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Daniel Maussa and Marc N. Jarczokb

aMannheim Institute of Public Health, Social and Preventive Medicine, Medical Faculty Mannheim, Heidelberg University, Heidelberg,
Germany; bClinic for Psychosomatic Medicine and Psychotherapy, Ulm University Medical Center, Ulm, Germany

ABSTRACT
The wear and tear of the body caused by stressful events is subject of extensive research and can be
measured by the allostatic load index (ALI). The aim of this cross-sectional study was to replicate an
ALI-5 score in a population sample in the USA and to compare these findings with the original ALI-10
score. Data from the Midlife in the United States Study (MIDUS) assessed between 2004 and 2016 were
used to calculate different ALI risk scores with 5 and 10 variables, respectively. Examinations included
anthropometric data, heart rate variability (HRV), and blood and urine samples. Questionnaires assessed
information on perceived stress and medical history. Logistic regression models estimated odds ratios
(OR) with corresponding 95% confidence intervals (CIs) for the association between ALI indices and
perceived stress, controlling for various confounders. Subgroup analysis explored the difference in gen-
der and in three age clusters. Data of 1421 participants (43% male, 50.4 ± 9.3 years) were included in
the analysis. Adjusted logistic regression models showed an odds ratio of 1.37 ± 0.19 (CI 1.05, 1.80;
p¼.022) for the association of ALI-5 with perceived stress. This association was stronger in females (OR
¼ 1.62±0.28, CI 1.15, 2.28; p¼ .006) and did not significantly differ between age clusters. Results for
the original ALI-10 score did not reach significance. The streamlined ALI-5 score seems to be a reliable
risk score and is strongly associated with perceived stress in life. Longitudinal studies should further
elaborate this association in different samples.
Lay summary: Stress from different sources can lead to serious diseases. A short composite index com-
prising of five medical variables is highly associated with perceived stress. This index is able to serve as
an early indicator to detect people who are at risk to develop stress-related diseases.
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Introduction

Psychosocial stress is common and can lead to serious phys-
ical and mental diseases such as cardiovascular disease
(Theorell et al., 2016) and depression (Siegrist et al., 2012).

In 1993, McEwen and Stellar (1993) described the concept
of “allostatic load” to explain adverse biological impacts of
repeated and chronic stress exposure. Allostasis explains
efforts to maintain homoeostasis by adapting body functions
to psychosocial stressors. In 1997, Teresa Seeman et al. (1997)
developed a 10-variable allostatic load index (ALI) to measure
stress-related wear and tear of the human body. In the last
20 years, elevated ALI scores have been linked to various
health disparities such as cardiovascular disease (Sabbah
et al., 2008) and reduced mental health (McEwen, 2003).

Recently, we have developed and tested a streamlined 5-
variable version (Mauss, Jarczok, et al., 2015) and replicated
the findings in an extensive cohort study of 12,477 employ-
ees of different industries (Mauss et al., 2016). Both studies
explored cross-sectional associations between work-related
stress and ALI using the well-established Effort-Reward-

Imbalance Model (Siegrist et al., 2004) in working populations
in Germany.

Work-related loads are only one possible source of stress
leading to disparities in health (Jarczok et al., 2020; Kivim€aki
et al., 2012; Theorell et al., 2015). Other sources may include
negative life events (McEwen & Stellar, 1993), socioeconomic
status (Gruenewald et al., 2012), and psychosocial challenges
(Fava et al., 2019; McEwen, 2012). For example, worries in life
such as social conditions, health, finance, and aging showed
a dose–response relationship with incident coronary heart
disease (CHD) (Kubzansky et al., 1997). A more general and
widely used psychological instrument to measure perceived
stress in life is the perceived stress scale (PSS) (Cohen et al.,
1983). PSS is a self-report questionnaire designed to assess
one’s level of stress perception during the last 4 weeks
regarding unpredictability, lack of control, and overload.
While there are three different validated PSS versions with 4-,
10-, and 14-items, Cohen and Williamson recommended the
10-item version in terms of psychometric properties
(Cohen, 1988).
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So far, only one small study has assessed the association
of PSS and ALI in the past (D’Alonzo et al., 2019). D’Alonzo
et al. explored 59 Mexican women aged 18–45 years, one
group living in Mexico, one group as Mexicans in the USA. A
composite measure for ALI included eight biological varia-
bles: systolic and diastolic blood pressure, body mass index,
waist-to-hip ratio, total cholesterol, glycosylated hemoglobin,
triglycerides, and C-reactive protein. Perceived stress was
measured by the Spanish version of the 14-items PSS. ALI
and perceived stress levels did not differ between both
groups and no significant association could be found.

In this study, we sought to replicate and extend the know-
ledge on the association of perceived stress with a stream-
lined ALI-5 risk score. Specifically, we used a population
sample from the USA measuring general stress perception
(compared to work-associated stress in occupational samples
as in previous publications). This should further support our
approach of a reduced, handier set of allostatic load indica-
tors (ALI-5) to avoid statistical misinterpretation and publica-
tion bias, as well as to build up valid and robust scientific
evidence (Ferguson & Heene, 2012). Second, we aim to assess
if the ALI-5 risk score is a consistent measurement for people
at risk for biological impacts of stress compared to the ori-
ginal ALI-10 score.

Methods

Study sample

Data are taken from the second and third wave of the
Midlife in the United States Study (MIDUS). MIDUS is longitu-
dinally designed to determine how psychological, behavioral,
and social factors impact mental and physical health. Of the
3191 study participants, 1255 agreed to participate in the
MIDUS II biomarker project (Project 4), which required a 2D
medical examination at one of the three following clinical
research centers between July 2004 and May 2009: University
of California at Los Angeles, Georgetown University, and
University of Wisconsin (ICPSR 29282; update level V9 [2019-
03-27]). Between 2012 and 2016, data from 863 respondents
were collected for the MIDUS Refresher Biomarker study
(Project 4) including questionnaires and biomarkers in the
same study setup (ICPSR 36901; update level V6 [2019-11-
18]). The study was approved by the Institutional Review
Board at each participating center. All study protocols were
conducted in accordance with the Declaration of Helsinki.
Informed written consent was obtained from all participants
(Dienberg Love et al., 2010).

Data collection

Data collection included a medical history (telephone inter-
views and self-administered questionnaires), a physical exam-
ination as well as blood- and urine-based measurements of
biomarkers. The study protocol is described in detail else-
where (Dienberg Love et al., 2010).

Sample collection

Fasting blood samples were collected from each participant
before breakfast. To ensure consistency, all samples were col-
lected using standardized procedures. All samples were fro-
zen and stored in a �60 �C to �80 �C freezer until shipped
on dry ice to the central MIDUS Biocore laboratory.

Biomarkers

Biomarkers included fasting blood samples exploring total
cholesterol, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), triglycerides, DHEA-S, creatinine, glycosylated
hemoglobin (HbA1c), and 12-h overnight urine samples
assessing cortisol, epinephrine, norepinephrine,
and creatinine.

Physical examination

Waist circumference was measured directly on skin over a
single layer of clothing if the garment was a camisole or
undershirt. It was measured at the narrowest point between
ribs and the iliac crest. Hip circumference was measured over
a single layer of clothing, typically subject’s underwear, at
the iliac crest. Blood pressure was assessed in a sitting pos-
ition allowing a maximum of 30 s between each measure-
ment. The average value of three measurements was
calculated and used for further analyses.

Heart rate variability

Cardiovascular reactivity was assessed in the morning after a
light breakfast with no caffeinated beverages via continuous
measurement of a 3-lead electrocardiogram (ECG). ECG elec-
trodes were placed on the left and right collarbones, and in
the left lower quadrant of the abdomen. Beat-to-beat ECG
waveforms were then analyzed to calculate heart rate vari-
ability (HRV). HRV reflects activity of the parasympathetic ner-
vous system with higher values usually indicating a better
health status. HRV is operationalized as variability in the ser-
ies of intervals between consecutive R waves. Analog beat-
to-beat ECG signals were digitized at a sampling rate of
500Hz by a National Instruments A/D board and passed to a
microcomputer for collection. ECG waveforms were submit-
ted to an R-wave detection routine implemented by a propri-
etary event detection software (Graphical Marking, Delano
McFarlane), resulting in an RR interval series. Research staff
visually reviewed all ECG waveforms to correct interactively
any software errors in identifying normal R waves. The result-
ing series of normal RR intervals were used to calculate HRV.
Time-domain index of RR interval variability was calculated as
root mean squared successive differences (RMSSD).

Stress measurement

Stress level was assessed by the self-rated 10-item PSS
(Cohen, 1988; Smith et al., 2014) using a 5-point Likert scale
(1¼ never; 2¼ almost never; 3¼ sometimes; 4¼ fairly often;
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5¼ very often) (Table 1). Items 4, 5, 7, and 8 were reverse-
coded so that higher scores indicate a higher stress level. All
items were equally weighted and summed up to a scale
score ranging from 10 to 50 (Cronbach’s a¼ 0.86). This score
was binary recoded with the lower three quartiles as refer-
ence group. As shown in earlier studies, perceived stress
depends on different variables such as age and gender, indi-
cating greater stress-related health risks among women and
younger adults (Cohen & Janicki-Deverts, 2012).

Allostatic load

In order to adapt body functions to perceived stress, neuro-
endocrine, neurophysiological, and anti-inflammatory varia-
bles (“primary mediators”) are released and a shift in
sympathovagal balance can be observed. In a second step,
“secondary outcomes” are characterized by subclinical distur-
bances such as increased cardiovascular, immunological, and
metabolic biomarkers. Later, these disturbances may lead to
clinical adverse health problems, so-called “tertiary out-
comes.” ALI serves as a composite risk score representing dif-
ferent regulatory systems of the human body including
primary mediators (e.g. neuroendocrine and neurophysio-
logical) and secondary outcomes (e.g. cardiovascular, inflam-
matory, and metabolic) to have the best predictive power for
physiological strain (Mauss, Li, et al., 2015). According to our
previous studies, a streamlined ALI was calculated using five
variables such as RMSSD as an indicator for the human
neurophysiological system, HbA1c as a metabolic indicator
and risk factor for type 2 diabetes as well as waist circumfer-
ence, LDL, and diastolic blood pressure as cardiovascular indi-
cators (Mauss, Jarczok, et al., 2015; Mauss et al., 2016). Based
on these studies, we used predefined subclinical cutoff values
for each variable as reported in Table 2. ALI was calculated
as the number of variables for which the participant was out-
side these cutoff values or is taking prescribed medication
(i.e. blood glucose-lowering, blood pressure-lowering, or
lipid-lowering drugs). Every participant scored “1” for being
outside the range (all variables higher than the cutoff except
RMSSD, for which lower values indicate higher risk) and “0”
for being in a normal range. The sum score could therefore
range from 0 to 5, with higher scores indicating higher allo-
static load. This score was binary recoded with participants
scoring 4 or 5 in one group and participants scoring lower
than 4 as reference group.

Based on the original model of Seeman et al. (1997) a
second ALI was calculated using 10 variables. Each variable
within the highest risk quartile (highest quartile for each vari-
able except DHEA-S and HDL, for which the lowest quartile
indicates the highest risk) scored “1” and these in the other
quartiles scored “0.” The sum score could therefore range
from 0 to 10 with a higher score indicating a higher wear
and tear of the body. This score was binary recoded with par-
ticipants scoring 5 or higher in one group and participants
scoring lower than 5 as reference group. To better compare
the results, a third ALI was calculated with the five variables
of the streamlined ALI-5 using the statistical method of risk
quartiles. This means that values for diastolic blood pressure,

HbA1c, LDL, and waist circumference in the highest quartile,
and values for RMSSD in the lowest quartile scored “1” and
these in the other quartiles scored “0.”

Exclusion criteria

Participants with missing data on any of the variables under
study were excluded from the analysis. To better compare
the results with previous research on ALI-5, participants older
than 65 years were excluded as well.

Cutoff values

According to our earlier studies on ALI-5 (Mauss, Jarczok,
et al., 2015; Mauss et al., 2016), we have predefined subclin-
ical ALI-5 cutoff values as reported in Table 2 based on fol-
lowing references: components of the metabolic syndrome
(diastolic blood pressure and waist circumference) were
defined referring to the Joint Statement (Alberti et al., 2009)
and European guidelines (Williams et al., 2018), other meta-
bolic variables based on standard definitions including LDL
(Grundy et al., 2004) and glycosylated hemoglobin (World
Health Organization, 2011). RMSSD as a marker for HRV was
based on previous empirical data (Nunan et al., 2010; Shaffer
& Ginsberg, 2017) using a cutoff of 20ms. Our earlier studies
on ALI-5 used a much younger sample (MICS) and therefore
a cutoff of 30ms. As the MIDUS sample is on average a dec-
ade older, we lowered the cutoff value from 30 to 20ms in
contrast to our earlier studies based on reference data above.

Statistical analysis

We present descriptive, univariate analysis using means,
standard deviations, and range (minimum and maximum val-
ues) where appropriate. If indicated by a combined test for
normality based on skewness and on kurtosis (ladder com-
mand in Stata), the according linear transformation was
applied to better approximate a normal distribution. We con-
ducted bivariate correlations of all ALI variables with the sum
score of the PSS.

The usefulness of a new risk marker can be assessed by
several statistical methods (Pencina et al., 2010).
Recommendations for the reporting of novel risk markers
have been proposed (Vasan, 2006). In particular, the guide-
lines of the American Heart Association give recommenda-
tions for the reporting of studies that evaluate novel
biomarkers (here ALI-5 score). This includes observational
studies and the report of odds ratio with according confi-
dence intervals (CIs) or related statistics (Hlatky et al., 2009).
Therefore, three logistic regression models tested the rela-
tionship of binary ALI risk scores (ALI-5 and ALI-10) as
dependent variable with perceived stress as independent
variable, adjusting for age (years), sex (male and female), and
current smoking (no, yes). ALI sum scores were divided into
two categories with the lower two tertiles as reference cat-
egory (ALI-5: 4–5 and ALI-10: 4–10), resulting in upper tertile
values of >3 (ALI-5 and ALI-10). Model 1 (based on subclin-
ical cutoffs) and model 2 (based on the highest risk quartile)
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included all five variables of the streamlined ALI-5, model 3
included the 10 variables of the original ALI-10 risk score.
Subgroup analysis for sex and age cluster (26–46, 47–56, and
57–65 years) explored this association further. We used Stata
15.1 SE (StataCorp LP, College Station, TX) for data manage-
ment and statistical analysis.

Results

A total of N¼ 1421 (43% male) were included in the analysis
with an average age of 50.4 ± 9.3 years. The sample charac-
teristics are reported in Table 2. The average value of ALI-5
(subclinical) was 3.1 ± 1.2, of ALI-5 (statistical) was 1.2 ± 1.1,
and of ALI-10 2.6 ± 1.7. Distribution of all variables for both
ALI-5 scores is presented in Figures 1 and 2.

Perceived stress showed an average score of 22.9 ± 6.4.
Age, HRV, HDL, and waist circumference were significantly
correlated with perceived stress (Table 3). Adjusted logistic
regression models showed an odds ratio (OR 1.37 ± 0.19, CI
1.05, 1.80; p¼.0122) for ALI-5 (subclinical cutoff) with per-
ceived stress, whereas odds ratio of ALI-10 with PSS did not
reach significance (OR 1.27 ± 0.18, CI 0.95, 1.69, p¼.10) (Table
4). A second ALI-5 score based on the statistical distribution
of risk quartiles showed an odds ratio of 0.85 ± 0.32, CI 0.40,
1.80; p¼.676 with perceived stress.

Subgroup analysis of the ALI-5 (subclinical cutoff) pre-
sented a stronger association in females (OR ¼ 1.62 ± 0.28, CI
1.15, 2.28; p¼.006) and, although not significant, younger age
groups (26–46 years) (OR ¼ 1.52 ± 0.36, CI 0.96, 2.41; p¼.076),
as reported in Table 4.

Discussion

The ALI is used as a composite risk score of cumulative
health burden. Aim of this cross-sectional study was to repli-
cate earlier research findings on the association of perceived
stress with a streamlined ALI-5 score in a general population
sample from the USA and to compare these results with the
original ALI-10 score.

First, in addition to our findings regarding ALI and work-
related stress (Mauss, Jarczok, et al., 2015; Mauss et al., 2016)
we can confirm the ALI-5 as a reliable measurement associ-
ated with perceived stress in life. This index composed of
five variables such as diastolic blood pressure, HbA1c, LDL,
RMSSD, and waist circumference seems to be well defined
and valid. Although most of these 5 variables were not sig-
nificantly correlated to perceived stress, the composite score
of allostatic load still indicates physiological adaptions to
higher stress levels. This supports the hypothesis that ALI is a
better predictor of later health than single biomarkers
(Seeman et al., 2001). All these five variables have been used

Table 1. Items of the perceived stress scale.

In the last month, how often have you…

1 been upset because of something that happened unexpectedly?
2 felt that you were unable to control the important things in your life?
3 felt nervous and “stressed?”
4 felt confident about your ability to handle your personal problems? Reverse-coded
5 felt that things were going your way? Reverse-coded
6 found that you could not cope with all the things that you had to do?
7 been able to control irritations in your life? Reverse-coded
8 felt that you were on top of things? Reverse-coded
9 been angered because of things that were outside of your control?
10 felt difficulties were piling up so high that you could not overcome them?

Table 2. Sample characteristics (N¼ 1421).

Mean SD Min Max Subclinical cutoff value (predefined) Statistical cutoff value (risk quartile)

Age (years) 50.4 9.3 26 65 – –
Male (%) 43.4 – – – – –
Smoker (%) 17.5 – – – – –
Perceived stress scale (10–50) 22.9 6.4 10 48 – –
ALI-5 (0–5), subclinical cutoff 3.1 1.2 0 5 – –
ALI-5 (0–5), statistical cutoff 1.2 1.1 0 5 – –
ALI-10 (0–10) 2.6 1.7 0 9 – –
ALI-5 variables
Diast. blood pressure (mmHg) 76.7 10 48 114 �85 �83
Glycosylated hemoglobin (%) 5.9 1.1 3.8 14.9 �5.7 �6.1
Low-density lipoprotein (mmol/l) 5.87 1.95 0.89 17.9 �3.4 �3.2
Waist circumference (cm) 97.6 18.5 60 266 m� 94; f� 80 m� 112; f� 103
RMSSD (ms) 24.9 16.9 2.64 168 <20 <6.4

ALI-10 variables
Diast. blood pressure (mmHg) 76.7 10 48 114 �83
Syst. blood pressure (mmHg) 127 16.4 83 222 �140
Total cholesterol (mmol/l) 10.4 2.19 4.78 22.9 �5.3
High-density lipoprotein (mmol/l) 3.13 1.02 1.06 7.61 <1.1
Glycosylated hemoglobin (%) 5.9 1.11 3.8 14.9 �6.2
Waist-hip ratio 0.89 0.10 0.61 1.72 �1.0
DHEA-S (mg/dl) 126 83.1 3 685 <55
Epinephrine (mg/g creatinine) 29 171 0.09 5787 �19.3
Norepinephrine (mg/g creatinine) 126 310 3.95 6351 �140
Cortisol (mg/g creatinine) 19.2 28.9 0.6 946 �24.6
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in earlier studies, e.g. diastolic blood pressure and HbA1c are
part of the original ALI of 1997 (Seeman et al., 1997).
Common understanding of ALI research is that different path-
ways such as metabolic (e.g. waist circumference), neuro-
physiological (e.g. HRV), and cardiovascular (e.g. HbA1c)
should be covered in a comprehensive risk score (Juster
et al., 2010; Mauss et al., 2016) to have a strong predictive
power for future diseases.

Surprisingly, the HRV parameter RMSSD was not nega-
tively correlated with the PSS stress measure in the MIDUS
sample using parametric and nonparametric correlation
(Supplementary Figure 1). Usually, more perceived stress
means lower vagal activity. However, we previously found a
measure of depressive symptoms to be negatively correlated

to measures of HRV in men, but positively in women (Jarczok
et al., 2018). Similar, higher depressive symptoms are usually
reported to be associated with lower vagal activity. The posi-
tive association between HRV and PSS remains when using
other HRV parameters from the 5-min resting baseline
(SDNN, HF-power, and LF-power ) in nonparametric correla-
tions. Other experimental phases are available (e.g. stress and
recovery) to derive reactivity. The here reported positive asso-
ciation warrant further analysis that are beyond the scope of
this manuscript. We still would strongly recommend to use
vagally-mediated HRV parameters as a neurophysiological
variable for the calculation of allostatic load based on grow-
ing evidence that HRV is a very valuable indicator for work-
related (Jarczok et al., 2013, 2020; J€arvelin-Pasanen et al.,

Figure 1. Distribution of ALI variables (0–5), based on subclinical cutoff.

Figure 2. Distribution of ALI variables (0–5), based on statistical cutoff (risk quartile).
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2018; Tonello et al., 2014) and non-work-related stress (Glei
et al., 2013).

Second, our standardized set of five variables contributes
to a set of practical tools for occupational physicians. Our
findings support the hypothesis that the streamlined ALI
based on subclinical thresholds is stronger associated with
various sources of stress than the ALI-5 or ALI-10 based on
statistical thresholds. In addition, most variables of earlier
studies calculating an ALI risk score are difficult to measure
due to missing standards, a lack of (sub-)clinical thresholds,
or high costs. For example, earlier attempts for a streamlined
ALI with seven (Johansson et al., 2007) or eight (Langelaan
et al., 2007; N€aswall et al., 2012) variables included no pri-
mary mediators. Others with four or five variables included
those that are expensive and hard to assess such as cortisol,
epinephrine, norepinephrine, and DHEA-S (Gersten, 2008), or
thrombin/antithrombin III complex, d-dimer, tissue-type plas-
minogen activator antigen, von Willebrand factor, and plas-
minogen activator inhibitor 1 antigen (K€anel et al., 2003). In
addition, it is beneficial to use a limited number of bio-
markers and still covering neurophysiologic (e.g. HRV), meta-
bolic (e.g. waist circumference), and cardiovascular (e.g.
glycosylated hemoglobin) pathways. The benefit of our
streamlined ALI-5 is the easy accessibility and low expenses
as well as thresholds based on subclinical values according
to clinical guidelines and evidence. This approach allows
usability in day-to-day business as it is not related to statis-
tical distribution in bigger population samples based on the
highest risk quartile (below the 25th percentile for RMSSD,
above the 75th percentile for diastolic blood pressure, waist
circumference, HbA1c, and LDL). On the other hand side,

empirically defined thresholds may enable examinations of
whether other gradients are associated with health variables
(Thomson et al., 2019). A statistical approach to calculate an
ALI risk score is important and useful but should be limited
to empirical studies and not to the daily routine of occupa-
tional health practitioners.

Third, our findings indicate gender-related differences
regarding the association of perceived stress in life and indi-
cators of individual health status. While our earlier studies
showed that work-related stress is stronger associated with
allostatic load in men (Mauss, Jarczok, et al., 2015; Mauss
et al., 2016), women in the MIDUS sample exhibited a stron-
ger association of perceived stress and ALI. This finding is in
line with earlier findings from the SEBAS sample in elderly
Taiwanese (Goldman et al., 2005). Cohen and Janicki-Deverts
polled more than 2000U.S. residents over the age of 18
between 1983 and 2009. The results indicate that women
report more stress in all three surveys. They also show that
as Americans age, they experience less stress and that retir-
ees consistently report low levels of stress, indicating that
retirement is not experienced as an adverse event (Cohen &
Janicki-Deverts, 2012). While job empowerment and equal
gender rights might add some burden on employed women
it may as well be endemically stressful for modern women
balancing both work and private life (Juster & Lupien, 2012).
Stress reaction of both genders may differ following behav-
ioral patterns due to divergent roles and genetic disparities.
While Taylor et al. (2000) mentioned that women are more
likely to act supportive and assisting (tend-and-befriend),
men’s behavior are usually related to confrontation or flight
(fight-or-flight). Although the basic neuroendocrine stress
responses do not vary substantially between males and
females, these behavioral patterns may certainly have an
impact on physiological stress reactions and therefore on
allostatic load. Recent studies have shown sex differences in
perceived stress of patients with acute myocardial infarction
(Xu et al., 2015) and depression (Nayak et al., 2019). In the
last 50 years, gender roles, family roles, and family structure
have undergone dramatic shifts from traditional role expecta-
tions of “men as breadwinner” and “women as caregiver” (Xu
et al., 2015). Other changes in social context such as
increased labor force participation among women and higher
divorce rates and single parenthood might be additional
stressors, which certainly have implications on women’s
stress perception and health (Williams & Kurina, 2002).
Finally, we found a stronger association of perceived stress
and ALI in participants aged 26–46 years (OR 1.52), although
not significant (p¼.076). While the ALI in general is age-
dependent due to age-dependency of all included variables
rising until the age of 60 and remaining on the same level
up to 90 years (Crimmins et al., 2003), the association of
stress and ALI may show a different pattern. The fact that the
association of stress in life and ALI is strongest in younger
age groups indicates that the vulnerability may be higher in
younger people. The “window of opportunity” between the
age of 20 and 60 years mentioned by Juster might be even
tighter and more important to address stress-relieving activ-
ities in younger populations (Juster et al., 2010).

Table 3. Pearson’s correlation of perceived stress and various ALI variables.

Perceived stressa

Pearson’s r p Value

Age �0.16 <.001
Diastolic blood pressurea 0.02 .395
Systolic blood pressureb �0.04 .092
RMSSDb 0.08 .004
High-density lipoproteinb �0.07 .010
Low-density lipoproteina 0.03 .192
Cholesterolb 0.02 .426
Glycosylated hemoglobin 0.01 .700
Waist-hip ratioc 0.02 .505
Waist circumferencec �0.06 .017
DHEA-Sa �0.00 .881
Epinephrine �0.03 .303
Norepinephrinec �0.01 .747
Cortisolb �0.04 .107
a(sqrt), b(log), and c(1/sqrt) indicate linear transformation to better approxi-
mate normal distribution.

Table 4. Logistic regression models, allostatic load index (ALI) as dependent
variable, perceived stress as independent variable, adjusted for age, gender,
and smoking, ALI-5 stratified by gender and age.

N OR SE 95% CI p Value

ALI-10 (highest risk quartile) 1421 1.27 0.18 0.95–1.69 .103
ALI-5 (highest risk quartile) 1421 0.85 0.32 0.40–1.80 .676
ALI-5 (subclinical cutoff) 1421 1.37 0.19 1.05–1.80 .022
� Women 805 1.62 0.28 1.15–2.28 .006
� Men 616 0.99 0.22 0.63–1.54 .956
� 26–46 years 480 1.52 0.36 0.96–2.41 .076
� 47–56 years 509 1.31 0.28 0.86–1.99 .207
� 57–65 years 432 1.31 0.37 0.76–2.27 .336
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Our study presents different strengths. First, this study
compares the relatively new and streamlined ALI-5 with the
original ALI-10 risk score to find the best way to calculate the
index. Second, the age range and size of the MIDUS sample
allowed us to test for age and gender differences in the asso-
ciation of perceived stress and allostatic load, although we
excluded participants older than 65 years. A supplementary
analysis (data not shown) included these participants in the
age range of 66–86 years (n¼ 352) resulting in a full sample
size of 1773 participants. This analysis showed similar results
and led us to the same conclusions. Third, due to the broad
measurement of variables in the MIDUS biomarker project
including multiple indicators of neurophysiological, endo-
crine, cardiovascular, and metabolic activity (Gruenewald
et al., 2012), we were able to use one of the most compre-
hensive data sets to calculate different indices for allostatic
load. That is especially exceptional as neuroendocrine bio-
markers of the ALI-10 are expensive and hard to measure
and are usually not part of routine datasets.

Limitations

Besides several strengths, this study has some limitations
worth noting. First, although the MIDUS sample is diverse in
respect to age, gender, and socioeconomic status, generaliz-
ability is limited to a U.S. population according to possible
racial/ethnic differences. Second, this study has a cross-sec-
tional study design. Therefore, it is difficult to draw any
causal conclusions about the direction of observed associa-
tions. While we concluded, based on existing literature, that
work-related or general perceived stress in life leads to wear
and tear of the body, it may be that physical and psycho-
logical complains increase perceived stress levels of partici-
pants. Third, the association of perceived stress and ALI
could depend on estimations and methods to define a high
risk versus low-risk ALI as well as binary coding of the PSS.
Nevertheless, this association was independent of the group
split for ALI-10 variables (0–6 and 7–10 variables versus 0–4
and 5–10 variables as reference group). Fourth, there is lim-
ited evidence on cutoff values. For example, the parameters
for HRV vary across age. Using several literature sources and
own data from more than 12,000 office clerks (under revi-
sion), the average (i.e. 50th percentile) RMSSD value for male
and female participants aged 50–54 is between 20 and 22ms
(Nunan et al., 2010; Shaffer & Ginsberg, 2017), while that for
participants aged 40–44 years is 28–29ms. Our previous two
published MICS papers apply a cutoff value for RMSSD of
30ms, but the average age of the underlying German sample
is around 41 years, matching the chosen cutoff value of
30ms. As the MIDUS sample is on average a decade older,
we lowered the cutoff value to 20ms based on the observa-
tion described above. Future studies could differentiate
between age clusters using age-dependent cutoff values for
HRV. Finally, today’s level of perceived stress or as assessed
by PSS, stress level of the last 4 weeks, is not likely to repre-
sent earlier stress exposures, whereas an observed level of
physiological dysregulation is likely to reflect a vast number
of influences experienced over the life course.

Conclusion

The findings underline the approach of using predefined sub-
clinical cutoff values instead of statistical methods based on
risk quartiles to calculate an ALI risk score. In addition, the
five variables including diastolic blood pressure, HbA1c, LDL,
RMSSD, and waist circumference seem to be reliable bio-
markers associated with perceived stress in life. The index
could be used as an indicator for different sources of stress,
work-related and non-work-related, and should be validated
in longitudinal study settings.
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