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Objective: Socioeconomic disparities in physiological well-being may be a pathway to the poorer health
outcomes observed in those of lower socioeconomic status (SES). The present research examined greater
frequency of positive life experiences (POS) as a route through which greater cumulative SES (CSES)
may be linked to lower allostatic load (AL), a multisystem index of physiological dysregulation, and assessed
whether the association between POS and AL varies along the socioeconomic spectrum. Method: These
associations were examined using data from the Midlife Development in the United States Biomarker
Project (N= 2,096). Analyses included tests of whether positive experiences mediated the CSES–AL asso-
ciation, whether CSES moderated associations of positive experiences and AL, and whether CSES moder-
ated positive experience mediation of the CSES–AL association (moderated mediation). Results: The
observed association between CSES and AL was weakly mediated by POS. CSES moderated the POS–
AL association, such that POS was associated with AL only at lower levels of CSES. The moderated medi-
ation analysis showed that POS mediated the association between CSES and AL only at lower levels of
CSES. Conclusions: The results suggest complexity in associations between cumulative socioeconomic
advantage, positive life events, and physiological well-being. Positive life events may play a stronger role
in physiological health in those of lower socioeconomic advantage, as one of multiple pathways through
which lower SES is linked to poor health. Given the modifiability of access to, and frequency of, positive
life events, the potential role of positive experiences in lessening health disparities warrants further study.
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Links between socioeconomic status (SES) and both mental and
physical health are well established (Adler, 2013). Lower SES has
long been associated with increased mortality (Kitagawa &
Hauser, 1973), and recent research shows that socioeconomic

disparities in death rates are continuing to increase in the United
States, even as they decline in other high-income countries
(Bosworth, 2018). There are also socioeconomic disparities in mor-
bidity, long-standing illness (Demakakos et al., 2008; Marmot,
2004), and mental health (Reiss, 2013), particularly depression
(Assari, 2017; Everson et al., 2002; Lorant et al., 2003).
Socioeconomic disparities are seen in indicators across multiple sys-
tems of the body, including heart rate, body fat distribution, cortisol
adaptation (Adler et al., 2000), diabetes, and cholesterol
(Demakakos et al., 2008). Many of these biomarkers are viewed as
preclinical indicators of eventual disease risk, and thus these physi-
ological states may be pathways to the poorer health outcomes
observed in those of lower SES.

Given these health disparities, there is an ongoing need to identify
the many pathways linking SES to physiological well-being. The
current study examines whether frequency of positive life experi-
ences (POS) is a route through which SES is linked to physiological
health. We focus on cumulative SES (CSES), as a large body of
research indicates that both childhood SES (ChSES) and adult
SES (AdSES) are linked to physiological well-being, with the stron-
gest associations often observed for cumulative indices that incorpo-
rate SES conditions across these periods of the life course (Luo and
Waite, 2005; Pollitt et al., 2005). We also use allostatic load (AL), a
multisystem index of physiological dysregulation (Gruenewald et
al., 2012; McEwen, 2000; Seeman et al., 1997), because it allows
for subclinical observation of biological pathways associated with
disparities in physical health (Duru et al., 2012; Gruenewald et al.,
2009; Howard & Sparks, 2016; see Beckie 2012). Our analyses
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examine multiple ways in which POS and CSES may be linked to
levels of AL. We first assess whether POS may be a pathway that
links CSES to AL (mediation). We then turn our attention to assess-
ing whether the POS–AL association varies by level of CSES (mod-
eration) as well as whether POS mediation of the CSES–AL
association varies along the CSES spectrum (moderated mediation).

Pathways Linking SES to Physiological Well-Being

Many environmental and psychosocial factors likely play mediat-
ing roles in the relationship between SES and physiological well-
being (Chen & Miller, 2013). For example, poorer people are
more likely to live in communities with greater toxic pollution
(Bullard & Wright, 1993), leading to health consequences. Those
with lower SES experience more stress and possess fewer psycho-
logical resources with which to respond to stress (Adler & Snibbe,
2003), which may then play a role in SES disparities in morbidity
and mortality (van Oort et al., 2005). Negative emotions such as
anger, hostility, hopelessness, depression, and anxiety (Gallo &
Matthews, 2003), and health-related behaviors, including smoking,
fast food consumption, sleep, and exercise, may also mediate
SES-health relationships (Gruenewald et al., 2012; Mulatu &
Schooler, 2002).
Positive environmental, social, psychological, and cognitive fac-

tors may also play a role, either by mitigating some of the negative
effects of stress, distress, and poverty or as pathways through
which SES is linked to physiological and physical well-being. For
example, socioeconomic disparities in mortality and cardiovascular
disease have been found to be weaker for those who live in greener
neighborhoods (Mitchell & Popham, 2008), and maternal warmth
has been shown to buffer against the impact of poverty on physiolog-
ical health outcomes in children (Evans et al., 2007) and adults
(Miller et al., 2011). Positive psychological states and cognitive
strategies have been linked to increased physiological and physical
well-being (Billings et al., 2000; Boehm & Kubzansky, 2012;
Bussell & Naus, 2010). There is evidence that optimism, sense of
control, self-esteem, social support, mastery, and coping style may
mediate the relationship between SES and health (Matthews et al.,
2010). Positive life experiences, our current focus, may be another
pathway linking SES and AL, a multisystem index of physiological
dysregulation (Gruenewald et al., 2012), though this mediating path-
way has not yet been assessed.

Positive Life Experiences and Health

Positive life experiences are behaviors and events that have the
potential for enjoyment and reward, including experiences of relax-
ation, social interaction, intimacy, entertainment, nature, physical
comfort, and achievement. The Pleasant Events Schedule (PES;
MacPhillamy & Lewinsohn, 1982) is a commonly used instrument
that assesses the frequency and perceived pleasantness of a range
of positive life experiences. An obtained pleasure score can be gen-
erated for each experience as the product of the event’s frequency
and perceived pleasantness, allowing for calculation of a total across
experiences. Other investigations have used study-specific assess-
ments of engagement in a variety of pleasurable or leisure activities.
Greater frequency of positive experiences has been found to be

associated with mental health outcomes, particularly lower levels
of depressive symptomatology (Ferreira & Barham, 2018; Rider et

al., 2016). A meta-analysis (Mazzucchelli et al., 2009) indicated a
similar efficacy of interventions designed to enhance pleasant expe-
riences and gold-standard depression treatments such as cognitive
behavioral therapy. Such associations between positive experiences
and depression may affect physical health outcomes over time, par-
ticularly in populations experiencing high stress. In a longitudinal
study of acute coronary syndrome patients, lower obtained pleasure
from positive experiences predicted depression trajectory, which in
turn predicted morbidity and mortality (Keegan et al., 2016).

Higher frequency of and obtained pleasure from positive experi-
ences have also been linked to better physiological well-being.
Higher obtained pleasure was associated with lower blood pressure
in in-home spousal caregivers of Alzheimer patients (Mausbach et
al., 2018). An intervention designed to increase the frequency of
positive life experiences decreased Interleukin-6 in family caregiv-
ers of dementia patients (Moore et al., 2013). Individuals who par-
ticipate in leisure activities have also been found to have lower
blood pressure, cortisol, waist circumference, and body mass
index (Pressman et al., 2009).

Socioeconomic Resources, Positive Experiences, and
Physiological Health

Although there has been no direct examination to date, there are
theoretical and empirical rationales for the hypothesis that positive
experiences may play a role in associations of SES and physical
and physiological health. Frequency of positive experiences has
been found to be lower in those with less education and financial
resources (Ferreira & Barham, 2018). Theories that seek to explain
the poorer health of those with lower SES have also identified defi-
cits in positive psychosocial resources, including positive experi-
ences, as routes through which SES is linked to mental and
physical health (Gallo et al., 2009). A study documenting higher lev-
els of AL in those with greater cumulative (lifetime) levels of socio-
economic disadvantage also observed a slight attenuation of this
association when accounting for the frequency of positive experi-
ences (Gruenewald et al., 2012). To date, however, positive experi-
ences have not been directly examined as a pathway through which
SES may be linked to health.

The current study aims to clarify associations among CSES, pos-
itive experiences, and AL. Building on prior findings that the asso-
ciation between CSES and AL was slightly attenuated with the
inclusion of positive experience frequency (Gruenewald et al.,
2012) in a cohort of N= 1,008 from the Midlife Development in
the United States (MIDUS) Study (http://midus.wisc.edu), the pre-
sent investigation aims to directly examine the frequency of positive
experiences as a mediator of the CSES–AL association. Our analysis
utilizes a doubly expanded MIDUS sample that includes the prior
sample utilized in Gruenewald et al. (2012) and a sample from a
new MIDUS Refresher (MR) cohort.

A second aim is to determine whether the hypothesized associa-
tion between POS and AL is moderated by SES. There is evidence
that factors associated with physical health may have a stronger
impact at particular levels of socioeconomic advantage, although
the literature is mixed with regard to whether associations are stron-
ger at lower or higher ends of the socioeconomic spectrum. The
phrase “intervention-generated inequality” (White et al., 2009)
describes outcomes of health interventions that wind up having a
stronger positive impact on individuals who are already better off
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and that therefore serve to increase health disparities. The observed
differential impacts may be due to easier access, more frequent adop-
tion, more adherence, or more effectiveness among those of greater
advantage (Veinot et al., 2018). Similar moderation effects have
been seen among other factors known to increase well-being. For
example, social support was found to be associated with both
lower blood pressure and lower Epstein–Barr antibody titers only
in more-advantaged, not less-advantaged women (Fagundes et al.,
2012).
Other studies have found that psychosocial resources were more

impactful for those of lower socioeconomic advantage. Vitaliano
et al. (2001) found that social relationships that provide emotional
and instrumental support were related to a decrease over time in car-
diovascular risk and natural killer cell activity only for those with
lower incomes. A psychosocial intervention was found to reduce
physiological reactivity only in less-advantaged adolescents
(Chen, 2007). Factors related to social stress may have a stronger
negative impact on those of lower SES as well. In adolescents, the
impacts of a chaotic household on proinflammatory immune activity
were found to be more pronounced as SES decreased (Schreier et al.,
2014). In elders, negative social interaction was found to increase the
risk of heart disease only among those of low advantage (Krause,
2005).
In addition to clarifying a potential moderating role of SES in the

hypothesized association of positive experiences and AL, we will
also examine whether SES might act to moderate the hypothesized
mediating role of positive experiences in its own association with
AL, which would constitute a type of moderated mediation. In this
situation, positive experiences might be a pathway linking SES
and AL at only certain points along the SES spectrum, such as
only in those with low or high SES. Although most moderated medi-
ation models (Edwards & Lambert, 2007; Preacher et al., 2007)
examine a fourth variable as a moderator, the possibility that a causal
variable could moderate its own indirect effect on an outcome has
been noted by multiple theorists (Hayes, 2022; Judd & Kenny,
1981). Hayes (2022) points out that a number of researchers
(Kraemer et al., 2008; Valeri & VanderWeele, 2013) have argued
that models such as this should be normative in mediation analysis.

Method

This research uses data from the MIDUS Study (http://midus.wisc
.edu). All data, documentation, and data collection instruments
are available via the Inter-university Consortium of Political
and Social Research (https://www.icpsr.umich.edu/web/pages/
NACDA/midus.html) and the MIDUS Portal (https://midus
.colectica.org). We report on our data manipulation and exclusion
decisions, how we arrived at our sample size, and all measures
included in the study. We follow the STROBE guidelines for report-
ing observational studies. Analysis code is provided at https://osf.io/
jbvhm/?view_only=ed32369d72654a6c9f5697f21d23fae7. Data
were analyzed using Stata 17 (StataCorp, 2021). The study was
not preregistered.
The MIDUS Study was approved by the University of

Wisconsin-Madison Institutional Review Board (IRB), as well as
the University of California, Los Angeles, and Georgetown
University IRBs (Biomarker substudies). The current study was
exempt from human subjects IRB review because it relied on pub-
licly available, de-identified data.

Data and Participants

MIDUSwas designed to provide data on the behavioral, social, and
psychological factors that are associated with health and well-being
over the life course. It includes a 3-wave, longitudinal phone and
mail survey assessment of a cohort of Americans aged 25–74 (n=
7,108) first surveyed in 1995–1997 (M1) and then at subsequent 9-
to 10-year intervals (M2 and M3), as well as an MR cohort (n=
4,085), added in 2011–2014 to replenish the original cohort. The
cohorts consist of national probability subsamples, a twin/sibling sub-
sample, city oversamples, and subsamples of African-American par-
ticipants from Milwaukee, WI. Figure 1S in the online supplemental
materials shows detailed information regarding sample composition
and follow-up times for each wave in each cohort.

At the M2 wave of the original cohort and the initial wave of the
MR cohort, subsamples were invited to participate in biomarker
studies (M2 Biomarker Project, n= 1,255; MR Biomarker Project,
n= 863), which included an overnight visit at one of three clinical
research centers in the U.S. The purpose of the Biomarker Project
was to collect data that could be used to further examine associations
between psychosocial and behavioral factors and physical health,
and data collection included comprehensive biological assessments,
medical histories, and an additional self-administered questionnaire.
SES and demographic and health covariate data were collected dur-
ing the main MIDUS surveys in the original and Refresher cohorts.
Positive experience frequency, AL biomarker, and additional health
covariate data were collected during the Biomarker Project visit. Out
of the 2,118 participants in the combined Biomarker Project, 22 were
dropped from the analyses due to insufficient AL data (see AL score
description below and Figure 1S in the online supplemental
materials).

Measures

Allostatic Load

ALwas computed as a multisystem biological risk score, using 24
biomarkers that represent 7 physiological systems. Measures of the
cardiovascular system included resting pulse and systolic and dia-
stolic blood pressure. Measures of lipids and general metabolic
activity included body mass index, waist–hip ratio, triglycerides
(mg/dl), high-density lipoprotein cholesterol (mg/dl), and low-
density lipoprotein cholesterol (mg/dl). Glucose metabolism was
measured using glycated hemoglobin, fasting glucose (mg/dl), and
the homeostasis model of insulin resistance. Hypothalamic-pitui-
tary-adrenal axis activity was assessed using overnight urinary cor-
tisol adjusted for urinary creatinine (μg/g) and blood level of
dehydroepiandrosterone-sulfate (μg/dl). Inflammatory activity was
measured using interleukin-6 (pg/ml), fibrinogen (mg/dl),
C-reactive protein (μg/ml), e-Selectin (ng/ml), and soluble intercel-
lular adhesion molecule 1 (ng/ml). Sympathetic nervous system
measures included overnight urinary norepinephrine (μg/g) and epi-
nephrine (μg/g), both adjusted for urinary creatinine.
Parasympathetic nervous system activity was assessed with 4 mea-
sures of heart rate variability: low-frequency (0.04–0.15 Hz) and
high-frequency (0.15–0.50 Hz) spectral power, the standard devia-
tion of R–R intervals (in milliseconds), and the root mean square
of successive differences.

For each of the 24 biological measures, a risk indicator variable
was created to identify participants whose scores fell within the
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highest-risk quartile (either upper or lower, depending on the mea-
sure). Quartile cutoff values were calculated without the M2 and
MRMilwaukee subsample data, as participants in these city-specific
samples may be less representative of the national population. Some
of the assays and labs used to process some of the biomarkers
changed between the M2 and MR Biomarker data collection (see
online supplemental materials for additional information and loca-
tion of MIDUS biomarker documentation files). Despite efforts by
the MIDUS team to harmonize assay values across the M2 and
MR Biomarker samples, our analyses indicated markedly different
means and SDs for some biomarkers (e.g., the hormones tested
through urine collection) across the samples. The relative age distri-
butions of each biomarker, however, were similar within the two
Biomarker samples. Thus, we elected to use subsample-specific
quartiles to identify high-risk cut points for each biomarker indicator
(see online supplemental materials for additional discussion).
A risk proportion score was calculated for each of the 7 systems as

the mean of the risk indicators within that system, for participants
who had data on at least half of the system biomarkers. AL was cal-
culated as the mean of the system risk proportion scores multiplied
by 7 (range: 0–7) for those with information on 6 or 7 of the system
risk scores. This AL scoring method addresses the unequal represen-
tation of biomarkers across different physiological systems in
MIDUS (see Gruenewald et al., 2012). It has been demonstrated
to have similar predictive validity to and capture sociodemographic
variations as well as other AL scoring methods in the literature
(Kezios et al., 2022; McLoughlin et al., 2020).

Positive Experiences Score (POS)

Frequency of positive experiences was assessed using a set of 49
items, most of which were taken from the PES (MacPhillamy &
Lewinsohn, 1982). These items were on a survey given to participants
on the first day of the M2 and MR Biomarker lab visits. Participants
were asked how often over the past month they had a variety of expe-
riences involving relaxation, recreation, entertainment, green spaces,
social engagement, intimacy, achievement, exercise, and physical
comfort. The response categories were 0—Never, 1—1 to 6 times,
and 2—7 or more times. POS was calculated as the mean of the
items (range: 0–2). Scores were calculated for participants who had
data on at least half of the items, and only 11 participants with incom-
plete data had missing data on more than 4 of the 49 items.

Cumulative SES

Cumulative life-course SES was computed for M2 national prob-
ability subsample, twin/sibling subsample, and city oversample par-
ticipants from retrospective childhood items assessed during the
main M1 survey study and adult SES items assessed during the
main M2 survey study. For M2 Milwaukee and MR survey partici-
pants, all items were assessed during the main M2 and MR survey
studies. Three measures of childhood SES were summed to form a
scale ranging from 0 to 6: parents’ highest level of education (0—
less than high school, 1—high school/General Educational
Development [GED], 2—some college or greater), whether the par-
ticipant’s family ever received governmental welfare (0—yes, 2—
no), and a self-assessment of the participant’s financial level when
growing up (0—worse off than others, 1—same as others, 2—better
off than others). A comparison of sibling data in the original MIDUS

sample showed high sibling concordance on the retrospective child-
hood items (Gruenewald et al., 2012).

Five measures of current adult SES were summed to form a scale
ranging from 0 to 10: participant’s level of education (0—high
school/GED, 1—some college/associate’s degree, 2—college degree
or greater), a self-assessment of the participant’s current financial level
(0—worst possible, 1—average, 2—best possible), whether the par-
ticipant has enough money to meet basic needs (0—not enough,
1—just enough, 2—more than enough), difficulty of paying bills (0
—very or somewhat difficult, 1—not very difficult, 2—not difficult
at all), and categories of household-adjusted income-to-poverty ratio
(IPR; 0, ,300%; 1, 300–599%; 2, ≥600%). For the IPR variable,
poverty thresholds from the U.S. Census Bureau (https://www
.census.gov/topics/income-poverty/poverty/data/tables/cps.html)
were assigned to each participant based on year of income assessment
and household size and composition. IPR was calculated as total
household income divided by poverty threshold.

ChSES scores were calculated for participants who had data for at
least 2 of the 3 measures, and AdSES scores were calculated for par-
ticipants who had data for at least 4 of the 5 measures. Mean impu-
tation was used to fill in the final component when necessary. CSES
was computed as the sum of ChSES and AdSES (range: 0–16).

Chronic Conditions Covariate

Indicators for 9 types of major chronic conditions were used to
create a sum variable: lung-related conditions, AIDS or HIV, auto-
immune disease, high blood pressure or hypertension, diabetes or
high blood sugar, neurological disorders, stroke, cancer, and heart
trouble. Self-report items from both the M2/MRmain survey studies
and the M2/MR Biomarker Project (20 items total) were used to cre-
ate the variable. Participants who reported having a type of condition
on any of the multiple measures assessing it were given a 1 on that
indicator. The resulting chronic conditions variable was winsorized
at 95% (range: 0–4) and added to the analyses to control for the
impact of health burden.

Demographic Covariates

Age at time of Biomarker substudy participation, gender (male or
female [referent], the only available categories), and race (Black,
other, or white [referent]), were included in the analyses.

Analyses

Descriptive univariate statistics and bivariate relationships with
AL were examined for each of the model variables. A mediation
analysis was conducted to assess whether frequency of POS may
mediate the CSES–AL association observed in the prior analysis
of the M2 Biomarker cohort (Gruenewald et al., 2012). We used
clustered robust standard errors in order to account for correlated
errors within families, and we included gender, race, age, and num-
ber of chronic health conditions as covariates. Direct and indirect
effects were computed for all paths in the mediation model, and a
bootstrap estimate was calculated for the indirect effect.

A moderator analysis was conducted in order to assess whether
the hypothesized negative association between POS and levels of
AL may vary by level of CSES. We used a generalized estimating
equation (GEE) model with an exchangeable correlation structure
to account for the family level clustering in the data, and the
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model included sociodemographic characteristics (gender, race, and
age) and number of chronic health conditions as covariates. Simple
slopes for POS were examined at one standard deviation below, at,
and one standard deviation above the mean of CSES. The
Johnson–Neyman (JN) techniquewas used to further probe the mod-
erating effect of CSES.
We tested moderated mediation by adding an interaction term for

CSES× POS to the mediation model. We calculated conditional
indirect effects (with bootstrap confidence intervals) at −1 SD, the
mean, and +1 SD of CSES. We also carried out supplementary anal-
yses that examined potential differences between the M2 and MR
samples, ChSES and AdSES, and the separate subsystems of AL.
All participants with AL scores were included in the analyses, and

mean imputation (for numeric variables) or mode imputation (for cate-
gorical variables) was used for the small fraction of missing data on the
antecedent variables (,1% missing for each variable). Linearity in the
CSES–AL, POS–AL, andCSES–POS associationswas assessed graph-
ically. POS was mean-centered and CSES was z-scored in all models.
The mediation models were run using the -sem- command in Stata
17, and bootstrap estimates were calculated using 5,000 bootstrap sam-
ples. The GEE moderation model was run using the -xtgee- command.

Results

Table 1 describes each variable in the model, including demo-
graphic characteristics of the sample, and its relationship with AL.
Females and males had similar AL, on average, while Black partic-
ipants had higher average AL than participants from other racial
groups. Age and number of chronic conditions were both positively
and moderately correlated with AL, while CSES and POS were both
negatively and weakly correlated with AL. Table 2 displays the coef-
ficients and 95% confidence intervals (CIs) for each variable in the
mediationmodel, and Figure 2S in the online supplemental materials
shows the coefficients for the direct and indirect paths between
CSES, POS, and AL, all of which were significant at the .05 level.
As depicted in Figure 2S in the online supplemental materials, the

direct effect accounted for much of the total effect of CSES on
AL. The bootstrap test of the indirect effect (Indirect effect =−
0.01, p= .049, 95% CI [−0.02, −0.0001]) indicated that POS
played a small mediating role in the relationship between CSES
and AL.

Table 2 shows the coefficients and 95% CIs for all variables in the
moderation model. As depicted in the table, CSES significantly
interacted with POS to predict AL, b= 0.21, p= .014, 95% CI
[0.04, 0.37]. An examination of simple slopes showed that CSES
moderated the association between POS and AL as follows: at −1
SD of CSES, POS was a significant predictor of AL (b=−0.34,
p = .003, [−0.55, −0.12]), but POS was not a significant predictor
at the mean of CSES (b=−0.13, p = .136, [−0.30, 0.04]) or +1
SD of CSES (b= 0.08, p = .543, [−0.17, 0.33]). Figure 1 shows
AL as a function of positive experiences for these 3 levels of
CSES. A JN analysis showed that the slope for the effect of POS
on AL was positive and nonsignificant at values of CSES above
z= 0.621 and negative at lower z-scored values of CSES. The neg-
ative effect reached significance at CSES scores of z=−0.187. In
other words, greater POS significantly predicted lower AL for partic-
ipants whowere just below the mean of CSES or less socioeconomi-
cally advantaged, and this relationship became stronger at lower
levels of CSES (Figure 3S in the online supplemental materials
shows this significance point on a graph of the conditional effect
of POS as a function of CSES).

The moderated mediation model, with path coefficients, is shown
in Figure 2. The results showed that CSES significantly interacted
with POS (b= 0.20, p= .019, 95% CI [0.03, 0.37]), meaning
that CSES moderated its own indirect effect on AL. The bootstrap
test of the indirect effect through POS was significant at 1 SD
below the mean of CSES (Indirect effect=−0.02, p= .004,
[−0.03, −0.01]) but was not significant at the mean of CSES
(Indirect effect=−0.01, p= .106, [−0.02, 0.002]) or at 1 SD
above the mean of CSES (Indirect effect= 0.003, p= .634,
[−0.01, 0.02]). In other words, POS mediated the association
between CSES and AL only at lower levels of CSES.

Table 1
Descriptive Univariate and Bivariate Statistics

Variable n Missinga % AL [M (SD)]

Gender 2,096 0b —

Male 947 — 45.2% 1.84 (1.08)
Female 1,149 — 54.8% 1.83 (1.11)

Race 2,089 7b —

White 1,562 — 74.5% 1.80 (1.10)
Black 386 — 18.4% 1.98 (1.08)
Other 148 — 7.1% 1.81 (1.12)

Variable n Missing M (SD) Min Max Correlation with AL

Age at clinic visit 2,096 0b 55.44 (12.56) 26 86 0.34
Chronic conditions 2,096 0b 1.19 (1.14) 0 4 0.37
Positive experiences 2,088 8b 1.24 (0.26) 0.12 1.96 −0.09
CSES 2,081 15b 9.23 (3.52) 0 16 −0.18
Allostatic load 2,096 22c 1.83 (1.10) 0 5.8 —

Note. AL= allostatic load; CSES= cumulative socioeconomic status. All correlations are significant at the .001 level. There were 2,118 participants in theM2
and MR 1 Biomarker Projects, and 2,096 had sufficient data to compute a biological systems AL score. The remaining 22 were excluded from the analyses.
aFrequency missing prior to imputation of the predictor variables.
bFrequency missing out of the 2,096 participants included in the analyses.
cFrequency missing out of the 2,118 total participants in the M2 and MR 1 Biomarker Projects.
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Supplementary Analyses

The average agewas 57 inM2 and 53 inMR.While t-tests showed
no significant differences in ChSES, AdSES, CSES, or POS
between cohorts, the average lag time between the main study survey
and biomarker visit was longer by about 5 months in M2 (see

Table 1S in the online supplemental materials). When the primary
analyses were stratified by cohort, the coefficients followed a similar
pattern to those seen in the primary analyses, though not all effects
reached significance (see Tables 2S and 3S and Figures 4S and 5S in
the online supplemental materials). The results followed the same
overall pattern in both subsamples, but the POS–AL association
was stronger in MR than in M2.

When entered into GEE models simultaneously, ChSES and
AdSES each uniquely predicted variation in both the POS scores
and AL scores, though AdSES carried more weight in the models
(Table 4S in the online supplemental materials). When the primary
analyses were run using ChSES only, the coefficients, simple slopes,
and indirect effects followed the pattern seen in the analyses with
CSES, though ChSES was not a significant moderator of the
POS–AL association (Table 5S and Figure 6S in the online supple-
mental materials). When the primary analyses were run using adult
socioeconomic advantage, the coefficients again followed the pat-
tern seen in the CSES analyses, and there were no differences in sig-
nificance from the primary analyses (Table 6S and Figure 7S in the
online supplemental materials).

When the AL subsystems were examined separately, the modera-
tion was only significant for the cardiovascular subsystem (see
Tables 7S and 8S in the online supplemental materials). In the mod-
erated mediation models, examination of conditional indirect effects
suggested that the primary results showing a mediation effect for
those of lower SES are likely being driven by the cardiovascular,
lipid/general metabolic, glucose metabolism, and inflammatory sys-
tems (see Table 9S in the online supplemental materials).

Table 2
Coefficients and 95% Confidence Intervals for the Variables in the Mediation and Moderation Models

Mediation model Moderation model

95% CI 95% CI

Variable b LL UL b LL UL

Dependent Variable: AL
Predictors
POS −0.170* −0.338 −0.002 −0.128 −0.297 0.040
CSES −0.163*** −0.209 −0.116 −0.159*** −0.206 −0.113
CSES× POS 0.207* 0.042 0.372
Covariates
Age 0.024*** 0.021 0.028 0.024*** 0.021 0.028
Gender
Male 0.022 −0.064 0.108 0.029 −0.057 0.114

Race
Black 0.041 −0.080 0.161 0.044 −0.076 0.164
Other 0.099 −0.065 0.264 0.101 −0.065 0.266

Chronic condition 0.243*** 0.202 0.283 0.237*** 0.197 0.277
Dependent Variable: POS
Predictors
CSES 0.055*** 0.043 0.067
Covariates
Age 0.000 −0.0004 0.001
Gender
Male −0.043*** −0.065 −0.021

Race
Black −0.024 −0.059 0.010
Other −0.064** −0.110 −0.019

Chronic condition −0.010 −0.021 0.001

Note. CI= confidence interval; POS= positive life experiences; CSES= cumulative socioeconomic status; AL= allostatic load.
*p, .05. **p, .01. ***p, .001.

Figure 1
Predicted Allostatic Load Scores as a Function of Cumulative
Socioeconomic Advantage and Positive Experience Frequency

Note. CSES= cumulative socioeconomic status
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Discussion

Consistent with previous research, our results show a direct
association between SES and AL, such that higher CSES over the
life course is associated with lower levels of physiological dysregu-
lation. The results of our simple mediation analysis suggest that POS
is a weak mediator of this association. This result is in line with prior
findings based on a smaller analytic sample (Gruenewald et al.,
2012), in which the addition of POS attenuated the SES–AL associ-
ation. In our moderation analysis, greater POS significantly pre-
dicted lower AL only at below-average levels of CSES, and this
relationship was predicted to be stronger at even lower levels of
CSES. This finding is in line with results from Chen (2007) and
Vitaliano et al. (2001), which showed that social and psychosocial
factors may be linked to lower physiological stress and dysregulation
in those of lower, but not higher, SES. Finally, moderated mediation
was present, such that POS significantly mediated the CSES–AL
association only at lower levels of CSES. Overall, these results sug-
gest that there is considerable complexity in the associations
between SES, positive life events, and physiological well-being.
In line with previous research showing that childhood SES and

adult SES work in tandem to impact health (e.g., Gruenewald et
al., 2012; Luo and Waite, 2005), ChSES and AdSES each predicted
unique variation in both POS and AL in our supplementary analyses.
Childhood SES may therefore have a direct impact on both access to
positive life experiences and physiological well-being in adulthood
that cannot be explained by adult SES. A composite measure of SES
across the life course, such as the one used in this study, takes these
multiple periods of socioeconomic experience into account.
The effect size for the association between POS and AL in the

mediation model was relatively large—a 1 unit increase in POS was
associated with a decrease in AL of 0.17, which is similar to the dif-
ference predicted for a 7-year age gap. At −1 SD of CSES, a 1 unit
increase in POS was associated with a decrease in AL of 0.34,
which is similar to the difference predicted for a 14-year age gap.
The indirect effect of CSES through POS, by contrast, is a small por-
tion of the CSES–AL association—at −1 SD of CSES, a 1 SD
increase in CSES was associated with a conditional indirect effect
that is similar to the difference predicted for only a 1-year age gap.

Although this is a small indirect effect, it illuminates one of many
pathways through which SES over the life course may impact the
level of physiological dysregulation in the body. Many of the
other pathways likely have a considerable impact on physiological
well-being, such as access to health care and a healthy physical envi-
ronment, so positive experiences may well play a weaker mediation
role. Our finding does represent, however, one mechanism that may
lessen disparities instead of increasing them. Positive life experi-
ences may have a stronger positive impact on physiological well-
being for those of lower SES, whereas we noted earlier that some
health interventions lead to intervention-generated inequalities
(White et al., 2009), in which stronger impacts are observed for indi-
viduals who are already more advantaged.

Our results show that frequency of positive experiences is associ-
ated with better physiological health in a national sample, but this
does not mean that top-down, prescriptive positive experience inter-
ventions would be associated with the same health outcomes.
Positive life experiences are activities in which individuals freely
engage, and Hopper and Iwasaki (2017) suggest that an approach
that artificially imposes a positive experiences intervention on those
at risk (in their context, marginalized youth), may actually be detri-
mental. Much as Hopper and Iwasaki (2017) discuss the importance
of a bottom-up, youth-led approach, the best way to increase the fre-
quency of positive experiences among less-advantaged individuals
and communities may be through providing resources, in the form
of time,money, and access, so that people havemore options for freely
choosing to engage in positive life experiences. Individuals who have
limited access to certain positive life experiences are often deeply
aware of this deficiency. For example, when urban New York City
youth were asked in the Intergenerational Change Initiative’s 2021
survey what would make things better where they live, the most com-
mon responses, right after basic needs (more jobs and affordable hous-
ing), were community events, more green spaces, and public art
(Zeller-Berkman et al., 2021).

Limitations

In our study, POS was assessed over the previous month and mea-
sured within a similar time bracket as the biomarkers in the AL
scores. These POS scores likely represent a longer-term characteris-
tic pattern of activity, as the original Pleasant Events Scale showed
test–retest reliability of .0.7 within a 2-month period and .0.6
within a 2-to-3-year period (MacPhillamy & Lewinsohn, 1976).
Although we included a health condition burden covariate in the
models to address the fact that poor health may limit positive activity
frequency, we cannot rule out the possibility that individuals with
better overall health may simply be able to engage in more activities,
including positive life experiences. Although the literature on the
relationship between positive experiences and health suggests posi-
tive life experiences do impact health and well-being (Keegan et al.,
2016), the relationship may be bidirectional.

The MIDUS Study is a mixture of national probability samples
and oversamples of both specific cities and Black individuals from
Milwaukee, WI. The results may not be generalizable to the popula-
tion as a whole or to specific racial or ethnic groups in the US. In
addition, although there is considerable socioeconomic and health
variation in the MIDUS Biomarker data, and though prior research
suggests the M2 Biomarker sample had comparable sociodemo-
graphic characteristics to the main M2 sample (Love et al., 2010),

Figure 2
Moderated Mediation Model with Unstandardized Coefficients and
Conditional Indirect Effects (CIE)

Allosta�c 
load 

Cumula�ve 
SES 

Frequency of 
posi�ve 

experiences 

-.16*** 

CIE at -1 SD CSES = -.02** 
CIE at mean CSES = -.01 
CIE at +1 SD CSES = .003 

Note. Not shown: This model controlled for gender, race, age, and chronic
health conditions. Significance of conditional indirect effects based on
5,000 bootstrap samples. CSES= cumulative socioeconomic status;
SES= socioeconomic status.
*p , .05. **p , .01. ***p , .001.
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there may be other characteristics in those who agree to participate in
a two-day protocol that may affect generalizability.
In our study, we pooled together participants from the M2 and

MR cohorts. Although the MR study was conducted specifically
to replenish the M2 cohort, we found differences between the
cohorts. First, the average lag time between the main M2 survey
study and M2 Biomarker Project was about 5 months longer than
the lag time between the main MR survey study and MR
Biomarker Project. This means that, on average, SES was measured
earlier before the biomarker readings for M2 participants than for
MR participants. In addition, given that the M2 Biomarker
Project started 12 years before the MR Biomarker Project ended,
assays and labs had changed. As noted in the Methods section,
some of the biomarkers had markedly different means in the M2
versus MR cohorts. As a result, we were unable to apply single
cut points across the combined sample for determining high-risk
quartiles, and our AL scores are based on cut points calculated
within the M2 and MR samples.
Our study examined associations between overall frequency of

positive life experiences and physiological dysregulation, pooling
together disparate experiences such as social gatherings, nature
experiences, and spirituality. It did not examine whether different
types of positive life experiences may have different impacts on
physiological well-being. This is an important objective that is
beyond the scope of the current paper. While we did examine the
AL subsystems separately in supplementary analyses, these analyses
use coarse measures and are very preliminary. Given the limited
number of biomarkers in most systems, and given that each bio-
marker indicator is coded only as 0 or 1, most individual system
scores do not have a great amount of variability and are therefore
not ideal for regression analyses such as ours where small effects
would be expected. This is also a meaningful area for future research.
Similarly, although we elected to use a composite measure of SES

that encompasses multiple socioeconomic indicators across different
phases of the life course, the use of the composite does obscure
whether specific dimensions of socioeconomic experience (e.g., edu-
cational attainment, income, and subjective perceptions) may be dif-
ferentially linked to positive experiences or AL. Finally, while we
controlled for demographic characteristics and chronic health burden,
it is likely that there are variables that impact the associations between
SES, positive life experiences, and AL that remain unaccounted for in
our analyses.

Future Research

Given the finding that positive life experiences may provide a larger
benefit formembers of certain groups, demographic disparities in pos-
itive life experiences should be examined. Future research can assess
variations in both frequency of positive life events and associated ben-
efits, as well as variations within different types of positive life events.
In addition to looking at overall cumulative life advantage, associa-
tions between specific aspects of SES (e.g., educational attainment
and objective vs. subjective measures of SES) and positive experi-
ences can be examined. Possible mechanisms involving positive life
experiences that underlie SES-health associations can be probed fur-
ther. For example, the role of obtained pleasure from positive experi-
ences can be examined as a potential pathway, and other pathways that
vary by type of positive experience and health outcome can be exam-
ined as well. Finally, interventions that aim to increase access so that

people can more easily choose to engage in positive life events, or
interventions that aim to enhance the pleasure derived from these
experiences, can be designed, and associated effects on health and
well-being can be assessed.

Conclusion

Our findings showed that the association between SES and allo-
static load was weakly mediated by positive life experiences and
that greater frequency of positive life experiences predicted lower allo-
static load only at lower levels of cumulative socioeconomic advan-
tage. Positive life experiences may therefore play a stronger role in
physiological health in those of lower SES. Given that access to pos-
itive life experiences may be modifiable, the potential role of positive
experiences in lessening health disparities warrants further study.
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