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ABSTRACT 

Background. Considerable research has demonstrated the link between early life adversity 

(ELA) and the development of significant health problems in adulthood (Felitti et al., 1998; 

Gilbert et al., 2015). Regarding the specific biological pathways through which ELAs influence 

the development of physical health conditions, there is a growing literature examining the effects 

of ELA on allostatic load. Allostatic load represents the biological toll of stress on the body and 

may act as a biological pathway through which ELAs influence later health. Importantly, 

identification of modifiable factors that increase resiliency to the negative effects of ELAs on 

allostatic systems may lead to the development of prevention and intervention protocols. Finally, 

the interplay among these variables (e.g., ELAs, allostatic load, resiliency, health functioning) 

may change with age – thus, it is informative to examine these factors across age groups. 

Specifically, the current study examined a biopsychosocial model of the effects of ELA on adult 

health in which we conducted an empirical exploration of the effects of resiliency factors on the 

relationship between ELAs, allostatic load, and health. 

Methods. The current study used longitudinal data from three waves of the Midlife Development 

in the United States (MIDUS) study to examine the following hypotheses. 1) ELAs would lead to 

higher allostatic load, which would, in-turn, be associated with higher rates of health conditions 

over time. 2) Resiliency factors would each moderate the relationship between ELAs and 

allostatic load, reducing the negative effects of ELAs on allostatic load. 3) Lastly, we explored 

the extent to which these proposed pathways in the full model differed as a function of age.  

Results. ELA predicted onset of new health conditions among middle-aged adults. Allostatic 

load partially mediated the relationship between ELA and later health conditions. None of the 

resiliency factors moderated the relationship between ELA and allostatic load, although ELA 
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was associated with three of the resiliency factors, and all four resiliency factors were related to 

fewer health conditions at MIDUS III. Finally, there were no differences based on age in the full 

mediation model.  

Conclusions. ELA was strongly associated with lower levels of resiliency resources and later 

health outcomes, even decades following the occurrence of ELA. Allostatic load partially 

mediated the relationship between ELA and later health, though the effect was weaker than 

expected. Our findings suggest that ELA and resiliency resources may have more specialized 

influences on allostatic systems and system biomarkers, which should be examined in future 

research. Clinical implications of the study point to the continued use of a cumulative indicator 

for ELA assessment. Finally, the development of interventions to promote certain resiliency 

resources may be useful in clinical settings to reduce the impact of ELA on later health. 
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CHAPTER 1 

INTRODUCTION 

 

Identifying Pathways to Resilience through Adversity: Mapping out the Mechanisms 

through which Childhood Adversity Influences Health across the Lifespan 

At least half the population of the United States has experienced one serious trauma 

during childhood, while approximately one-third have experienced two or more childhood 

traumas (Felitti et al., 1998). Early life adversities (ELAs) include any traumatic or highly 

stressful experience occurring in childhood (e.g., childhood abuse, maltreatment, parental 

pathology, and poverty). These types of adversities have negative effects on a diverse set of 

physical and psychological health outcomes that begin in childhood and have deleterious effects 

decades later in adulthood (Sacks, Murphey, & Moore, 2014). Indeed, some studies have shown 

that the negative effects of these adversities do not dissipate over time; instead, they appear to 

significantly affect the health of middle-aged and older adults (Miller, Chen, & Parker, 2011).  

The population of older adults (aged 65+) in the U.S is expected to double in size within 

the next 40 years (Ortman, Velkoff, & Hogan, 2014), and aging is associated with an increase in 

many health-related problems. Further, a body of research has emerged suggesting that adverse 

experiences occurring early in life exacerbate such age-related health problems (Davis et al., 

2005; Miller, Chen, & Parker, 2011; Sachs-Ericsson et al., 2011). Thus, as the population of 

older adults increases, the health consequences of ELAs may place an enormous burden on 

caregivers and the health care system as a whole (Ortman, Velkoff, & Hogan, 2014). With this 

increasing burden on health care, it is more important than ever before to research the 

relationship between ELAs and later health in order to reduce costs associated with ELAs.  
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Over the last two decades, considerable research has investigated the mechanisms by 

which early adversity affects health functioning throughout adulthood. Research has 

demonstrated that over the life course, ELAs are associated with harmful physiological 

dysregulation across multiple biological systems (Fagundes, Glaser, & Kiecolt-Glaser, 2013; 

Rogosch Dackis, & Cicchetti, 2011). Yet, the biopsychosocial pathways through which ELAs 

influence the development of health conditions over time are not well understood and are 

currently the subject of much scientific inquiry. Specifically, there is considerable interest in 

empirical research that can elucidate the complex pathways from early stress to the development 

of health problems across adulthood. Investigation of biological pathways from ELAs to health 

problems in later life is therefore of great interest.  Equally important is identifying potentially 

modifiable psychosocial factors that diminish the negative effects of early stress on middle- and 

late-life health. While the reduction of ELAs during childhood is of utmost importance, so is the 

development of potential interventions to reduce suffering and health costs associated with ELAs 

in adulthood.  

Mechanisms Linking ELAs to Later Health 

 One mechanism linking early life stress to adult health functioning is allostatic load 

(Miller, Chen, & Parker, 2011; Solís et al., 2014). When a person encounters a stressor, a 

complex biological response is triggered to help the body respond appropriately (e.g., HPA-axis 

response to stress); however, the process of responding to stress and then returning to basal 

functioning, or allostasis, appears to take a toll on various biological systems. Allostatic load is a 

construct that represents the negative results of adversity and chronic stress on a person’s 

biological functioning. Thus, allostatic load is hypothesized to represent a primary biological 

pathway linking early stress to health conditions across the lifespan. For example, ELAs, such as 
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poverty and childhood maltreatment, represent early and often chronic stressors that increase 

allostatic load beginning in childhood (Rogosch, Dackis, Cicchetti, 2011). By assessing 

biomarkers of the functioning of each biological system, we may obtain an overall indicator of 

allostatic load - this is thought to provide a measure of the impact chronic stress has on the body. 

However, there has been limited longitudinal research overtly examining indicators of allostatic 

load as the direct pathway through which ELAs affect adult health conditions.  

To address gaps in the literature, the current study investigated a biopsychosocial model 

of the association between ELA and adult health problems – examining the contribution of 

resiliency factors and allostatic load in these associations across different age groups. Thus, we 

examined the extent to which allostatic load is a biological mediator by which ELAs affect adult 

health problems. Second, we examined whether four factors, representing components of 

resilience, would reduce the association between ELAs and allostatic load in this mediation 

model.  Third, we examined whether the overall model changes across the adult lifespan. The 

interplay among these variables (i.e., ELAs, resiliency, allostatic load, and health conditions) 

may strengthen with age as biological and psychosocial risks accumulate due to early adversity.  

ELAs Defined 

Past researchers have identified many different indicators of ELAs, thereby leading to 

some inconsistency in definitions of what constitutes an ELA score. For example, some studies 

have examined specific forms of early adversities, such as poverty (Evans & Kim, 2013) and 

specific types of childhood abuse (Helitzer, Graeber, LaNoue, & Newbill, 2015; Springer, 

Sheridan, Kuo, & Carnes, 2007), while others have looked at cumulative sums of different types 

of ELAs (Felitti et al., 1998; Gilbert et al., 2015; Nurius, Green, Logan-Greene, & Borja, 2015). 

Although the definitions of ELAs have varied across studies, generally ELAs have included the 
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following: childhood socio-economic adversity, lower parental education, early parental death, 

emotional, physical and sexual abuse, and other forms of household dysfunction.  Further, 

researchers have shown that there is a graded relationship between the number of different 

adverse experiences and poorer health outcomes (Felitti et al., 1998; Gilbert et al., 2015). Thus, 

the number of different ELAs a person endorses may be a predictor of many different health 

conditions.  

The Consequences of ELAs on Health 

 A landmark study examining the effects of ELAs on health and psychological functioning 

was conducted by Felitti and colleagues in 1998. The researchers collected information from 

9,508 adults who completed a medical evaluation at a large HMO. Researchers collected data 

about different types of ELAs each individual had experienced (e.g., early childhood physical, 

verbal and sexual abuse, early parental loss through death abandonment or incarceration, and 

parental psychopathology). They also collected data regarding their adult health behaviors, 

health status, and adult diseases. They found that one-fourth of participants reported at least two 

or more different categories of ELAs, and the number of ELAs a person endorsed showed a 

graded relationship with problematic health behaviors and diseases. Specifically, Felitti and 

colleagues (1998) demonstrated that number of ELAs was linearly associated with the presence 

of adult diseases such as, ischemic heart disease, cancer, chronic lung disease, skeletal fractures, 

and liver disease.  These findings laid the foundation for the now widely accepted belief that 

exposure to multiple forms of ELAs increases the odds of developing a wide range of health 

conditions in adulthood.   

Since Felitti’s original study, researchers have conducted similar studies supporting and 

expanding upon these original findings. For example, using a similar cross-sectional survey of 
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adults, Gilbert and colleagues (2015) found a dose-response relationship between number of 

ELAs and likelihood of reporting poorer health in general, more frequent mental distress, 

disability, myocardial infarction, asthma, coronary heart disease, stroke, and diabetes. In fact, a 

majority of studies, including meta-analyses, have consistently supported higher rates of health 

problems (i.e., neurological, musculoskeletal., cardiovascular, and respiratory conditions) among 

individuals with more ELAs (Bellis, Lowey, Leckenby, Hughes, & Harrison, 2013; Chartier, 

Walker, Naimark, 2010; Dong et al., 2004; Wegman & Stetler, 2009).  

Importantly, longitudinal investigations have also supported the association between 

ELAs and worse health trajectories. Specifically, individuals, aged 25-74 at baseline, who 

experienced more physical and psychological violence in childhood were found to have poorer 

health at baseline and a more negative health trajectory across a 10-year period (Greenfield & 

Marks, 2009).  Measures of health problems included greater increases in functional limitations, 

chronic health conditions, and greater decreases in self-rated health. Similarly, in a large 

population-based cohort of middle-aged men and women, Springer and colleagues (2007) found 

that retrospective reports of childhood physical abuse predicted a graded increase in physical 

symptoms, medical diagnoses, and severe ill health. Additionally, researchers have found that 

abuse and neglect in childhood are related to inflammation (measured by C-reactive protein) in 

middle-aged women, thereby increasing susceptibility to and rate of progression of age-related 

diseases (Matthews, Chang, Thurston, & Bromberger, 2014). Notably, childhood difficulties are 

not only associated with higher rates of health conditions, but also with multi-morbidity of health 

conditions in adulthood (Tomasdottir et al., 2015).  These findings demonstrate the strong 

influence ELAs hold across the lifespan. 
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The deleterious effects of ELAs start in childhood. For example, Flaherty and colleagues 

(2013) used a ten-year longitudinal design to observe the effects of ELAs on health in children at 

age 4 and followed to age 14. The researchers indicated that as the number of ELAs a child 

experienced increased, the greater the number of physical symptoms and somatic concerns 

reported at age 14 (Flaherty et al., 2013). Similar results were found among children assessed at 

age 12 (Flaherty et al., 2009), and extending through age 18 (Thompson et al., 2015). 

Importantly, reports of physical symptoms are predictive of the occurrence of later chronic 

conditions and functional impairment (Leger, Charles, Ayanian, & Almeida, 2015). Combined 

with studies of adults, these studies of childhood demonstrate that physical symptoms may begin 

to manifest early in life and may worsen across the adult lifespan.  

To summarize, the literature supports the link between ELAs and subsequent poorer 

health, beginning in childhood and extending to older age. Given the strong connection between 

ELAs and health problems, the next phase of research is understanding the mechanistic pathways 

through which health is affected. The cumulative effect of stress on biological systems (e.g., 

allostatic load) is one such pathway that is of much interest.  

ELAs, Allostatic Load, and Health 

Theoretically, allostatic load is a primary indicator of biological stress accumulation. 

McEwen (1998) described allostatic load as representing the “wear and tear that results from 

chronic over-activity or under-activity of allostatic systems” (p. 171). When an individual is 

confronted with stressful experiences, the body reacts to the stressor through various 

physiological responses and then engages in the process of adaptation to maintain homeostasis 

(McEwen, 1998). The way the physiological systems fluctuate to meet external demands is 

known as allostasis (McEwen & Stellar, 1993). To maintain allostasis, the body must be able to 
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inhibit the stress response and return to basal levels of functioning across physiological systems. 

While generally an adaptive response to danger or challenge, the process of allostasis takes a toll 

on the body and brain – ‘allostatic load’ is a biological measure of that toll. More specifically, 

repeated or chronic stressors cause changes in metabolism and wear on tissue and organs, which 

results in allostatic load (McEwen & Stellar, 1993).  

An allostatic load score can be created using biomarker data, which reflects the wear and 

tear across physiological systems.  There is no one indicator of allostatic load; rather, an 

individual’s allostatic load is best assessed using information on biomarkers from multiple 

physiological systems (e.g., sympathetic and parasympathetic nervous systems, hypothalamic-

pituitary-adrenal axis, cardiovascular, lipid metabolism, glucose metabolism, and inflammatory 

immune activity; see Gruenewald et al., 2012).  In the studies reviewed below, the typical 

assessment of allostatic load involved examination of various biomarkers across multiple 

allostatic systems. Notably, a standardized assessment of allostatic load across studies has not 

been established.  

ELA’s and Allostatic Load. There is an established association between ELAs and 

higher adult allostatic load profiles. For example, using a longitudinal design, Solís and 

colleagues (2014) found that ELAs are associated with higher allostatic load (as measured by 14 

biomarkers representing the neuroendocrine system, the immune and inflammatory systems, and 

the cardiovascular and respiratory systems) for both men and women at age 44, even adjusting 

for childhood pathologies. Using a 30-year prospective cohort design, Widom and colleagues 

(2015) found that childhood abuse and neglect predict higher allostatic load (as measured by 9 

biological indicators) in adulthood (Mean age = 41). Similarly, Friedman and colleagues (2015) 

found that a summed ELA score (i.e., physical abuse, socio-economic disadvantage indicators, 
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parental death, and parental divorce) was positively associated with a measure of allostatic load, 

which was comprised of biomarkers reflecting the functioning of seven physiological systems. 

Specifically, among the factors comprising their ELA score, the authors found that physical 

abuse and socio-economic disadvantage were most strongly associated with increased allostatic 

load in middle life. In fact, among the older adults in their sample, experiencing at least three 

ELAs resulted in a biological profile equivalent to an individual nine years older than the 

participant (Friedman et al., 2015). Similar findings have been reported in non-U.S. samples. In a 

cross-sectional Norwegian population based study, for example, Tomasdottir and colleagues 

(2015) reported a graded relationship between perceived childhood difficulties (as measured by 

one question about the quality of their childhood) and indicators of adult allostatic load (e.g., 

waist hip ratio, systolic blood pressure, C-reactive protein, cholesterol, glucose). Such studies 

suggest that ELAs remain a strong predictor of overall biological functioning through middle 

age.  

There are several biological and psychological changes that occur in response to early life 

stress that may continue to contribute to allostatic load over time (Miller, Chen, & Parker, 2011). 

These changes confer increased vulnerability to experience a greater number of subsequent 

stressors (e.g., stress generation hypothesis, see Hammen, 1991), increased physiological arousal 

in reaction to subsequent life stressors (Miller et al., 2011), as well as an altered immune 

response (Fagundes et al., 2013). These changes in response to stress appear to begin in 

childhood and have consequences throughout the lifespan. For example, maltreated children 

show a blunted HPA response, as indicated by elevated basal cortisol levels (i.e. an indicator of 

allostatic load), to laboratory psychosocial stress tests (McEwen, 1998 from Danese & McEwen, 

2012). Rodent studies examining the effects of early stress on vulnerability to later disease and 
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infection demonstrate similar health risks (Avitsur, Hunzeker, & Sheridan, 2006; Chida, Sudo, 

Sonada, Hiramoto, & Kubo, 2007; Kruschinski et al., 2008). Thus, early life stressors, such as 

ELAs, may foster lasting, maladaptive biological responses to stressors across early and middle 

adulthood. Based on theories of allostatic load, animal studies, and human studies of childhood 

maltreatment, we would generally expect that for an individual with a high number of ELAs, 

allostatic load would increase substantially more than for someone with fewer ELAs.  

Allostatic load may then be a primary biological pathway through which ELAs influence 

the onset of health conditions across the lifespan. In a review of the literature, Danese and 

McEwen (2012) indicate that a majority of current research suggests that chronic or repeated 

stressors, such as ELAs, cause abnormalities in allostatic systems, which may lead to age-related 

disorders. However, the authors note that much of the research on this topic has been cross-

sectional, thereby preventing causal conclusions. For example, in one cross-sectional study of 

low-income children, Rogosch, Dackis, and Cicchetti (2011) found that childhood maltreatment 

and measures of allostatic load (i.e., blood pressure, BMI, WHR, flattened diurnal cortisol, low 

morning cortisol, and high morning DHEA risk) independently predicted poorer health 

outcomes. This study, however, represents one of only a handful of empirical studies that include 

both ELAs and allostatic load as predictors of health in later life. No studies to date have 

specifically examined allostatic load as a mediator between ELAs and the development of new 

health conditions in adulthood longitudinally – and examined these potential associations across 

age cohorts. Thus, while the current literature would strongly indicate allostatic load as a primary 

pathway to late life health problems – this relationship has not been adequately tested. 

Additionally, there has been little research examining factors that may either exacerbate or 

diminish the effects of ELAs on allostatic load. 



10 
 

Resiliency as a Moderator between ELAs and Allostatic Load 

 Although ELAs are associated with higher allostatic load profiles, the negative effects of 

ELAs on allostatic systems appear to depend on many other factors. There are also sociocultural 

differences that buffer against the effects of ELAs on physical health. For example, Kelly-Irving 

and colleagues (2014) found that the relationship between ELAs and allostatic load is mediated 

by both poor health behaviors (i.e., smoking, alcohol, physical activity) and low adult 

socioeconomic status (SES). Additionally, researchers have demonstrated that higher educational 

attainment in adulthood fully mediates the relationship between childhood poverty and adult 

allostatic load (Friedman, Karlamangla, Gruenewald, Koretz, & Seeman, 2015).  While lower 

SES and problematic health behaviors offer clear links between ELAs and later health, these are 

often challenging factors to modify through individual intervention. It is necessary then to 

consider aspects of resilience to ELAs that might be more amenable to intervention.  

Theory of Resilience. Although resilience to stress is measured differently across 

disciplines, for the purpose of the current study, we focus on psychosocial resources and 

strategies that contribute to resilience from stress. In the psychosocial context, resilience has 

been conceptualized multiple ways. Some researchers have described resilience as the ability to 

positively adapt following stressful life circumstances (Masten, 1989; Garmezy, 1991, Ryff et 

al., 2012), while others have described it as the ability to thrive despite suffering (Emmons, 

Colby, & Kaiser, 1998) or to maintain competence under stress (Werner, 1993, 1995). In 

addition to the ability to recover from stress, it has also been recognized that certain 

characteristics allow individuals to continue to adapt and maintain positive functioning beyond 

stressful experiences (Klohnen, 1996). These conceptualizations of resilience are best reflected 

in the operational definition put forth by Reich, Zautra, and Hall (2010), which formulates 
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resilience as the ability to both recover from challenge and the ability to maintain progress and 

continue to improve oneself beyond the stressor (see Ryff et al., 2012). Thus, recovery and 

maintenance/improvement are the first two components of resilience we sought to examine in the 

current study. 

 Resilience has also been conceptualized in the context of protective resources that allow 

individuals to successfully adapt. Although internal and external resources are often described 

under the same umbrella terms of psychosocial strengths or resources, we distinguish between 

these as distinct components of resilience. This approach provides distinction between internal 

resources (e.g., high positive affect, beliefs about mastery, self-acceptance, and beliefs about 

one’s competence) and external resources (e.g., positive social relationships and social well-

being). This distinction allows greater specificity in analyses and may also provide clearer targets 

for intervention. Therefore, internal and external resources may comprise the final necessary 

components of resiliency. 

We put forth the theory that 1) internal psychological resources, 2) external social 

resources, 3) the ability to grow and recover from challenge, and 4) the ability to maintain and 

improve oneself following challenge are the four primary components of resilience wherein each 

distinct aspect of resilience may be categorized. These components, both separately and 

interactively, may act as important moderators between ELAs and the development of health 

problems. Importantly, this theory emphasizes aspects of resilience that may be amenable to 

intervention and thus does not include aspects of SES or biological vulnerabilities, which also 

clearly influence successful adaptation. While conceptualization of resilience may be represented 

by these four constructs, much of the existing literature on resilience has examined measures of 
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these constructs separately. Thus, below we broadly review different aspects of resilience in 

regards to their relationship between ELA and later health.  

 First, it is important to acknowledge that ELA may have reaching negative influences on 

a person’s ability to develop each of the four proposed components of resilience. For example, 

childhood abuse experiences may lead a person to have more negative perceptions of stressful 

events and more negative internalized self-schemas (Gibb & Abela, 2008; Sachs-Ericsson, 

Verona, Joiner, & Preacher, 2006), leaving the child with fewer internal resources. A negative 

self-schema may have rippling effects on their ability to recover from stress and use more 

adaptive coping skills. In fact, individuals who reported that ELA continued to have a negative 

impact on their lives in adulthood were significantly less likely to use adaptive coping strategies 

(i.e., active coping, emotional support, planning, and reframing) and significantly more likely to 

use maladaptive coping strategies (Helitzer, Graeber, LaNoue, & Newbill, 2015). Helitzer and 

colleague’s (2015) study demonstrated that it was not only the experience of ELAs, but the 

inability to recover from ELAs (e.g., the belief that they have a negative impact) that continued 

to influence coping in adulthood.  

Notably, maladaptive coping strategies may arise regardless of a individual’s personal 

resources. Some coping mechanisms may have been useful and adaptive during trauma and 

major stressors in childhood (e.g., avoidant behaviors such as denial or behavioral 

disengagement), but become detrimental in adulthood as circumstances change. For example, 

avoiding confrontation with an abusive parent may improve quality of life in childhood, while 

avoiding conflict with a spouse or friend in adulthood may lead to building resentment or anger. 

These habitual avoidant coping responses may lead to the belief that the individual is not capable 

of handling stressful situations – a belief that avoidance may further perpetuate. Due to this 
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perceived inability to adequately cope with new stressors, adults exposed to ELAs may have 

heightened biological, behavioral, and emotional reactivity to new stress (Feder, Nestler, & 

Charney, 2009; Davidson & McEwen, 2012; Forgeard et al., 2011).  For example, undergraduate 

women with greater cumulative childhood stress and/or abuse are more reliant on maladaptive 

disengagement coping strategies (e.g., problem avoidance, social withdrawal, self-criticism) 

when confronted with new stressors. Similarly, Evans and Kim (2013) indicate that childhood 

poverty may lead to deficits in self-regulation and the use of maladaptive coping strategies. 

Inadequate coping may therefore contribute to further accumulation of allostatic load during 

adulthood with repeated exposure to stressors.  

Importantly, these maladaptive coping strategies and self-regulatory deficits may have 

lasting biological effects. Maladaptive coping strategies are associated with greater health 

damaging behaviors and poorer health outcomes (Taylor & Stanton, 2007), ranging from greater 

pain (Rosenberger et al., 2004) to chronic disease progression and mortality (Epping-Jordan et 

al., 1994). Thus, fewer internal resources combined with maladaptive coping strategies learned in 

childhood hold the potential to exacerbate the negative effects of early stress on adult allostatic 

systems, while effective coping skills may lead to physiological and emotional resiliency to 

stress (Taylor & Stanton, 2007).   

Fortunately, there is evidence that more positive perceptions about stress, positive 

internal resources, adaptive coping strategies, and increased social support may increase 

resilience to stress. For example, Crum and colleagues (2013) found that individuals who view 

stress as something that leads to growth, learning, and productivity are more likely to report 

having better health than individuals who view stress as debilitating, and this effect was 

significant even after including measures of actual life stress and types of coping used (e.g. 
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active and avoidant coping). Increased social support is consistently associated with better 

physical and mental health (Thoits, 2011; Uchino, 2009) and partially accounts for decreasing 

the association between childhood abuse and negative mid-life health outcomes (Herrenkohl et 

al., 2016). Similarly, problem-focused coping strategies appear to reduce the risk of physical 

health problems (Aschbacher et al., 2005; Keefe et al., 1997; Stowell, Kiecolt-Glaser, & Glaser, 

2001; Taylor & Stanton, 2007). Combined, the literature strongly indicates that these modifiable 

aspects of resiliency may provide clear points of intervention to reduce the development of adult 

health conditions associated with ELAs.  

Definitions of coping. One challenge that has arisen in the study of protective factors is 

the multitude of measures used to assess resilience across studies. Differing definitions and 

measures across the literature makes comparisons across studies difficult.  Nonetheless, often 

measures of seemingly different aspects of resilience are highly correlated. Additionally, a 

majority of these measures may be better categorized under the previously noted components of 

resilience – recovery, maintenance, internal resources, and external resources.  

Thus, measures used to assess resilience may be influenced by four common underlying 

factors. One way to address this issue in the coping literature is to identify latent constructs that 

capture the underlying similarities for these different factors associated with resiliency. For 

example, measures of ‘positive affect,’ ‘self-acceptance,’ and ‘personal mastery’ all reflect 

positive beliefs about the self that may explain the shared variance across these measures. The 

current study attempted to identify four latent resiliency factors (i.e., recovery, maintenance, 

internal resources, and external resources) from the numerous measures in the MIDUS database.  

Thus, these latent constructs representing aspects of ‘resiliency’ were examined as potential 

moderators of the ELA and allostatic load association.  
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A Life-Course Perspective  

In the current study, we are examining the interplay of ELAs, resiliency factors, and 

allostatic load on health problems.  However, the associations among these variables may change 

from middle to older adulthood. In this regard, use of adaptive coping strategies earlier in life 

may have rippling effects on the accumulation of allostatic load and subsequent risk for health 

problems as people age. Similarly, allostatic load and health problems are believed to naturally 

increase with age due to normal wear and tear on the body.  Although ELAs can have rippling 

negative effects on a wide range of psychosocial factors, these effects may change across adult 

life as social, emotional, physical, and economic contexts change and related health risks 

accumulate.  While the literature provides consistent and compelling evidence that there is a 

greater risk for health problems as ELAs increase, there have been some limitations of past 

research in regards to older adults. Notably, the bulk of studies examining cumulative ELAs have 

considered adults as a homogenous age group. That is, the complex relationship between ELAs 

and the development of later health conditions has not been examined longitudinally by age. 

Rather, when studies include age, they have tended to examine age groups separately (e.g. some 

studies examine older adults while others examine younger adults) without specifically 

examining how relationships change with age.  

Only a few empirical studies have examined the health consequences of ELAs extending 

into late-adulthood (see Sachs-Ericsson, Medley, & Kendall-Tackett, 2011), or how early 

adversity and later health outcomes may be influenced by age (see Springer, Sheridan, Kuo, & 

Carnes, 2007; Brown et al., 2009). The majority of studies involving older age groups tend to be 

limited by the specificity of the adversity examined. For example, studies have examined 

specific types of adversities (e.g., childhood abuse or poverty) rather than cumulative ELA 
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counts. While these studies tend to support the proposed relationship between ELA scores, 

allostatic load, and later health, these pathways have not been explicitly studied longitudinally. 

Clearly, the risk for many health-related disorders increases as a normal function of age.  

Theoretical models of stress accumulation would indicate that as individuals age, the effects of 

ELAs will lead to even greater vulnerability to health problems and early mortality (Miller, 

Chen, & Parker, 2011) – especially when the individual faces the many challenges inherent in 

the aging process.   

Stress accumulation. There is some empirical evidence for the stress accumulation 

hypothesis in regards to specific types of ELAs. For example, Sachs-Ericsson and colleagues 

(2011) found that child abuse was associated with higher rates of medical problems in an older 

aged sample (mean age=67). Ferrie and Rolf (2011) indicate that adults surviving to age 70 who 

grew up in low socioeconomic status (SES) households are more likely to die from heart disease 

than individuals who grew up in higher SES households. Similarly, Gruenewald and colleagues 

(2012) found that socioeconomic adversity in childhood is associated with higher allostatic load 

at each phase of, and cumulatively across, the adult lifespan. These studies demonstrate that 

specific forms of adversity may be especially damaging across time. Brown and colleagues 

(2009) also postulate that that cumulative exposure to ELAs may accelerate disease, putting ELA 

exposed individuals at risk for premature mortality before reaching 70 or older.  They found that, 

people with six or more ELAs had significantly greater risk of early mortality than those without 

ELAs, although the risk of death prior to 65 based on ELAs remained relatively small (Brown et 

al., 2009).  

Most life-course theoretical models (e.g., Biological Embedding Model) suggest that 

early stress may trigger a cascade of biological and psychosocial problems, which accumulate to 
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cause higher rates of health problems in older age and premature mortality (Miller, Chen, & 

Parker, 2011). That is, the unique challenges associated with aging (e.g., death of close friends 

and family, greater health problems, etc.) may interact with difficulties caused by earlier 

adversities and lead to even greater health problems over time. Notably, the Biological 

Embedding Model includes the important role that psychosocial factors, such as maladaptive 

coping strategies and beliefs, play in potentially exacerbating behavioral and biological 

dysregulation. Thus, it logically follows that adaptive coping strategies and beliefs may similarly 

play a protective role against the biological accumulation of stress.   

Measurement issues. Due to the compounding, natural effects of time and aging on the 

body it is also the case that it is more difficult to measure the effects of ELAs on health in aging 

populations. Springer and colleagues (2007) indicated that the effects of childhood abuse and 

neglect were somewhat attenuated by age, but not to the point of non-significance. Further, in 

this regard, Brown and colleagues (2009) noted that the natural effects of time and environment 

associated with aging beyond the 7th decade of life may create challenges in distinguishing 

between the natural effects of aging on allostatic load and the effect of ELAs.  

 Taken together, it remains unclear whether the effects of ELAs on health accumulate or 

diminish as people age, as there is some evidence for both. Among older adults, the cumulative 

effects of ELAs are less well understood, as only a limited number of specific ELAs (e.g., child 

abuse, early parental loss due to death or divorce) have been examined into late-life. Further, 

there is a relative dearth of longitudinal evidence for the relationship between cumulative ELAs 

and the development of new health conditions in middle- and older-adults, while controlling for 

important third variables. If stress accumulates to further increase biological vulnerability as 

theories indicate, we would expect ELAs to continue to predict new onset of health conditions as 
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a person ages. However, if evolving coping strategies reduce the impact of ELAs in older age, 

we might also see a decrease in effects of ELAs on health for older adults. The current study will 

examine these age effects and the role that coping processes and allostatic load play in this 

relationship. 

Hypotheses  

To address the aforementioned gaps in the literature, the current study first examined the 

established relationship between ELAs and the development of new health conditions using a 

large, longitudinal sample.  Next, we determined if a comprehensive biological measure of 

allostatic load mediates the relationship between ELAs and the occurrence of new health 

conditions over time. Specifically, we predicted that ELAs would lead to higher allostatic load, 

which would then be associated with higher rates of health conditions over time. Next, we 

hypothesized that resilient coping strategies would moderate the relationship between ELAs and 

allostatic load, such that more adaptive coping would reduce the negative effects of ELAs on 

allostatic load. Third, we explored the extent to which these proposed moderating and mediating 

effects change with age. SEM analyses were used to determine whether the pathways of the 

overall moderated mediation model significantly differ based on age.  
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CHAPTER 2 

METHODS AND MEASURES 

 

Methods 

Sample  

 Data were drawn from a sub-sample of the participants who completed three waves of the 

Midlife Development in the United States surveys (MIDUS I, MIDUS II – (including the 

Biomarker Project), and MIDUS III). A subsample of participants completed the Biomarker 

Project during the time of the MIDUS II data collection. Therefore, to be included in the current 

study, participants of the Biomarker Project (N=1,255), must have also completed MIDUS I, 

MIDUS II and III. The full sample is described below. 

MIDUS I. The first wave of MIDUS was collected between 1995 and 1996. The primary 

goal was to examine how social, psychological, and behavioral factors influence physical and 

mental health. The full sample comprised four subsamples: (1) a national random digit dialing 

(RDD) sample (n=3,487); (2) oversamples from five metropolitan areas in the U.S. (n=757); (3) 

siblings of individuals from the RDD sample (n=950); and (4) a national RDD sample of twin 

pairs (n=1,914). MIDUS I included 7,108 non-institutionalized, English-speaking adults in the 

contiguous United States, aged 25 to 74 years.  

Participants completed a telephone interview (30 minutes in length) and a mail survey 

that included two self-administered questionnaires, each approximately 45 pages in length. For 

the current study, ELAs and all covariates (e.g., age, gender, education, income, etc.) were 

obtained from the first MIDUS wave.  
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MIDUS II. Approximately 10 years later, a follow-up survey was conducted with the 

original sample interviewed at Wave I (N=4,693). Several projects were completed in parallel 

with the MIDUS II.  Among the MIDUS II participants, a sub-sample (N=1,255) were obtained 

as part of a study that has been referred to as Project 4 – the Biomarker Project portion of 

MIDUS II (described below).  

Project 4 - Biomarkers. The purpose of the Biomarker Project was to add comprehensive 

biological assessments in order to help identify biopsychosocial pathways to health outcomes. 

Participants were eligible to participate in the Biomarker Project (i.e., Project 4; Ryff, Seeman, & 

Weinstein, 2004-2009) of MIDUS II if they had completed the MIDUS I and MIDUS II phone 

interviews and questionnaires, lived in the continental U.S., and were in the Main, Twin, or 

African American samples.  Of these individuals, a representative sub-sample of 1,255 

respondents were included in the Biomarker Project.  

Analyses revealed that the sub-sample was not significantly different from participants in 

MIDUS I on age, sex, race, marital status, income, or on health characteristics (e.g., self-rated 

health, number of health conditions, impairments in activities of daily living); however, they 

were significantly more likely to have a college degree (42.1% vs. 34.5%). Of the 1,255 

respondent subsample, 1,043 had sufficient data to construct an allostatic load score.  

The biological collection protocol included collecting fasting blood draw, as well as 12-

hour urine and saliva samples. They also included assessments of vital signs, morphology, 

functional capacities, bone densitometry, medication usage, and a physical exam (Ryff, Seeman, 

& Weinstein, 2013). Combined, the researchers were able to identify biomarkers of 

hypothalamic-pituitary-adrenal axis activity, autonomic nervous system, immune system, 

cardiovascular system, and musculoskeletal system functioning, levels of antioxidants, and 
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metabolic processes. These data were used to as indicators of allostatic load in the current study 

(see below for extended biomarker methodology).  

 MIDUS III. In 2013-2016, a third wave of MIDUS (N=3,294) was collected from 

baseline participants who also completed the MIDUS II phone interview, with a response rate of 

77% of living participants (46.3% of all MIDUS I participants). Specifically, of the original 

sample, 4% were deceased, 1.4%, were physically or mentally unable to complete the survey, 

5.4% refused, 5.2% were unable to be interviewed, 3.5% no longer had a working number, and 

34.2% were not interviewed at MIDUS III due to incomplete MIDUS II survey. MIDUS III 

largely repeated baseline measures and included a phone interview and an extensive self-

administered questionnaire. For the current study, health conditions obtained at Wave III were 

used as the outcome variable in order to examine the development of new health conditions over 

time.   

Measures 

 Demographics. The baseline MIDUS I survey included assessment of age, sex (1=male, 

2=female), total household income in past 12 months ($0-$300,000+; categories 1-10 were 

created for Mplus), education (coded as a categorical variable from 1=no school/some grade 

school to 12=PH.D., Ed.D., MD., DDS, or other professional degrees), and race (1=Caucasian, 

2=Minority group). These variables served as covariates in the models. 

 ELAs score. Based on the methodology of well-noted studies of ELAs (Schafer et al., 

2011; Friedman et al., 2015; Slopen et al., 2010), a total ELAs score was created by summing 

seven items obtained from the MIDUS I survey. Items representing ELAs were coded or recoded 

such that 1 indicated the presence of ELA, whereas 0 represented the absence of the specific 

ELAs. Items included: 1) retrospective report of family financial status in childhood, such as 
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whether the participants’ family was on welfare (1=yes, 0=no) and whether they viewed their 

family as financially worse off than others (recoded so that “a little worse off” to “a lot worse 

off” were counted as 1 and “same as average family” to “a lot better off” were coded as 0). These 

measures were combined to create a single item indicating the participants’ relative socio-

economic status in childhood, where a score of 0 indicates scores of 0 on both items and a score 

of 1 represents a score of 1 on either (or both) items. 2) Measures of mother and father education 

levels (coded 1 if parent received less than a high school education and coded 0 if they had a 

high school diploma or higher) were combined to create a single indicator of combined parental 

education to reduce redundancy in the ELA score. Finally, 3) parental separation/divorce (coded 

1 if yes before age of 18, 0 if no), 4) death of parent (coded 1 if parent died before age of 18, and 

0 if there was no death), and whether the participant experienced 5) emotional, 6) physical, or 7) 

severe physical abuse (each coded ‘1’ if participant reported experiencing any amount of abuse, 

“rarely” to “often” and 0 if there was ‘No Abuse’) were included in the ELA count.   

Thus, each of these items were recoded as 0 (absent) or 1 (present) and summed to create 

an ELA score with a possible range of 0-7. For individuals who completed the biomarker project, 

there was a mean ELA count of 1.35 (SD=1.27). The variable was normally distributed 

(skewness=0.82, kurtosis=-0.10), with a maximum of 6 ELAs reported.   

Allostatic load. Data obtained in Project 4 of MIDUS II was used to create the allostatic 

load indices. A measure of allostatic load was created using biomarker data from seven 

biological systems – the sympathetic nervous system, the parasympathetic nervous system, the 

HPA-axis, the cardiovascular system, glucose metabolism, lipid levels, and inflammatory 

markers.  
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The protocol and procedures for the Biomarker project are described in detail by Love 

and colleagues (2010). Briefly, data were collected during a two-day stay at one of the three 

research centers. During their stay, participants completed a medical history, bone densitometry 

scan, and a physical exam in addition to the self-administered questionnaire.  Consistency across 

sites was optimized through extensive training on standardized procedures detailed across 

multiple manuals for the procedures, collecting and processing of biomarkers, and for 

psychophysiology. Administrative databases were maintained and quality control assessments 

were completed across and within sites.  

Gruenewald and colleagues (2012) provided additional information on the procedures. 

The following is a summary of their description.  

Urine samples. Nursing staff collected 12-hour urine specimen (beginning at 7:00pm and 

ending at 7:00am), while participants rested and physical activity levels were minimal.  Urine 

samples were collected in prepared containers and were immediately given to nurses for storage. 

Urine samples were assayed for catecholamines (i.e., epinephrine and norepinephrine) or 

cortisol. Acetic acid was added to the stored urine sample for the catecholamine assays, but not 

for the cortisol assays. Collections were refrigerated overnight, and then sent to the lab for 

aliquoting, and then stored in a freezer (-60 to -80 degrees Celsius) for later assays.  

Fasting blood samples. Fasting blood specimen were collected in the morning using 

“three 10-mL red/black serum separator tube (SST) collections, two 4-mL lavender (EDTA) tube 

collections (one foil wrapped), and one 2.7 or 4-mL blue (citrated) tube collection.  SST 

collections were centrifuged at 4C for 20 minutes at 2000-2000 rpm after standing for a 15-30 

minute period.  Centrifuged samples were then aliquoted into 2-mL vials for freezer storage (-60 

to -80°C) for later assay” (Gruenewald et al., 2012).  The fresh blood samples were assayed for 
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glycosylated hemoglobin, and the frozen blood samples were assayed for cholesterol biomarkers, 

inflammatory biomarkers, and serum dehydroepiandrosterone sulfate.  

Cognitive and physical challenges. Project and nursing staff assessed physiological 

response and recovery from cognitive (i.e., arithmetic and stroop tests) and orthostatic challenges 

(i.e., going from sitting to standing). Physiological reactivity during the experimental protocol 

was monitored using blood pressure, heart rate variability, respiration, and salivary cortisol. 

These measures were taken following a light breakfast with no caffeinated beverage intake. 

Electrocardiographic electrodes were placed on the left and right shoulders and in the left lower 

quadrant. Measurements were taken during a 11-minute rest period and during cognitive and 

physical challenge tasks. These measurements were used to assess heart rate variability. 

Gruenewald and colleagues (2012) provide an extensive description of the creation of the 

allostatic load variable. All biomarkers were assayed using the blood, urine, and saliva samples 

described above. Specifically, cardiovascular functioning was comprised of resting systolic and 

diastolic blood pressure (an average of two consistent measurements) and resting pulse (taken for 

15 seconds by medical staff). Sympathetic nervous system functioning was measured using the 

overnight urinary measures of epinephrine and norepinephrine. Measures of parasympathetic 

nervous system functioning included measures of heart rate variability taken from the 

experimental physiological reactivity protocol (i.e., low and high frequency spectral power, the 

standard deviation of heartbeat to heartbeat intervals, and the root mean square of successive 

differences). HPA axis activity included measure of overnight urinary cortisol and a serum 

measure of the hormone dehydroepiandrosterone sulfate. An inflammation variable was created 

using measures of fibrinogen, C-reactive protein, and serum measures of interleukin-6 and the 

soluble adhesion molecules e-Selectin and intracellular adhesion molecule-1 (ICAM-1). Lipid 
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metabolism and general metabolic activity was measured though HDL and LDL cholesterol, 

triglycerides, body mass index ((weight in pounds * 703)/(height in inches)2), and waist-hip ratio 

(assessed at the narrowest point between ribs and the iliac crest and at the maximum diameter of 

the buttocks). Finally, Glucose metabolism was measured by fasting glucose, levels of 

glycosylated hemoglobin, and the homeostasis model of insulin resistance (i.e., glucose x 

insulin).  

This information was then used to create seven separate risk indices, which indicated 

whether individuals fell into high-risk quartiles (See also Friedman et al., 2015).  Only 

individuals with values on at least half of the system biomarkers were included in the total 

allostatic load score. For each system, risk scores ranged from 0-100% (range=0-1, e.g., 50% 

functioning = 0.5), indicating the percentage of system biomarkers in the high-risk range. This 

approach allowed all systems to be weighted equally in the total allostatic load score. These 

scores were then summed to create the allostatic load total score, which ranged from 0-7, where 

7 indicates the highest risk profile. The resulting allostatic load variable was normally distributed 

(skewness=.525, kurtosis=-.299). The mean allostatic load risk score reported was 1.71 

(SD=1.05). The maximum allostatic load score reported was 5.03.       

Resilience. A wide range of coping strategies, beliefs, and behaviors are thought to 

contribute to resilience. To account for the broad range of variables used to measure various 

aspects of resiliency, we used confirmatory factor analysis (CFA). We identified four underlying 

factors that represented our proposed constructs (i.e., internal resources, external resources, 

recovery, maintenance/improvement). Explaining the shared variance among different measures 

of coping using latent constructs is thought to increase external validity and thus may increase 

replicability of findings (Henson & Roberts, 2006). For the CFAs, all measures will be coded 
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such that higher scores indicate stronger endorsement of the construct. The result of the CFA will 

be four latent constructs that will be used as moderators in the final analyses. Of note, CFA 

models for these factors were completed using the scale items rather than the scale total scores in 

order to reduce possible error variance due to low internal consistency for multiple measures. 

Factor 1: Internal resources. 

Autonomy. This was measured using three items (alpha=.48), with responses rated 1 

(strongly agree) to 7 (strongly disagree). For example, “I have confidence in my own opinions, 

even if they are different from the way most other people think” (Ryff, 1989).    

Environmental mastery. This was measured using three items (alpha=.52), with responses 

rated 1 (strongly agree) to 7 (strongly disagree). For example, “I am good at managing the 

responsibilities of daily life” (Ryff, 1989).    

Personal mastery. This scale consisted of four items (alpha=.70), rated 1 (strongly agree) 

to 7 (strongly disagree). For example, items from this scale include, “I can do just about anything 

I really set my mind to” and “what happens to me in the future mostly depends on me” (Lachman 

& Weaver, 1998).  

Self-acceptance. This was measured using three items (alpha=.59), with responses rated 1 

(strongly agree) to 7 (strongly disagree). For example, “I like most parts of my personality” 

assesses positive attitudes toward the self (Ryff, 1989).   

Positive affect. This construct was assessed using a six-item measures rated on a 5-point 

scale, where 1=all of the time and 5=none of the time. Positive affect items had an alpha of .91. 

Participants were asked, “During the past 30 days, how much of the time did you feel…” and 

were provided with a list. For example, “a. cheerful?” “f. full of life?” (Bradburn, 1969; Mroczek 

& Kolarz, 1998) 
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Factor 2: External resources. 

Social integration. This was a three-item measure (alpha=.73), with each item rated 1 

(strongly agree to 7 (strongly disagree).  For example, “I don’t feel I belong to anything I’d call a 

community” and “I feel close to other people in my community” (Keyes, 1998). Positive items 

were reverse-coded so that higher scores reflect a higher sense of social well-being. 

Acceptance of others. This was a three-item scale (alpha=.42), where each item was rated 

1 (strongly agree to 7 (strongly disagree). Example items include, “I believe that people are 

kind” and “People do not care about other people’s problems” (Keyes, 1998). 

Positive relations with others. This was measured using three items (alpha=.58), with 

responses rated 1 (strongly agree) to 7 (strongly disagree). For example, “People would describe 

me as a giving person, willing to share my time with others” (Ryff, 1989).     

Family affectual solidarity. This scale (alpha=.83) comprises eight items assessing family 

support and family strain, rated 1 (a lot) to 4 (not at all). Responses were recoded so that a high 

score signifies a high level of family affectual solidarity. Respondents rated questions such as, 

“Not including your spouse or partner, how much do members of your family really care about 

you?” and “How much can you rely on them for help if you have a serious problem?” (Schuster, 

Kessler, & Aseltine, 1990). 

Friendship affectual solidarity. This scale was created by calculating the mean values of 

items for friend support (alpha=.88) and friend strain (alpha=.79). Higher scores indicate higher 

levels of friendship affectual solidarity. An example item from this scale is, “How much do your 

friends really care about you?” (Schuster, Kessler, & Aseltine, 1990).    
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Factor 3: Recovery 

Insight into past. This was a four-item scale (alpha=.70), rated 1 (a lot) to 4 (a little). For 

example, an item from this scale included, “Making sense of the past helps me figure out what to 

do in the present” (Prenda & Lachman, 2001).  

Personal growth. This was measured using three items (alpha=.55), with responses rated 

1 (strongly agree) to 7 (strongly disagree). For example, “For me, life has been a continuous 

process of learning, changing, and growth” (Ryff, 1989).     

Primary control (Persistence in Goal Striving). This is a five-item scale (alpha=.77) that 

measures persistence in goal striving. It is rated on a 4-point scale, from 1 (a lot) to 4 (not at all). 

Example items include, “When I encounter problems, I don’t give up until I solve them,” and 

“when faced with a bad situation, I do what I can do to change it for the better” (Wrosch, 

Heckhausen, & Lachman, 2000).  

Secondary control (Positive Reappraisals).  This is a four-item scale (Alpha=.78) 

measuring the participants’ use of positive reappraisals. For example, items include, “I can find 

something positive, even in the worst situations,” and “I find I usually learn something 

meaningful from a difficult situation” (Wrosch, Heckhausen, & Lachman, 2000). 

Loyola Generativity Scale. This is a six-item scale (alpha=.84) designed to assess beliefs 

about individual contributions to society and other people. It is rated on a 1 (a lot) to 4 (not at all) 

scale. For example, items include, “you have important skills you can pass along to others” and 

“You have had a good influence on the lives of many people” (McAdams, de St. Aubin, 1992). 
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Factor 4: Maintenance/Improvement 

Foresight and anticipation. This construct was measured using a four-item scale 

(alpha=.79), rated 1 (a lot) to 4 (a little). An example item is, “I can sense when an opportunity is 

coming my way” (Prenda & Lachman, 2001). 

Self-directedness and planning. This scale consisted of three items (alpha=.74), rated 1 (a 

lot) to 4 (a little).  For example, “I find it helpful to set goals for the near future” and “I know 

what I want out of life” (Prenda & Lachman, 2001). 

Purpose in life. This was measured using three items (alpha=.36), with responses rated 1 

(strongly agree) to 7 (strongly disagree).  For example, “Some people wander aimlessly through 

life, but I am not one of them” (Ryff, 1989).    

Social contribution. This scale consisted of three items (alpha=.67), with responses rated 

1 (strongly agree) to 7 (strongly disagree). Items include, “I have something valuable to give to 

the world” and “My daily activities do not create anything worthwhile for my community” 

[reverse coded] (Keyes, 1998).  

Health Conditions.  A total of 39 different chronic health problems were assessed at 

MIDUS II and MIDUS III. At Waves II and III, participants were asked, “In the past twelve 

months, have you experienced or been treated for any of the following?” A list of conditions was 

then presented to the participants, which included: autoimmune disorders, bone-related 

conditions (Arthritis, rheumatism or other bone/joint diseases; sciatica, lumbago or recurring 

backache), Cancer, Chronic sleeping problems, diabetes/high blood sugar, digestive conditions 

(recurring stomach trouble, indigestion, or diarrhea; constipated all/most of time; ulcer; 

piles/hemorrhoids), food problems, gallbladder problems, Hay Fever, heart trouble (suspected or 

confirmed by doctor), high blood pressure/hypertension, lung conditions (asthma, bronchitis, 
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emphysema; other lung problems; tuberculosis), migraine headaches, neurological conditions, 

skin trouble, stroke, thyroid disease, trouble with gums, mouth, or teeth, and urinary/bladder 

problems. Two variables assessing psychological problems were removed from the summed 

chronic condition variable (i.e., anxiety/depression and alcohol/drug problem). The remaining 

‘Yes’ responses for chronic conditions were summed for each Wave of data collection. Health 

conditions from MIDUS II were used as a covariate in all analyses. Health conditions at MIDUS 

III were used as the dependent variable in analyses.  

To prevent similar conditions from causing redundancy in the count variable, physical 

conditions were reduced to 21 chronic condition categories. For example, arthritis, rheumatism, 

other bone/joint diseases, sciatica, lumbago, and recurring backache were grouped together as 

‘Bone-related conditions.’ The resulting dependent variable demonstrated a non-normal 

distribution (skewness=2.41, kurtosis=7.58). Due to outliers in the summed dependent variable 

skewing the distribution, the dependent variable was winsorized, so that individuals reporting 7 

or more conditions were grouped together. Winsorization (Wilcox, 1998) is a statistical 

transformation used to limit extreme values in data in order to reduce the effect of potentially 

spurious outliers. Following this change, the health condition variable demonstrated a normal 

distribution (skewness=0.62, kurtosis=-0.43). Individuals reported approximately three health 

conditions on average (M=3.01, SD=2.20) at MIDUS III.   

Data Analysis  

Power analysis. To determine whether the current sample size would be large enough to 

detect an effect for each model, a Monte Carlo simulation method (MacKinnon et al., 2004) in 

Mplus was utilized. Three simulation models were analyzed, first for the mediation effect, then 

the moderated mediation model, and finally for the analysis of the full moderated mediation 
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model including the age analysis. The alpha level was set at .05.  Parameter estimates for the 

population value of the regression coefficients were set at .2 (highly conservative estimates) for 

all pathways in order to assess our models’ abilities to achieve good power (.80 is commonly 

accepted value for sufficient power). The simulation results demonstrated that our sample size of 

846 would provide power of 1.00 for all of the estimated pathways in all three models, except the 

pathway between age and allostatic load in the final model analysis, which resulted in power of 

.99. Thus, the current sample provides sufficient power to detect even small effects in our 

analyses.  

Data preparation. Preliminary analyses were performed to determine the sample size 

and demographics of the participants. Criterion and predictor variables were analyzed to ensure 

their conformation to the basic assumptions of a regression analysis. Missing data was addressed 

using the Full-information maximum-likelihood approach in Mplus (version 5.0; Muthen & 

Muthen, 1998-2007), which is the recommended approach to account for missing data in Mplus 

(Enders & Bandalos, 2001). The Full-information maximum-likelihood approach generates an 

estimated covariance matrix of missing data points. Preliminary analyses and descriptive 

statistics were completed using SPSS (IBM Corp, 2013), while all regression, measurement, and 

structural models will be estimated using Mplus.  

Hypothesis 1. We predicted that ELAs would be associated with the development of 

new health conditions at MIDUS III. This hypothesis was designed to replicate previous 

findings demonstrating an association between ELAs and increased risk for health conditions 

in adulthood (Felitti et al., 1998). We tested this hypothesis using hierarchical linear 

regression, controlling for age, sex, income, education, race, and MIDUS II health 

conditions. 
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Hypothesis 2. Next, we examined allostatic load as a mediator between ELAs and the 

development of new health conditions at MIDUS III. The bootstrapped method (1,000 

bootstrapped resamples generated from observed data) was performed to test the indirect 

effect of ELAs on the development of new health conditions through allostatic load.  

Hypothesis 3. Third, we hypothesized that four latent resiliency factors would 

moderate the relationship between ELAs and allostatic load, thereby moderating the full 

mediation model. This hypothesis consisted of a two-part analysis. First, confirmatory factor 

analyses (CFA) were performed to create four latent resiliency factors. Second, using 

structural equation modeling, the resulting latent factors were then entered separately into the 

mediation model as moderators to the ELAs-allostatic load relationship.  

Hypothesis 4. We hypothesized that increasing age would strengthen all of the 

proposed associations in the model, in great part, because age makes an individual more 

vulnerable to disease. Thus, we assessed whether age moderated the pathways of our model. 

Specifically, we first expected older age to strengthen the direct effect of allostatic load on 

chronic health conditions. Next, we expected that for older individual, the association 

between ELAs and Health conditions would increase. Third, we expected that in older 

individuals, the association between ELAs and allostatic load would increase. Finally, we 

expected that age would enhance any beneficial effects of resiliency on the ELAs - Allostatic 

load pathway.  
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CHAPTER 3 

RESULTS AND DISCUSSION 

 

Results 

Demographics 

Full descriptive statistics and correlations are provided in Tables 1 and 2. At baseline 

(MIDUS I, 1995-1996), the average age of the sample was 46.38 (SD=13.00). By MIDUS III 

(2013), the average age of the sample was 63.37 (SD=11.07) with 45.4% of the sample aged 

65 or older. The sample was 51.7% female and the vast majority Caucasian (90.7%). The 

sample had higher than average national levels of education (Barro & Lee, 2013), with 

approximately 50% of the sample reporting one or more years of college, and a higher than 

(national) average household income (M=71,700.98, SD=61,281.625; U.S. Census Bureau, 

2017). At MIDUS II participants endorsed an average of 2.3 (SD=2.22) health conditions. At 

MIDUS III, participants reported an average of 3.01 (SD=2.20) health conditions. 

Early Life Adversity  

 For the sample as a whole, participants reported experiencing, on average, 1.35 

(SD=1.27) ELAs. Table 3 lists the percentage of participants who reported an ELA at 

baseline. The ELA score was analyzed to assess potential cohort, gender, and socioeconomic 

influences on the frequency of the variable. There were no significant differences in the 

frequency of ELAs by gender or race. As might be expected from previous investigations 

(Heckman, 2006), there was a significant difference in ELA based on household income (F(9, 

3,420)=5.08, p<.001) – individuals in the highest income category reported the fewest ELAs 
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(M=1.11, SD=1.19), while those in the lowest income category reported the highest rates of 

ELAs (M=1.64, SD=1.38).  

There was also a significant, but weak inverse correlation between ELA and age (r=-

.049, p=.004), such that the number of reported adversities decreased with participant age. To 

further understand this effect, baseline age was first recoded as three age groups, young 

adults (20-39, N=1,103), middle-aged adults (40-59, N=1,782), and older adults (60-75, 

N=612). ANOVA was used to examine possible cohort effects on reported ELA. Although, 

young adults (M=1.42, SD=1.31) reported more ELAs than middle-aged (M=1.33, SD=1.26) 

and older adults (M=1.29, SD=1.21), these differences were not significant (F(2, 3294)=2.39, 

p=.091). However, these effects were further analyzed based on each decade of life (e.g., 20-

29, 30-39, 40-49, etc.). When age was analyzed as these six age categories, the differences in 

ELA became significant (F(5, 3291)=2.56, p=.025), with participants in their 20s at baseline 

reporting the most ELAs (M=1.48, SD=1.35) and individuals in their 70s reporting the least 

ELAs (M=1.06, SD=1.03). Differences may reflect cohort effects or selective mortality, 

nonetheless; these lower rates of reported ELA in older participants may decrease the power 

of the current study to detect effects of ELA in older adults. 

When examining differences across age groups for type of ELAs experienced, all 

seven ELAs showed significant differences based on age. Older age was associated with 

worse SES in childhood (f(2, 7038)=4.03, p=.018), lower parent education (f(2, 

6338)=218.11, p<.001), parent death in childhood (f(2, 4038)=4.14, p=.043), and lower 

likelihood of parental divorce in childhood (f(2,4038)=44.22, p<.001). Younger age was 

associated with higher risk for emotional (f(2,6097)=45.59, p<.001), physical 

(f(2,6176)=40.93, p<.001), and severe physical abuse (f(2,6133)=16.95, p<.001), as well as 
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greater likelihood of parental divorce (f(2,4038)=44.22, p<.001). These differences may 

impact the ability of a single cumulative indicator of ELA to detect effects across all age 

groups.  

Allostatic Load 

 There were no significant differences in allostatic load scores based on gender or 

race; however, significant differences were seen across the three age groups (F(2, 1,040)=71.28, 

p<.001). As would be expected, young adults (M=1.27, SD=0.98) had lower allostatic load 

scores than middle-aged adults (M=1.82, SD=0.98), and older adults had the highest 

allostatic load scores (M=2.35, SD=1.01). Further, participants with household incomes 

above the US national average had significantly lower allostatic load scores (M=1.59, 

SD=1.02) than those whose household incomes fell below the national income average 

(M=1.89, SD=1.06; F(9, 989)=17.79, p<.001). Although these factors were included as 

covariates in analyses, implications of these differences are addressed as possible limitations 

in the Discussion section.   

Hypothesis I: ELA and Health 

The direct effect of ELA on health conditions at MIDUS III was assessed using linear 

regression in Mplus. Of the covariates included in the model, race, education, and income 

were not significant predictors of health, while poorer health at MIDUS II, female sex, and 

older age all significantly predicted new onset of health conditions at MIDUS III. Consistent 

with our first hypothesis, ELA significantly predicted a greater number of new health 

conditions at MIDUS III, (B=0.098, S.E.=.029, p<.001).   
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Hypothesis II: Allostatic Load as a Mediator 

 Next, we examined allostatic load as a mediator between ELA and the development 

of health conditions at MIDUS III. Based on the initial proposed model (see Figure 1), we 

included age, sex, race, income, education, and health conditions at MIDUS II as covariates 

on the pathways of the mediation model.  Both allostatic load (B=0.236, S.E.=.060, p<.001, 

CI=.080-.394) and ELA (B=0.092, S.E.=.030, p=.002, CI=.020-.164) significantly predicted 

health conditions at MIDUS III. The pathway between ELA and allostatic load, however, 

was not significant when all covariates were included in the model (B=0.024, S.E.=.026, 

p=.347, CI=-.037-.094); thus, the indirect effect was also non-significant (B=0.006, 

S.E.=.007, p=.392, CI=-.009-.034). See Figure 2.   

Due to concern about possible suppression effects, we completed analyses in which 

we systematically removed the covariates using both a theoretical and data driven approach.  

Previous research has shown both education and income to be highly correlated with ELA as 

well as health outcomes, and thus the inclusion of these covariates may suppress the 

association between ELA and health outcomes. Indeed, the literature confirms higher ELA is 

strongly associated with of fewer years of education and lower socioeconomic status 

(Friedman et al., 2015; Kelly-Irving et al., 2014). In fact, education specifically has been 

shown to fully mediate the relationship between ELA and allostatic load in previous studies, 

including those using the MIDUS data (Friedman et al., 2015). We replicated the findings of 

Friedman and colleagues (2015) in our sample from the MIDUS data. A comparable full 

mediation effect was found in our sample – even controlling for age, race, and sex, the effect 

of ELA on allostatic load was mediated by years of education (B=0.024, S.E.=.01, p<.001). 

Similarly, income partially mediated the relationship between ELA and allostatic load 
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(B=0.01, S.E.=.003, p=.006). Furthermore, education (B=0.02, S.E.=.01, p=.006) and income 

(B=0.01, S.E.=.01, p=.002) partially mediated the relationship between ELA and MIDUS III 

health conditions, even controlling for age, sex, and MIDUS II health conditions.  Thus, 

removal of both education and income may provide a more useful understanding of the effect 

of ELA on later allostatic load and health conditions.  

Finally, allostatic load and MIDUS II health were obtained in the same time period 

(MIDUS II), and these variables are significantly related. Theoretically, the measure of 

MIDUS II health conditions may in part serve as a proxy measure of allostatic load, as both 

of these assess aspects of health functioning. Further, our analyses have already demonstrated 

a strong relationship between ELA and later health. Thus, inclusion of MIDUS II health 

conditions as a covariate on the A path of the model may suppress important effects between 

ELA and allostatic load.    

In consideration of these possible suppression effects, we examined a more 

parsimonious model including only age, sex, and race as covariates on the pathway between 

ELA and allostatic load (See Figure 3). In order to maintain assessment of new conditions at 

MIDUS III, the MIDUS II health variable was retained as a covariate on all other paths. Of 

note, maximum likelihood estimation resulted in a sample size of 2,384 for the mediation 

model. For this more parsimonious model, again, both allostatic load (B=0.226, S.E.=.059, 

p<.001) and ELA (B=0.094, S.E.=.029, p<.001) significantly predicted new health 

conditions. Additionally, with the exclusion of MIDUS II health, education, and income as 

covariates, the direct pathway between ELA and allostatic load was significant (B=0.065, 

S.E.=.026, p=.013), as was the indirect effect (B=0.015, S.E.=.007, p=.049), demonstrating 

that allostatic load partially mediates the relationship between ELA and new health 
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conditions at MIDUS III. In order to adequately examine hypotheses three and four, this 

model was used as the base model in all following analyses.  

Hypothesis III: Four Latent Factors of Resilience as Moderators 

  We hypothesized that four latent resiliency factors would each moderate the relationship 

between ELAs and allostatic load, thereby moderating the full mediation model. Thus, latent 

variables for each of the four components of resiliency were created using confirmatory factor 

analyses.  The goodness of fit of the latent variables was primarily evaluated based on root-

mean-square error of approximation (RMSEA). For clarity, we also report three other fit indices: 

1) chi-square statistics; 2) Comparative Fit Index (CFI); and 3) the Tucker-Lewis Index (TLI). 

Based on the size of our sample, the chi-square test was not interpreted, as it often has inflated 

significance with larger samples (e.g., over 400 cases; Barrett, 2007). Thus, Hu and Bentler’s 

(1999) cut-off criteria for the remaining fit indices were primarily evaluated (e.g., CFI, TLI=.95, 

RMSEA=.06-.08). For each factor, every item from relevant scales was included in the model 

without allowing for correlation between items. Then, highly correlated items within scales were 

allowed to covary in the model as well as theoretically similar items across scales in order to 

reduce error variance and improve model fit.  Items with factor loadings below 0.3 were 

removed from the final model (Comrey & Lee, 2012). For moderated-mediation analyses, we 

analyzed the more parsimonious model in which we found a direct effect of ELA on Health, and 

an indirect effect of ELA on health through allostatic load. We expected that the resiliency 

factors would reduce the association between ELA and allostatic, thereby decreasing the overall 

indirect effect.  

 Positive Internal Resources. For the internal resources factor, all items from the positive 

affect, self-acceptance, autonomy, personal mastery, and environmental mastery scales were 
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included as observed variables in the model. This resulted in a poor fitting model (x2(152) = 

14,624.37, p < 0.001; RMSEA = 0.12; CFI = 0.70; TLI = 0.66), with all p’s <.001. Because CFA 

automatically assumes errors of observed variables are uncorrelated, the model was further 

examined based on theory and using the modification indices. Using this approach, the errors for 

items within scales were allowed to covary. Further, items across scales were examined, and 

theoretically similar items with high modification indices scores were allowed to covary as well. 

For example, “In many ways I feel disappointed about my achievements in life” was allowed to 

covary with “The demands of everyday life get me down.” Additionally, five items from the 

Autonomy and Personal mastery scales were removed from the model based on factor loadings 

below .3. Inclusion of these correlations in the model, resulted in a better fitting model (x2(65) = 

1,549.98, p < 0.001; RMSEA = 0.06; CFI = 0.96; TLI = 0.95).  See Figure 4 for model.  

This factor was used to create an interaction term with ELA in order to assess its 

moderating effect on the relationship between ELA and allostatic load. These terms were 

included on the A path of the full mediation model. Although ELA was significantly associated 

with higher allostatic load (B=0.06, S.E.=.03, p=.030), the internal resources factor was not 

associated with allostatic load (B=-0.05, S.E.=.05, p=.297). The interaction between these 

variables was also not significant (B=0.01, S.E.=.03, p=.683). Thus, the effect of ELA on 

allostatic load does not appear to depend on a person’s positive internal resources.  Finally, we 

examined the influence of the moderator on the mediation model. Although we report these 

effects for each resiliency factor, it should be noted that these effects should be interpreted with 

caution, as it is possible that the complexity of the model at this stage may have reduced the 

reliability of the findings. With the inclusion of internal resources in the model, the indirect 
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effect was not significant at high (B=0.01, S.E.=.01, p=.256), medium (B=0.01, S.E.=.01, 

p=.053), or low levels (B=0.02, S.E.=.01, p=.084) of internal resources.        

Positive External Resources. For the model including all items from the positive 

relations with others, friend affectual solidarity, family affectual solidarity, social integration, 

and acceptance of others scales, the model demonstrated a poor fit (x2(275) = 31,559.44, p < 

0.001; RMSEA = 0.13; CFI = 0.45; TLI = 0.40). However, as items from the same scales in the 

model may share error variance, an additional analysis was performed in which the items were 

allowed to covary. Additionally, certain items across scales that represented theoretically similar 

constructs were also allowed to covary. For example, “how much do your friends really care 

about you?” was correlated with, “…how much do members of your family really care about 

you?”  These theoretically similar item correlations were confirmed by elevated modification 

indices. Finally, the item, “Many people come to you for advice” was removed due to a factor 

loading below 0.3. Allowing for this covariation provided a substantially better fitting model 

(x2(79) = 638.11, p < 0.001; RMSEA = 0.03; CFI = 0.99; TLI = 0.98).  See Figure 5 for final 

model.   

We then assessed the moderating effect of external resources on the relationship between 

ELA and allostatic load, within the full mediation model. Neither the direct effect of external 

resources (B=0.004, S.E.=.06, p=.940) nor the interaction effect on allostatic load were 

significant (B=-0.001, S.E.=.03, p=.981).  Thus, the effect of ELA on total allostatic load does 

not appear to depend on a person’s external social resources. For the moderated mediation 

model, ELA remained a significant predictor of allostatic load (B=0.07, S.E.=.03, p=.011), with 

the inclusion of external resources, the indirect effect of ELA on health through allostatic load, 

was no longer significant at low (B=0.02, S.E.=.01, p=.108) and high (B=0.02, S.E.=.01, p=.141) 
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levels of external resources. However, there was a weak but significant effect at medium levels 

of external resources (B=0.02, S.E.=.01, p=.034).  

Recovery. In developing the latent construct of recovery, all items from the scales insight 

into past, Loyola generativity, personal growth, persistence, and positive reappraisal were 

entered. This model demonstrated a poor fit to the data (x2(209) = 17,137.29, p < 0.001; RMSEA 

= 0.11; CFI = 0.63; TLI = 0.59). The item, “After something bad happens, I think about how I 

could have prevented it” was removed due to a low factor loading (below 0.3). After allowing for 

covariation within and across certain scale items, based on theory and the modification indices, 

model fit was substantially improved. Allowing for covariation of the errors in these items 

resulted in a good fitting model (x2(156) = 1,236.68, p < 0.001; RMSEA = 0.03; CFI = 0.98; TLI 

= 0.97). See Figure 6.  

This recovery factor was then entered as a moderator between ELA and allostatic load in 

the full model. Again, the recovery factor was not significantly associated with allostatic load 

(B=-0.01, S.E.=.05, p=.928) and the interaction was also non-significant (B=0.01, S.E.=.03, 

p=.804). ELA continued to predict allostatic load in this model (B=0.07, S.E.=.03, p=.010). Thus, 

the relationship between ELA and allostatic load does not appear to depend on these recovery 

characteristics. The indirect effect for the mediation model was not significant at both high 

(B=0.02, S.E.=-.002, p=.082) and low levels (B=0.01, S.E.=-.01, p=.175); there was a significant 

but weak association at medium levels of the recovery factor (B=0.02, S.E.=.001 p=.034).  

Maintenance. In developing the latent construct for maintenance characteristics, the 

initial model included all items from the four scales, foresight and anticipation, self-directedness 

& planning, purpose in life, and social contribution.  This model demonstrated a poor fit to the 

data (x2(54) = 7,154.52, p < 0.001; RMSEA = 0.14; CFI = 0.66; TLI = 0.59). Three items were 
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removed based on factor loadings below 0.3. Finally, based on associations of items within and 

across scales, item errors were selectively allowed to covary. Allowing for these covariations 

provided a substantially better fitting model (x2(22) = 222.64, p < 0.001; RMSEA = 0.04; CFI = 

0.99; TLI = 0.98). See Figure 7 for CFA model.  

When included on the A path of the total model, maintenance characteristics were not 

directly associated with allostatic load (B=0.01, S.E.=.06, p=.853). Further, although ELA 

continued to predict higher allostatic load (B=0.07, S.E.=.03, p=.010), the interaction between 

ELA and the maintenance factor on allostatic load was not significant (B=-0.02, S.E.=.03, 

p=.581). With the inclusion of the maintenance factor as a moderator, the indirect effect 

remained significant at medium levels of the maintenance factor (B=0.01, S.E.=.01, p=.033), but 

became non-significant at both high (B=0.01, S.E.=.01, p=.252) and low levels (B=0.02, 

S.E.=.01, p=.073). 

Hypothesis IV: Age Analyses 

 We conducted analyses to determine if the association among the variables in the 

mediation model would strengthen as the individual aged. We hypothesized that increasing age 

would strengthen all of the proposed associations in the model, in large part, because age makes 

an individual more vulnerable to disease. First, we examined the moderating effect of age on the 

relationship between ELA and MIDUS III health conditions, controlling for sex, race, and 

MIDUS II health conditions. Whereas the direct effect of ELA on later health was significant 

across all age groups (p’s<.05), the interaction between ELA and age was non-significant 

(B=0.000, S.E.=.003, p=.955).  

Similarly, when examining the direct pathways, ELA was significantly associated with allostatic 

load in middle-aged (B=0.09, S.E.=.04, p=.008), but not older adults (B=0.06, S.E.=.05, p=.216.). 
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Higher allostatic load was significantly associated with worse health in middle-aged (B=0.65, 

S.E.=.10, p<.001) and older adults (B=0.45, S.E.=.10, p<.001), and finally, higher ELA was 

associated with greater number of health conditions in both middle-aged (B=0.25, S.E.=.05, 

p<.001) and older adults (B=0.22, S.E.=.05, p<.001). Thus, although the relationship between 

ELA and allostatic load may depend on age, the direct effects of ELA on health, as well as the 

relationship between allostatic load and health, do not appear to depend on age when examined 

separately.  

Next, we compared the mediation model for middle-aged and older adults (split at 65). 

For middle-aged adults, ELA was significantly associated with both higher allostatic load 

(B=0.08, S.E.=.04, p=.026) and with new onset of health conditions at MIDUS III (B=0.11, 

S.E.=.04, p=.003). Further, allostatic load was also associated with MIDUS III health conditions; 

however, the indirect effect was not significant (B=-0.02, S.E.=.01, p=.094). For older adults 

(e.g., aged 65+), ELA was no longer associated with either allostatic load (B=0.05, S.E.=.05, 

p=.326) or MIDUS III health conditions (B=0.07, S.E.=.04, p=.104), while allostatic load 

remained significantly associated with MIDUS III health (B=0.169, S.E.=.08, p=.042). Because 

inclusion of this additional age parameter in the model reduced the mediation effect to non-

significance for both groups, no further age analyses were completed.  Thus, our findings largely 

contradicted our expectations. Age had no impact on the separate direct paths between the 

proposed constructs, and the relationships within the mediation model were weaker for older 

adults compared to middle-aged adults.   

Post-hoc Analyses 

Resiliency, ELA, and Health. For hypothesis three, we proposed that the resiliency 

factors would moderate the relationship between ELA and allostatic load. Though the proposed 
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resiliency factors were unrelated to allostatic load, we were interested to see how these factors 

may have affected the association between ELA and later health conditions. Similar to our 

original conceptualization for allostatic load, we speculated that first, lower ELA would be 

associated with greater resiliency characteristics, and secondly, resiliency factors would be 

associated with fewer health conditions.  Consistent with this conceptualization, we found ELAs 

to be associated with each resiliency factor, with the exception of the recovery factor. Moreover, 

we found each resiliency factor to be associated with fewer health problems at MIDUS III.    

Specifically, follow-up analyses were completed to assess the relationship between the 

ELAs and each of the resiliency factors, and then each of the resiliency factors and health at 

MIDUS III. We found lower levels of ELA to be associated with increased internal resources 

(B=-0.10, S.E.=.01, p<.001), and increased internal resources was associated with fewer health 

problems at MIDUS III (B=-0.54, S.E.=.06, p<.001). Similarly, fewer ELAs were also associated 

with higher external resources (B=-0.17, S.E.=.02, p<.001), and higher external resources were 

associated with fewer health conditions (B=-0.15, S.E.=.06, p=.007). Notably, ELA was not 

associated with the recovery factor (B=-0.01, S.E.=.01, p=.239), but the recovery factor was 

significantly associated with fewer health conditions (B=-0.45, S.E.=.13, p<.001). Finally, fewer 

ELAs were significantly associated with higher scores on the maintenance factor (B=-0.04, 

S.E.=.01, p<.001), and maintenance characteristics were associated with fewer health conditions 

(B=-0.41, S.E.=.12, p<.001).  

We also tested the indirect effect of each of the resiliency factors in a mediation model 

(e.g., replacing allostatic load with each resiliency factor). Controlling for age, sex, race, and 

MIDUS II health conditions, there was a significant indirect effect of internal resources (B=0.06, 

S.E.=.01, p<.001) and external resources (B=0.05, S.E.=.01, p=.022), but not for the maintenance 
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or recovery factors (p>.05).  That is, the direct effect of ELA on later health conditions was 

partially mediated by internal and external resources. Thus, in separate models, lower ELA was 

significantly associated with both increased internal and external resources, and these resources 

predicted fewer health problems. These relationships may suggest the possibility that these 

resiliency factors may be implicated in alternative pathways between ELA and later health 

conditions that do not clearly include cumulative allostatic load.  

ELA, Allostatic Load, & Health. In our model, we were surprised by the weak indirect 

effect of allostatic load in our mediation model. However, because the literature strongly 

supported the proposed relationships, we analyzed multiple versions of our model to clarify our 

findings. We first suspected that ELA may affect some allostatic systems and not others, and 

similarly, our overall measure of the allostatic load may include allostatic systems that are more 

or less associated with the chronic diseases assessed at MIDUS III.  

As a first step, we examined the relationship between ELA and each of the seven 

components of our allostatic load indicator, controlling for age, sex, and race. ELA was 

significantly associated with inflammation (B=0.02, S.E.=.01, p=.004), lipid metabolism 

(B=0.02, S.E.=.01, p=.002), and glucose metabolism (B=0.02, S.E.=.01, p=.009). There was also 

a trending relationship between ELA and cardiovascular biomarkers (B=0.01, S.E.=.01, p=.071), 

but surprisingly there was no relationship between ELA and HPA (B=-0.01, S.E.=.01, p=.350), 

sympathetic (B=-0.01, S.E.=.01, p=.215), or parasympathetic nervous system functioning 

(B=0.01, S.E.=.01, p=.211). Next, we examined the relationship between these components of 

allostatic load and later health, controlling for age, sex, and race. The indices of allostatic load 

found to be associated to MIDUS III health conditions included the parasympathetic nervous 

system functioning (B=0.49, S.E.=.21, p=.019), cardiovascular functioning (B=.75, S.E.=.28, 
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p=.007), glucose metabolism (B=1.01, S.E.=.25, p<.001), and lipid metabolism (B=.87, S.E.=.34, 

p<.010). Thus, the only allostatic systems significantly associated with both ELA and later health 

conditions were glucose and lipid metabolism.  When assessed separately as mediators between 

ELA and health in the model, only glucose (B=.008, S.E.=.004, p=.045) and lipid metabolism 

(B=.013, S.E.=.01, p=.049) act independently as partial mediators of the seven systems. These 

findings suggest that measures of separate allostatic systems may be more useful than a 

cumulative indicator of allostatic load when examining their relationships with ELA and later 

health.  

Discussion 

Over the course of the last few decades, a growing body of literature has documented a 

pronounced association between early life adversity (ELA), biological dysregulation, and 

negative health outcomes in adulthood (see Felitti et al., 1998; Bellis, Lowey, Leckenby, 

Hughes, & Harrison, 2013; Chartier, Walker, Naimark, 2010; Dong et al., 2004; Wegman & 

Stetler, 2009). Researchers have documented that a wide range of different forms of early life 

adversity (e.g., poverty, child abuse, early parental loss, etc.) are associated with poorer adult 

health. A common mechanism linking these various adversities to later health is thought to be 

allostatic load, which represents the physiological consequences of chronic stress exposure to the 

body. Thus, allostatic load is hypothesized to be a causal pathway linking ELAs to adult health 

conditions.  The current study, is one of the first, to longitudinally examine the association 

between ELAs and health outcomes using a comprehensive biological assessment of allostatic 

load as the pathway between ELAs and health outcomes. Additionally, we examined modifiable 

factors that may lessen the negative effects of ELAs. Specifically, the current study examined a 

biopsychosocial model of the effects of ELA on adult health in which we conducted an empirical 
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exploration of the effects of resiliency factors on the relationship between ELAs, allostatic load, 

and health. 

  The current study used a large, longitudinal sample of middle aged and older adults to 

examine these issues, and our findings shed some light on both strengths and weaknesses in 

biopsychosocial models incorporating ELA, allostatic load, and health.  

Hypothesis 1: ELA and Health  

First, our study sought to replicate previous studies findings on the negative effects of 

ELAs on health. Consistent with our predictions, we found that ELA is associated with the onset 

of new health conditions in adulthood. This relationship remained significant even after 

accounting for age, sex, race, education, and income. Previous researchers have used both cross-

sectional (Felitti et al., 1998; Bellis et al., 2013; Gilbert et al., 2015) and longitudinal studies 

(Greenfield & Marks, 2009; Springer et al., 2007; Flaherty et al., 2013) to demonstrate the dose-

response relationship between number of adverse childhood experiences and increased rates of 

health conditions. To our knowledge, this study is the first to demonstrate that an ELA composite 

score predicts the new onset of health conditions over a 20-year span among middle aged and 

older adults.  

 This finding is important for multiple reasons. First, it demonstrates that a cumulative 

indicator of ELA remains a strong predictor of health status longitudinally, even into middle and 

older age. While many researchers have examined early adversities separately in relation to 

specific health outcomes (see Evans & Kim, 2013; Helitzer et al., 2015; Springer et al., 2007), 

our finding supports the use of a simple ELA count variable as a valuable clinical tool.  This has 

clinical applications in fast-paced medical settings. An ELA count can be created using a brief 

screening tool and provides important information on increased health risks and the potential 
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need to refer the patient to other care providers. Our finding shows that such a tool would 

provide useful clinical information, and that such an assessment would be applicable across the 

lifespan.  

Hypothesis 2: Allostatic Load as a Mediator 

 After confirming the relationship between ELA and later health, we next examined 

allostatic load as a mediator to this relationship. This hypothesis was based on models proposed 

by Danese and McEwen (2012), as well as research linking ELAs to higher risk across multiple 

biomarkers (Gruenewald et al., 2012; Friedman et al., 2015; Solís et al., 2014). Though this 

model has been examined cross-sectionally and the theoretical framework has been discussed in 

many reviews of the literature (Beckie, 2012; Miller et al., 2011; Rogosch et al., 2011; Danese & 

McEwen, 2012), no previous empirical studies, to our knowledge, have examined this mediation 

model longitudinally. To test this mediation model, the current study derived a multi-

dimensional, biological index of allostatic load. Our findings demonstrated that allostatic load 

partially mediates the relationship between ELA and the development of later health problems. 

However, it is notable that this indirect effect was weak and was only significant when the 

covariates were limited to age, sex, and race. That is, the model was significant only after years 

of education and adult household income were removed from the model as covariates.  

Interestingly, in separate analyses, we confirmed that education fully mediated the 

relationship between ELA and allostatic load, and income partially mediated this effect. These 

findings demonstrate that although ELA does appear to partially influence later health through its 

effect on allostatic load, a cumulative indicator of allostatic load may not be as strong of a 

predictor as cross-sectional studies and certain theoretical models have suggested (see Danese & 

McEwen;McEwen & Seeman, 1999; Tomasdottir et al., 2015).  It may also indicate that social 



49 
 

and environmental processes related to ELAs may significantly influence education and adult 

income, and that these factors likely influence adult biological, psychological, and social 

functioning in adulthood that contribute to adult health. Other explanations for our findings, 

which will be discussed below, include the possibility that the measure of allostatic load included 

biological systems not strongly influenced by ELA, which may have diluted the effects. 

First, however, it is important to better understand why education and income suppressed 

the effects of allostatic load as a mediator. Additionally, and importantly, why is it that education 

was a full mediator and income was a partial mediator of the relationship between ELA and 

health? One possible explanation is that higher education and income in adulthood operate 

through a distinct pathway, influencing both allostatic load accumulation as well as health. For 

example, higher education and incomes are associated with greater access to health care and 

health insurance (Zuvekas & Taliaferro, 2003), thereby lowering risk for health conditions. 

People with higher education and income may also be more likely to consume healthier diets 

(Darmon & Drewnowski, 2008) and may be less reactive to daily stressors (Almeida, 2005; 

Almeida, Neupert, Banks, & Serido, 2005). Further, adult education and income are clearly 

influenced by early adversity and childhood socioeconomic status. Children with fewer resources 

are less likely to obtain higher education and more likely to earn lower incomes than children 

with greater financial resources (Duncan, Yeyng, Brooks-Gunn, & Smith, 1998; Duncan, Ziol-

Guest, & Kalil, 2010). Thus, it may be necessary to consider these factors and the distinct 

mechanisms associated with them separately in future models.   

In regard to the use of a cumulative indicator to represent allostatic load, follow-up 

analyses in the current study revealed that certain allostatic systems may provide more useful 

pathways for understanding the complex biological pathways between ELAs and health. ELAs 
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were more strongly associated with increased inflammation, lipid metabolism, and glucose 

metabolism, while ELA was weakly associated with cardiovascular functioning. Among these, 

only the metabolic indicators provided a clear pathway between ELA and later health conditions 

in the current sample.  Similarly, Friedman and colleagues (2015) noted that ELA was most 

strongly associated with these same secondary stress systems; however, they emphasized that 

ELAs were also associated with a cumulative indicator and that the cumulative indicator was 

more strongly associated with health – yet, they did not examine the mediation effect. Our 

findings demonstrate that when the proposed mediation effect is examined longitudinally, it may 

become more meaningful to examine the effects of the allostatic systems separately.   

Another argument for the separate examination of allostatic systems over a cumulative 

indicator is the heterogeneity in definitions of allostatic biomarkers and the availability of these 

biomarkers across research studies. In a review of the literature on allostatic load, Beckie (2012) 

explains that the greatest problem with the allostatic load literature is the heterogeneity in its 

measurement across studies and the general lack of a consensus on which allostatic systems are 

necessary or sufficient. Further, Beckie (2012) states that within the allostatic systems, there is a 

lack of agreement on what biomarkers to include and how to best analyze specific biomarkers 

(e.g., cut-points vs continuous). In addition to these questions of measurement, an important 

consideration in this area of research is the availability of funds to assess a wide range of 

biomarkers in large populations. Similarly, the clinical utility of allostatic load may be extremely 

costly in a healthcare setting. Thus, while the literature has demonstrated that allostatic load is an 

important construct, there are clear challenges both in research and in the clinical application of 

allostatic load measurement. This is clearly an important area for further research. A first step 
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may be to better define each biomarker of allostatic load separately to determine validity and 

reliability of the biomarker before it is used as part of a cumulative index. 

Hypothesis 3: Resiliency  

Despite the high prevalence of early adversity, there are large individual differences in 

the effects of ELA on later health and physiology. Therefore, identification of moderators 

between ELA and allostatic load accumulation may provide clearer pathways for interventions. 

Thus, after examining the indirect effect of allostatic load on the relationship between ELA and 

later health, we were interested in determining whether the effects of ELA might be mitigated by 

resiliency resources to influence allostatic load in the full model. To accomplish this goal, we 

used CFA to create four latent constructs representing different aspects of resiliency: 1) positive 

internal psychological resources, 2) external/social resources, 3) characteristics that contribute to 

a person’s ability to recover or grow from stress, and 4) qualities that help maintain positive 

psychological functioning. Once we identified these factors, we used SEM to examine them as 

moderators to the relationship between ELA and allostatic load. Inconsistent with predictions, 

however, none of these factors directly influenced allostatic load, nor did any of these factors 

interact with ELA to influence allostatic load. Importantly, however, post-hoc analyses revealed 

that ELA was significantly associated with lower scores on all but one of the resiliency factors 

(i.e., recovery factor), and all of the resiliency factors were associated with later health problems. 

Further, ELA acted indirectly on later health through both internal and external resiliency 

resources, such that ELA was associated with lower internal and external resiliency resources, 

which in turn were associated with higher rates of health conditions.  

There are a few key implications of these findings. First, as previously noted, the 

relationship between ELA and allostatic load may not be adequately captured using a cumulative 
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indicator of allostatic load. Rather, ELAs appear to more strongly influence certain systems 

comprising this indicator (e.g., inflammation and lipid metabolism). It is likely then that the 

effects of resiliency as well as the interactive effects of resiliency factors and ELAs have more 

specific effects on certain biomarkers or systems, rather than a multi-systemic effect represented 

by allostatic load. The specificity of these effects was recently demonstrated by Gouin and 

colleagues (2017), who found a significant interaction between a count of ELAs and a measure 

of resiliency resources on one biomarker of inflammation (i.e., IL-6), but not another (i.e., CRP). 

Further, they did not find direct effects of resiliency on any of the biomarkers of inflammation 

examined. Thus, the interactive effects of ELA and resiliency factors may be highly specialized 

on certain biomarkers. This is an important consideration, as it might suggest that together, ELA 

and resiliency resources do not broadly influence multi-systemic risk through dysregulated stress 

processes, but rather may have effects only on more specific biological processes. 

Another possible interpretation of these findings is that resiliency resources may 

influence health conditions through more psychosocial processes rather than direct biological 

changes. Our finding that internal and external resources act as partial mediators rather than 

moderators suggests resiliency factors may present a distinct pathway from ELA to later health. 

That is, the social environment during childhood may interfere with the development of 

resiliency characteristics that contribute to better health. For example, both positive 

psychological resources and positive social support are associated with more positive health 

behaviors (see Taylor et al., 2000; Thoits, 2011). Further, it should be noted that the items that 

comprised our internal and external resources factors involve competence, mastery, self-

acceptance, positive affect, and positive relations with others. These characteristics may be the 

factors that promote ‘resilient’ individuals to seek higher education, obtain higher incomes, 
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engage in more positive health behaviors, and create stronger social support networks. 

Considering the strong evidence that these factors are all closely tied to better health across the 

lifespan, perhaps interventions designed to increase these characteristics earlier in life may help 

build resilience to adversity. 

Hypothesis 4: Age  

 Lastly, we were interested in how the proposed model might change in old age. We 

predicted that the associations among variables would increase over time, in part because people 

become more susceptible to health problems as they age. Further, individuals who have 

experienced ELA may be more vulnerable to the effects of stress in later life. In this regard, the 

stress generation hypothesis (see Hammen, henry, & Daley, 2000; Shapero et al., 2013) suggests 

that early adversity leads to greater stress and stress reactivity in adulthood as well as poorer 

adult coping skills. We expected that higher levels of ELA would affect the individual’s ability 

to cope with stress across the lifespan, which might accelerate the accumulation of allostatic 

load, thereby increasing biological risk for later health conditions.  

In examining this hypothesis, we found the relationship between ELA and later health 

problems remained significant across all age groups, which is consistent with previous studies 

(Draper et al., 2008). We also found the direct effects of ELA on allostatic load, as well as the 

direct effect of allostatic load on later health to remain significant regardless of age. However, 

when we compared the mediation model for middle-aged and older adults (age 65+), the indirect 

effect in the model became non-significant for both age groups, although this effect trended 

towards significance for middle-aged adults. Possible explanations for these findings are 

discussed below. 
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One possible reason for the non-significant indirect effects is that the multi-group 

analyses reduced the power to detect the already weak indirect effect. It is further possible that, 

contrary to our expectations, the effects may be strongest in younger adults and then diminish 

with age. However, these unexpected findings may also be due to certain limitations of our 

sample. First, older adults report fewer overall ELAs and were also more likely to report 

different types of ELAs than the middle-aged participants. For example, older participants were 

more likely to report ELAs such as lower parent education, parent death, and lower SES, while 

middle-aged participants were more likely to report abuse experiences (e.g., physical or 

emotional abuse). Generational differences in types of ELAs experienced should be considered 

as it may be the case that ELAs have differing meanings and effects across age cohorts. It is also 

possible that the lack of effects is simply due to selective attrition and early mortality rates in 

individuals who have experienced the greatest number of ELAs (see Bellis et al., 2014; Kelly-

Irving et al., 2013).  

Limitations 

There are a few additional limitations of the current study that should be acknowledged. 

First, we chose to examine a traditional, retrospective and cumulative indicator of ELA. In 

regard to retrospective reporting, previous studies have noted that retrospective reporting of ELA 

may lead to underreporting (Della Femina et al., 1990; Williams, 1995), although adult reports 

are generally reliable (Dube et al., 2004). In regard to the adversities included in our count 

variable of ELAs, some researchers have pointed out that the conventional childhood adversity 

counts may exclude important adverse experiences of various minority groups, such as 

discrimination or dangerousness of neighborhood (see Cronholm et al., 2015). Similarly, models 

examining gender-related issues are also important to consider, in part because girls and boys 

http://www.sciencedirect.com.proxy.lib.fsu.edu/science/article/pii/S0145213404001516#BIB4
http://www.sciencedirect.com.proxy.lib.fsu.edu/science/article/pii/S0145213404001516#BIB27
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tend to be exposed to specific trauma as different rates, and some research indicates that ELA 

exposure leads to different physiological outcomes in men and women (see McEwen, 2017).  

Finally, different forms of adversity may influence health and biological outcomes 

through different pathways. These issues may have reduced the power of effects of ELA in the 

current analyses. Future studies should consider new ways of conceptualizing early adversity that 

are more inclusive of minority experiences and consider categories of ELA. For example, 

McLaughlin and Sheridan (2016) have suggested a move towards a dimensional approach to 

ELA conceptualization. This approach separates threat adversities (e.g., abuse) from deprivation 

adversities (e.g., poverty) and may help explain inconsistent associations between early 

adversities and stress systems. Such an approach that is also inclusive of minority experiences 

may help clarify specific mechanistic pathways between early adversity and specific adult 

outcomes.  

Additionally, although we examined a large, longitudinal sample, participants were 

predominately Caucasian and generally had higher levels of education and income compared to 

the U.S. average. Further, the participants who completed the biomarker project tended to have 

higher SES and fewer ELAs than the rest of the sample. The lack of diversity in the current 

sample may not only influence the generalizability of our findings, but may also have reduced 

our ability to detect effects which may be most pronounced for lower SES individuals as well as 

minorities, who are more likely to experience higher rates of childhood adversity (Cronholm et 

al., 2015; Taylor & Stanton, 2007).   

Conclusions and Future Directions 

 In sum, we sought to test a complex biopsychosocial model of the pathways between 

early adversity and later health conditions across middle-aged and older adults. Consistent with 
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our expectations, ELA significantly predicted the onset of new health conditions in adulthood, 

and allostatic load partially mediated this relationship. Inconsistent with predictions, the 

relationship between ELA and allostatic load was not affected by resiliency characteristics, and 

there were few differences by age in the full mediation model. Follow-up analyses clarified these 

unexpected findings and point to important considerations for future research.  

First, both ELA and health conditions were associated with indices of certain allostatic 

systems, but not others. Thus, future research should confirm which specific allostatic systems 

may be the strongest mediators between ELA and later health. Replication of findings 

demonstrating which allostatic systems are most important in this relationship may provide a 

better understanding of which allostatic systems best represent the allostatic load accumulated 

through ELA exposure. It is possible that different forms of adversity or types of stressors may 

result in different allostatic load profiles. Development of specialized allostatic load profiles for 

different forms of stressors may provide clearer mechanistic pathways leading to more 

specialized interventions.   

Next, our conceptual model of resiliency may provide a helpful framework for 

classification of various forms of resiliency measures. Although the factors identified in the 

current study did not interact with ELA to influence cumulative allostatic load, future research 

should examine whether these factors may have more specific influences on various biomarkers 

or allostatic systems. All four factors were associated with higher rates of health conditions, and 

Internal and External resources both acted as partial mediators between ELA and later health 

conditions in the current analyses. These findings demonstrate that resiliency factors play an 

important role in determining later health; however, further research is needed to better 

understand the specific mechanisms that underlie these complex associations.  
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Finally, future research should examine higher risk populations, including lower income 

participants and ethnic and racial minorities. With the inclusion of a more diverse sample, 

assessment of ELA should be extended beyond conventional adversities to better represent the 

unique experiences of these individuals.  

Integrative research of this biopsychosocial model is necessary to develop effective 

interventions for adults who have experienced significant ELA. Currently, research shows that 

certain medications may open windows of plasticity that require psychological and behavioral 

interventions in order to capitalize on the intervention (McEwen, Gray, Nasca, 2015). Thus, we 

must continue to examine how psychosocial, behavioral, and biological factors work together to 

influence later health outcomes. While allostatic load provides a useful framework for 

connecting psychosocial stress with biological wear, our findings add to an emerging literature 

suggesting that targeting specific allostatic systems may provide more meaningful steps towards 

interventions following ELA exposure.  
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APPENDIX A 

TABLES 

a. Education categories ranged from 1=no school/some grade school to 12=PH.D or other professional 

degrees, where 6=1 to 2 years of college.  

b. Health conditions from both MIDUS I and MIDUS III were reduced to 21 chronic condition categories 

and then winsorized at 8 to reduce skewness and outliers.  

 

  

 

Table 1. 

Descriptive statistics of sample and variables in full mediation model.  

Variable N Minimum Maximum 
Mean 

(SD)/Percent 

Age (M1) 7,049 20 75 46.38 (13.00) 

Age (M3) 3,294 39 93 63.64 (11.32) 

Sex (female) 7,027 -- -- 51.7% 

Race (Caucasian) 6,176 -- -- 90.7% 

Adult Total 

Household Income 
6,110 0.00 300,000.00 

71,700.98 

(61,281.63) 

Educationa 
7,095 1 12 6.77 (2.49) 

ELA count 3,497 0 6 1.35 (1.29) 

Allostatic Load 

(M2) 
1,047 0.00 5.03 1.72 (1.05) 

Health conditionsb 

(M2) 
4,041 0 8 2.33 (2.02) 

Health Conditionsb 

(M3) 
2,671 0 8 3.01 (2.20) 
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Table 2. 

Correlation matrix for variables in main mediation model from full baseline sample. 

 1 2 3 4 5 6 7 8 9 

1. Age 1 .018 -.096** -.101** -.086** -.049** .377** .316** .299** 

2. Gender  1 .030* -.095** -.126** -.036* .023 .093** .132** 

3. Race   1 -.044** -.085** .051** .013 .018 .024 

4. Adult 

Education 

Level 

   1 .316** -.176** -.158** -.145** -.155** 

5. HHa 

Income 
    1 -.100** -.073* -.125** -.094** 

6. ELA      1 .055 .117** .125** 

7. ALa       1 .269** .286** 

8. MIDUS 

II Health 

Conditions 

       1 .611** 

9. MDIUS 

III Health 

Conditions 

        1 

**. Correlation is significant at the 0.01 level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed). 

a. HH=household; AL=allostatic load 
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Table 3. 

Distribution of ELAs for participants with MIDUS 

III health data (N=996)  

 
Frequency 

(yes) 

Percent of 

Sample 

0 317 31.8% 

1 ELA 261 26.2% 

2 ELAs 218 21.9% 

3 ELAs 124 12.4% 

4 ELAs 53 5.3% 

5 ELAs 21 2.1% 

6 ELAs 2 0.2% 
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APPENDIX B 

FIGURES 

 

  

 

Figure 1. Proposed mediation model. 
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Figure 2. Initial mediation model including all covariates (N=2,343). Standardized coefficients 

reported.  

**Only significant paths are shown. 
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Figure 3. Final mediation model after removing education and income as covariates (N=2,384). 

Standardized coefficients reported. 
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Figure 4. Internal resources resiliency factor loadings.  Standardized coefficients reported. 
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Figure 5. External resources resiliency factor loadings.  Standardized coefficients reported. 
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Figure 6. Recover characteristics resiliency factor loadings.  Standardized coefficients 

reported. 
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Figure 7. Maintenance resources resiliency factor loadings.  Standardized coefficients 

reported. 
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APPENDIX C 

IRB EXEMPTION MEMORANDUM 

The Florida State University 

Office of the Vice President for Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673, FAX (850) 644-4392 

 

Date: 5/19/2016 

Dept.: PSYCHOLOGY DEPARTMENT 

To: Julia L. Sheffler 

From: Thomas L. Jacobson, Chair 

Re: Use of Human Subjects in Research 

Identifying pathways to resilience through adversity: Mapping out the biological mechanisms through which 

childhood adversity influences health across the lifespan 

 

The application that you submitted to this office in regard to the use of human subjects in the proposal referenced 

above have been reviewed by the Secretary, the Chair, and one member of the Human Subjects Committee. The 

proposed research protocol is Exempt from human subjects regulations as described in 45 CFR Â§ 46.101(b)4. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh the risk to the 

human participants and the aspects of the proposal related to potential risk and benefit. This memorandum does not 

replace any departmental or other approvals, which may be required. 

 

The Committee expects that all relevant subject protection measures and ethical standards will be followed, as 

outlined in your proposal. No continuing review is required unless the nature of the project changes and it would 

affect the project exemption status. 

 

You are advised that any change in protocol for this project that would affect the exemption status must be reviewed 

and approved by the Committee prior to implementation of the proposed change in the protocol. A protocol 

change/amendment form is required to be submitted for approval by the Committee. In addition, federal regulations 

require that the Principal Investigator promptly report, in writing any unanticipated problems or adverse events 

involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor is reminded that he/she is 

responsible for being informed concerning research projects involving human subjects in the department, and should 

review protocols as often as needed to insure that the project is being conducted in compliance with our institution 

and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The Assurance Number is 

FWA00000168/IRB number IRB00000446. 

 

Cc: Natalie Sachs-Ericsson, Advisor 

HSC No. 2016.18259  
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