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Abstract

Objective—Studies investigating health effects of work and family stress usually consider these
factors in isolation. The present study investigated prospective interactive effects of job strain and
informal caregiving on allostatic load (AL), a multisystem indicator of physiological
dysregulation.

Methods—Subjects were 7,007 British civil servants from the Whitehall Il cohort study. Phase 3
(1991-1994) served as the baseline, Phases 5 (1997-1999) and 7 (2002-2004) as follow-ups. Job
strain (high job demands combined with low control) and caregiving (providing care to aged or
disabled relatives) were assessed at baseline. AL index (possible range 0-9) was assessed at
baseline and both follow-ups based on 9 cardiovascular, metabolic and immune biomarkers.
Linear mixed effect models were used to examine the association of job strain and caregiving with
AL.

Results—High caregiving burden (above the sample median weekly hours of providing care)
predicted higher AL levels, with the effect strongest in those also reporting job strain [b = 0.36,
95% ClI: 0.01- 0.71)]; however, the interaction between job strain and caregiving was not
significant (p = 0.56). Regardless of job strain, participants with low caregiving burden (below
sample median) had lower subsequent AL levels than non-caregivers [b = 0.22, 95% CI: 0.06—
0.37].

Conclusions—The study provides some evidence for adverse effects of stress at work combined
with family demands on physiological functioning. However, providing care to others may also
have health protective effects if it does not involve excessive time commitment.
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INTRODUCTION

Stress at work has been linked to adverse health outcomes, in particular to increased risk of
cardiovascular disease (CVD) (1). A recent large meta-analysis confirms an association
between job strain, defined as high level of job demands and low control over job-related
decisions, and coronary heart disease (CHD) (2). At the same time, the authors note
inconsistencies in findings regarding job strain and CHD, and the overall effect of job strain
found in the meta-analysis is small. One possible explanation for these inconsistent findings
is that the extent to which work stress affects health may depend on a range factors outside
work.

Even though health effects of work stress have been studied quite extensively, most of this
literature considers work factors in isolation; i.e. it does not take into account other life
circumstances, which affect work performance and health (3). For instance, incompatibility
of family and work demands, known as work-family conflict, has been shown to affect both
work outcomes, such as work satisfaction, absenteeism and work performance, and more
general mental health outcomes (4,5). Previous studies have addressed the combined effect
of work and family demands on sickness absence, showing that people with the highest
number of demands at work and at home had the highest rates of sickness absence (6,7).
However, just like findings from studies using global measures of perceived work-family
conflict, these results do not address the question whether having increased demands outside
workplace might amplify the effects of work stress on health.

One of the few sources of chronic stress outside the workplace that has been studied is
caregiving. High levels of caregiving stress have been linked to poor mental and physical
health outcomes (8), although it is less clear from the existing literature, whether caregiving
per se has any adverse health effects when it is not associated with stress (9). Some
researchers argue that providing care to others may in fact carry health benefits (10). For
instance, Buyck et al. (11) find that caregivers with low caregiving burden report better
health status than non-caregivers, while high caregiving burden is associated with poorer
health status. Just like in case of work stress, it is not clear whether health effects of
caregiving depend on other circumstances in the caregiver’s life.

Chronic stress is known to lead to adverse changes in multiple biological systems, including
endocrine, cardiovascular, metabolic, and immune systems, which may eventually cause
disease (12). A large body of literature on stress and physiological functioning has focused
on single biological markers such as blood pressure or levels of the stress hormones.
However emerging research on stress argues for the importance of simultaneously
considering multiple indicators of stress physiology (13). Allostatic load (AL) is a multi-
dimensional indicator of physiological changes resulting from stress, which is computed
using biological markers of multiple biological systems simultaneously (12). Due to this
multidimensionality, AL is thought to be a more comprehensive and sensitive measure of
the effects of chronic stress on the body than any single biomarker (12,14). the argument
being that even when the changes in each one of these systems are modest and not predictive
of health outcomes, the confluence of changes across multiple physiological systems
presents a health risk (15).
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High levels of AL have been linked to poor health and physical and cognitive decline in
later life (15,16), making it an important concept for understanding stress-related morbidity
and mortality. However, there is still a lack of knowledge about life-course trajectories of
AL accumulation and their predictors. The present study addresses this gap in the literature
and investigates work and caregiving stress as predictors of both AL levels and longitudinal
changes in AL. Thereby the study contributes to a better understanding of potential
physiological mechanisms linking stress and later life morbidity and mortality.

Only few studies previously investigated psychosocial work factors as predictors of AL,
with mixed results. Some studies find that increased AL is associated with higher job
demands (17,18), lower decision latitude and job strain (18-20), effort-reward imbalance
and exhaustion (21), burnout (22) and career instability (23). Other studies found no effect
of decision latitude (17), burnout (24) or career patterns (25) on AL and a reverse
association between psychological demands and AL has also been reported (20).

Previous work on the relationship between caregiving and AL is also quite scarce. Self-
reported perceived caregiving stress was linked to higher AL in a cross-sectional study of
middle-aged Mexican-American women (26). Roepke et al. (27) found that Alzheimer
caregiving was related to higher AL in Americans who were older than 55 and free of
chronic disease. Clark at al. (28) also found that caregiving was associated with an increase
in endocrine AL markers during a one-year follow-up. Glover et al. report (29) mothers of
pediatric cancer survivors had higher AL than mothers of healthy children.

The present study investigates the interactive effect of work stress and caregiving (providing
care to aged or disabled relatives) on AL. Specifically, we hypothesized that work stress and
caregiving will amplify each other’s detrimental effect on allostatic load levels and the rate
of its increase throughout the follow-up period.

The data were drawn from the Whitehall 11 cohort study. The original sample (Phase 1,
recruited in 1985-1988) included 10,308 British civil service workers aged 35-55.
Participants completed a questionnaire at every subsequent phase of the study,
approximately two years apart, and were given medical examinations at Phases 1
(1985-1988), 3 (1991-1994), 5 (1997-1999) and 7 (2002-2004). For further details on the
cohort profile, please see (30). In the present study, Phases 3, 5 and 7 were used as the
baseline and two follow-ups. A supplementary analysis also used questionnaire data from
Phase 4 (1995-1996). Data from Phase 1 were not used, as some of the AL biomarkers were
not available at Phase 1.

Eighty six percent of Phase 1 respondents participated in Phase 3 (N = 8,815). Of them, 931
participants had incomplete or missing biomarker data for all three phases and were
excluded from the study. Further 877 participants were excluded due to missing information
on work stress, caregiving or one or more of the covariates (gender, age, social class, marital
status, baseline longstanding illness). The resulting sample included 7,007 people (mean
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baseline age = 49, SD = 5.8, 30% women). Excluded participants were older, were more
likely to be women, had lower social class and were more likely to report longstanding
illness at baseline. The likelihood of missing AL data for one or more phases did not depend
on baseline work stress or caregiving status.

Work stress was operationalized as job strain and assessed at baseline using a revised
version of the Job Content Instrument (31), a widely accepted measure of psychosocial
workplace characteristics. Consistent with the most common practice, job strain [yes, no]
was defined as a combination of low (below sample median) decision latitude and high
(above sample median) job demands. Decision latitude scale (a = 0.84) included 15 items
related to decision authority (9 items, a = 0.77, e.g. “Can you choose how you do your
work?”, “Do you have a good deal of say in decisions about work?””) and skill discretion (6
items, a = 0.78, e.g. “Do you have the possibility to learn new things?”, “Does your job
require you to take initiative?”). Job demands scale (a = 0.67) included 4 items (e.g. “Do
you have to work intensively?”, “Do others demand things that are hard to combine?”).
Possible answers to ranged from 1 = “almost never” to 4 = “often”. For each scale, the
overall score was calculated as the sum of the item scores.

Caregiving responsibilities were self-reported at baseline. Participants were asked whether
they provided care for aged or disabled relatives and how many hours a week their
caregiving responsibilities took. Because literature on caregiving and health suggests that
caregiving may confer both health risks and health benefits, we wanted to make a distinction
between caregivers based on the amount of their responsibilities. Thus we created a variable
with three levels: no caregiving, low caregiving burden (at or below sample median, equal to
4 hours a week), and high caregiving burden (more than 4 hours a week).

Allostatic load was measured at baseline and at the 2 follow-ups. The AL index was based
on 9 biological parameters: Blood pressure, body mass index (BMI), fasting insulin, fasting
glucose, high density lipo-protein (HDL) cholesterol, low density lipo-protein (LDL)
cholesterol, triglycerides, C-reactive protein (CRP), and interleukin-6 (IL-6). Following
most common practices, AL was calculated as the number of biomarkers with values above
a high-risk threshold (12,32). Clinically relevant cut-off points were used where such cut-
offs have been established (see e.qg. references 22 and 33 for examples of studies using
clinical norms to compute AL). Otherwise, a distribution-based cut-off (75t percentile) was
used following another common practice (12). The same cut-off values were used for all
three Phases; the distribution-based cut-offs were established based on baseline values. Cut-
off values for each biomarker are given in the Appendix. The laboratory procedure used to
obtain and analyze he biomarkers have been described in detail elsewhere (34,35).

Statistical Analyses

To take advantage of the repeated measures of AL, we used Linear Mixed Effect (LME)
models with a random level and slope for each subjects (36). These LME model allowed
each subject to follow their own AL trajectory as a shifted and pivoted (due to the random
level and slope) version of the average trajectory. These average trajectories are, just as in
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ordinary linear regression, allowed to depend on the covariates of interest (the fixed effects).
The advantages of using the LME approach over a linear regression analyses are twofold.
First, participants missing some of the AL measures need not be excluded, substantially
increasing the statistical power. LME will, as an integrated part of the estimation procedure,
compute likely values for the missing observations for each individual taking the observed
information for that individual into consideration. This procedure will remain valid and
unbiased even if missingness depends on other measured variables, e.g. age. In technical
terms, the LME remains valid even when data is only missing at random compared to the
more restrictive assumption of missing completely at random, which is required by a
complete case analysis. Second, in addition to estimating the effect of work and caregiving
on AL levels, the LME approach allowed us to investigate whether work and caregiving
affected the rate of AL change (slope) over time.

In order to establish the rate of change in AL within the observed period of time and assess
individual differences in the rate of AL change, we first estimated a model without any of
the covariates (Model 0). Age was used as the underlying time scale. Because previous
cross-sectional studies demonstrated that changes in AL over time level off as people age
(37), we expected the association between age and AL to be non-linear and therefore
included a quadratic age term as a fixed effect. In addition, to account for the fact that some
of the effects of age might be cross-sectional cohort effects, we controlled for year of birth.

Next, we tested the main effects of job strain and caregiving on AL levels in Model 1a and
on the rate of AL change with age (AL slope) in Model 1b. Job strain and caregiving were
mutually controlled for in models 1a and 1b. The effects of job strain and caregiving on AL
slope were assessed as a simple interaction between work and caregiving factors on the one
hand and age on the other hand. Finally, we modeled the interaction between job strain and
caregiving in predicting AL levels and slope (Models 2a and b respectively). Models 1 and 2
were controlled for gender, socio-economic position [administrators, professionals and
executives, clerical and office support], marital status [married or cohabiting, single] and
self-reported longstanding illness at baseline [yes, no]. A summary of these models is
provided in the Table S1, Supplemental Digital Content 1. Analyses were conducted in R
3.0.2. using the ‘nlme’ package.

Baseline study characteristics

Eighteen percent of the sample reported high job strain and eleven percent reported
caregiving responsibilities. The number of caregiving hours per week ranged from 1 to 168
and was non-normally distributed. In the lower burden caregiving group, the average
number of hours was 2.5 (SD = 1.1), while in the higher burden caregiving group, it was
18.0 (SD =20.9). Table 1 shows the associations between job strain and caregiving, as well
as the associations of these variables with the demographic covariates and baseline illness.

Being a caregiver was associated with higher likelihood of reporting high job strain. In
addition, participants who reported job strain were more likely to be women, to be single, to
belong to professionals or executives and to report baseline illness. Caregivers were slightly
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older than noncaregivers and were more likely to be women and to be single. High
caregiving burden was associated with lower socio-economic status. Caregivers were also
slightly more likely to report baseline illness, however long-standing illness at baseline was
not associated with the number of caregiving hours.

The AL score ranged from 0 to 9 and; 77% of all AL measurements were < 3. Thirty nine
percent of the sample had complete biomarker information and thus the AL index for all the
three follow-up phases; 75% had at least two AL measures. Raw average AL scores for
participants with all three measurements were 1.94 (SD = 1.66), 2.10 (SD = 1.67), and 2.34
(SD = 1.72) for the baseline and the two follow-ups, respectively. Table S2, Supplemental
Digital Conten 1, provides average baseline AL levels and changes in AL from baseline to
the end of follow-up by caregiving and job strain. Table S3, Supplemental Digital Content 1,
provides correlations between caregiving, job strain and its components on one hand and
individual biomarker baseline levels and changes throughout the follow-up on the other
hand.

Changes of AL over Time

Fitting Model 0 to the data showed that AL increased with age, but as expected, the increase
was non-linear (p-value for the quadratic age term < 0.001), becoming attenuated with age
(Figure 1). The variance component associated with random slopes was statistically
significant (p < .001) suggesting significant individual differences in AL change. There was
a strong negative correlation between AL level and slope, so that individuals with lowest
baseline levels had the steepest increase in AL (r = —.65).

Job Strain and Caregiving as Predictors of AL Levels and Slope

We investigated job strain and caregiving as predictors of AL levels and the slope of AL
change over time. Because the trajectory of AL over time was found to be nonlinear, to
establish the effect of job strain, caregiving and the covariates on AL trajectories, we
initially included the interaction of these predictors with both first and second order age
terms. However, because none of the interactions with the quadratic age term was
significant, we dropped those interactions from the models (Table S1, Supplemental Digital
Content 1, provides a summary of the statistical models).

Table 2 presents estimated between-group differences in AL levels associated with job strain
and caregiving, averaged throughout the follow-up period. The analysis of main effects of
job strain and caregiving (Model 1a, top part of Table 2) showed that job strain alone did not
affect the levels of AL (p = .60). However, caregiving was a statistically significant
predictor of AL levels (p =.001), with the direction of the effect depending on the
caregiving burden. In those with low caregiving burden, the AL score throughout the follow-
up period was on average 0.22 (95% ClI: 0.06-0.37) lower than in noncaregivers, whereas in
those with high caregiving burden, the AL score was 0.21 (95% CI: 0.04-0.37) higher than
in non-caregivers. The effect of caregiving on the AL levels was comparable in magnitude
with the effects of such well-established predictors of health as gender and social class: AL
score was on average 0.52 (95% ClI: 0.42-0.62) lower in women than in men and it was 0.27
(95% ClI: 0.19-0.35) and 0.66 (95% CI: 0.54-0.78) lower in administrative class than,
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respectively, in professional/executive class and clerical/support class. Neither job strain nor
caregiving affected the slope of AL (Model 1b, data not shown). In other words, the rate at
which AL increased did not depend on the baseline work or caregiving stress.

The bottom of Table 2 shows the results of testing the interaction between job strain and
caregiving on average AL levels (Model 2a). Regardless of whether or not participants
reported job strain, caregivers with low caregiving burden had lower AL than non-
caregivers. At the same time, there was a detrimental effect of high caregiving burden, as
compared to no caregiving, which was approximately two times larger in those who reported
job strain than in those who did not (difference in AL levels associated with high caregiving
burden relative to no caregiving was 0.36 (95% CI: 0.01-0.71) vs. 0.16 (95% CI: —-0.04—
0.35. The interaction between job strain and caregiving was, however, not statistically
significant (p = 0.56).The interaction of job strain and caregiving did not affect the slope of
AL (Model 2b, data not shown).

To summarize, those with high caregiving burden and job strain had the highest baseline and
follow-up AL scores, while those with low caregiving burden had the lowest baseline and
follow-up AL scores. In non-caregivers and participants with low caregiving burden the
effect of job strain was very small compared to the effect of age, while in the high
caregiving burden group it was comparable in magnitude with the effect of getting a few
years older. Moreover, individuals with both job strain and high caregiving burden had
higher AL levels at baseline than individuals with low caregiving burden at a follow-up six
years later.

Supplementary analyses

In addition to job strain, we also tested whether each of its component, job demands and
decision latitude, affected AL. To this end, we reran the analyses replacing job strain with
the two original continuous job demands and decision latitude variables. Neither of them
had an effect on AL levels, nor did either variable modify the effect of caregiving on AL
(results not shown). Furthermore, previous literature on work stress using the Job Content
Instrument has included social support at work as one of the dimensions of psychosocial
work environment. In Whitehall 11, the social support scale (Cronbach’s a = 0.79) has six
items relating to help and support from colleagues and supervisors and receiving consistent
and sufficient information from supervisors (31). We also tested whether social support
could buffer the effects of high caregiving burden on AL. Controlling for job demands and
decision latitude, as well all other covariates, social support at work had a modest effect on
AL levels. One SD increase in social support was associated with 0.09 lower AL (95% CI:
0.06 — 0.13). However, social support did not moderate the effect of caregiving on AL levels
(p-value for interaction = .20).

Because the number of caregivers who also reported job strain was relatively low, we did
not originally stratify our analyses by gender. Doing so would have resulted in less statistical
power to test the hypothesis that job strain interacts with caregiving in predicting AL.
However, considering important gender differences in caregiving roles as well as in
biomarker levels, we additionally stratified the analyses of main effects of job strain and
caregiving by gender. There was no effect of job strain on AL levels in either men or
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women. The direction of the effect of caregiving was the same in men and in women;
however, the effect was much more pronounced in women than in men. In men, the effect of
low caregiving burden was —0.12 (95% CI: —0.30 — 0.06) and the effect of high caregiving
burden was 0.14 (95% CI: —0.09 — 0.37); in women, the effects were respectively —0.40
(95% CI: —0.69 — -0.11) and 0.26 (95% CI: 0.02 — 0.51). The interaction of caregiving with
gender in predicting AL levels was not statistically significant (p = .19).

Most of the participants continued working throughout the follow-up period, and thus their
exposure to job strain was likely to continue beyond baseline. To assess how stable job
strain was over time, we calculated how many of participants reporting job strain at baseline
also reported job strain at the two follow-ups. The subset of participants for whom job
demands and decision latitude information was available for all three phases was used for
this analysis (N = 2,530). To assess job strain at the two follow-ups, we used baseline cut-off
values for job demands and decision latitude. Out of those who reported job strain at
baseline, 28% also reported job strain at follow-up 1 and 21% reported job strain at follow-
up 2, suggesting that at least a quarter of those exposed to job strain endured long-lasting
work stress.

However, about a third of participants had reached retirement age (60 for women and 65 for
men) before the end of the follow-up period, meaning that their exposure to job strain may
have ended by the time AL was measured at one or both follow-ups. To see whether this
might have affected the observed association between job strain and AL, we repeated the
analyses of the main effect of job strain in the subset of participants who by the end of the
follow-up period had not reached the age of retirement. The results were very similar, and
we still observed no effect of job strain on AL (results not shown).

The duration of caregiving responsibilities was more difficult to ascertain using the data
available. Eighty nine percent of the sample had completed questionnaires from Phase 4 of
the Whitehall 11 study, administered approximately 3 years after the baseline questionnaire.
Based on this subsample, around a half of those providing care at Phase 4 were also
caregivers at baseline, while roughly a half of baseline caregivers did not report caregiving
responsibilities at Phase 4. This suggests that for many participants caregiving stress was
likely short in duration and its long-term effects on AL trajectories may have been limited.
At the same time, baseline caregivers with low caregiving burden were less likely to also
report caregiving 3 years later than those with high caregiving burden (39% vs. 55%
respectively). Therefore the adverse effects of high caregiving burden on AL might have
been at least in part a reflection of long-term caregiving.

Discussion

The present study investigated the interactive effect of caregiving and work stress, defined
as job strain, on the levels and the trajectories of allostatic load. We found that high
caregiving burden (more than 4 hours per week) predicted higher levels of AL across the
follow-up period, but did not affect the rate of change of AL over time. Consistent with our
hypothesis, job strain amplified the effects of high burden caregiving on AL; however, there
was no statistically significant interaction between the effects of caregiving and job strain.
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The analyses of main effects of job factors and caregiving showed that overall, neither job
strain, nor its components job demands and decision latitude had a statistically significantly
effect on levels of AL across the follow-up period. These results were replicated in a
subsample of younger workers who had not reached retirement age by the end of the follow-
up period. As mentioned in the introduction, the results of previous studies of work factors
and AL have been mixed. These studies have also differed on the measures of work stress,
and the samples are drawn from different countries, different age groups and different
occupational groups, limiting comparability of the findings. Some researchers have
explained the absence of the effect of work factors on AL hypothesizing that increased AL
as a consequence of work conditions may not surface until later in life (24). The results of
our longitudinal analyses, showing that effect of work factors did not amplify with age, do
not seem to support this conjecture. Whitehall 1l study sample only consists of civil service
workers and thus may not be representative of the range of work stress levels in the general
population. On the other hand, previous studies based on the same sample have shown that
the differences in job strain and its components are reflected in the risks of CVD (38,39).
This discrepancy suggests that AL may not be the mechanism linking job strain to CVD in
the Whitehall Il cohort.

Unlike job strain, caregiving predicted AL levels. Participants who reported the largest
number of caregiving hours had the highest levels of physiological dysregulation. However,
participants with low caregiving burden had lower levels of AL than people without any
caregiving responsibility. Several previous studies finding that caregivers are less likely to
report limiting long-term illness have explained these results by ill people self-selecting out
of caregiving roles (9). Yet, in our study, we found that at baseline, caregivers were slightly
more likely to report longstanding illness, while caregiving burden was not related to
baseline self-reported longstanding illness, suggesting that the positive effects of small
amount of caregiving on AL is unlikely to be explained by a self-selection bias. Instead,
these positive effects might be mediated through enhanced psychological well-being, for
instance, added sense of reward and fulfillment or improved relationship with care recipients
(10,40). This explanation is also consistent with the hypothesis that a combination of
multiple social roles may be beneficial for health and well-being (41). To summarize, our
findings are consistent with studies finding both benefits and risks in caregiving and suggest,
that in small amount caregiving may have protective effects on the body, while as demands
associated with caregiving increase, its toll on the body increases as well.

The majority of previous studies of AL have been cross-sectional, and the existing
prospective studies only assess AL at follow-up, limiting our understanding of how stress
affects the rate of AL accumulation over time. In the present study, the differences in AL
attributed to caregiving did not increase over time, which may partly be due to the fact that
caregiving was likely limited in time. Indeed half of those reporting caregiving at baseline
did not have any caregiving role three years later. Future research is needed to assess the
effects of more persistent types of stress on the rates of AL accumulation.

While the generalizability of the findings to occupations other than civil service is limited, a
large sample representative of a wide age range and a repeated measures design are among
the strengths of the present study. The use of the multisystemic index of physiological

Psychosom Med. Author manuscript; available in PMC 2016 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Dich et al.

Page 10

dysregulation has both advantages and trade-offs. On the one hand, as stress affects multiple
biological systems, the AL index is a more comprehensive measure of physiological changes
resulting from stress than any biological parameter considered in isolation. On the other
hand, because there is no standardized ways to measure AL, the comparability of our results
to those of other studies is limited (32). Furthermore, compared to some of more recent
studies (see reference 32), our AL index was based on a relatively small number of available
biomarkers and did not include, for instance, any of the endocrine measures commonly
considered in the AL literature. Finally, just like in any longitudinal study, attrition and non-
random missingness of the data in Whitehall 11 create a potential bias in results. Using linear
mixed model mostly solves this issue, but only if missingness status is dependent on nothing
but measured variables (i.e. missing at random).

In conclusion, the study provides some evidence for the synergetic adverse effects of stress
at work and family demands on physiological functioning. These results underscore the need
for future studies to consider the effects of occupational factors within a broader non-work
context.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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APPENDIX

High-risk cut-off values used in calculating the allostatic load index

Biological risk Cut-off point Reference

High blood pressure 140/90 mmHg  (42)

High BMI 25 kg/m2 (43)
High fasting insulin 8.6 uiu/ml distribution-based
High fasting glucose 5.5 mmol/L (44)

Low HDL cholesterol ~ 1.03 mmol/L (45)
High LDL cholesterol 4.9 mmol/L2 (45)

High Triglycerides 1,7 mmol/L (46)
High CRP 3mg/L (47)
IL6 2.06 pg/ml distribution-based

aNational Cholesterol Education Program (NCEP) lists several cut-off values for LDL. The value of 4.9 mmol/L is the cut-
off for very high LDL cholesterol corresponding to the highest risk of morbidity. Values lower than that also present health
risks. However, because in out sample HDL cholesterol values were on average high (4.4 mmol/L at Phase 3), we chose
such a high threshold to reflect the most vulnerable group among the participants.
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Abbreviations

AL

BMI

Allostatic Load

body mass index

CVvD Cardiovascular Disease

CRP

C-reactive protein

HDL high density lipo-protein

IL-6

interleukin-6 (IL-6)

LME Linear Mixed Effect

LDL
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Figure. 1.
The estimated non-linear change of AL over time based on Model 0. The trajectory is

plotted for the average birth cohort (born in 1943).
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Table 1
Baseline participants’ characteristics by job strain and caregiving status
Job Strain Caregiving
pa pa
NO YES none <4 hours/wk | >4 hours/wk

ALL participants 5725 (82%) | 1282 (18%) 6261 (89%) 401 (6%) 345 (5%)
no caregiving 5140 (82%) | 1121 (18%)

Caregiving < 4 hours/wk 322 (80%) 79 (20%) .018
> 4 hours/wk 263 (76%) | 82 (24%)

Baseline age (SD) 49.0 (5.8) 48.7(5.6) | .098 48.7(5.8) 50.1 (5.5) 50.8 (5.4) <.001
Men 4050(83%) | 837(17%) 4425 (91%) 291 (6%) 171 (4%)

Gender <.001 <.001
Women 1675 (79%) | 445(21%) 1836 (87%) 110 (5%) 174 (8%)
Married/Cohabiting 4472 (83%) | 906(17%) 4843 (90%) 320 (6%) 215 (4%)

Marital status <.001 <.001
Single 1252 (77%) | 376 (23%) 1418 (87%) 81 (5%) 130 (8%)
Administrative 2332 (86%) 366 (14%) 2435 (90%) 176 (7%) 87 (3%)

Social class Professional/Executive | 2484 (78%) | 706 (22%) | <.001 2832 (89%) 181 (6%) 177 (6%) <.001
Clerical/Support 909 (81%) | 210 (19%) 994 (89%) 44 (4%) 81 (7%)
No 3933 (83%) | 813 (17%) 4264 (90%) 253 (5%) 229 (5%)

Baseline illness <.001 .098
Yes 1792 (79%) | 469 (21%) 1997 (88%) 148 (7%) 116 (5%)

eLI'wo-tailed chi-square test.
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Table 2

Association of job strain and care giving with allostatic load?.

Main effects of job strain and caregiving on allostatic load levels (Model 1a)

Job strain [NO]

Reference

Job strain [YES]

-0.01 (~0.10;0.08)

Caregiving [none] Reference
Caregiving [< 4 hours/wk] -0.22 (-0.37;-0.06)
Caregiving [> 4 hours/wk] 0.21 (0.04;0.37)

Interaction of job strain and caregivingh predicting allostatic load levels (Model 2a)

Caregiving [none] Reference
Job Strain [NO] Caregiving [< 4 hours/wk] -0.20 (-0.38; —0.03)
Caregiving [> 4 hours/wk] 0.16 (—0.04; 0.35)
Caregiving [none] -0.02 (-0.12; 0.08)
Job strain [YES] Caregiving [< 4 hours/wk] -0.28 (-0.62; 0.06)
Caregiving [> 4 hours/wk] 0.34 (0.01; 0.68)

Page 16

aData present differences in average AL levels throughout the follow-up period associated with job strain and caregiving and the 95% confidence
intervals, adjusted for gender, age, social class, marital status and baseline longstanding illness. The table presents results from linear mixed models
of both the main and the interactive effects of job strain and caregiving (Models 1a and 2a). Please see Table S1, Supplemental Digital Content 1,

for details about the models.

b - . .
p-value for statistical test of interaction = 0.56
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