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Affect Regulation and Mortality Risk: The Role
of Allostatic Load

Amanda E. Ng, PhD, MPH, Tara Gruenewald PhD, MPH, Robert-Paul Juster, PhD,
and Claudia Trudel-Fitzgerald PhD

Objective: Although growing evidence indicates that distinct affect
regulation strategies (eg, positive reappraisal, anger suppression) predict
mortality risk, the biological processes involved remain understudied.
We investigated the association of various affect regulation exposures
with mortality risk while examining the role of allostatic load.
Methods: From 2004 to 2006, 1941 participants from the
Midlife in the United States longitudinal study completed
validated scales assessing the use of 9 general and emotion-
specific regulatory strategies (eg, denial, anger expression).
An SD-based algorithm was also used to characterize how
flexibly participants regulate their affect (lower, moderate, or
greater variability). Participants further provided data on rele-
vant covariates and 24 allostatic load biomarkers (eg, cortisol,
glucose). Cox regressions modeled hazard ratios (HRs) and 95%
Cls examined associations of affect regulation variables and all-
cause mortality risk until 2022. The confounding, mediating, and
moderating role of allostatic load was examined in subsequent
models.

Results: In fully adjusted models, only greater versus lower affect
regulation variability (HR=1.54; 95% CI=1.11-2.14) sig-
nificantly predicted a higher mortality risk. Associations were
relatively unchanged with further inclusion of allostatic load in
models and allostatic load did not mediate affect regulation-
mortality relationships. Yet, when evaluating moderation effects,
greater versus lower and moderate variability, as well as denial,
were marginally or significantly related to higher mortality risk
among adults with lower allostatic load only.
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Conclusions: Allostatic load may modify rather than confound or
mediate the association between some dimensions of affect reg-
ulation and mortality risk. Future work should evaluate the
potential roles of allostatic load among diverse samples.

Key words: emotion regulation, mortality, allostatic load, coping,
coping variability, anger

Abbreviations: AHR = adjusted hazard ratio, BMI = body mass
index, CVD = cardiovascular disease, COPE= Coping
Orientation to Problems Experienced, CRP = C-reactive pro-
tein, DHEAS = dehydroepiandrosterone sulfate, DBP = dia-
stolic blood pressure, GED = general educational development,
HbAlc = glycosylated hemoglobin, HDL = high-density lip-
oprotein, IL-6 = Interleukin 6, LDL = low-density lipoprotein,
MIDUS = Midlife in the United States, NDI = National Death
Index, RMSSD = root mean squared successive differences,
SAQ = self-administered questionnaire, SICAM-1 = Soluble
Intercellular Adhesion Molecule-1, SBP = systolic blood pres-
sure, STROBE = The Strengthening the Reporting of Ob-
servational Studies in Epidemiology, WHR = waist-to-hip ratio.

(Biopsychosoc Sci Med 2025;87:259-270)

INTRODUCTION

Available evidence shows that both psychological
distress (eg, depression,! posttraumatic stress disorder?)
and psychological well-being (eg, optimism,3 purpose in
life#) are associated with mortality risk. Recent theoretical
models further suggest that overarching psychosocial
processes, such as coping and emotion regulation, may
have downstream effects on long-term physical health
and longevity, in part via biological and behavioral
mechanisms.>~7 To date, empirical studies testing this
hypothesis have been informed either by the coping8 or the
emotion regulation® framework. While informative, this
focus has impeded the direct comparison of their re-
spective associations with mortality within the same
sample. Moreover, most of this research considered po-
tential behavioral factors involved (eg, smoking) when
evaluating the association of coping or emotion regulation
with mortality risk. To date, less attention has been de-
voted to the possible roles biological factors play in the
aforementioned relationships.

Coping Strategies and Mortality Risk
Coping strategies, described broadly as “cognitive
and behavioral efforts to master, reduce, or tolerate the
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internal and/or external demands,”8 may be categorized as
generally adaptive or maladaptive based on the direction
of their associations with health outcomes. For example,
meta-analytic findings showed that greater use of planning
to cope with stressors and positive reinterpretation, which
are strategies typically deemed adaptive, is associated with
better physical and psychological functioning.!0-12 In
contrast, greater self-blame and avoidance, which are
usually viewed as maladaptive, are related to poorer
physical and psychological functioning.!0-12

In the context of mortality specifically, existing re-
sults are somewhat mixed. The Japan Multi-institutional
Collaborative Cohort Study followed a group of 79,580
middle-aged adults over 8 years and found that various
strategies typically considered adaptive were associated
with lower mortality risk, beyond demographic, health
status, and behavioral covariates.!3 Specifically, emotional
expression was related to lower mortality risk among both
men and women. In addition, emotional support-seeking
predicted lower mortality risk for women only, while
positive reappraisal and problem-solving appeared bene-
ficial for longevity only for men. In contrast, a study of
743 older men from the Veterans Affairs Normative Aging
Study showed that greater use of strategies typically
deemed adaptive, such as positive action, social coping,
and spiritual coping, were each related to higher mortality
risk over 27 years, after adjusting for relevant covariates.!4
Lastly, results from the Black Women’s Health Study
showed no relation between spiritual coping and lower
mortality risk over 8 years among 36,613 participants, in
models controlling for a wide array of demographic,
health status, behavioral, and psychosocial factors.!15

Although these inconsistent findings may be due to
methodological differences (eg, populations under study,
sample sizes), it may also reflect that some strategies are not
inherently adaptive or maladaptive but perhaps depend on
the situation or context. A suggestive example can be found
in the Japan Multi-institutional Collaborative Cohort
Study investigation mentioned above. Disengagement,
which is usually considered a maladaptive strategy, was
related to lower mortality risk among women who reported
using this strategy “sometimes” relative to “never,”!3 hint-
ing to some health benefits with sporadic use of this strat-
egy, perhaps reflecting a selective use depending on the
situation. Accordingly, there is increasing recognition that
the adaptive aspects of these strategies may depend on the
situation or context.!6:17 Thus, optimal use of strategies
might instead be best described via coping flexibility. Cop-
ing flexibility has been often operationalized by numerical
variability—that is, the number and frequency of strategies
employed, ranging from lower to greater to indicate less to
more variability.!6 Emerging work has shown that coping
variability is in fact related to long-term health outcomes,
including changes in lifespan, beyond demographic, health
status, and behavioral covariates.!8.19

Emotion Regulation and Mortality Risk
Adjacent to coping strategies, emotion regulation
describes how individuals experience and express their
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emotions. Emotion-specific strategies can also be cate-
gorized as adaptive or maladaptive depending on their
associations with mental and physical health outcomes.6.20
While the conceptual model of emotion regulation relates
to various emotions, most existing physical health research
has focused on the regulation of anger specifically. For
instance, the Tecumseh Community Health Study in-
cluded 696 adults who reported how they would regulate
their anger in hypothetical unfair anger-provoking sit-
uations and were recoded as expressing (deemed adaptive)
or suppressing (deemed maladaptive) their angry
feelings.2! Over the 17-year follow-up, greater anger sup-
pression predicted higher all-cause and cardiovascular
(CVD) mortality risk, respectively, beyond demographic
and health status covariates. In another study, 17,352 men
from the Health Professionals Follow-Up Study reported
how often they use an aggressive form of expression to
regulate anger, viewed as maladaptive (eg, screaming, in-
sulting, and slamming doors).2?2 Findings revealed that
higher anger expression was related to greater cancer, but
not all-cause or CVD, mortality risk over the 20-year
follow-up. Some studies also considered general sup-
pression (ie, not related to a specific emotion) and found,
for example, that greater emotion suppression predicted
higher all-cause, CVD, and cancer mortality risk among
729 adults over a 12-year period.?3

While research on the role of coping and emotion
regulation, respectively, in mortality risk continues to
develop, much of this work has occurred in parallel with
one another rather than jointly. This is in part due to the
conceptual differences between these 2 psychological
processes; namely, a focus on responses to stressors
(coping) versus emotions (emotion regulation). Despite
these differences, coping and emotion regulation share
many conceptual and measurement similarities,!7-2425 re-
cently encouraging researchers to consider them together
under the broader affect regulation framework.26 Em-
bracing this recent framework would widen the repertoire
of available measures?4 that can be considered in relation
to mortality within the same sample. This approach would
also enable the comparison of estimates to determine,
among others, whether emotion-specific strategies (eg,
anger expression) have a stronger predictive value than
general strategies (eg, positive reappraisal).

Possible Roles of Allostatic Load

Prior research on the coping/emotion regulation-
mortality linkage has considered certain biological mark-
ers, mostly self-reported chronic conditions (eg, cancer,
diabetes), body mass index, and blood pressure.!3.14.21,22
However, objective and more comprehensive measures of
physiological functioning exist and should be considered.
Among those, allostatic load is an index of biomarkers
representing dysregulations in the autonomic, neuro-
endocrine, metabolic, and immune systems unfolding
from prolonged exposure to stress.27-30

Existing studies, while sparse, suggest that general
affect regulation strategies (eg, disengagement), emotion-
specific regulation strategies (eg, anger control), and affect
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regulation variability levels are cross-sectionally3!:32 and
longitudinally33 associated with allostatic load. In parallel,
allostatic load has been identified as a robust predictor of
mortality risk by a recent systematic review and meta-
analysis.34 Given these temporal associations, allostatic
load may represent a biological mechanism on the path-
way (mediator) linking affect regulation to mortality risk.
Alternatively, allostatic load has been found to predict
various indicators of psychological functioning later
on.35:36 This suggests that this biological index may con-
found the association of affect regulation with mortality
risk. Lastly, broader empirical evidence shows that the
role of psychological functioning (eg, psychological dis-
tress, psychological well-being) in long-term physical
health outcomes varies in magnitude depending on
whether individuals are initially healthy (from the general
population) versus already suffering from a chronic con-
dition (from a medical sample).37-38 Given these differ-
ences in magnitude, it is plausible that affect regulation’s
role in mortality risk differs based on whether individuals
are more or less physically healthy. In other words, the
comprehensive physiological index of allostatic load may
modify (moderate) this association. To our knowledge, no
research to date has sought to assess thoroughly allostatic
load’s possible roles in the affect regulation-mortality risk
association.

The Present Study

The current research aimed to examine associations
of affect regulation indicators (ie, general and emotion-
specific strategies and variability in their use) and all-cause
mortality while considering potential roles of allostatic
load in these relationships, using 18 years of follow-up
data available from the Midlife in the United States Study
(MIDUS). Although previous research did examine asso-
ciations of coping strategies and variability in their use
with lifespan also using MIDUS,!8 the current work is
novel in 3 distinct ways. First, the 2 studies adopted a
different statistical analytic approach: the present one
modeled a proportional hazard ratio, whereas the prior
one modeled predicted changes in lifespan. While these 2
outcomes leverage mortality data, the current study yields
mortality risk whereas the prior one yields percent changes
in lifespan, which are 2 distinct metrics. Second, the 2
studies relied on distinct conceptual and theoretical
grounds: while the prior one was based on the pioneering
coping framework,3-39 the current one is based on the re-
cently introduced affect regulation framework,26 which
acknowledges the conceptual and measurement overlap
between coping and emotion regulation. As a result, un-
like the prior study, the current one considered emotion
regulation measures aside from coping ones. Third, and
perhaps most importantly, the first study aimed to de-
termine the presence of an association between psycho-
logical functioning and a longevity outcome, whereas the
current study went a step further by seeking to unravel the
roles biological processes may play in such association,
through an in-depth examination of allostatic load’s roles
in the affect regulation-mortality linkage.

Copyright © 2025 Society for Biopsychosocial Science and Medicine

Based on prior work examining relationships be-
tween affect regulation strategies and mortality risk,!3.21,23
we hypothesized that strategies typically deemed adaptive
would be associated with lower mortality risk, while
strategies usually seen as maladaptive would be associated
with higher mortality risk. We posited no a priori hy-
pothesis for the associations between affect regulation
variability and mortality given the limited prior evidence
in this area. Within these associations, we also explored
without a priori hypotheses allostatic load as a potential
(1) confounder, influencing both the affect regulation ex-
posures and the mortality outcome; (2) mediator, relating
the affect regulation exposures to the mortality outcome;
and (3) moderator, modifying the affect regulation-mor-
tality association (Fig. 1).

METHOD

Study Sample

The present study used data from MIDUS, a na-
tional cohort study of noninstitutionalized English-
speaking adults between the ages of 25 and 74 at baseline,
recruited through random-digit-dialing. MIDUS data are
publicly available and can be accessed at https://www.
icpsr.umich.edu/web/ICPSR /series/203; analysis code is
available upon request from the first author. The current
study followed the STROBE standards.

MIDUS participants were interviewed first in 1995-
1996 (MIDUSI, N=7108) and then again in 2004-2006
(MIDUSII, N =4963; 70% response rate from MIDUSI).
At each time point, participants completed a phone in-
terview and self-administered questionnaire (SAQ) via
mail. At MIDUSII (2004-2006), participants also com-
pleted comprehensive biological assessments, medical
histories, and an additional SAQ. To supplement the
original MIDUS sample, additional participants were in-
cluded in the MIDUS Refresher Project (N =4085; 2011-
2015) and completed the same assessments as MIDUSII
participants. The MIDUS study was approved by the
Institutional Review Board at all participating centers,
and written informed consent was obtained from all par-
ticipants. Data were linked to all-cause mortality from the
National Death Index, with follow-up into 2022. The
current study sample (N =1941) includes all respondents
with data on all affect regulation variables (2004-2006)
and allostatic load (2004-2009) at MIDUSII and follow-
up mortality data (Figure S1, Supplemental Digital Con-
tent 1, http:/links.lww.com/PSYMED/B77). Any missing
data on covariates used from MIDUSII were imputed
using multiple imputations, with virtually all sociodemo-
graphic, health, and behavioral covariate missingness
ranging from 0.10% to 9.60%.

Measures

Affect Regulation

At MIDUSII, participants completed a modified
version of the 60-item Coping Orientation to Problems
Experienced (COPE) Inventory,40 which describes how
someone generally handles stressful events. The modified
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Sociodemographic characteristics (e.g., age)

Health conditions (e.g., cancer)

Health behaviors (e.g., smoking)

Allostatic load
as a confounder

/1

Affect regulation
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\

Mortality

(i.e., general strategies, \

emotion-specific strategies,
variability in their use)
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> outcome

Allostatic load
as an effect modifier (moderator)

Allostatic load
as a pathway (mediator)
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FIGURE 1. Conceptual model of the constructs and relationships under study. Within the associations between affect regulation
and mortality risk, allostatic load is evaluated either as a potential confounder (aim 1), mechanistic pathway (mediator; aim 2), or
effect modifier (moderator; aim 3). Selected covariates (ie, sociodemographic characteristics, health conditions, and health be-

haviors) are mostly conceptualized as confounders.

COPE Inventory includes 24 items, separated into 6 sub-
scales representing distinct coping strategies. Three strat-
egies are typically deemed as adaptive: Positive
Reinterpretation & Growth (eg, “I look for something
good in what is happening”), Active Coping (eg, “I take
direct action to get around the problem”), and Planning
(eg, “I try to come up with a strategy about what to do”),
while the other 3 are typically deemed as maladaptive:
Focus on & Venting of Emotions (eg, “I feel a lot of
emotional distress and find myself expressing those
feelings a lot”), Denial (eg, “I pretend that it hasn’t
really happened”), and Behavioral Disengagement
(eg, “I give up trying to reach my goal”). These strategies
have been categorized by the direction of their association
with psychological distress and well-being in prior
work.10-12

Item scores were rated on a scale from (1) 4 lot to (4)
Not at all for each subscale, which was consequently
summed and reverse-coded to create a total score for each
subscale ranging from 4 to 16, such that higher scores
indicating the strategy was used more frequently. All
strategies had acceptable-to-high internal consistency
(MIDUSII; Cronbach alpha, a=0.72-0.81; Table SI,
Supplemental Digital Content 1, http:/links.lww.com/
PSYMED/B77) and were consistent over 10 years when
compared to scores obtained at MIDUSIII (most Pearson
correlations, r=0.48-0.67; Table S1). Subscale scores were
computed for participants with valid data on at least half
of the items, per MIDUS recommendations.4! For items
with remaining missing values, the mean value of com-
pleted items was then used. Scores from each strategy were
standardized using z-scores to facilitate comparison with
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results obtained from other affect regulation exposures in
the current study and those observed in previous studies.

Using the following algorithm based on prior
research,18:194243 we created a dispositional Between-
Strategy Index, or the affect regulation variability score,
using information from the COPE subscales:

L
1 2
SD(belween)i = \/L _1 X Z(xsi - M(belween)i) ’

s=1

where x; corresponds to the value of strategy s of
individual 7 for the total number of strategies L. As pre-
viously mentioned, affect regulation variability describes
how participants may alter their coping strategy approach
based on the situation. Participants who use the same
strategies across situations at equal frequency (displaying
high evenness in scores across strategies) are categorized as
having lower variability, while participants who use some
strategies frequently and rarely use others (displaying high
unevenness in scores across strategies) are categorized as
having greater variability. Participants with moderate
variability are likely to engage in several strategies with
varied frequencies (displaying moderate unevenness in
scores across strategies), possibly reflecting an effort to
find the best strategy for each situation. To examine pos-
sible nonlinear associations with allostatic load, following
previous studies,!8:1942 the affect regulation variability
score was divided into tertiles (lower, moderate, and
greater).1643 The mean strategy use score was also ad-
justed for all models with affect regulation variability to
reflect that participants with consistently low or high mean
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strategy scores are unable to show high levels of variability
due to floor or ceiling effects.!8.19:42

To measure the use of emotion-specific regulatory
strategies, participants completed the validated Spiel-
berger Anger Expression Inventory at MIDUSIL44 This
inventory included 8 items that capture subscales on anger
expression and suppression, respectively, and 4 items on
anger control (eg, Anger expression: “In general, when I
feel angry or furious I lose my temper” Anger suppression:
“I keep things in” Anger Control: “I control my temper”).
Participants responded on a scale from (1) Almost never to
(4) Almost always. At baseline, these strategies had mod-
erate-to-high internal consistency (MIDUSII; a=0.53-
0.81; Table S1, Supplemental Digital Content 1, http://
links.lww.com/PSYMED/B77) and were also relatively
stable over 10 years, when compared with those obtained
at MIDUSIII (r=0.44-0.58; Table S1), thus supporting
the dispositional nature of these strategies. As per MIDUS
recommendations,4! each subscale score was computed by
summing across all items for which there was no, or only
one, missing value, such that higher scores indicated the
greater frequency of use. In cases with only one missing
value, mean substitution was used. As with general affect
regulation strategies, scores from each anger subscale were
standardized using z-scores to facilitate comparison with
results obtained from other affect regulation exposures in
the current study and those observed in previous studies.

All-Cause Mortality

Confirmed deaths of any cause were obtained via
linked records through 2022 from the National Death
Index (NDI) and via longitudinal sample maintenance by
the MIDUS Administrative Core. In the current study,
follow-up time was calculated as the time period between
the MIDUSII interview and date of death according to the
NDI for participants who had died or between the
MIDUSII interview and censoring date of December 31,
2022, for participants without confirmed deaths. Partici-
pants with deaths attributed to accidental causes were
excluded from analyses.

Covariates

Information on various covariates was collected at the
analytic baseline (MIDUSII). Potential confounders of the
associations between affect regulation and all-cause mortal-
ity included age (continuous), biological sex (male, female),
racial minority status [white, underrepresented individuals
(black and/or African American, Native American or
Aleutian Islander, Asian or Pacific Islander, Other, Multi-
racial)], marital status (married/living with partner, sepa-
rated/widowed/divorced, never married), income ($0-24,999,
$25,000-44,999, $45,000-74,999, $75,000-200,000), highest
level of education [less than high school/general educational
development (GED), high school diploma/GED, some col-
lege/Bachelor’s degree or higher], prevalent/history of heart
disease (yes, no), and prevalent/history of cancer (yes, no).

Health behaviors were theorized as potential con-
founders or mediators of the associations between affect
regulation and all-cause mortality. Health behaviors in-
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cluded physical activity, smoking status, and alcohol
consumption. Physical activity was measured with many
items capturing season- and situation-specific moderate-
to-vigorous physical activity (employment, leisure, and
chores).33 Active participants were moderately or vigo-
rously active at least once per week in both summer and
winter, from any situation. Smoking status was measured
using 2 items asking whether the participant (i) had ever
smoked or (ii) currently smoke. A participant who re-
sponded “no” to the first item was classified as a “never
smoker,” a participant who responded “yes” to the first
and “no” to the second was classified as a “former
smoker,” and participants who responded “yes” to both
items were classified as “current smokers.” Alcohol con-
sumption was ascertained via one item that asked partic-
ipants how many drinks they would typically drink per
day during the time they drank the most. In accordance
with public health guidelines on chronic disease pre-
vention and other empirical evidence,#546 moderate
drinkers were defined as females who reported >0 but <1
drink per day, and males who reported >0 but <2 drinks
per day. Heavy drinkers were defined as females who re-
ported >2 drinks and males who reported >3 drinks per
day. Non-drinkers were defined as those who did not re-
port drinking. Alcohol consumption was categorized into
2 categories, moderate drinkers, considered to be more
favorable, and heavy/no drinkers, representing less fa-
vorable alcohol consumption level.45:46

As described earlier, allostatic load may either con-
found, moderate, or mediate the association of affect
regulation with all-cause mortality. Although there are
different ways to conceptualize allostatic load,4749 we
followed the widely used approach in the literature of a
summary score of biomarker indicators for which partic-
ipant values fall in high-risk ranges. These are commonly
sample-derived high-risk quartiles or, less commonly,
values which exceed an established clinical criterion (eg,
systolic blood pressure of 140 mm Hg or greater). Quartile
cutpoints are often used to ensure similar scoring criteria
across biomarkers as established clinical criteria are not
available for many of the biomarkers utilized in allostatic
load indices. The system-level summary score used in
MIDUS addresses the large, but unequal number, of bi-
omarker indicators for different physiological regulatory
systems available in MIDUS, thus minimizing outsized
influence of some systems in the allostatic load score as a
consequence of greater representation.50 These biomarkers
are justified as a count-based approach following several
review articles.47-31-53 We also elected to utilize this scor-
ing approach to ensure comparability across MIDUS
results.32.50,54,55

While rare, studies comparing different methods of
scoring allostatic load typically find a similar pattern of
associations between allostatic load and predictor or
outcome variables of interest across different scoring
techniques including the system-based approach used in
MIDUS.48:56  Factor-based assessments of biomarkers
from other cohort studies also suggest that biomarker in-
dicators of different physiological systems adequately
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represent each physiological system.30.57 That being said,
similar assessments in MIDUS are an important aim of
future research, as is the robustness of observed associa-
tions utilizing difference scoring strategies.

Likewise, a very limited number of studies allow
assessment of the stability of allostatic load scores and, to
our knowledge, none have a second assessment within a
time frame that would be appropriate for assessment of
test-retest reliability. A few studies have examined pre-
dictors and outcomes of change in allostatic load scores
over longer follow-up periods, but published data do not
provide stability estimates.58-6! Tt is worth noting that
increases in allostatic load over time are associated with
characteristics also linked to higher levels of allostatic load
in cross-sectional investigations (eg, lower socioeconomic
status3®); such increases in allostatic load further predict
health outcomes (eg, incident cardiovascular disease and
mortality59-61) that are also associated with higher allo-
static load from a single assessment, hence somewhat
lowering concerns about allostatic load’s temporal in-
stability.

In the current study, a continuous, sex-specific allo-
static load score was created using 24 biomarkers repre-
senting 7 physiological domains collected at MIDUSII:
sympathetic nervous system (epinephrine, norepineph-
rine), parasympathetic nervous system (low-frequency
spectral power, high-frequency spectral power, SDRR,
RMSSD), hypothalamic pituitary adrenal axis (DHEAS,
Cortisol), inflammation (CRP, IL-6, fibrinogen, sE-
Selectin, SICAM-1), cardiovascular (resting SBP, resting
DBP, resting heart rate), glucose metabolism (HbAlc,
fasting glucose, insulin resistance), and lipid metabolism
(BMI, WHR, triglycerides, HDL cholesterol, LDL cho-
lesterol). Details on the collection of these biomarkers
can be accessed as part of the MIDUS Biomarker
Project documentation: https://www.icpsr.umich.edu/web/
NACDA/studies/29282/datadocumentation. In summary,
fasting blood samples were collected from participants and
shipped on dry ice to the MIDUS Biocare Lab. Fresh
whole-blood samples were then assayed for hemoglobin
AI1C, while frozen serum and plasma were assayed for
several markers, including cardiovascular markers, hor-
mone markers, inflammation markers, creatinine, and
glucose metabolism markers. A 12-hour overnight urine
sample was collected from each participant during their
hospital stay visit and then assayed at the MIDUS Biocare
lab for neuroendocrine markers, corticosteroids, and cre-
atinine. Also, at this visit, a clinician or trained staff
member completed a physical exam to measure vital signs
(eg, blood pressure, heart rate).

Based on previous work showing that the dis-
tribution of these biomarkers differs by sex,02-64 sex-
specific quartile cutoffs were used for each biomarker, to
separate participants into high/low categories. For par-
ticipants with valid data on at least half of the biomarkers
in the domain, the proportion of biomarkers categorized
as high was calculated. The proportions of the domains
were then summed to create a continuous total allostatic
load score ranging from 0 to 7, following prior work.5>
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When evaluated as a potential confounder or mediator,
allostatic load was considered continuously. For analyses
testing allostatic load as an effect modifier, the continuous
score was dichotomized with participants in the highest
quartile coded as having “higher allostatic load” (n=484),
and participants in the lower three quartiles coded as
having “lower allostatic load” (n=1457).62

Of note, the allostatic load was fairly stable over
10 years among participants who had available biomarker
data on both time points (n=602). Specifically, at MID-
USII when participants were 52 years old on average, the
allostatic load mean score was 1.37 (SD=0.72), while at
MIDUSIII, when participants were 61 years old on
average, the allostatic load mean score was 1.42 (SD =
0.73) (correlation between MIDUSII and MIDUSIII al-
lostatic load scores, r=0.40; Table S1, Supplemental
Digital Content 1, http:/links.Iww.com/PSYMED/B77).
It is worth recalling here that the few investigations of
change in allostatic load over many years within the same
participants did not provide estimates of time 1 and time 2
correlations in scores,>8-61 which prevents any comparison
with the current descriptive results. Yet, an examination of
sex-specific allostatic load scores as a function of age in the
representative Canadian Health Measures Survey showed
less than a 1-point difference (on a 0-to-11-point range)
between individuals aged 50 and 60,55 which is consistent
with the relative stability of this index over a decade ob-
served herein.

Statistical Analyses

All analyses were conducted with SAS, version 9.4.
First, descriptive statistics of the study sample were cal-
culated. Percentages are presented for categorical varia-
bles, and means and SDs are presented for continuous
variables.

Primary Models

Cox proportional hazards regression models were
constructed to examine associations between each
standardized affect regulation variable and the risk of all-
cause mortality. Relevant covariates were added to each
model in blocks. Model 1 was adjusted for age only, and
model 2 additionally adjusted for other sociodemographic
characteristics (biological sex, racial minority status,
marital status, education). Model 3, our core model, also
included health conditions (heart disease, cancer). Given
that health behaviors may be either confounders, inter-
mediate pathways, or affect regulation strategies them-
selves (ie, someone may smoke to handle anxiety due to
stressor exposure),0:66.67 physical activity, smoking, and
alcohol consumption were then included in an exploratory
model 4. Model 5 was additionally adjusted for allostatic
load at baseline, to assess its confounding role. These same
nested models were also constructed to examine associa-
tions between categorical affect regulation variability
levels and all-cause mortality, looking at all possible
contrasts (ie, moderate vs. lower, greater vs. lower, greater
vs. moderate).
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Secondary Models

If the inclusion of allostatic load in Model 5
described above altered the strength of the association
between affect regulation and mortality risk found in
model 4, hence suggesting that allostatic load may lie on
the pathway, causal mediation analysis techniques were
conducted using a Cox proportional hazard framework.
These models estimate the natural direct effect of affect
regulation strategies on mortality risk over 18 years of
follow-up and the natural indirect effect mediated through
allostatic load measured at baseline while taking into ac-
count exposurexmediator interactions, if any.%8-70 To as-
sess effect modification by allostatic load levels,
interaction terms between each affect regulation variable
and allostatic load [eg, continuous denialxdichotomized
allostatic load (highest quartile vs. else)] were included in
core model 3 described above. If interaction terms were
statistically or marginally significant at the p<.05 or
p<.10 level, respectively, stratified models were then
constructed.

RESULTS

Descriptive Statistics

Table 1 presents descriptive characteristics of the
study sample. On average, participants were middle-aged
(M =53.29 y; SD =12.47), with a similar representation of
males and females. Most were white (80.71%) and mar-
ried/living with a partner (65.20%), while approximately
half attended some college or more (48.27%) and had in-
comes equal to or over $25,000 (52.00%). The vast ma-
jority did not have a history/prevalent heart disease
(90.73%) or cancer (88.43%), and about half to three-
quarters of the sample were physically active (55.62%),
never or past smokers (83.46%), and moderate alcohol
drinkers (67.18%).

Primary Analyses

Over 18 years of follow-up, 268 deaths were ascer-
tained. Table 2 first presents results from Cox regression
models examining associations between general affect
regulation strategies and mortality risk. In age-adjusted
models, 1-SD increase in focusing on and venting of
emotion was marginally related to a lower mortality risk
(model 1, adjusted hazard ratio, AHR =0.85; 95% CI=
0.77-1.01). This association was attenuated to the null
when adding sociodemographic characteristics (model 2,
AHR =0.91; 95% CI=0.79-1.05). In contrast, a 1-SD
increase in behavioral disengagement was marginally re-
lated to a higher mortality risk in an age-adjusted model
(model 1, AHR =1.12; 95% CI=0.98-1.28). This associ-
ation remained marginally significant with the progressive
inclusion of demographics, health status, and health be-
haviors (model 4, AHR =1.15; 95% CI=0.99-1.33). Other
general regulatory strategies were unrelated to mortality
risk. In all these models, estimates remained nearly iden-
tical after further including allostatic load (model 5).

Results pertaining to affect regulation variability are
also reported in Table 2. Greater versus lower levels

Copyright © 2025 Society for Biopsychosocial Science and Medicine

TABLE 1. Descriptive Statistics of Sociodemographic and
Health-Related Covariates, Allostatic Load, and Affect
Regulation Exposures (N=1941)

Total sample

M (SD) N (%)
Sociodemographic and health covariates (MIDUSII)
Age (range: 25-83) 53.29 (12.47)
Sex
Male 898 (46.26)
Female 1043 (53.74)
Racially underrepresented individuals 367 (19.29)
(N=1903)

Marital status (N =1937)

Married/living with partner 1263 (65.20)

Separated/widowed/divorced 417 (21.53)
Never married 257 (13.27)
Education (N =1939)
Less than high school 434 (22.38)
High school diploma/GED 569 (29.35)
Some college or more 936 (48.27)
Income (N=1773)
$0-24,999 851 (48.00)
$25,000-44,999 317 (17.88)
$45,000-74,999 335 (18.89)
$75,000-200,000 270 (15.23)
Prevalent or history of heart disease 177 (9.27)
(N=1910)
Prevalent or history of cancer (N =1936) 224 (11.57)

Physical activitya

Active 1069 (55.62)

Inactive 853 (44.38)
Smoking (N =404)

Never smoked 548 (39.91)

Past smoker 598 (43.55)

Current smoker 227 (16.53)
Alcohol consumptionb

None or heavy 532 (32.82)

Moderate 1089 (67.18)

Allostatic load score (range: 0-7) 1.38 (0.94)
Affect regulation exposures (MIDUSII)
General regulatory strategies
(range: 4-16)
Positive reinterpretation & growth 12.47 (2.39)
Active coping 12.66 (2.13)
Planning 13.18 (2.32)
Focusing on and venting of emotion 9.20 (2.86)
Denial 5.92 (2.23)
Behavioral disengagement 6.79 (2.35)
Emotion-specific regulatory strategies
Anger expression (range: 4-32) 13.07 (3.38)
Anger control (range: 4-16) 9.97 (2.24)
Anger suppression (range: 4-32) 14.99 (4.28)
MIDUSII=Midlife in the United States; GED = general educational devel-
opment.
These statistic descriptives were conducted before multiple imputation was
implemented.

#Active = participants indicated they were moderately or vigorously active at
least once per week in both summer and winter, from any context (ie, employment,
leisure, and chores); Inactive = participants not classified as Active.

®Moderate drinkers=females who reported >0 but <1 drink per day, and
males who reported >0 but <2 drinks per day; Heavy drinkers=females who
reported >2 drinks and males who reported >3 drinks per day.

(AHR =1.56; 95% CI=1.14-2.14) and greater versus
moderate levels (AHR =1.30; 95% CI=0.96-1.76) were
related to a significantly or marginally higher mortality
risk in age-adjusted models. Both associations were
robust to further adjustment for all covariates (model 4,
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TABLE 2. Cox Proportional Hazards Regressions Modeling the Associations Between Affect Regulation Exposures (MIDUSII; 2004-

2006) and All-Cause Mortality Until 2022, N =1941

AHR 95% CI

Model 1

Model 2

Core Model 3

Exploratory Model 4

Model 5

General regulatory strategies (per 1-SD increase)

Positive reinterpretation

Active coping
Planning

Focusing on & venting of emotion

Denial

Behavioral disengagement

0.99 (0.86, 1.13)
0.99 (0.87, 1.13)
0.98 (0.86, 1.11)
0.85 (0.77, 1.01)$
1.09 (0.96, 1.23)
1.12 (0.98, 1.28)8

1.02 (0.88, 1.17)
0.996 (0.87, 1.14)
0.98 (0.86, 1.11)
0.91 (0.79, 1.05)
1.08 (0.94, 1.24)
1.14 (0.99, 1.31)$

1.03 (0.89, 1.18)
0.98 (0.87, 1.14)
0.98 (0.86, 1.11)
0.91 (0.78, 1.05)
1.04 (0.91, 1.20)
1.14 (0.99, 1.31)8

1.01 (0.88, 1.16)
0.99 (0.86, 1.13)
0.97 (0.86, 1.10)
0.90 (0.78, 1.05)
1.05 (0.91, 1.21)
1.15 (0.99, 1.33)8

1.01 (0.88, 1.17)
0.99 (0.86, 1.14)
0.97 (0.86, 1.11)
0.91 (0.78, 1.06)
1.05 (0.91, 1.21)
1.15 (0.996, 1.34)$

Affect regulation variability levels

Moderate vs. lower 1.20 (0.90, 1.61) 1.12 (0.82, 1.52)  1.13 (0.83, 1.55) 1.17 (0.85, 1.61) 1.14 (0.83, 1.58)
Greater vs. lower 1.56 (1.14, 2.14)*  1.56 (1.14, 2.14)*  1.51 (1.10, 2.08)" 1.54 (1.11, 2.14)" 1.52 (1.10, 2.11)"
Greater vs. moderate 1.30 (0.96, 176§ 1.40 (1.03, 1.90)*  1.33 (0.97, 1.83)$ 1.32 (0.97, 1.80)8 1.33 (0.97, 1.82)8

Emotion-specific regulatory strategies (per 1-SD increase)
Anger expression 0.93 (0.82, 1.05)
Anger control 1.07 (0.95, 1.20)
Anger suppression 1.09 (0.95, 1.24)

0.93 (0.83, 1.05)
1.08 (0.96, 1.22)
1.06 (0.92, 1.22)

0.90 (0.80, 1.02)
1.10 (0.97, 1.25)
1.03 (0.89, 1.19)

0.90 (0.79, 1.02)
1.10 (0.96, 1.25)
1.04 (0.89, 1.20)

0.90 (0.80, 1.02)
1.10 (0.97, 1.25)
1.04 (0.90, 1.21)

MIDUS = Midlife in the United States; AHR = adjusted hazard ratio.

Model 1: age-adjusted; model 2: model 1 + sex, race, marital status, income, and education at baseline (MIDUSII); model 3: model 2 + prevalent/history of heart disease
and cancer at baseline (MIDUSII); model 4: model 3 + physical activity, smoking, and alcohol consumption at baseline (MIDUSII); model 5: model 4 + allostatic load at
baseline (MIDUSII). All affect regulation variability analyses are additionally adjusted for the mean strategy score.

§p < .10.
*p < .05,

AHRgreater vs. lower levels=1.54; 95% CI=1.11-2.14;
AHRgreater vs. moderate levels = 1.32; 95% CI = 097-180)a and
estimates were remarkably robust to additional control for
the allostatic load (model 5). When compared to lower
variability levels, moderate levels were not significantly
related to mortality risk.

Lastly, Table 2 shows that emotion-specific regu-
latory strategies were overall unrelated to all-cause mor-
tality throughout models progressively adjusting for
covariates. However, a marginal association between a 1-
SD increase in anger expression and a lower mortality risk
was obtained when adjusting for health conditions and
health behaviors (model 4, AHR =0.90; 95% CI=0.79-
1.02), which did not change after including allostatic load
(model 95).

Secondary Analyses

Because estimates remained notably similar between
model 4 and model 5 (ie, after further statistical adjust-
ment for allostatic load), there was no indication that al-
lostatic load could lie on the pathway relating affect
regulation exposure and mortality. Thus, causal mediation
models were not performed. However, tests for interaction
assessing effect modification by allostatic load using core
model 3 were statistically or marginally significant for
denial (p=0.04) and affect regulation variability [greater
vs. lower (p=0.08), greater vs. moderate (p=0.07)].
Findings from related stratified analyses are presented in
Table S2, Supplemental Digital Content 1, http://links.
lww.com/PSYMED/B77. Greater versus lower affect reg-
ulation variability was related to higher mortality risk
among adults with lower but not higher levels of allostatic
load, beyond control for all covariates (model 4, AHR =
1.84; 95% CI=1.24-2.75). Similarly, greater versus
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moderate variability and 1-SD increase in denial
appeared to be related to higher mortality risk among
adults with lower allostatic load only, but these
associations failed to reach statistical significance (model
4. AHRgreater vs. moderate variability = 1.46; 95% CI=0.96-
2.20; AHR gepja1 =1.12; 95% C1=0.96-1.32).

DISCUSSION

To our knowledge, this is the first study to inves-
tigate the association between various affect regulation
exposures and all-cause mortality risk, while thoroughly
considering the role of allostatic load. Using 18 years of
follow-up data, results showed that behavioral disen-
gagement, greater versus lower affect regulation varia-
bility, and greater versus moderate affect regulation
variability were related to a significant or marginally
higher mortality risk, whereas anger expression was re-
lated to a marginally lower risk. These associations were
observed beyond statistical control for sociodemographic,
health status, and behavioral covariates. When further
controlling for allostatic load, estimates were remarkably
robust, suggesting that this biological index does not
confound the affect regulation-mortality association.
Subsequent analyses suggested that allostatic load might
be an effect modifier (moderator) rather than a mediator
of the affect regulation-mortality relationship. Indeed,
interaction terms between affect regulation exposures and
allostatic load levels were marginally or statistically sig-
nificant for denial, as well as greater versus moderate and
lower affect regulation variability levels. Subsequent
stratified analyses revealed that greater versus lower affect
regulation variability was associated with significantly
higher mortality risk only among adults with lower levels
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of allostatic load. While estimates failed to reach statistical
significance, greater versus moderate affect regulation
variability and greater use of denial also appeared to be
related to a higher mortality risk at lower allostatic load
levels only.

Affect Regulation and Mortality Risk

The detrimental role of behavioral disengagement in
mortality risk is consistent with results from previous work
that also found higher mortality risk with greater use of
maladaptive strategies.2-23 While it appears inconsistent
with other results suggesting a protective effect of behav-
ioral disengagement in mortality risk,!3 such discrepancy
may be due to the population under study (Japanese vs.
American adults) as some cultural differences in the asso-
ciation of affect regulation with physical health have been
noted elsewhere.”! Similarly, in the present study, general
adaptive strategies like positive reinterpretation and plan-
ning were unrelated to mortality risk, which is aligned with
findings obtained among American adults!5 but inverse to
other past results observed in Japanese adults.!3

Interestingly, associations for greater versus lower
variability were observed, and greater versus moderate
variability approached statistical significance, hinting at a
dose-response relationship between affect regulation vari-
ability and mortality risk, where more variability leads to
worst health outcomes. Displaying a certain level of var-
iability in the use of regulatory strategies is thought of as
being favorable because it suggests that individuals are
seeking to find the best strategy for each situation. How-
ever, it is plausible that too much variability can become
detrimental because such high unevenness in scores across
strategies might reflect a more rigid way of regulating af-
fect, such as always implementing the same | or 2 strat-
egies regardless of the situation. To our knowledge, no
prior study has used affect regulation variability indices in
relation to mortality risk specifically. Yet, these results
align with those of previous work focused on variability
and changes in lifespan within MIDUS, which showed
that greater versus moderate variability was associated
with up to 15% shorter lives.!8 Note that the present
analysis found significant associations for greater versus
lower variability that the previous lifespan paper did not.
Although both these studies used MIDUS data, it is
possible that the additional 4 years of mortality data our
study leverages and the different sample sizes (N =4398
vs. N=1941 in the current study) explain the discordance
in results.

With respect to emotion-specific results, our findings
align with other results that indicated anger expression
was not clearly related to all-cause mortality among
midlife US men.22 Our findings deviate, however, from
other work led in the United States that suggested anger
suppression, and emotion suppression more broadly, is
related to higher all-cause mortality risk.21.23 Method-
ological differences, such as the use of hypothetical
vignettes?! and general rather than emotion-specific
suppression items,23 may contribute to these divergent
findings.

Copyright © 2025 Society for Biopsychosocial Science and Medicine

The Role of Allostatic Load

Many of these prior studies have considered various
biological markers as potential confounders, such as
high blood pressure, high cholesterol, and body mass
index.!3.14,21.22 None of them, to our knowledge, have yet
examined allostatic load, which is a more holistic measure
of biological stress.27-28.72 Qur results showed that asso-
ciations were very robust to further control for allostatic
load, suggesting that this comprehensive biological index
does not play a major confounding role in the affect reg-
ulation-mortality associations. Future research should
pursue the study of other comprehensive biological mea-
sures (eg, the mitochondrial health index’3) that may
confound the association of affect regulation with
mortality risk.

The results of our study did not provide evidence
for the role of allostatic load as a mechanistic pathway
(mediator) either. Other biological mechanisms at play on
the pathway between affect regulation and mortality may
be explored, such as the gut microbiome.” However,
testing of interaction terms between affect regulation and
allostatic load revealed marginally or statistically sig-
nificant terms for planning, denial, greater versus lower
variability, and greater versus moderate variability, im-
plying a modifying (moderating) role of allostatic load.
When stratifying by the top quartile of allostatic load
score, clear effect modification was observed for greater
versus lower variability, whereby associations between
these affect regulation indicators and increased mortality
risk were observed only among adults with lower allostatic
load. These findings suggest that among adults who
already have high levels of biological wear-and-tear, the
way they handle stressors and regulate their emotions may
not be sufficient to influence their mortality risk. Such
results are consistent with broader empirical evidence
suggesting that certain psychosocial factors (eg, depres-
sion) are more strongly associated with long-term health
outcomes among initially healthy populations relative to
medical samples.37-38

Limitations and Strengths

We acknowledge several limitations to our study.
First, the MIDUSII and the MIDUS Refresher sub-
samples with biomarker data are mainly composed of
white, relatively well-educated, and healthy individuals
(eg, low levels of heart disease and cancer). Thus, con-
ducting the same analyses in a more diverse population
could reveal existing linkages between affect regulation,
allostatic load, and mortality that were not observed in the
current study. Moreover, the current affect regulation
measures do not capture the nature (eg, controllable vs.
uncontrollable) or the intensity/persistence (eg, acute vs.
chronic) of stressors, which may influence which regu-
latory strategies are used. However, prior findings on the
coping-health relationship have indicated similar results
when specific stressors were imposed by researchers (eg, all
participants reported their coping strategies when facing
an exam) and when participants selected stressors.!0
Besides, MIDUSII collected only anger-specific measures,
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meaning our study could not focus on the regulation of
other emotions (eg, sadness, fear) and, in turn, derive an
emotion-specific variability score. Lastly, with respect to
possible mediation patterns, data collection of affect reg-
ulation and allostatic load at MIDUSII partly overlapped
(affect regulation: 2004-2006; allostatic load: 2004-2009),
meaning we did not have ideal temporality when consid-
ering allostatic load as a mediator. However, allostatic
load was fairly stable over a 10-year period, between
MIDUSII and MIDUSIII. Thus, it is unlikely that an
assessment of allostatic load a few years after the affect
regulation exposure at MIDUSII, which would have en-
abled optimal temporality to test mediation, might have
led to drastically different conclusions.

With respect to strengths, we used a longitudinal,
prospective data source with 18 years of follow-up,
strengthening our ability to make conclusions about the
long-term impact of affect regulation on mortality risk.
Allostatic load was measured via objective biomarkers,
and validated scales were used to measure affect regu-
lation strategies. The use of coping variability also helped
move away from the dichotomy of adaptive versus mal-
adaptive strategies, to help create a more comprehensive
view of affect regulation. This study also investigated
several potential roles of allostatic load within the asso-
ciations between affect regulation and mortality risk to
better disentangle its possible confounding, mediating,
and effect-modifying influence.

CONCLUSIONS

Overall, some indicators of affect regulation—
including the use of strategies like behavioral disengage-
ment and denial, as well as the display of greater varia-
bility levels—may predict mortality risk over 18 years of
follow-up, especially among adults who do not exhibit
dysregulations in their autonomic, neuroendocrine, meta-
bolic, and immune systems. These findings also indicate
that other general strategies (eg, positive reinterpretation,
planning) and emotion-specific strategies (eg, anger sup-
pression) were not clearly related to mortality risk. As
these null results are at times opposite to those obtained in
other populations (eg, Japanese adults), subsequent stud-
ies should pay particular attention to potential cultural
differences in the affect regulation-mortality linkage. In
our study, allostatic load did not appear to lie on the
pathway connecting affect regulation to mortality risk.
Therefore, future basic research should seek to identify
other holistic biological mechanistic pathways of the affect
regulation-mortality relationship. In parallel, our findings
suggest that intervention studies aiming to improve affect
regulation strategies to foster longer lives may be most
beneficial for healthier adults.
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