: 10.1111/j.1751-

9004.2011.00406.x 

Horton, T. V., & Wallander, J. L. (2001). Hope and social support as resilience factors 

against psychological distress of mothers who care for children with chronic 

physical conditions. Rehabilitation Psychology, 46(4), 382-399.  

House, J. S., Lepkowski, J. M., Kinney, A. M., Mero, R. P., Kessler, R. C., & Herzog, A. 

R. (1994). The social stratification of aging and health. Journal of Health and 

Social Behavior, 35(3), 213-234. doi: 10.2307/2137277 

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure 

analysis: Conventional criteria versus new alternatives. Structural Equation 

Modeling, 6(1), 1-55. doi: 10.1080/10705519909540118 

Juster, R.-P., Marin, M.-F., Sindi, S., Nair, N., Ng, Y. K., Pruessner, J. C., & Lupien, S. 

J. (2011). Allostatic load associations to acute, 3-year and 6-year prospective 

depressive symptoms in healthy older adults. Physiology & Behavior, 104(2), 

360-364.  

Juster, R.-P., Moskowitz, D. S., Lavoie, J., & D'Antono, B. (2013). Sex-specific 

interaction effects of age, occupational status, and workplace stress on 

psychiatric symptoms and allostatic load among healthy Montreal workers. 

Stress, 16(6), 616-629.  

Karlamangla, A. S., Singer, B. H., McEwen, B. S., Rowe, J. W., & Seeman, T. E. (2002). 

Allostatic load as a predictor of functional decline: MacArthur studies of 

successful aging. Journal of Clinical Epidemiology, 55(7), 696-710.  



Paper 4: Reserve Capacity Model in MIDUS 

 

142 

Karlamangla, A. S., Singer, B. H., & Seeman, T. E. (2006). Reduction in allostatic load 

in older adults is associated with lower all-cause mortality risk: MacArthur studies 

of successful aging. Psychosomatic Medicine, 68(3), 500-507.  

Kirschbaum, C., Klauer, T., Filipp, S.-H., & Hellhammer, D. H. (1995). Sex-specific 

effects of social support on cortisol and subjective responses to acute 

psychological stress. Psychosomatic Medicine, 57(1), 23-31.  

Lachman, M. E., & Weaver, S. L. (1998). The sense of control as a moderator of social 

class differences in health and well-being. Journal of Personality and Social 

Psychology, 74(3), 763-773. doi: 10.1037/0022-3514.74.3.763 

Loucks, E. B., Berkman, L. F., Gruenewald, T. L., & Seeman, T. E. (2006). Relation of 

social integration to inflammatory marker concentrations in men and women 70 

to 79 years. American Journal of Cardiology, 97(7), 1010-1016.  

Loucks, E. B., Sullivan, L. M., Ralph B. D'Agostino, S., Larson, M. G., Berkman, L. F., & 

Benjamin, E. J. (2006). Social networks and inflammatory markers in the 

Framingham Heart Study. Journal of Biosocial Science, 38(6), 835-842.  

Love, G. D., Seeman, T. E., Weinstein, M., & Ryff, C. D. (2010). Bioindicators in the 

MIDUS national study: Protocol, measures, sample, and comparative context. 

Journal of Aging and Health, 22(8), 1059-1080. doi: 10.1177/0898264310374355 

Marmot, M., Shipley, M., Brunner, E., & Hemingway, H. (2001). Relative contribution of 

early life and adult socioeconomic factors to adult morbidity in the Whitehall II 

study. Journal of Epidemiology and Community Health, 55(5), 301-307.  



Paper 4: Reserve Capacity Model in MIDUS 

 

143 

Matthews, K. A., & Gallo, L. C. (2011). Psychological perspectives on pathways linking 

socioeconomic status and physical health. Annual Review of Psychology, 62(1), 

501-530. doi: 10.1146/annurev.psych.031809.130711 

Matthews, K. A., Räikkönen, K., Gallo, L. C., & Kuller, L. H. (2008). Association between 

socioeconomic status and metabolic syndrome in women: Testing the reserve 

capacity model. Health Psychology, 27(5), 576.  

Mausbach, B. T., Patterson, T. L., von Känel, R., Mills, P. J., Dimsdale, J. E., Ancoli-

Israel, S., & Grant, I. (2007). The attenuating effect of personal mastery on the 

relations between stress and Alzheimer caregiver health: A five-year longitudinal 

analysis. Aging & Mental Health, 11(6), 637-644.  

Middleton, R. A., & Byrd, E. K. (1996). Psychosocial factors and hospital readmission 

status of older persons with cardiovascular disease. Journal of Applied 

Rehabilitation Counseling, 27(4), 3-10.  

Mroczek, D. K., & Kolarz, C. M. (1998). The effect of age on positive and negative 

affect: A developmental perspective on happiness. Journal of Personality and 

Social Psychology, 75(5), 1333-1349. doi: 10.1037/0022-3514.75.5.1333 

Muthén, B. O., & Asparouhov, T. (2012). Bayesian structural equation modeling: A more 

flexible representation of substantive theory. Psychological Methods, 17(3), 313-

335. doi: 10.1037/a0026802 

Pearlin, L. I., & Schooler, C. (1978). The structure of coping. Journal of Health and 

Social Behavior, 19(1), 2-21.  



Paper 4: Reserve Capacity Model in MIDUS 

 

144 

Pinquart, M., & Sörensen, S. (2000). Influences of socioeconomic status, social 

network, and competence on subjective well-being in later life: A meta-analysis. 

Psychology and Aging, 15(2), 187-224. doi: 10.1037/0882-7974.15.2.187 

Pollitt, R. A., Kaufman, J. S., Rose, K. M., Diez-Roux, A. V., Zeng, D., & Heiss, G. 

(2007). Early-life and adult socioeconomic status and inflammatory risk markers 

in adulthood. European Journal of Epidemiology, 22(1), 55-66.  

Pressman, S. D., & Cohen, S. (2005). Does positive affect influence health? 

Psychological Bulletin, 131(6), 925.  

Pressman, S. D., Cohen, S., Miller, G. E., Barkin, A., Rabin, B. S., & Treanor, J. J. 

(2005). Loneliness, social network size, and immune response to influenza 

vaccination in college freshmen. Health Psychology, 24(3), 297-306.  

R Core Team. (2014). R: A language and environment for statistical computing. Vienna, 

Austria: R Foundation for Statistical Computing. Retrieved from http://www.R-

project.org/ 

Radler, B. T., & Ryff, C. D. (2010). Who participates? Accounting for longitudinal 

retention in the MIDUS national study of health and well-being. Journal of Aging 

and Health, 22(3), 307-331. doi: 10.1177/0898264309358617 

Rasmussen, H., Scheier, M. F., & Greenhouse, J. (2009). Optimism and physical 

health: A meta-analytic review. Annals of Behavioral Medicine, 37, 239-256.  

Rosenberg, M. (1965). Society and the adolescent self-image. Princeton, New Jersey: 

Princeton University Press. 

http://www.r-project.org/
http://www.r-project.org/


Paper 4: Reserve Capacity Model in MIDUS 

 

145 

Rugulies, R. (2002). Depression as a predictor for coronary heart disease: A review and 

meta-analysis. American Journal of Preventive Medicine, 23(1), 51-61. doi: 

10.1016/S0749-3797(02)00439-7 

Scheier, M. F., Carver, C. S., & Bridges, M. W. (1994). Distinguishing optimism from 

neuroticism (and trait anxiety, self-mastery, and self-esteem): A reevaluation of 

the life orientation test. Journal of Personality and Social Psychology, 67(6), 

1063-1078.  

Schöllgen, I., Huxhold, O., Schüz, B., & Tesch-Römer, C. (2011). Resources for Health: 

Differential Effects of Optimistic Self-Beliefs and Social Support According to 

Socioeconomic Status. Health Psychology, 30(3), 326-335. doi: 

10.1037/a0022514 

Schuster, T. L., Kessler, R. C., & Aseltine Jr., R. H. (1990). Supportive interactions, 

negative interactions, and depressed mood. American Journal of Community 

Psychology, 18(3), 423-438.  

Seeman, T. E. (1991). Personal control and coronary artery disease: How generalized 

expectancies about control may influence disease risk. Journal of Psychosomatic 

Research, 35(6), 661-669. doi: 10.1016/0022-3999(91)90116-6 

Seeman, T. E., Glei, D., Goldman, N., Weinstein, M., Singer, B., & Lin, Y.-H. (2004). 

Social relationships and allostatic load in Taiwanese elderly and near elderly. 

Social Science & Medicine, 59(11), 2245-2257. doi: 

10.1016/j.socscimed.2004.03.027 

Seeman, T. E., Gruenewald, T. L., Cohen, S., Williams, D. R., & Matthews, K. A. (2014). 

Social relationships and their biological correlates: Coronary Artery Risk 



Paper 4: Reserve Capacity Model in MIDUS 

 

146 

Development in Young Adults (CARDIA) study. Psychoneuroendocrinology, 43, 

126-138. doi: 10.1016/j.psyneuen.2014.02.008 

Seeman, T. E., Singer, B. H., Rowe, J. W., Horwitz, R. I., & McEwen, B. S. (1997). Price 

of adaptation - Allostatic load and its health consequences - MacArthur studies of 

successful aging. Archives of Internal Medicine, 157(19), 2259-2268.  

Seeman, T. E., Singer, B. H., Ryff, C. D., Love, G. D., & Levy-Storms, L. (2002). Social 

relationships, gender, and allostatic load across two age cohorts. Psychosomatic 

Medicine, 64(3), 395-406.  

Segerstrom, S. C. (2001). Optimism, goal conflict, and stressor-related immune change. 

Journal of Behavioral Medicine, 24(5), 441-467.  

Segerstrom, S. C., Taylor, S. E., Kemeny, M. E., & Fahey, J. L. (1998). Optimism is 

associated with mood, coping, and immune change in response to stress. 

Journal of Personality and Social Psychology, 74(6), 1646-1655.  

Song, J., Mailick, M. R., Ryff, C. D., Coe, C. L., Greenberg, J. S., & Hong, J. (2014). 

Allostatic load in parents of children with developmental disorders: Moderating 

influence of positive affect. Journal of Health Psychology, 19(2), 262-272.  

Steptoe, A., Wright, C., Kunz‐Ebrecht, S. R., & Iliffe, S. (2006). Dispositional optimism 

and health behaviour in community‐dwelling older people: Associations with 

healthy ageing. British Journal of Health Psychology, 11(1), 71-84.  

Stringhini, S., Dugravot, A., Shipley, M., Goldberg, M., Zins, M., Kivimäki, M., . . . Singh-

Manoux, A. (2011). Health behaviours, socioeconomic status, and mortality: 

Further analyses of the British Whitehall II and the French GAZEL prospective 

cohorts. PLoS Med, 8(2), e1000419. doi: 10.1371/journal.pmed.1000419 



Paper 4: Reserve Capacity Model in MIDUS 

 

147 

Taylor, S. E., & Armor, D. A. (1996). Positive illusions and coping with adversity. Journal 

of Personality, 64(4), 873-898.  

Taylor, S. E., & Broffman, J. I. (2011). Psychosocial resources: Functions, origins, and 

links to mental and physical health. In M. O. James & P. Z. Mark (Eds.), 

Advances in experimental social psychology (Vol. 44, pp. 1-57): Academic Press. 

Taylor, S. E., Repetti, R. L., & Seeman, T. E. (1997). Health psychology: What is an 

unhealthy environment and how does it get under the skin? Annual Review of 

Psychology, 48, 411-447.  

Uchino, B. N. (2006). Social support and health: A review of physiological processes 

potentially underlying links to disease outcomes. Journal of Behavioral Medicine, 

29(4), 377-387. doi: 10.1007/s10865-006-9056-5 

Uchino, B. N. (2009). Understanding the links between social support and physical 

health: A life-span perspective with emphasis on the separability of perceived 

and received support. Perspectives on Psychological Science, 4(3), 236-255. doi: 

10.1111/j.1745-6924.2009.01122.x 

Watson, D., & Clark, L. A. (1997). Measurement and mismeasurement of mood: 

Recurrent and emergent issues. Journal of Personality Assessment, 68(2), 267-

296.  

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief 

measures of positive and negative affect: The PANAS scales. Journal of 

Personality and Social Psychology, 54(6), 1063-1070.  



Paper 4: Reserve Capacity Model in MIDUS 

 

148 

Wethington, E., & Kessler, R. C. (1986). Perceived support, received support, and 

adjustment to stressful life events. Journal of Health and Social Behavior, 27(1), 

78-89.  

Whooley, M. A., de Jonge, P., Vittinghoff, E., Otte, C., Moos, R., Carney, R. M., . . . 

Feldman, M. D. (2008). Depressive symptoms, health behaviors, and risk of 

cardiovascular events in patients with coronary heart disease. JAMA, 300(20), 

2379-2388.  

Younger, J., Finan, P., Zautra, A., Davis, M., & Reich, J. (2008). Personal mastery 

predicts pain, stress, fatigue, and blood pressure in adults with rheumatoid 

arthritis. Psychology & Health, 23(5), 515-535.  

 



Paper 4: Reserve Capacity Model in MIDUS 

 

149 

 



Paper 4: Reserve Capacity Model in MIDUS 

 

150 

 



Paper 4: Reserve Capacity Model in MIDUS 

 

151 

  



Paper 4: Reserve Capacity Model in MIDUS 

 

152 

 



Paper 4: Reserve Capacity Model in MIDUS 

 

153 

GENERAL DISCUSSION 

The overarching aim of the present studies was to take a macro-level perspective 

to examine the role of psychosocial resources (PSRs) in an integrative model of health.  

Conceptually, numerous constructs fall under the umbrella of PSRs, and although 

empirical work confirms that many individual PSRs are associated with health (e.g., 

Carver, Scheier, & Segerstrom, 2010; Uchino, 2006), guidelines on which PSRs are 

most important to assess and whether individual PSRs have unique effects over and 

above other PSRs is less available.  In light of substantial inter correlations among 

PSRs and their common health-promoting role, we hypothesized that PSRs may 

represent a single common factor or separate psychological (PR) and social (SR) 

resource factors.  In the first manuscript, results revealed that across four independent 

samples, a two-factor structure emerged for the PSRs of optimism, self-esteem, 

mastery, hope, and several types of social support.  These results also suggest that, at 

least when the focus of research is on the overall construct of PSRs, rather than 

needing to examine the relations between many individual PSRs and health, examining 

the relations of PR and SR with health is sufficient. 

Allostatic load (AL) theory posits that repeated adaptation to stress results in 

system wide, cumulative physiological dysregulation (McEwen & Stellar, 1993).  This 

would suggest that measures of many individual physiological systems will have at least 

partial shared variance.  Results from the second manuscript supported AL theory, 

revealing that a general system-wide factor, in addition to individual system factors, 

provided the best fit among 23 biomarkers from seven physiological systems.  No 
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evidence emerged that this overall structure differed as a function of sex, age, 

race/ethnicity, or medication use. 

If PSRs are associated with health outcomes, it is plausible that they would also 

be associated with AL.  Whether research supports this hypothesis was examined by 

conducting a systematic review of the literature on PSRs and AL.  The results from this 

third manuscript suggest that the relationship between PSRs and AL is complex and 

mixed, with some studies finding that higher PSRs were associated with significantly 

lower AL, others finding null effects, and still others finding that higher PSRs were 

associated with significantly higher AL.  Such heterogeneity in results may point to the 

importance of assessing potential moderators, and indeed there was some evidence 

that PSRs interact with SES, stress, and sex, although none of these findings 

consistently emerged across studies.  These results also suggest that AL may not 

represent a strong candidate mechanism to explain the association between PSRs and 

health outcomes and point to the need to consider alternative mechanisms as well, such 

as health behaviors. 

The final manuscript integrated PSRs AL, SES, stress, mood, health behaviors, 

and major health conditions to test a broader conceptual model based on a modified 

form of the Reserve Capacity Model (Gallo & Matthews, 2003) of how SES is 

associated with health outcomes.  The results revealed that childhood SES and change 

in SES from childhood to adulthood predicted adult PSRs and number of stressful life 

events, which in turn were associated with physical activity, AL, and negative mood—

the final factors associated with number of major health conditions. Although PSRs 

buffered the effects of SES on negative mood, no other interactions between SES or 
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stress and PSRs or between PSRs and sex emerged.  Major stressful life events 

experienced across the lifespan (though collected retrospectively) also predicted lower 

adulthood PSRs. 

General Limitations 

All of the empirical studies utilized cross-sectional data that cannot support 

causal inference.  Lacking longitudinal data also limits the ability to examine how these 

processes unfold over time and potentially miss important change.  For example, 

affective or physiological responses shortly after major life stress may be different than 

several years after the stressful experience.  Although the goal was to characterize the 

overall construct of PSRs, only a subset was assessed (i.e., optimism, self-esteem, 

mastery/control, hope, several types of social support). These are the PSRs most 

commonly assessed in the literature, however.  Finally, the health outcomes were 

limited to self-reported major health conditions; future studies can examine multiple 

aspects of health or mortality. 

Conclusion 

Overall, the results suggest a role for PSRs in health, although the relationship is 

not always a simple one.  Although PSRs are hypothesized to be fairly stable trait-like 

factors, higher childhood SES and change from childhood to adulthood SES predict 

higher adulthood PSRs. Furthermore, the occurrence of major stressful life events 

across the lifespan appears to erode adulthood PSRs.  PSRs, especially PR, are 

strongly associated with both positive and negative mood, and buffer the effects of SES 
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on negative, but not positive, mood.  No evidence emerged for a direct association 

between PSRs and AL; however, PRs were associated with higher physical activity, 

which was associated with both AL and the number of health conditions.  A tentative 

conclusion may be that PSRs are more strongly associated with health behaviors than 

directly to physiology, and future research could explore additional health behaviors that 

act as mechanisms including diet/nutrition, regular health checkups, medical regimen 

adherence, and sleep.  Interestingly, after accounting for all hypothesized mechanisms, 

there was no direct association between SES and major health conditions, suggesting 

that the model fully accounts for the effects of SES on health outcomes, via physical 

activity, AL, and negative mood (remaining mechanisms were not significantly 

associated with health outcomes). 

To our knowledge, this is one of the few studies to test a complete conceptual 

model of SES, PSRs, and health.  By taking this macro-level approach, we are able to 

provide empirical support for the major tenets of the modified Reserve Capacity Model, 

as well as to identify areas that need further work. For example, identification of 

mechanisms that explain the remaining direct association between SES and AL, as well 

as the association between negative mood and health outcomes, represents a 

necessary direction for research.  
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