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ABSTRACT
Objective: Psychological factors, including psychological distress and well-being, have been
associated with cardiometabolic disease risk. Here, we examined whether a psychological
process, hamely how individuals cope with stressors, relate to such risk, which has been
understudied. Methods: In 2004-2006, 2,142 participants without heart disease and diabetes
from the Midlife in the U.S. study completed a validated coping inventory assessing six
strategies (Positive Reinterpretation & Growth, Active Coping, Planning, Focus on & Venting of
Emotion, Denial, Behavioral Disengagement) and relevant covariates. As a proxy for coping
flexibility, participants were also classified as having lower, moderate, or greater variability in
their use of these strategies. Heart disease and diabetes were documented in 2013-2015.
Logistic regressions modeled adjusted odd ratios (AOR) and 95% confidence intervals (Cl) of
developing heart disease and diabetes, separately, with coping exposures. Results: In
sociodemographics-adjusted models, greater use of adaptive strategies predicted lower
diabetes risk (e.g., Positive Reinterpretation & Growth: AOR=0.83; 95%CI1=0.72-0.96);
estimates were weaker for maladaptive strategies, and all strategies were unrelated to heart
disease. All associations for coping variability were null. In secondary analyses, greater use of
adaptive strategies predicted lower heart disease risk in more educated participants only (e.g.,
Active Coping: AOR=0.71; 95%CI=0.55-0.92) and lower diabetes risk in females only (e.g.,
Planning: AOR=0.75; 95%CI=0.61-0.91). Results were maintained additionally adjusting for
health, behavioral, and social factors. Conclusions: Findings suggest sex and education
differences in coping’s association with heart disease and diabetes. Future studies should

recognize adaptive strategies may be more potent for health among certain populations.

Public significance: Despite convincing evidence linking stressors and psychological distress
to cardiometabolic disease risk, this is the first study examining the role of stress-related coping
strategies and variability in their use in the onset of heart disease and diabetes. Results suggest
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the associations of coping with these conditions vary by sex and education levels, which
underscores the importance of evaluating psychosocial interventions that are

sociodemographic-specific to possibly prevent heart disease and diabetes.

Keywords: coping, coping variability, cardiometabolic risk, diabetes, heart disease
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INTRODUCTION

Cardiometabolic diseases (CMD), including heart disease and type Il diabetes, are
among the leading causes of death in the U.S. Many risk factors for CMD are non-modifiable
characteristics including age and family history, and risk-related behaviors like physical inactivity
and smoking can be difficult to alter (Centers for Disease Control and Prevention, 2022a,
2022b). Hence, the identification of additional modifiable risk factors would provide further
strategies for improving population health. Accordingly, a 2021 scientific statement by the
American Heart Association highlights documented relationships between specific psychosocial
factors and cardiometabolic health (Levine et al., 2021). For instance, many studies have shown
positive associations of chronic stressors (e.g., discrimination) and psychological distress (e.qg.,
anxiety) with higher CMD risk, while greater levels of psychological well-being have been
associated with lower CMD risk (Cohen et al., 2015; Hackett & Steptoe, 2016; Trudel-Fitzgerald
et al., 2017). However, limited work has investigated the relationship of CMD outcomes with
psychological processes, such as how individuals handle stressful situations and modulate
related distress and well-being levels (Trudel-Fitzgerald et al., 2024). Such research is critical
because psychological regulatory processes like stress-related coping may be a
transdiagnostic, more cost-effective intervention target to prevent CMD than separately
addressing stressors, distress, and well-being (Trudel-Fitzgerald et al., 2024).

Broadly, coping is conceptualized as a regulation process that occurs in response to
stressors and aims to modulate related psychological responses (e.g., anxiety). Coping
strategies are typically conceptualized as being adaptive (e.g., Active Coping) or maladaptive
(e.g., Denial) based on the direction of their associations with physical and mental health
outcomes in prior work (Carver et al., 1989; Kato, 2015). For example, a meta-analytic review
indicated that greater use of planning to cope with stressors, a strategy often deemed adaptive,
was indeed related to better physical functioning, whereas greater self-blame, usually deemed

maladaptive, was strongly related to poorer psychological functioning (Penley et al., 2002).
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Several studies have also theorized that the impact of any coping strategy may depend
on the context in which it is employed, rather than an inherent categorization as adaptive or
maladaptive (Cheng et al., 2014); thus, the same coping strategy may be adaptive or
maladaptive in different contexts. Optimal psychological adjustment may be characterized by
coping flexibility, or the ability to select coping strategies that best fit a given situation rather
than solely using one type of strategies regardless of the situation. Coping flexibility has been
operationalized in prior work by measuring the level of variability between distinct strategies
used across multiple situations, which may range from lower (less variability) to greater (more
variability) (Blanke et al., 2020; Cheng et al., 2014). Previous work suggests that more coping
variability is related to better psychological adjustment (Cheng et al., 2014), but less work has
considered associations with physical health outcomes. Additionally, as most of these studies
have been lab-based or involved repeated daily assessments over relatively short periods of
time (Cheng, 2001; Cheng et al., 2014), it remains unclear if coping variability levels predict
long-term health outcomes. A recent longitudinal study examined dispositional coping variability
captured at one time point, hence reflecting the extent to which strategies chosen within one’s
repertory are (un)equally used across multiple and varied situations (Trudel-Fitzgerald et al.,
2022). Results showed that greater versus moderate variability levels were related to 15%
shorter lifespan in 4398 aging adults over 12-14 years of follow-up, suggesting the value of
further research on long-term health consequences of distinct coping variability levels.

Despite the longstanding literature linking stressors, distress, and more recently, well-
being to CMD risk, few studies have examined relations of the use of adaptive and maladaptive
coping strategies with CMD risk. In a prospective cohort in Iran, 6323 adults aged 35-60 years
reported how often they used 10 adaptive (e.g., Positive Self-instruction) and 20 maladaptive
(e.g., Passive Avoidance) coping strategies (Roohafza et al., 2022). Participants were classified
as having higher versus lower use of adaptive or maladaptive strategies, separately, based on

an algorithm reflecting the proportion of strategies mainly used. Over 15 years of follow-up,
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individuals with higher versus lower use of adaptive strategies had 3% lower heart disease risk
(hazard ratio, HR=0.97, 95% CI, CI=0.95-0.99), while individuals with higher versus lower use of
maladaptive strategies had 2% higher heart disease risk (HR=1.02, 95%CI=1.01-1.04) after
adjusting for numerous covariates including sociodemographics, behavioral factors, and initial
health status. Another prospective study considered three adaptive and three maladaptive
coping strategies individually (i.e., Planning, Consulting Someone, Positive Reappraisal;
Fantasizing, Avoidance, Self-Blame) with heart disease incidence and mortality, among 57,017
Japanese adults aged 50-79 years over 8 years of follow-up (Svensson et al., 2016). After
adjusting for multiple covariates, using fantasizing (versus not) was related to a 24% increased
risk of developing heart disease (HR=1.24, 95%CI=1.03-1.50), whereas using positive
reappraisal (versus not) was related to 37% decreased risk of ischemic heart disease mortality
(HR=0.63, 95%CI=0.40-0.99). Other coping strategies assessed were not clearly related to
these endpoints. While informative, these results may not be generalized to other populations,
including U.S. adults, and leave unclear the role of distinct coping strategies and variability in
their use in the onset of CMD, including type Il diabetes (thereafter labeled “diabetes”).

The present study examined associations of individual coping strategies and coping
variability in their use, characterized at one time-point and reflecting a general tendency or
disposition, with the risk of developing heart disease and diabetes, separately, using longitudinal
data from the Midlife in the United States (MIDUS) study. We hypothesized coping strategies
characterized as adaptive would be associated with lower likelihood, and strategies
characterized as maladaptive would be associated with higher likelihood of developing these
diseases, separately. Given limited prior work regarding the relationship between coping
variability and physical health outcomes (Cheng et al., 2014; Svensson et al., 2016; Trudel-
Fitzgerald et al., 2022), we examined this association in an exploratory way, without a priori
hypotheses. Following past research suggesting women tend to engage in a greater number of

coping strategies and individuals with lower financial resources discontinue the use of certain
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strategies, like active coping, over time (Brennan et al., 2012; Carver et al., 1989), we also
investigated sex and education level as potential moderators. We used educational level as a
proxy for financial resources because education can provide a more valid measure than other,
more directly measured, financial variables like household income, which may change
substantially from year to year and often have a high level of hon-response on surveys (Moore
et al., 1999). All analyses adjusted for traditional sociodemographic covariates and initial health
status (e.g., hypertension, obesity) to mitigate concerns about confounding and reverse
causality. Because behavioral factors were captured as general lifestyle habits (e.g., smoking
status) rather than stress-related coping strategies in MIDUS (e.g., frequency of smoking
cigarettes to reduce anxiety), we included them as covariates in exploratory models.
METHOD

Transparency and Openness

In this article, we met the following TOP standards: Citations Standards, Level 2: Data.
Relevant calculations developed by other teams are appropriately cited in the manuscript. Data

Transparency, Level 1: MIDUS data is publicly available at www.icpsr.umich.edu/web/ICPSR

[series/203. Analytic Methods (Code) Transparency, Level 2: The computer code needed to
reproduce the major analyses is available in Suppl. Text 1. Research Materials Transparency,

Level 2: MIDUS questionnaires can be accessed at www.icpsr.umich.edu/web/ICPSR/series/

203. Reporting Standards; Design and Analysis Transparency, Level 2: the STROBE checklist
for observational studies is available in Suppl. Text 2. Preregistration of Studies, Level 2: This
study was not preregistered. Preregistration of Analysis Plans, Level 2: These analyses were
not preregistered. Replication, Level 1: This study is not a replication study.
Study Sample

The MIDUS study is a national cohort of non-institutionalized English-speaking adults
between the ages of 25-74 at the study onset, recruited through random-digit-dialing. Once

selected, participants were interviewed at three separate time points: MIDUS | (N=7,108; 1995-
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1996), MIDUS Il (N=4,963; 2004-2005; 70% response rate from MIDUS 1), and MIDUS Il
(N=3,294; 2013-2015; 66% response rate from MIDUS Il). The study was approved by the
Institutional Review Board at all participating centers, and written informed consent was
obtained from all participants.

For each assessment, data were collected via phone interview and a mailed self-
administered questionnaire. Because coping was first queried at MIDUSII, this served as the
study’s analytic baseline. As depicted in Suppl. Figure 1, participants were excluded if they were
missing data on coping (n=538), heart disease (n=1,574), diabetes (n=237), or the clustering
variable (which accounts for whether participants belonged to the same family; n=0). We further
excluded participants who reported having heart disease or diabetes at the analytic MIDUSII
baseline (n=445), resulting in an analytic sample of 2,142 participants. Multiple imputation using
15 imputed datasets was used to account for missing data for all covariates (with most
covariates missingness ranging from 0.001% to 5.7%) (Bodner, 2008). Compared to
participants included in our main analytic sample, those who were excluded (n=2,821) were
slightly older, generally less educated, as well as more likely to be men, non-White, have
hypertension or high cholesterol, and be former smokers (Suppl. Table 2).

Measures

Coping. At MIDUSII in 2004-2006, participants completed a modified version of the 60-
item Coping Orientation to Problems Experienced (COPE) inventory (Carver et al., 1989), which
describes how someone typically manages stressful events, or dispositional coping. This
version includes 24 items categorized into 6 subscales that represent distinct strategies: Active
Coping, Planning, Positive Reinterpretation & Growth, Focus on & Venting of Emotions, Denial,
and Behavioral Disengagement (Carver et al., 1989). The first three strategies are generally
characterized as more adaptive, while the other three strategies are generally characterized as
maladaptive. Each subscale had acceptable internal consistency in our analytic sample

(a=0.73-0.84; Suppl. Table 3). Across subscales, item scores were coded and summed to
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create a total score ranging from 4 to 16, with higher scores indicating greater use of the
strategy. To facilitate comparison with prior studies, each total subscale score was then
standardized using z scores. For conceptual reasons explained elsewhere (Trudel-Fitzgerald et
al., 2022) and following the latest recommendations from the COPE lead author (Carver, 2019),
all subscales were considered individually in analyses.

To operationalize coping variability, we used an algorithm adapted from prior research
(Blanke et al., 2020) and recently validated in MIDUSII (Trudel-Fitzgerald et al., 2022) to obtain
the dispositional Between-Strategy Index (calculations in Suppl. Text 2). Because the coping
scale administered in MIDUSII captures how individuals cope in general, or habitually, rather
than in specific situations, this measure of between-strategy variability indicates the extent to
which strategies chosen within one’s repertory are (un)equally used across multiple and varied
situations, in a dispositional manner (Blanke et al., 2020; Trudel-Fitzgerald et al., 2022). Thus,
individuals reporting lower variability are more likely to use all strategies in their repertory to a
similar extent across situations (displaying high evenness in their use of different coping
strategies), whereas those reporting greater variability are more likely to use some strategies
and rarely use others (displaying high unevenness across strategies used). By contrast, those
categorized with moderate variability are likely to engage in several or many strategies with
varied frequency across situations, which may reflect efforts to find the best strategy for each
given context (displaying moderate unevenness across strategies used) (Blanke et al., 2020).

Following recent research (Trudel-Fitzgerald et al., 2022), we created tertiles of the
dispositional Between Strategy Index (lower, moderate, greater) based on the distribution of
scores in the sample to facilitate examination of potential threshold effects (Aldao et al., 2015;
Cheng et al., 2014). Of note, characterizing coping variability according to a standard deviation
(SD) score can be confounded by the average score of all strategies favored (Blanke et al.,
2020); said differently, individuals with consistently low or high mean scores across all

strategies cannot display high levels of variability due to floor or ceiling effects. Therefore,
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following prior research (Blanke et al., 2020; Trudel-Fitzgerald et al., 2022), we further controlled
for mean strategy use score in all models to assess whether coping variability, beyond the
average use score across strategies, would relate to CMD risk.

Cardiometabolic Diseases. Heart disease and diabetes were self-reported at the 2013-
2015 follow-up. Such self-reported health measures have been found reliable and valid when
compared with physical measures and medical records (Kim et al., 2014; Okura et al., 2004).
Participants were classified as having heart disease if they indicated they (i) ever had a heart
attack, coronary heart disease, ischemia, heart failure, or stroke, or (ii) took prescription
medicine for a heart condition in the past 30 days, as well as if myocardial infarction or stroke
was listed as cause of death via the National Death Index until 2018. Participants were
classified as having diabetes if they indicated they (i) experienced or were treated for diabetes
in the past twelve months or ii) took prescription medication for diabetes in the past 30 days.

Covariates. Covariate measures, selected following previous research (Roohafza et al.,
2022; Svensson et al., 2016; Trudel-Fitzgerald et al., 2022), are described in more detail in
Suppl. Text 3. Briefly, sociodemographic characteristics (i.e., age, biological sex, race, marital
status, education levels), health status (i.e., hypertension, cholesterol, obesity), behavioral
factors (i.e., physical activity, smoking, alcohol consumption, sleep duration), and social factors
(positive relations with others) (Ryff, 2014) were self-reported at the 2004-2006 analytic
baseline. Because behavioral and social factors may be coping strategies themselves, we
considered their role by further adjusting for them in exploratory analyses.
Statistical Analysis

Descriptive Statistics. All statistical analyses were conducted using SAS 9.4, with a two-
tailed p < 0.05 threshold, to ease comparison with prior studies using a similar methodology
(Roohafza et al., 2022; Svensson et al., 2016; Trudel-Fitzgerald et al., 2022). We calculated the
mean and standard deviation for all continuous variables, and frequencies for all categorical
variables in the analytic sample (n=2,142), overall and stratified by coping variability level. We
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also computed Pearson and Spearman correlations across the COPE subscales to determine
the strength of associations between constructs. Pearson correlations were also computed to
examine the strength of the association between individual COPE strategy scores obtained at
MIDUS Il and MIDUS Ill. Lastly, we performed a factorial analysis to ensure that the six
strategies would load on two distinct factors in our analytic sample, hence reflecting more
versus less adaptive strategies (Active Coping, Planning, and Positive Reinterpretation &
Growth versus Focus on & Venting of Emotions, Denial, and Behavioral Disengagement).

Primary models. We first conducted a series of sequentially adjusted logistic regression
models estimating odds (Adjusted Odd Ratios; AOR) of developing heart disease and diabetes,
separately, during the 8-14 years of follow-up by 1 standard deviation (SD) increase in each
individual coping strategy used. The first model was age-adjusted, and the second, core model
further controlled for sociodemographics. A third model added initial health status. Behavioral
factors were then included in an exploratory fourth model. An exploratory Model 5 included all
sociodemographic factors, initial health status, and positive relations with others. These five
models were repeated with coping variability as a categorical exposure (looking at all contrasts).

Secondary models. To account for the comorbidity of heart disease and diabetes in 39
participants who had developed both conditions between MIDUSII and MIDUSIII, we first
conducted a sensitivity analysis removing these participants, using core Model 3. Then, based
on previous work (Brennan et al., 2012; Carver et al., 1989), we conducted stratified analyses to
evaluate the association between individual coping strategies and CMD risk in each biological
sex (males versus females) and education (some college or below versus Bachelor's degree or
higher) subgroups, separately, while adjusting for all sociodemographic variables (core Model
2). We also included interaction terms of each coping strategy with sex and education
subgroups, separately, in Model 2. Coping variability was not examined in stratified analyses
due to the limited statistical power in some strata.

RESULTS

11



COPING, HEART DISEASE, AND DIABETES

Baseline characteristics

Descriptive statistics in the total analytic sample (N=2,142) and stratified by coping
variability levels are displayed in Table 1. Overall, participants were on average 53.9 years at
our study baseline (SD=10.9), and most were White (93.5%), married (72.5%) and had attended
at least some college (75.7%). Participants were moderately active (summary score detailed in
Suppl. Text 3; M=29.6, range=9-54), and the majority were never or former smokers (81.4%)
and moderate drinkers (43.8%), which is the alcohol intake level advised by disease prevention
guidelines (US Department of Health and Human Services & US Department of Agriculture,
2020) and noted in prior empirical evidence (Chiuve et al., 2008; Roth et al., 2020).
Characteristics were similar across coping variability levels, except for marital status, sleep
duration, physical activity, and positive relations with others; participants with greater variability
levels were less likely to be married, to be good sleepers (7-8 hours/night), to have a somewhat
lower level of physical activity and positive relations with others (p<0.05), although the two
former differences are unlikely to be clinically significant.

Nearly all coping strategies were significantly correlated with one another; the magnitude
of these associations varied widely (|r]=.07 to .81; Suppl. Table 3). Coping strategies generally
deemed adaptive were inversely and modestly correlated with maladaptive ones. Except for
Denial, scores from all individual coping strategies were moderately to strongly correlated
between MIDUS Il and MIDUS Il (r=.49 to .62; Suppl. Table 4), suggesting stability between
waves and, thus, reinforcing their dispositional nature. Lastly, and as expected, in this analytic
sample Active Coping, Planning, and Positive Reinterpretation & Growth strategies load onto
the same factor (values from 0.70 to 0.86) while Focus on & Venting of Emotions, Denial, and
Behavioral Disengagement load onto a distinct factor (values from 0.48 to 0.64; Suppl. Table 5).
Coping Strategies and Variability with Heart Disease and Diabetes Onset

Over the 8- to 14-year follow-up period, 10.3% of participants reported developing heart
disease (n=221) and 8.5% of participants reported developing diabetes (n=181). Only 39

12
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participants had developed both conditions at the end of follow-up. Age-adjusted analyses
showed no association of adaptive and maladaptive strategies, separately, with likelihood of
developing heart disease (Table 2). Estimates remained null when further adding
sociodemographic (core Model 2), health status (Model 3), behavioral covariates (Exploratory
Model 4), and social support (Exploratory Model 5). Across models, coping variability levels
were also unrelated with heart disease incidence.

Results from models evaluating the odds of developing of diabetes are presented in
Table 3. In age-adjusted models, all three adaptive strategies —namely Positive Reinterpretation
& Growth, Active Coping, and Planning— were associated with a lower likelihood of developing
diabetes. For instance, each 1-SD increase in Active Coping was related to a 19% (AOR=0.81,
95%CI1=0.71-0.94) lower odds of diabetes incidence. Estimates were generally maintained after
further adjusting for sociodemographic, health, behavioral, and social covariates. Regarding
maladaptive strategies, in age-adjusted models, a 1-SD increase in Denial was related to 17%
(AOR=1.17, 95%CI=1.01-1.36) increased odds of developing diabetes. After further adjustment
for sociodemographic, and then health status and behavioral and social covariates, this
association was slightly attenuated. Similar to findings with heart disease, coping variability
levels were not associated with likelihood of developing diabetes. In sensitivity analyses, results
for both incident heart disease and diabetes, separately, remained overall robust after excluding
participants who had developed both conditions over the follow-up period (Suppl. Table 6).
Differences by Biological Sex and Education

Several, although not all, interaction terms between coping strategies and sex, and
coping strategies and education, reached statistical significance when included in Model 2 for
each outcome (Suppl. Table 7). More specifically, for heart disease, tests of interaction were
significant between education levels and all three adaptive coping strategies (i.e., Positive

Reinterpretation & Growth, p=.01; Active Coping, p<.01; Planning, p=.01). For diabetes, only the
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test of interaction between sex and Planning reached statistical significance (p=.03). None of
the interaction terms with maladaptive coping strategies were statistically significant.

In stratified models adjusting for all sociodemographics, adaptive strategies were all
associated with reduced odds of developing heart disease among more educated individuals
only (Figure 1, Suppl. Table 7). For example, each 1-SD increase in Active Coping was related
to a 29% (AOR=0.71, 95%CI1=0.55-0.92) lower odds of developing heart disease in this group
but was unrelated to the outcome in less educated participants. Males versus females only
differed in the association of Positive Reinterpretation & Growth with heart disease
(AORmales=1.27, 95%CI1=1.01-1.61; AORfemales=0.87, 95%CI=0.72-1.07). No difference in
estimates for maladaptive strategies were noted across either the two education groups, or
males and females in relation to heart disease. Considering diabetes (Figure 2, Suppl. Table 7),
both sex and education levels appeared to modify the association between adaptive but not
maladaptive coping strategies and odds of incident disease. For instance, compared to males or
more educated individuals, females and less educated individuals had a 25% (AORfemales=0.75,
95%CI1=0.61-0.91) and 19% (AORower education=0.81, 95%CI1=0.68-0.97) lower odds of developing
diabetes, with each 1-SD increase in Planning.

DISCUSSION

This study examined associations of individual coping strategies and variability in their
use with risk of developing heart disease and diabetes, separately. Findings showed a 14-17%
lower likelihood of developing diabetes with greater use of adaptive strategies (i.e., Positive
Reinterpretation & Growth, Active Coping, and Planning) after adjusting for sociodemographic
covariates; associations were only slightly attenuated after further inclusion of health status as
well as behavioral and social covariates in the models. Similar odds ratios for the active coping
and planning adaptive strategies may suggest that these strategies are often used together, as
part of an overall problem-solving approach, whereby planning is first implemented and then
active coping is executed. Accordingly, results from correlation matrix showed that these two

14
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strategies were highly correlated (r = .81) and those from the factor analysis indicated that they
load similarly onto the same factor, as found in another recent MIDUS study (Nikolaev et al., in
press). Yet, from a theoretical perspective, these two strategies remain distinct, as planning
represents a cognitive strategy that would happen at the secondary appraisal phase of the
stress process, when evoking a possible response to a stressor, whereas active coping reflects
an executive strategy that would be implemented subsequently, at the coping phase, when
implementing that response (Carver et al., 1989; Lazarus & Folkman, 1984).

Conversely, strategies deemed maladaptive were not as strongly related to disease risk,
although associations were sometimes suggestive. However, all estimates from the main
models were null for heart disease incidence, and we did not observe associations for coping
variability with either outcome. Yet, secondary analyses suggested a protective effect of
adaptive coping strategies among certain sociodemographic subgroups. Specifically, employing
adaptive strategies was associated with up to 29% lower odds of developing heart disease
among more but not less educated individuals. Also, adopting these strategies was related to up
to 19-25% lower likelihood of developing diabetes in females and less educated individuals.
Although not all interaction terms were statistically significant, the fact that estimates of all three
adaptive coping strategies were consistently protective and at least marginally significant in
some subgroups but not others is indicative of a possible true effect. No evidence of effect
modification between maladaptive coping strategies and either sex or education was observed.

To our knowledge, no study has examined the role of coping strategies in risk of
developing diabetes. Consistent with our hypotheses, adaptive strategies were associated with
a lower likelihood of disease onset. Although maladaptive strategies were not as clearly related,
estimates for disease onset were in the expected direction albeit generally weaker. Moreover,
our results are consistent with prior research showing altered diabetes risk with psychological
well-being, including life satisfaction and optimism (Boehm et al., 2015; Okely & Gale, 2016),
and psychological distress (Hackett & Steptoe, 2016), respectively, in the expected directions.
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Conversely, our findings with heart disease appeared at first unexpected. In fact, previous
studies have shown associations of certain adaptive and maladaptive coping strategies (but not
all) with the risk of heart disease-related events (Roohafza et al., 2022; Svensson et al., 2016).

However, stratified analyses provided important insight, with findings suggesting that
adaptive coping strategies could have a protective effect on heart disease onset, but only
among more educated individuals. Also worth noting is that we found greater use of adaptive
strategies was related to a slightly increased odds of developing heart disease incidence in less
educated individuals. It is possible that with more education, individuals also acquire additional
cognitive resources that facilitate more effectively implementing strategies like positive
reinterpretation or problem-solving; greater effectiveness in implementation may increase the
probability that these adaptive strategies positively influence heart health. Conversely, these
same strategies may not be implemented as effectively by less educated individuals or they
may require an additional cognitive load that, over time, taxes their bodily systems and results in
an increased disease risk (Felix et al., 2019). Beyond these individual factors, structural forces
may be at play too. For instance, less educated individuals can live in under-resourced
neighborhoods (e.g., limited or lack of access to psychosocial services) or experience
discrimination that may be upstream barriers to implementing these adaptive strategies
effectively (Felix et al., 2019). It is also possible that less educated individuals face financial
barriers that constrain their access to health care, which may shape both how they cope with
stressors and their heart disease risk in the longer term. A last alternative explanation may be
that these are spurious findings; yet, the consistency of direction and magnitude of estimates
across all three adaptive strategies makes this idea seem somewhat less likely.

While education level also seemed to matter with regard to associations of coping
strategies with odds of developing diabetes, findings were not in the same direction as those
with heart disease. Stratified analyses indicated that less rather than more educated participants
benefited from adaptive coping strategies. Because diabetes is a risk factor for heart disease
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and typically develops earlier in life (Martin-Timon et al., 2014), it is possible that psychological
factors that are beneficial in the shorter term for diabetes onset become detrimental over a
longer period of time for heart disease onset. For instance, less educated individuals might be
as effective as their more educated counterparts at actively coping with a stressor, which yields
cardiometabolic benefits in the shorter term, but because the implementation of such strategy
may require greater effort for less educated individuals, later on it might bear a hidden cost.
Similarly, divergent effects by education or socioeconomic status over time have been noted in
prior studies investigating the health impacts of individuals exhibiting favorable psychological
functioning despite exposure to social stressors (Chen & Miller, 2012; DeFrance et al., 2022;
Trudel-Fitzgerald & Ouellet-Morin, 2022). In models stratified by sex, adaptive coping strategies
appeared protective against diabetes and heart disease onset in females but not males,
although the magnitude of the diabetes estimates for some coping strategies were not
drastically different between the two groups. Moreover, the sample size and incident cases were
comparable across males and females, reducing concerns about insufficient statistical power.
This trend is aligned with some (Demmer et al., 2015; Farvid et al., 2014), although not all
(Boehm et al., 2015; Okely & Gale, 2016), previous findings from studies that have found
suggestive sex differences in the role of psychological factors as determinants of diabetes
onset. Additionally, since heart disease symptomatology in females may look different
compared to men (e.g., back pain besides chest pain) (Centers for Disease Control and
Prevention, 2022c), predictors of disease may differ too.

Biological, behavioral, and social pathways may explain the observed relationships of
individual adaptive coping strategies and CMD incidence. Evidence suggests that inflammation
and hypertension may be pathways linking psychological factors to long-term heart outcomes
(Hackett & Steptoe, 2016; Trudel-Fitzgerald et al., 2017), and greater psychological well-being
and stress resilience may be related to healthier levels of blood pressure and cholesterol over
time (Boylan & Ryff, 2015; Crump et al., 2016; Radler et al., 2018; Trudel-Fitzgerald et al.,
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2014). When further controlling for hypertension, high cholesterol, and obesity in our third
model, the estimates were sometimes attenuated, suggesting that such biological processes
may confound or lie on the pathway of the coping-CMD association in our sample. However, as
health status (and behaviors) were not available between the 2004-2006 analytic baseline and
the 2013-2015 follow-up assessment, we could not rigorously evaluate them as mechanistic
pathways of the coping-CMD relationship.

Maladaptive coping strategies may also lead to stress-relieving behaviors like smoking,
physical inactivity, alcohol use, and longer sleep, which may in turn affect an individual’s risk for
CMD (Park & lacocca, 2014; Trudel-Fitzgerald et al., 2017); in parallel, adaptive strategies like
active coping may necessitate social support, which consequently alter CMD risk. Yet,
determining the contribution of behaviors and social support in coping studies specifically is
difficult, because such factors can be coping strategies themselves (Mezuk et al., 2013; Park &
lacocca, 2014). Our exploratory analyses found that additional adjustment for behavioral and
social factors did not attenuate the coping-CMD associations. It is also worth noting that, in
MIDUS, behavioral and social factors are queried as habitual rather than coping-motivated
habits (e.g., “Do you smoke cigarettes regularly now?” versus “Do you smoke to relieve
tension?”; “I know that | can trust my friends, and they know they can trust me.” versus “Do you
rely on your social relationships to handle stressors?”). Given some participants may not even
realize their motivation (Sheeran et al., 2013) for adopting certain behaviors, future research
should pinpoint the reasons behind specific behaviors, including seeking social support, and
whether this distinction may alter disease onset.

Several limitations of this study should be noted. First, given the dispositional nature of
the COPE inventory, we did not have information about the characteristics of stressful events
(e.g., frequency, severity, chronicity) that serve as the context for coping, which can vary across
participants. Second, by using observational data, we cannot infer causality. Third, due to
sample size, we were unable to examine coping variability within stratified analyses, or test
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associations within racial subgroups. Moreover, because non-Hispanic White individuals and
those of higher socioeconomic status are over-represented MIDUS compared to the U.S.
population, our results may not be generalizable to other, more diverse samples. Fourth, this
modified COPE version captured only six coping strategies at one time point, which prevented
the investigation of whether other ways individuals cope with stressors (e.g., use of
religion/spirituality, self-blame) influence CMD incidence and the examination of dynamic
changes in strategies used at a more granular level (e.g., within-strategy variability across
days/stressors) (Blanke et al., 2020). Yet, even a single dispositional coping assessment can be
informative when investigating long-term health outcomes (Lazarus, 1990) as they capture
relatively stable phenomenon over time. Given that CMD were self-reported, either as a
diagnosis received or medication taken, our study may be vulnerable to outcome
misclassification. However, given previous work showing high concordance between self-
reported CMD and medical records (Kim et al., 2014; Okura et al., 2004), such effects are
unlikely to fully explain our findings. Lastly, we acknowledge that some of our subgroup
analyses have a limited number of cases, and thus may be underpowered to detect small but
existing effects for maladaptive strategies and coping variability.

Nonetheless, several strengths are worth noting. First, we considered multiple individual
coping strategies using a validated measure, which helps identify specific promising avenues for
psychosocial intervention research. Second, we further explored coping variability as a proxy for
how flexibly individuals use these strategies across contexts, which allowed us to provide a
more holistic image of these complex regulatory processes rather than solely considering
coping strategies as either adaptive or maladaptive. Lastly, we used a richly characterized
cohort and could therefore account for multiple established factors that may either confound or
explain the coping-CMD association.

To our knowledge, this is the first study to examine associations of individual coping
strategies and variability in their use with heart disease and diabetes incidence. Our main
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findings found linkages of certain adaptive coping strategies with reduced odds of diabetes and
of some maladaptive strategies with suggestive but weaker increased odds of diabetes.
Somewhat surprisingly, we found no evidence of relationships between any coping exposures
and heart disease incidence. Yet, secondary analyses further highlighted the importance of
investigating these associations across various sociodemographic subgroups, with evidence
suggesting for instance that adaptive coping strategies may be protective against heart disease
among more educated individuals particularly.

Future research should focus on replicating within more diverse populations to evaluate,
for instance, the presence of racial/ethnic differences in the coping-CMD relationship. Larger
samples will also permit the examination of coping variability levels across distinct subgroups. In
fact, while variability levels were unrelated to CMD outcomes in our overall sample, they might
be predictive of CMD for certain subpopulations, as observed with our heart disease findings. A
last promising avenue is triangulation, whereby researchers should seek to obtain concordant
findings about the coping-CMD relationship with complementary methods. For example, future
studies may focus on established and novel CMD-relevant biomarkers (e.g., inflammation,
metabolomics) to capture biological precursors of CMD (Trudel-Fitzgerald et al., 2017). Others
might leverage repeated assessments of coping strategies used to deal with daily hassles,
which have been shown to capture complementary information (i.e., low-to-moderate
correlations) relative to dispositional coping scales (Stone et al., 1998). Building such empirical
evidence appears promising: given that many CMD risk factors are non-modifiable, how
individuals typically cope with stressors —a modifiable process and a universal human
experience—, and in turn modulate their psychological distress and well-being levels, may be a
meaningful and more cost-effective intervention target to bolster CMD prevention efforts, rather

than targeting stressors, distress, and well-being separately.
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Table 1. Participants’ characteristics at baseline among the total sample and by levels of coping variability
Moderate Coping

Total Sample

Lower Coping

Greater Coping

p-value

(N=2,142) Variability (N=714) Variability (N=714) Variability (N=714)
Variable M (SD) N (%) M (SD) N (%) M (SD) N (%) M (SD) N (%)
Age, M (SD) 53.9 (10.9) 53.5(10.9) 54.5 (10.8) 53.9 (11.0) 0.23
Female, N (%) 1249 (58.3) 413 (57.8) 401 (56.2) 435 (60.9) 0.18
White, N (%) 1998 (93.5) 670 (94.4) 669 (93.7) 659 (92.3) 0.27
Highest Level of Education, N (%) 0.46
Less than High School/High
School Diploma/GED 585 (27.3) 184 (25.8) 199 (27.9) 202 (28.3)
Some College 595 (27.8) 209 (29.3) 183 (25.7) 203 (28.5)
Bachelor's Degree or Higher 960 (44.9) 321 (45.0) 331 (46.4) 308 (43.2)
Marital Status, N (%) 0.005
Married 1551 (72.5) 535 (75.0) 535 (75.0) 481 (67.4)
Separated/Widowed/Divorced 415 (19.4) 122 (17.1) 130 (18.2) 163 (22.8)
Never Married 174 (8.1) 56 (7.9) 48 (6.7) 70 (9.8)
Hypertension, N (%) 512 (23.9) 163 (22.8) 168 (23.5) 181 (25.4) 0.51
High Cholesterol, N (%) 341 (18.5) 126 (20.2) 118 (19.1) 97 (16.0) 0.14
Obesity, N (%) 515 (25.0) 173 (25.0) 159 (23.2) 183 (26.7) 0.33
Physical Activity, M (SD) 29.6 (10.7) 29.9 (10.2) 30.3 (10.8) 28.5(10.9) 0.003
Smoking Status, N (%) 0.29
Never Smoker 613 (39.5) 192 (38.1) 229 (43.0) 192 (37.1)
Past Smoker 652 (41.9) 215 (42.7) 216 (40.5) 221 (42.8)
Current Smoker 289 (18.6) 97 (19.3) 88 (16.5) 104 (20.1)
Alcohol Consumption, N (%) 0.82
Moderate Consumption 885 (43.8) 292 (43.2) 301 (44.8) 292 (43.5)
Abstinence/Heavy Consumption 1135 (56.2) 384 (56.8) 371 (55.2) 380 (56.6)
Sleep Duration, N (%)
6h or less/night 409 (27.4) 121 (25.1) 134 (27.0) 154 (30.1) 0.02
7-8h/night 980 (65.7) 326 (67.5) 341 (68.6) 313 (61.1)
9h or more/night 103 (6.9) 36 (7.5) 22 (4.4) 45 (8.8)
Positive Relations with Others,
M (SD) 5.9 (1.0) 5.9 (0.9) 6.0 (0.9) 5.7 (1.1) <.0001

Notes. GED=General Education Development; M=Mean; SD=Standard Deviation. Descriptive analyses were conducted on participants with available data
(race/ethnicity, N=2,138; highest education level, N=2,140; marital status, N=2,140; high cholesterol, N=1,847; obesity, N=2,063; physical activity, N=2,131;

smoking status, N=1,554; alcohol consumption, N=2,020; sleep duration, N=1,492; positive relations with others, N=2,139.
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Table 2

Associations of Coping Strategies and Variability in Their Use with Incident Heart Disease

Model 12 Core Model 2° Model 3¢ Exploratory Model  Exploratory
4 Model 5
(Age only) (Model 1 + (Model 2 + (Model 3 + (Model 3 +
9 y sociodemographics) health status) behavioral factors P -
relationships)
AOR 95% CI AOR 95% ClI AOR 95% CI AOR 95% ClI AOR 95% ClI
Individual Coping Strategies
Positive Reinterpretation & Growth 1.02 (0.87,1.18) 1.06 (0.91, 1.23) 1.06 (0.91,1.24) 1.08 (0.93,1.26) 1.12 (0.95, 1.33)
Active Coping 0.94 (0.82,1.09) 0.97 (0.84, 1.12) 0.99 (0.85,1.14) 1.00 (0.86,1.16) 1.01 (0.87,1.18)
Planning 0.94 (0.82,1.08) 0.97 (0.84, 1.12) 0.99 (0.85,1.14) 1.01 (0.87,1.17) 1.02 (0.87,1.18)
Focus on & Venting of Emotion 0.98 (0.84,1.14) 1.03 (0.88, 1.20) 1.02 (0.87,1.20) 1.02 (0.87,1.20) 1.01 (0.86, 1.18)
Denial 1.02 (0.89,1.17) 1.00 (0.87,1.17) 1.00 (0.86,1.16) 0.98 (0.85,1.15) 0.98 (0.84, 1.14)
Behavior Disengagement 0.98 (0.86,1.13) 1.00 (0.87, 1.14) 1.00 (0.86,1.15) 0.97 (0.84,1.12) 0.96 (0.83,1.11)
Coping Variability
Moderate versus lower levels 0.77 (0.54,1.09) 0.76 (0.53, 1.08) 0.78 (0.55,1.11) 0.77 (0.54,1.10) 0.77 (0.54,1.10)
Greater versus lower levels 0.92 (0.65,1.29) 0.92 (0.65, 1.30) 0.92 (0.65,1.30) 0.90 (0.64,1.28) 0.90 (0.63, 1.26)
Greater versus moderate levels 1.19 (0.83,1.70) 1.21 (0.84, 1.74) 1.18 (0.83,1.70) 1.17 (0.82,1.86) 1.16 (0.81,1.67)

There were 221 incident heart disease cases over follow-up, including 80 in the lower variability level, 66 in the moderate variability level, and 75 in the greater variability
level. The first three strategies are generally characterized as adaptive, while the next three strategies are generally characterized as maladaptive. Because behavioral
factors and social support may be coping strategies themselves, we considered their role by further adjusting for them in exploratory analyses. Heart disease is a binary
variable (yes, no) self-reported in 2013-15; frequency of strategies typically used to cope with stressors was self-reported with the validated COPE measure in 2004-06.

a Adjusted for age.

b Additionally adjusted for other sociodemographic covariates.

¢ Additionally adjusted for health status covariates.
d Additionally adjusted for behavioral covariates.

¢ Model 3 additionally adjusted for the social covariate (mean score on the Positive Relations with Others subscale).

fAll coping variability analyses are also adjusted for the mean value of all coping subscales.
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Table 3
Associations of Coping Strategies and Variability in Their Use with Incident Diabetes

Model 12 Core Model 2° Model 3¢ Exploratory Model 4 Exploratory Model 5°
(Age only) (Model 1+ (Model 2 + (Model 3 + (“:ggﬁ:f;
sociodemographics) health status) behavioral factors) relationships)
AOR 95% ClI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI

Individual Coping Strategies
Positive Reinterpretation & 0.83 (0.71,0.96) 0.83 (0.72,0.96) 0.83 (0.71,0.97) 0.83  (0.71,0.97) 0.83  (0.70, 0.99)
Active Coping 0.81 (0.71,0.94) 0.84 (0.73,0.97) 086 (0.751.00) 0.86 (0.74,0.99) 086  (0.73,1.02)
Planning 0.83 (0.72,0.96) 0.86 (0.74,1.00) 089 (0.77,1.03) 089 (0.76,1.03) 0.90  (0.76, 1.06)
Focus on & Venting of Emotion ~ 1.07 (0.92,1.26) 1.09  (0.92,1.28) 1.08 (0.91,1.29) 1.09  (0.91,1.29) 1.07  (0.90, 1.28)
Denial 117 (1.01,1.36) 1.11 (0.96, 1.29) 1.10 (0.94, 1.29) 1.11 (0.95, 1.30) 1.10 (0.94, 1.29)
Behavior Disengagement 115 (0.99,1.35) 1.12  (0.95131) 113 (0.951.33) 1.13 (0.96,1.34) 112  (0.93,1.35)
Coping Variability'
Moderate versus lower levels 1.05 (0.71,155) 1.04 (0.70,154) 113 (0.75,1.69) 1.11  (0.74,167) 111  (0.74,1.67)
Greater versus lower levels 1.28 (0.88, 1.87) 1.26 (0.86, 1.84) 1.29 (0.87,1.92) 1.29 (0.87, 1.91) 1.26 (0.85, 1.87)
Greater versus moderate levels ~ 1.22 (0.85,1.76) 121  (0.83,1.75) 1.15 (0.79,1.67) 1.16  (0.79,1.70) 1.13  (0.77,1.66)

There were 181 incident diabetes cases over follow-up, including 55 in the lower variability level, 58 in the moderate variability level, and 68 in the greater variability level.
The first three strategies are generally characterized as adaptive, while the next three strategies are generally characterized as maladaptive. Because behavioral factors
and social support may be coping strategies themselves, we considered their role by further adjusting for them in exploratory analyses. Diabetes is a binary variable (yes,
no) self-reported in 2013-15; frequency of strategies typically used to cope with stressors was self-reported with the validated COPE measure in 2004-06.

a Adjusted for age.

b Additionally adjusted for other sociodemographic covariates.

¢ Additionally adjusted for health status covariates.

d Additionally adjusted for behavioral covariates.

¢Model 3 additionally adjusted for the social covariate (mean score on the Positive Relations with Others subscale).

f All coping variability analyses are also adjusted for the mean value of all coping subscales.
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Figure 1. Associations of Coping Strategies With Incident Heart Disease Stratified by Sex and Education Levels.
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Notes. N=2,142; 221 cases. All models are adjusted for sociodemographic covariates. The first three strategies are generally characterized as
adaptive, while the next three strategies are generally characterized as maladaptive. Interaction terms of each coping strategy with either sex or
education subgroups were also included to sociodemographic-adjusted models and were found statistically significant for Positive Reinterpretation
& Growth*Sex: p=0.03; Positive Reinterpretation & Growth*Education: p=0.01; Active Coping*Education: p<0.001; Planning*Education: p=0.01.
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Figure 2. Associations of Coping Strategies With Incident Diabetes Stratified by Sex and Education Levels
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Notes. N=2,142; 181 cases. All models are adjusted sociodemographic covariates. The first three strategies are generally characterized as
adaptive, while the next three strategies are generally characterized as maladaptive. Interaction terms of each coping strategy with either sex or
education subgroups were also included to sociodemographic-adjusted models and were statistically significant only for Planning*Sex: p=0.03.
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