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Early adversity is associated with poor cardiometabolic health, poten-
tially via psychological distress. However, not everyone exposed to
adversity develops significant distress. Psychological resilience and
positive psychological health despite adversity may protect against
unfavorable cardiometabolic outcomes that are otherwise more
likely. We examined early adversity, psychological resilience, and
cardiometabolic risk among 3,254 adults in the Midlife in the United
States Study. Psychological resilience was defined according to both
early psychosocial adversity and adult psychological health (char-
acterized by low distress and high wellbeing) at Wave 1 (1994 to
1995). Categorical resilience was derived by cross-classifying adver-
sity (exposed versus unexposed) and psychological health (higher
versus lower). We also assessed count of adversities experienced
and psychological symptoms as separate variables. Incident cardio-
metabolic conditions (e.g., heart attack, stroke, and diabetes) were
self-reported at Waves 2 (2004 to 2005) and 3 (2013 to 2014). Sec-
ondary analyses examined biological cardiometabolic risk using a
composite of biomarkers available within a Wave-2 subsample.
Logistic and Poisson regressions evaluated associations of resil-
ience with cardiometabolic health across 20 follow-up y, adjusting
for relevant covariates. In this initially healthy sample, nonresilient
(adversity-exposed, lower psychological health) versus resilient
(adversity-exposed, high psychological health) individuals had 43%
higher odds of cardiometabolic conditions (95% CI 1.10 to 1.85).
Odds of cardiometabolic conditions were similar among resilient ver-
sus unexposed, psychologically healthy individuals. More adversity
experiences were associated with increased odds, while better psy-
chological health with decreased odds of cardiometabolic conditions,
and effects were largely independent. Patterns were similar for
objectively assessed cardiometabolic risk. Psychological resilience
in midlife may protect against negative cardiometabolic impacts of
early adversity.

psychological resilience | cardiometabolic disease | early adversity |
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Cardiometabolic conditions, including heart disease and dia-
betes, constitute leading causes of morbidity and mortality in

US adults (1). However, known adult risk factors for these con-
ditions are often poorly managed, and prevention strategies are
underutilized, expensive, or of limited efficacy (1). A life course per-
spective may determine whether and how early life conditions
can cause adverse health trajectories into adulthood, identifying
early life predictors that may illuminate novel prevention and in-
tervention targets to reduce later disease burden. Research has
begun to identify early risk and protective factors beyond typical
biological and behavioral domains, such as psychosocial stress and
mental illness (2).
One such early life factor is psychosocial adversity, which can

disrupt normal development and fail to facilitate healthy growth
(3). Consistent evidence has demonstrated early adversity, including
maltreatment and household dysfunction, confers negative mental

and physical health consequences (4). Research is beginning to
disentangle how early adversity impacts cardiometabolic risk
through multiple biological, behavioral, and psychological path-
ways (2). However, an important unresolved issue is the role of
psychological resilience in the relationship between early adversity
and cardiometabolic outcomes. Psychological resilience, positive
psychological functioning despite early adversity (5), is often con-
sidered a dynamic process influenced by internal and external fac-
tors underlying the capacity of individuals exposed to adversity to
maintain or manifest psychological health (6). Psychological resil-
ience encapsulates two domains: exposure to significant adversity
and positive psychological functioning, characterized both by low
distress and high wellbeing (5).
Early adversity and psychological distress have each been linked

with cardiometabolic outcomes (2, 4). However, few studies ex-
amine resilience specifically with subsequent cardiometabolic risk.
Among these, findings suggest higher resilience lowers risk of poor
cardiometabolic outcomes (7–10). For example, in a study that de-
fined stress resilience according to a psychologist’s rating of men’s
capacity to cope with war-time stress based on a semistructured in-
terview at age 18, low versus high stress resilience was associated
with increased risk of heart disease (9), stroke (8), and diabetes (10).
Another study of older civilian adults found “resilient” individuals
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Experiencing early life adversity may negatively impact mental
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periences of early adversity. This positive capacity for mental
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odds of disease to peers who did not experience early adversity.
These findings were also reflected in measures of biological car-
diometabolic risk. Overall, findings suggest that individuals who
manifest psychological resilience may have lower cardiometabolic
disease risk later in life.
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(i.e., trauma exposed with no re-experiencing posttraumatic stress
symptoms) had lower dementia risk than individuals unexposed to
trauma (11). However, it is unclear whether resilient individuals
are at risk levels comparable to peers unexposed to adversity—
fully offsetting harmful effects of adversity. Furthermore, most
studies to date are cross-sectional.
To evaluate these relationships, we used data from the Midlife

in the United States (MIDUS) study, an ongoing longitudinal
cohort of US adults. Evidence from MIDUS has demonstrated
that early adversity increases odds of cardiovascular disease and
diabetes (12), psychological distress increases risk of cardiometabolic
conditions (13), and psychological wellbeing is generally protective
against cardiometabolic conditions (14). However, no studies in
MIDUS (or other population-based community cohorts) have
specifically examined psychological resilience to early adversity
and incident cardiometabolic conditions.
Resilience has been defined in several ways, including as an

individual trait regardless of context or experience, as a dynamic
process involving changes in psychological functioning over time,
or as a capacity demonstrated by manifesting psychological health
despite adversity (15). Measurement has consequently varied,
from trait resiliency scales to trajectories of psychopathology post-
trauma. Here, we conceptualize resilience as the product of life
experience—a capacity manifested by positive psychological health
in adulthood among individuals who experienced early adversity.
While many studies consider resilience as the outcome and evaluate
predictors of resilience, we examined psychological resilience as
an exposure that could influence subsequent cardiometabolic out-
comes. To operationalize resilience, we used two approaches common
in developmental psychology, providing complementary information:
person-focused (i.e., classifying individuals by relevant characteristics
or capacities) and variable-focused (i.e., examining how specific factors
link to outcomes) (16). As prior work has indicated that absence
of negative psychological states does not necessarily entail pos-
itive functioning (17), we considered levels of both psychological
distress and positive wellbeing, or capacity for generative expe-
riences and positive emotions, to capture psychological health
comprehensively (6).
We estimated whether psychological resilience was associated

with developing cardiometabolic conditions across 20 y, adjusting
for sociodemographic, health-related, and behavioral covariates
selected according to prior literature. Our person-focused hy-
potheses were as follows: relative to individuals exposed to early
adversity with favorable psychological functioning (i.e., resilient),
those who were unexposed to early adversity with favorable psy-
chological functioning would not have decreased cardiometabolic
risk whereas those with unfavorable psychological functioning with
adversity (i.e., nonresilient) would have greater risk. Our variable-
focused hypotheses were that higher adversity exposure would be
associated with greater cardiometabolic risk, while higher psycho-
logical health would be associated with decreased risk. Further-
more, as we anticipated that manifesting high psychological health
would offset the negative impact of adversity, we hypothesized
effect modification whereby the effect of adversity on cardiometabolic
risk would depend on psychological health—among those with high
adversity, higher psychological health would buffer negative effects
of adversity. To examine an objective indicator of cardiometabolic
health, we examined the association between resilience and bio-
logical cardiometabolic risk among a subset of the analytic sample.

Materials and Methods
Study Population. Data are from MIDUS, a cohort of noninstitutionalized,
English-speaking US adults enrolled in 1995 to 1996 who completed tele-
phone interviews and mailed self-administered questionnaires (SAQ) across
three data collection waves (18). Wave 1 (W1) included 7,108 participants
(age 25 to 74) sampled through random-digit dialing; 6,325 completed both
telephone and SAQ assessments. All W1 respondents were contacted for
Wave 2 (W2) in 2004 to 2006, with 4,041 participating (64% response rate),

and all W2 respondents were contacted for Wave 3 (W3) in 2013 to 2015,
with 2,717 participating in all waves (67% response rate). Telephone and
SAQ data from all three waves were utilized for current analyses.

At W1, 5,388 participants had complete exposure and covariate infor-
mation required for the current study. We excluded individuals with any
cardiometabolic conditions at W1 (n = 450, 8%) and those who did not par-
ticipate in W2 (n = 1,684, 31% were lost to follow-up by W2; n = 347 due to
death) for an analytic sample of 3,254 participants. Further attrition occurred
fromW2 toW3: 211 (7%) participants died prior toW3 by non–cardiometabolic-
related causes, and 788 (24%) were otherwise lost to follow-up by W3.

Contemporaneous to W2, a subset of our analytic sample (n = 757)
completed a clinical visit for biological assessments to identify biopsy-
chosocial pathways contributing to health outcomes (19). In this subset, we
further excluded 103 individuals who reported hypertension or high cho-
lesterol at W1 to include only individuals with low baseline cardiometabolic
risk. In this biomarker subsample (n = 654), we assessed resilience at W1 with
biological cardiometabolic risk 10 y later.

All participants provided informed consent and the study was approved by
Institutional Review Boards at the University of Wisconsin–Madison, Geor-
getown University, and the University of California, Los Angeles.

Measures.
Psychological resilience. Psychological resilience was characterized using in-
formation from two domains: childhood/adolescent adversity exposure and
adult psychological health, encompassing distress and wellbeing.

Early adversity exposure was assessed via retrospective reporting at W1 of
experiencing four specific adversities (yes/no) prior to age 18. Adversities
included emotional abuse, physical abuse, parental separation/divorce, and
parental death occurring in childhood/adolescence, all measured using items
from the Conflict Tactics Inventory (20). Individuals were considered exposed
if they reported experiencing any of the adversity types before age 18 (SI
Appendix). We summed exposures across adversity types to create a cumu-
lative count of adversity exposures (range 0 to 4) (21). To facilitate classifying
individuals categorically, we created a binary adversity exposure variable
defined as exposed (≥1 adversities) and unexposed (0 adversities). As only
four early adversities were assessed, any experience was conservatively
considered exposure, consistent with research indicating elevated risk of
negative health consequences following any childhood adversity (relative to
none) (22).

Psychological health was assessed using separate self-reported measures
of distress and of positive wellbeing. Both dimensions of the psychological
experience are necessary to comprehensively capture psychological health
(23, 24) and are particularly relevant in the context of manifesting psycho-
logical resilience to adversity (25). Psychological distress at W1 was ascer-
tained according to past-year depression and generalized anxiety levels
obtained from the validated Composite International Diagnostic Interview-
Short Form scales (26). Major depression and generalized anxiety were
identified based on validated clinical criteria (SI Appendix). Overall psycho-
logical distress was characterized as a continuous variable by summing
standardized depressive and anxiety symptom scores and as a high (clinically
elevated depression or anxiety) versus low (not meeting clinical criteria for
depression and anxiety) binary variable.

Positive wellbeing was ascertained at W1 using the validated Ryff psy-
chological wellbeing scales (27). The overall psychological wellbeing score
(range 18 to 126) was derived by summing responses to 18 items total across
six domains: self-acceptance, positive relations with others, personal growth,
purpose in life, environmental mastery, and autonomy (27). As there are no
standard cut-points for wellbeing, the sample top tercile was used to indi-
cate high wellbeing, and the bottom two terciles indicated lower wellbeing
(23). This dichotomy is notably conservative, whereby only those with the
highest wellbeing were designated as “high.”

A composite continuous psychological health variable was derived by
summing the inverse of standardized depressive and anxiety symptoms with
standardized wellbeing scores, resulting in a continuous composite variable
where higher scores indicate better psychological health. Similar composite
measures for distress (28) and wellbeing (29) have been derived in prior
work; our combined measure was created to capture the sum of both psy-
chological dimensions, such that those with low distress and high wellbeing
had the highest levels, while either low distress or high wellbeing alone had
moderate levels, and high distress without wellbeing had the lowest levels.
Similarly, categorical psychological health was defined a priori as high (lower
symptoms for both distress measures and high wellbeing) versus lower (ele-
vated symptoms on either distress measure or lower wellbeing) psychological
health.
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We used two approaches to characterize psychological resilience. A person-
focused approach classified individuals according to their resilience status (16),
which compared groups with defining features. Categorical psychological
resilience was defined using binary cutoffs for exposed versus unexposed to
early adversity and lower versus high psychological health. This produced
four resilience categories: favorable psychological functioning with adversity
(resilient; adversity-exposed, high psychological health), unfavorable psy-
chological functioning with adversity (nonresilient; adversity-exposed, lower
psychological health), unfavorable psychological functioning without ad-
versity (adversity-unexposed, lower psychological health), and favorable
psychological functioning without adversity (adversity-unexposed, high
psychological health) (30–32). A variable-focused approach concurrently in-
cluded adversity and psychological health as separate exposures in analytic
models (16), which maximized statistical power and examined fine-grained
relationships between variables. With this approach, psychological resilience
may be considered on a continuum, with higher levels characterized by
having higher psychological health in the presence of greater adversity ex-
posure, by examining main and interaction effects.
Cardiometabolic conditions and biological cardiometabolic risk. Cardiometabolic
conditions included five conditions (i.e., heart attack, heart failure, coronary
artery disease, stroke, diabetes [type 2 only]) reported at each wave, or death
due to cardiometabolic-related causes. For each condition, individuals reported
having ever been diagnosed/taking relevant medications at W1 and diag-
nosed/taking relevant medications since the previous assessment at W2 and
W3. The MIDUS study ascertained cause of death from various data sources
(e.g., mortality closeout interviews, National Death Index); deaths due to
cardiometabolic-related conditions based on International Classification of
Diseases, Tenth Revision (ICD-10) codes among individuals over follow-up
with no prior reported cardiometabolic conditions were considered cases.
To capture incidence of any cardiometabolic condition, we defined a com-
posite binary variable as having any versus none of the conditions or
cardiometabolic-related death at each follow-up (W2 and W3) among in-
dividuals with no prior conditions (e.g., those reporting conditions at W2
were not at risk for W3).

Biological cardiometabolic risk was assessed at a clinical visit, with mea-
sures taken by study staff. Participants provided fasting blood samples, blood
pressure, and anthropomorphicmeasurements fromwhich eight cardiometabolic
biomarkers were obtained: systolic blood pressure (SBP), diastolic blood
pressure (DBP), triglycerides, high-density lipoprotein (HDL), low-density li-
poprotein (LDL), glycosylated hemoglobin (HbA1c), waist circumference, and
C-reactive protein (CRP) (SI Appendix). Following previous work (33), raw
values were used to derive relevant indicators for each biomarker. Extreme
levels were removed for triglycerides >2,000 mg/dL, HbA1c >15%, waist
circumference >200 cm, and CRP >10 mg/L, which may indicate outliers,
incorrect values, or active infection (34). Participants also reported current
heart (i.e., hypertensive medication, aspirin, cardiovascular agents, and co-
agulation modifiers), cholesterol (i.e., antihyperlipidemic agents), and dia-
betes (i.e., antidiabetic agents) medication use. Each raw biomarker value
was dichotomized (elevated risk = 1, not elevated risk = 0) based on clinical
cut-points and/or medication use (Table 1). A cardiometabolic risk score was
calculated by summing dichotomized biomarkers to indicate count of ele-
vated risk parameters (range 0 to 8), representing cumulative biological risk
in cardiovascular and metabolic domains that are known to increase risk of
cardiometabolic conditions consistent with prior work (33, 35).
Covariates. Covariates were self-reported at W1. Sociodemographic cova-
riates included age (continuous years), sex (male, female), race/ethnicity

(white, non-white), parental education (highest of mother or father; less
than high school, GED or high school, some college/2-y college, 4-y college,
or greater), family financial status growing up (financial level during child-
hood relative to average families; 1 = a lot worse to 7 = a lot better off), and
family history of cardiovascular disease (any cardiovascular disease in immediate
family, no family history); these variables constituted potential confounders.
Adult circumstances included marital status (married, separated/divorced, wid-
owed, or never married), education (less than high school, GED or high school,
some college/2-y college, or 4-y college or greater), annual household income
(≤$25,000, $25,001 to 45,000, $45,001 to 70,000, or ≥$70,001), and health
insurance coverage (insured, not currently insured); these factors might be
impacted by early adversity and may also subsequently impact psychological
health, thus may be associated with the process of developing (or not)
psychological resilience (12). Adult biobehavioral factors included body mass
index (BMI; calculated from self-reported height and weight, continuous in
kg/m2), smoking (current smoker, not current smoker) and physical activity
(regularly active, not regularly active, or inactive), which could be con-
founders or pathway variables linking adversity and psychological resilience
to cardiometabolic risk.

Analyses. Group differences between the analytic sample and those excluded
(due to exclusion criteria and attrition) suggested potential selection bias (SI
Appendix). To account for this, we created separate stabilized inverse
probability weights for differential initial inclusion and loss to follow-up.
The product of the stabilized selection and attrition weights were included
in all analytic models (SI Appendix) (36). We assessed distributions of resil-
ience, cardiometabolic outcomes, and covariates, as well as bivariate asso-
ciations between covariates and resilience status.

For person-focused analyses, we conducted a series of regression models
to examine associations of categorical resilience with incident cardiometabolic
conditions across follow-up. Using repeated measures logistic regression with
generalized estimating equations (GEE), we determined odds of any condi-
tions associated with resilience status. GEE models with repeated measures
determine marginal, population-level effects while accounting for correlated,
longitudinal data with robust variance estimates (37). Models account for
within-person (i.e., repeated measures) and between-person (i.e., sibling
clustering, n = 1,337 [41%] had ≥1 sibling) correlation by specifying a com-
pound symmetry covariance structure that assumes correlated errors. Quasi-
likelihood estimation derives reliable and valid marginal regression coeffi-
cients and SEs corrected for clustering in the data. All models included inverse
probability weights to account for selection and differential attrition (36). We
used the favorable psychological functioning with adversity (resilient) group as
the reference to assess whether associations with cardiometabolic outcomes
differed between those who were versus were not resilient or compared to
individuals who had not faced adversity. Post hoc Tukey analyses assessed all
two-way comparisons of resilience status for odds of developing cardiometabolic
conditions. Sequentially adjusted models adjusted first for sociodemographic
variables (M1), M1 plus adult circumstances (M2), and M2 plus biobehavioral
factors (M3).

For variable-focused analyses, the same series of models were estimated
with continuous exposures for adversity count and psychological health. We
first examined adversity count and psychological health in separate models
with covariates, second, including these variables simultaneously in a model
with covariates (i.e., coadjusting for adversity count and psychological health),
and third, testing the multiplicative adversity count–psychological health in-
teraction. In sensitivity analyses, we disaggregated psychological health into its

Table 1. Description of cardiometabolic risk biomarkers (n = 654)

Cardiometabolic risk biomarker Mean (SD) Risk threshold Elevated risk, N (%)

SBP 124.3 (19.3) ≥130 mmHg or on heart medication (42) 488 (74.6)
DBP 61.6 (11.9) ≥85 mmHg or on heart medication (42) 422 (64.5)
Triglycerides 125.9 (74.8) ≥150 mg/dL or on cholesterol medication (48) 303 (46.3)
HDL 55.1 (17.7) <40 mg/dL in men, <50 mg/dL in women or on cholesterol medication

(42)
309 (46.3)

LDL 108.9 (34.1) ≥160 mg/dL or on cholesterol medication (49) 216 (33.0)
HbA1c 5.8 (0.6) ≥7% or on diabetes medication (48) 41 (6.3)
Waist circumference 95.3 (15.4) ≥94 cm in men, ≥80 cm in women (42) 471 (72.0)
CRP 2.1 (2.2) >3 mg/L (50) 157 (24.0)

CRP, C-reactive protein; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP,
systolic blood pressure.
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components (i.e., depressive symptoms, anxiety symptoms, and psychologi-
cal wellbeing) to examine whether particular components were driving
associations.

As prior work has suggested sex differences in levels of resilience (6), we
tested for sex effect modification using interaction terms in primary models.
We found no evidence for sex differences and therefore present results for
the total sample.

In secondary analyses, we examined resilience and biological cardiometabolic
risk among thebiomarker subsample. Using the same set of adjustedmodels, we
ran Poisson regression models with robust SEs to determine associations be-
tween psychological resilience and cardiometabolic risk score.

Results
The analytic sample was 46.2 (SD = 12.1) y old on average at
baseline, 56% female, and 94% white (Table 2). There was a range
of childhood socio-economic status (SES), indicated by parental
education and financial status growing up. Most of the sample was
married, 39% completed college or greater, and 42% had an an-
nual household income greater than $70,000. Average BMI was
26.4 (SD = 5.0), 80% were nonsmokers, and 73% were regularly
physically active.
Similar to other MIDUS studies, 53% of the sample (n = 1,738)

were exposed to at least one early adversity type, with 846 (26%)
exposed to one type, 716 (22%) exposed to two, and 176 (6%)
exposed to three or four types. Emotional abuse (n = 1,151, 35%)
and physical abuse (n = 1,043, 32%) were frequent, while parental
separation/divorce (n = 328, 10%) and parental death (n = 297, 9%)
were less frequent.
The average level of psychological wellbeing was 101.0 (range =

37 to 126; SD = 13.7) with 392 (12%) individuals meeting criteria
for depression and 77 (2%) meeting criteria for generalized anx-
iety disorder. Adversity count and continuous psychological health
were modestly negatively correlated (r = −0.20). With regard to
resilience status, among those with adversity, 15% of the sample
had favorable psychological functioning, and 38% had unfavorable
psychological functioning; among those without adversity, 28%
had unfavorable psychological functioning, and 18% had favorable
psychological functioning.
Across follow-up, 713 individuals experienced an incident car-

diometabolic condition (44 were cardiometabolic-related deaths).
Frequently reported conditions included diabetes (n = 380), heart
attack (n = 155), stroke (n = 136), and coronary artery disease
(n = 133), with fewer reports of heart failure (n = 30). There was
moderate comorbidity, with 132 individuals reporting ≥2 incident
cardiometabolic conditions.

Psychological Resilience and Incident Cardiometabolic Conditions.
Associations between psychological resilience and incident car-
diometabolic conditions are presented in Fig. 1 (estimates in
SI Appendix, Table S1). Odds of developing cardiometabolic
conditions among resilient individuals did not significantly differ
compared to those unexposed to adversity, with or without favor-
able psychological functioning. Among those exposed to adversity,
unfavorable versus favorable psychological functioning was asso-
ciated with 43% higher odds of incident cardiometabolic condi-
tions, adjusting for sociodemographic confounders (M1: adjusted
Odds Ratio (aOR)unfavorable PF with adversity = 1.43, 95% CI 1.10 to
1.85). The odds remained elevated but attenuated slightly when
adjusting for adult circumstances (M2) and further when adjusting
for adult BMI and health behaviors (M3).
Findings were similar when considering associations of contin-

uous adversity and psychological health measures with incident
cardiometabolic conditions (SI Appendix, Table S3). Each addi-
tional adversity exposure was associated with 15% higher odds
of developing cardiometabolic conditions, adjusting for socio-
demographics confounders (M1: aORadversity = 1.15, 95% CI 1.05
to 1.26). Conversely, each unit increase in psychological health
associated with 10% lower odds of incident cardiometabolic con-
ditions (M1: aORpsychological health = 0.90, 95% CI 0.86 to 0.93). In

models accounting for both adversity and psychological health, the
association of incident cardiometabolic conditions with adver-
sity was slightly attenuated and with psychological health was
largely unchanged. The interaction was not statistically significant,
indicating no multiplicative effect of adversity by psychological
health. When examining psychological health components sep-
arately, depression and wellbeing were associated with higher
odds of cardiometabolic conditions when adjusting for adversity
(SI Appendix, Table S5).

Psychological Resilience and Biological Cardiometabolic Risk.Among
the biomarker subsample (n = 654), mean cardiometabolic risk
score was 3.68 (SD = 2.0). Relative to the analytic sample, individuals
in the biomarker subsample were younger, had higher SES, lower
BMI, and healthier behaviors, but the proportion of individuals in
each resilience group was comparable. A higher cardiometabolic risk
score was associated with higher odds of developing cardiometabolic
conditions (aOR = 1.61, 95% CI 1.41 to 1.84, age, sex, and race/
ethnicity adjusted).
Likelihood of having a higher cardiometabolic risk score

was greater for those with unfavorable versus favorable psycho-
logical functioning among adversity-exposed individuals (M2:
RR unfavorable PF with adversity = 1.13, 95% CI 1.01 to 1.27) but did
not differ comparing resilient individuals with those unexposed
to adversity who had either unfavorable or favorable psycho-
logical functioning when adjusting for sociodemographic con-
founders and adult circumstances (Fig. 1 and SI Appendix, Table
S2). Considering continuous adversity and psychological health with
cardiometabolic risk (SI Appendix, Table S4), effects were
modest; however, adversity and psychological health were each
associated with likelihood of elevated cardiometabolic risk in
expected directions (M1: aORadversity = 1.03, 95% CI 0.98 to 1.08;
aORpsychological health = 0.98, 95% CI 0.97 to 1.00). When coad-
justing adversity and psychological health, independent effects
remained largely similar. Patterns were similar when disaggregating
psychological health components (SI Appendix, Table S6).

Discussion
We examined whether being more versus less psychologically
resilient to early adversity was associated with lower likelihood of
developing cardiometabolic conditions across 20 y of follow-up
in mid-late adulthood. Findings largely support our hypotheses;
odds of developing cardiometabolic conditions did not differ sub-
stantially between resilient and unexposed, psychologically healthy
individuals. Individuals who experienced adversity with unfavor-
able psychological functioning had the highest odds of developing
cardiometabolic conditions. Interestingly, individuals with poor
psychological health without early adversity did not demonstrate
increased cardiometabolic risk, suggesting the combination of early
adversity and later poor psychological health may be more dam-
aging than poor psychological health alone. Such findings accord
with other work on trauma and severe psychological distress (e.g.,
posttraumatic stress disorder) in relation to cardiometabolic disease
risk (38).
When considered continuously, adversity was associated with

increased odds of developing cardiometabolic conditions and psy-
chological health with decreased odds, each in a graded fashion. We
did not find a multiplicative interaction between adversity and psy-
chological health on likelihood of cardiometabolic conditions—
effects of adversity did not depend on the effects of psychological
health for cardiometabolic conditions or biological risk. Findings
suggest early adversity and later psychological health may have
independent effects on cardiometabolic health. Despite the lack
of multiplicative interaction, the complementary person-focused
findings do indicate relevant differences across groups categorized
by levels of adversity exposure, clinically elevated distress, and psy-
chological wellbeing. Indeed, while continuous and categorical resil-
ience operationalizations relied on the same underlying constructs,
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the more-stringent criteria for categorical resilience may have
identified specific subgroups of particular relevance. While we
focused on resilience as a construct encapsulating both early ad-
versity and manifesting psychological health, an important related
question for future research is whether and to what extent

psychological health is mediating the effects of early adversity on
later cardiometabolic health.
Our evaluation of an objective measure of cardiometabolic

risk derived from eight biomarkers largely mirrored our primary
findings. Higher adversity count was associated with elevated risk,

Table 2. Distribution of baseline covariates by psychological resilience

Covariates Total sample

Psychological resilience

Favorable Psychological
Functioning with

Adversity n = 501 (15.4)

Unfavorable Psychological
Functioning with Adversity

n = 1,273 (38.0)

Unfavorable Psychological
Functioning without

Adversity n = 918 (28.2)

Favorable Psychological
Functioning without

Adversity n = 598 (18.4)

Age, mean (SD) 46.2 (12.1) 46.5 (11.8) 44.7 (11.5) 47.3 (12.3) 47.4 (12.6)
Sex
Male 1,440 (44.3) 233 (46.5) 546 (44.1) 407 (44.3) 254 (42.5)
Female 1,814 (55.8) 268 (53.5) 691 (55.9) 511 (55.7) 344 (57.5)
Race/ethnicity
White 3,069 (94.3) 468 (93.4) 1,147 (92.7) 882 (96.1) 572 (95.7)
Non-White 185 (5.7) 33 (6.6) 90 (7.3) 36 (3.9) 26 (4.4)
Parental

education
Less than high

school
767 (23.6) 124 (24.8) 323 (26.1) 198 (21.6) 122 (20.4)

GED or high
school

1,182 (36.3) 182 (36.3) 496 (40.1) 329 (35.8) 175 (29.3)

Some college/
2-y college

522 (16.0) 83 (16.6) 174 (14.1) 146 (15.9) 119 (19.9)

4-y college or
greater

783 (24.1) 112 (22.4) 244 (19.7) 245 (26.7) 182 (30.4)

Youth financial
status, mean
(SD)

4.1 (1.3) 4.0 (1.3) 3.8 (1.4) 4.3 (1.2) 4.3 (1.2)

Family history of
CVD present

1,207 (37.1) 196 (39.1) 458 (37.0) 349 (38.0) 204 (34.1)

Marital status
Married 2,342 (72.0) 382 (76.3) 811 (65.6) 660 (71.9) 489 (81.8)
Separated or

divorced
450 (13.8) 63 (12.6) 234 (18.9) 111 (12.1) 42 (7.0)

Widowed 116 (3.6) 11 (2.2) 48 (3.9) 45 (4.9) 12 (2.0)
Never married 346 (10.6) 45 (9.0) 144 (11.6) 102 (11.1) 55 (9.2)
Education
Less than high

school
164 (5.0) 23 (4.6) 88 (7.1) 37 (4.0) 16 (2.7)

GED or high
school

859 (26.4) 107 (21.4) 376 (30.4) 254 (27.7) 122 (20.4)

Some college/
2-y college

979 (30.1) 154 (30.7) 405 (32.7) 268 (29.2) 152 (25.4)

4-y college or
greater

1,252 (38.5) 217 (43.3) 368 (29.8) 359 (39.1) 308 (51.5)

Household
income level

<$25,000 498 (15.3) 51 (10.2) 247 (20.0) 145 (15.8) 55 (9.2)
$25,001–$45,000 652 (20.0) 85 (17.0) 260 (21.0) 200 (21.8) 107 (17.9)
$45,001–$70,000 732 (22.5) 110 (22.0) 292 (23.6) 200 (21.9) 130 (21.7)
>$70,001 1,372 (42.2) 255 (50.9) 438 (35.4) 373 (40.6) 306 (51.2)
Current health

insurance
coverage

2,957 (90.9) 462 (92.2) 1,104 (89.3) 826 (90.0) 565 (94.5)

BMI, mean (SD) 26.4 (5.0) 26.3 (5.0) 26.9 (5.4) 26.3 (5.0) 25.8 (4.5)
Current smoker 639 (19.6) 93 (18.6) 322 (26.0) 149 (16.2) 75 (12.5)
Physical activity
Regularly active 2,371 (72.9) 405 (80.8) 875 (70.7) 623 (67.9) 468 (78.3)
Not regularly

active
785 (24.1) 86 (17.2) 315 (255) 261 (28.4) 123 (20.6)

Inactive 98 (3.0) 10 (2.0) 47 (3.8) 34 (3.7) 7 (1.2)

All entries are provided as N (%).
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while better psychological health was associated with decreased
risk. Furthermore, among those adversity-exposed, those with un-
favorable psychological functioning had increased cardiometabolic
risk versus those with favorable psychological functioning. These
findings are also consistent with prior work in MIDUS considering
psychological factors in relation to individual or sets of biomarkers.
For example, child abuse was associated with greater dysregulation
across 28 biomarkers (39), and wellbeing trajectories over 10 y were
associated with healthier lipid levels (40). Our analyses extend these
findings by considering adversity and psychological health concur-
rently, capturing potential protective effects of resilience.
Our results suggest that resilience may disrupt the effect of

adversity on cardiometabolic risk, evident with self-reported car-
diometabolic conditions (potentially subject to common method
variance) and objectively assessed indicators. Despite different oper-
ationalizations of psychological resilience, our findings of increased
cardiometabolic risk among adversity-exposed individuals with un-
favorable psychological functioning (i.e., nonresilient individuals)
are similar to prior longitudinal studies, where lower stress resilience
increased risk of cardiometabolic outcomes (8–10). One other
longitudinal study of 1,662 older adults defined resilience as being
trauma exposed but not showing re-experiencing symptoms, a
hallmark of posttraumatic stress disorder (7). In contrast to our
findings, this study found both resilient and nonresilient (trauma
exposed with re-experiencing symptoms) individuals had increased
risk of cardio-ischemic disease relative to trauma-unexposed in-
dividuals, with resilient and nonresilient exhibiting comparable
risk (7). However, our current study used a more-comprehensive
and stringent definition of psychological health (i.e., low distress
and high wellbeing), which may in part account for differences
in findings.
Prior research suggests early adversity and psychological dis-

tress increase cardiometabolic risk through physiological dysre-
gulation (e.g., hypothalamic–pituitary–adrenal axis dysfunction)
and unhealthy behaviors (e.g., smoking and physical inactivity) (2).

Psychological resilience may disrupt these pathways; lowering dis-
tress may decrease physiological dysregulation and promote more-
healthful behavior. In our analyses, adjusting for baseline BMI and
health behaviors attenuated the increased cardiometabolic risk
in nonresilient individuals, suggesting that some of the effect of
resilience on cardiometabolic conditions may be mediated through
more-unfavorable levels of these biobehavioral factors in those
nonresilient.
This study had several limitations. First, self-reported car-

diometabolic conditions were subject to reporting biases; how-
ever, self-reports of serious health conditions are generally accurate
(41). Additionally, we replicated our findings using objectively
assessed biomarkers suggesting that self-report biases are unlikely
to explain identified associations. Second, early adversity was ret-
rospectively reported in adulthood, potentially subject to recall bias,
and included only four types of adversity. Retrospective childhood
adversity is often underreported (42), thus may bias estimates to-
ward the null if underreporting is nondifferential. Furthermore, as
we were unable to capture a broader range of early adversities,
we are likely underestimating overall adversity exposure. Third,
psychological health was assessed once in adulthood. Given the
dynamic nature of psychological health and resilience, misclassifi-
cation was possible. Fourth, there was significant attrition, and those
excluded differed in important ways from the analytic sample. These
concerns are somewhat mitigated, as we utilized inverse probability
weighting to account for potential selection bias and attrition. Fifth,
although MIDUS includes a large sample of community-dwelling
US adults, the cohort is largely white with relatively high SES,
limiting generalizability.
We provide prospective evidence that psychological resilience

may protect against harmful cardiometabolic effects of early adver-
sity in a large, community-based sample. Manifesting psychological
health despite early adversity may be an important target for pre-
vention and intervention efforts to decrease cardiometabolic disease
burden in adulthood. While psychological resilience is a desirable
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Fig. 1. Associations between psychological resilience with cardiometabolic conditions and cardiometabolic risk score. Odds ratios represent odds of de-
veloping incident cardiometabolic conditions across follow-up for each resilience group relative to the group reporting Favorable Psychological Functioning
with Adversity (reference group); odds ratios > 1 represent elevated odds of incident cardiometabolic conditions. Risk ratios represent risk of elevated
cardiometabolic risk scores for each resilience group relative to the group reporting Favorable Psychological Functioning with Adversity (reference group);
risk ratios >1 represent elevated risk of higher cardiometabolic risk scores. Models are adjusted for sociodemographics (age, sex, race/ethnicity, parental
education attainment, financial level growing up, and family history of cardiovascular disease). **P < 0.05; *P < 0.10
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endpoint in its own right, promotion of psychological resilience
may extend to support physical health across the life course.

Data Availability. Previously published data were used for this
work (http://midus.wisc.edu/data/index.php) (43–47).
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