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Abstract: The Allostatic Load Index (ALI) has been used to establish associations between stress
and health-related outcomes. This review summarizes the measurement and methodological chal-
lenges of allostatic load in occupational settings. Databases of Medline, PubPsych, and Cochrane
were searched to systematically explore studies measuring ALI in working adults following the
PRISMA statement. Study characteristics, biomarkers and methods were tabulated. Methodologi-
cal quality was evaluated using a standardized checklist. Sixteen articles (2003-2013) met the inclu-
sion criteria, with a total of 39 (range 6-17) different variables used to calculate ALI. Substantial
heterogeneity was observed in the number and type of biomarkers used, the analytic techniques
applied and study quality. Particularly, primary mediators were not regularly included in ALI
calculation. Consensus on methods to measure ALI in working populations is limited. Research
should include longitudinal studies using multi-systemic variables to measure employees at risk for

biological wear and tear.
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Introduction

Chronic stress is common in the workplace and has
L 2), job terminations™ 4),
work-related accidents”, and reduced productivity®.
Work-related stress has been declared one of the big-
gest challenges of the 21st century by the World Health
Organization”). Moreover, seventy-nine percent of 28,649

been associated with absenteeism

European managers participating in the European Survey
of Enterprises on New and Emerging Risks (ESENER)
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in 2009 identified work-related stress as the second big-
gest risk in occupational safety®. Stress has also been
recognized as an important risk factor for health-related
conditions that affect workers’ quality of life including
cardiovascular diseasegfu), diabetes mellitus'> 13), asth-

1) exhaustion'"™!?,

ma'?, sleep disorders'”, depression
and back pain*”. Reducing stress in the workplace can
improve employees’ work ability and well-being?" as well

22)

as productivity™™ with consequent economic and social

benefits for companies, workers and society as a whole*>.

Stress is thought to exert negative effects on health
through constant stimulation of a number of systems in the
body including the hypothalamic-pituitary-adrenal (HPA)
axis and autonomic nervous system (ANS). Adaptation in

some form is usually required to achieve or re-establish



stability (allostasis). The cost of chronic exposure to fluctu-
ating or heightened neural or neuroendocrine response re-
sulting from repeated or chronic stressful events is defined
as allostatic load®¥. Approaches to measuring sources of
stress and their health consequences vary substantially25 ),
One commonly used approach for the latter, the Allostatic
Load Index developed in 1997 by Seeman and colleagues,
provides a possible assessment of the cumulative influence
of psychosocial factors on health and wellbeing using
indicators for the functioning of potentially affected sys-
tems”®. Previous work demonstrates, for example, that an
elevated Allostatic Load Index is associated with all-cause

mortality27—29) 26, 30)

, cardiovascular disease , mental dis-
cases’”, migraine®?, periodontitis®® ¥, and other health-
related conditions in the general population. Insights from
this work are necessarily limited, however, as a variety of
biomarkers beyond those originally described have been

used.

Concepts of allostatic load and overload
In 1860, Claude Bernard described the concept of
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homeostasis (Greek: homoiostasis = steady state) as the
maintenance of the internal milieu*¥, coined by Walter
Cannon for further application®”. More recently, Sterling

and Eyer’®

introduced the term allostasis (Greek: allos
= different, and stasis = congestion) in reference to pro-
cesses that enabled adaptation®” to psychosocial stressors,
including those needed to re-establish physiological
balance®®. For example, previous work documents that
the release of stress-related hormones, their antagonists
and anti-inflammatory cytokines (referred to as “primary
mediators”) help maintain homeostasis in the face of
exposure to stressful stimuli*” >, However the interaction
between these primary mediators of the stress-response
cycle can also synergistically affect cellular activities to
result in effects of their own (sometimes referred to as
“primary effects”) such as reduced sleep quality or anxi-
ety*® *D_ Recent work indicates that the primary effects
and pathophysiological processes on mitochondrial level
could potentially also be measured*”. The term “allostatic
load” (Fig. 1), first described by McEwen and Stellar’>¥
refers to the aggregate physiological consequences of

Adequate functioning Dysregulation
normal adaptation failed cumulative dysregulation
to stress adaptation
homeostasis allostasis allostatic load <= allostatic overload health outcomes

Primary mediators
(epinephrine,
norepinephrine,
cortisol, DHEA-S,
vagal tone, tumor-
necrosis factor-o,
interleukin-6)

Note: help to maintain

homeostasis, protective

& damaging effects on
the body possible

Primary effects
(anxiety, sleeping
problems, mood

changes, etc.)

Note: organ- and tissue-
specific cellular events
that are regulated by
primary mediators

Secondary outcomes
(abnormal metabolism,
cardiovascular risk factors,
inflammation, common
cold, etc.)

Note: cumulative outcome
of primary effects in
response to primary

mediators

Tertiary outcomes
(arterial hypertension, CVD,
stroke, obesity, diabetes
mellitus, depression, chronic
pain/fatigue, cancer,
Alzheimer’s disease,
gastrointestinal disorder, etc. )

Note: result of allostatic
overload, prediction by
extreme values of secondary
outcomes and primary

mediators

health damaging behaviors

<«——— (e.g. smoking, alcohol abuse, ——»

overeating, reduced exercise)

overcommitment, social support, job insecurity, effort-reward imbalance, etc.

Stress: socio-economic status, financial problems, work load, job strain, early life experiences, esteem, decision latitude,

Fig. 1. Stress-regulating process from homeostasis to allostatic overload.

DHEA-S: Dihydroepiandrosterone sulfate, CVD: cardiovascular disease.
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chronic adaptation, including the wear and tear that occurs
at the cellular and supracellular levels within the hu-
man body*” **). Constant secretion of primary mediators
promotes allostatic overload and secondary outcomes
such as sub-clinical disturbances in markers of cardiovas-
cular, metabolic, and immune functioning. Finally, with
chronic stress dysregulation, clinical manifestations of
disturbances (negative health consequences) referred to as
“tertiary outcomes” may emerge such as the development
of cardiovascular diseases or depression®”). These tertiary
outcomes are the result of allostatic load, which can be
predicted from extreme values of the secondary outcomes

and of the primary mediators’”.

Measuring allostasis and allostatic load

Health-related effects of stress can be measured and
quantified using tools such as the Allostatic Load Index.
This index was originally based on data from 10 physi-
ological or physical measurements including six secondary
outcomes: systolic and diastolic blood pressure, total cho-
lesterol (TC), high-density-lipoprotein (HDL), glycosyl-
ated hemoglobin (HbAlc), waist-to-hip ratio (WHR), and
four primary mediators: dehydroepiandrosterone sulfate
(DHEA-S), as well as urinary epinephrine, norepinephrine,
and cortisol?®). According to the original description, these
data are transformed into a summary score by assessing
the distribution of each value within the screened sample
and assigning those within the highest risk quartile (lowest
quartile of DHEA-S and HDL-values) the value “1”. These
binary indicators, all of which are equally weighted, are
then added. The original index, ranging from 0 to 10 with
higher values indicating higher physiological strain and
lower values indicating better adaptation to stress, and was
validated in the McArthur Study of Successful Aging®®).

To enable the development of future interventions
that might mitigate the health effects of work-related
stress, methods used in assessing key associations must
be thoughtfully considered and carefully evaluated. For
example, numerous methods exist for quantifying physi-
ological responses to stress, each with varying levels of
sensitivity and specificity. The extent to which method-
ological variability exists in quantifying these responses
is unclear, yet this may impact the quality of evidence
upon which interventions may be based. Additionally, the
extent to which measures of allostatic load represent this
complex concept fully may influence accuracy. There is
common agreement among researchers that allostatic load
measurement should include neuroendocrine and immu-
nological biomarkers** 9, because multiple mediators are

involved in the process of stress adaptation and interact
in a non-linear way to affect many organ systems within
the body*”. Nevertheless, there is a lack of agreement on
the combination of different biomarkers that best reflect a
gold standard, leading people to approach the “diagnosis”
of allostatic overload in a variety of ways.

Therefore, the objective of this study was to examine
the ways in which the Allostatic Load Index has been
measured, the frequency with which the concept of allo-
static load was fully represented by operational measures,
and the range of biomarkers used in working populations.
Studies with poor methodological quality are more likely
to be affected by bias than those of very good quality*®).
Additionally, studies that incompletely represent elements
of the allostatic load model may be subject to inaccurate
conclusions from their results unless some effort is made
to validate the new approach. To ensure suitability for dai-
ly use of the Allostatic Load Index by occupational health
practitioners a gold standard with standardized definitions
is required. We hypothesized that there is limited evidence
and consensus for A) specific biomarkers, B) defined
thresholds of used variables, and C) techniques calculating
an Allostatic Load Index.

Methods

Search strategy

We searched multiple databases, including Medline
(1966-2013) accessed using both PubMed (US National
Library of Medicine) and DIMDI (Deutsches Institut fiir
Medizinische Dokumentation und Information), the data-
bases of PSYNDEX (1981-2013), PASCAL (1973-2013),
ISOC-Psicologica (1975-2013), ERIC (Education Re-
sources Information Center) (1966-2013), NARCIS (Na-
tional Academic Research and Collaborations Information
System) (1907-2013) accessed via PubPsych (Leipniz-
Zentrum fiir Psychologische Information und Dokumenta-
tion), and the Cochrane Central Register of Controlled
Trials (1993-2013). Articles eligible for review were
those published up to December 31, 2013. Search terms
included “allosta*” and “allosta?” or the English key word
“allostatic load”, respectively.

Study selection

Methods of the analysis and inclusion criteria were
specified in advance (Appendix), following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) statement*”. Titles and abstracts of each
article were read by two reviewers (DM, MNJ) to identify



whether the manuscript met all of the following eligibility
criteria: (1) calculation of an Allostatic Load Index from
measures of physiological functioning or physical char-
acteristics; (2) human study; (3) employed participants;
(4) full text article; (5) article written in English, German,
French, Spanish, or Chinese. Duplicate publications, edi-
torials, book chapters, lectures, commentaries, and animal
studies were excluded as was research on children and
retirees (Fig. 2), given our focus on studies conducted in
working adults. In the event an abstract was not available,
the full text was screened to determine whether the article
should be retained in the sample. When disagreements
about the eligibility of a study arose, both reviewers
screened the full text of the article. Reference lists for
all articles (both those included and excluded from the
sample) were screened to identify additional articles for
review. Initial agreement between the two reviewers for
inclusion was 100% (Cohen’s k of 1.0).

The search strategy identified 860 articles: 757 from
Medline (757 by PubMed and 719 by DIMDI), 95 from
PubPsych (51 by PASCAL, 31 by PSYNDEX, 5 by ERIC,
6 by NARCIS, 2 by ISOC), and 8 from the Cochrane
Register. After excluding 74 duplicates, 786 abstracts
were screened. Fifty-eight full-text articles were reviewed
following the initial application of exclusion criteria; an
additional 46 were excluded due to samples restricted to
non-working individuals (older adults or children) or due
to other reasons reported in Fig. 2. Reference list screening
identified four additional eligible publications, resulting in
a total sample of 16 articles published between 2003 and
2013. Three studies®®>? measuring allostatic load in dif-
ferent subgroups within the same sample were retained as

53, 54)

were two studies that explored different hypotheses

within the same sample.

Data abstraction

After reviewing the full text of each article, the fol-
lowing elements were abstracted: year of publication,
authors, business or industrial setting, number and type
of biomarkers that were incorporated into calculating the
Allostatic Load Index, reported Allostatic Load Index
(mean value), study design, number of participants, age of
the study sample (mean, standard deviation, and range),
gender (% male), and study findings. To remain consistent
with the original description of Seeman®® and to follow
previously used classifications®>>”), biomarkers were
categorized either as primary mediators or as secondary
outcomes according to Fig. 1. Further primary mediators
were classified into three categories: neuroendocrine
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Fig. 2. Study selection.

factors (hypothalamic-pituitary-adrenal [HPA] axis and
sympathetic-adrenal-medullary [SAM] axis), neurophysi-
ological factors (vagal activity), and anti-inflammatory
markers, while secondary outcomes were classified into
four categories: metabolic factors, inflammatory markers,
cardiovascular factors, and organ functions. Additionally,
any information related to the method used to calculate
the Allostatic Load Index was abstracted along with con-
founders assessed in each study.

Quality assessment/Assessment of potential bias

Although there is no recognized gold standard for as-
sessing methodological quality of observational studies,
we used a checklist approach modified from previous
work®® > that identified study features associated with
potential sources of bias and the presence of key concep-
tual components (Table 1). Two reviewers (DM, MNJ)
independently assessed these criteria for each study, with
any disagreement resolved by consensus. Initial agreement
between the two reviewers in rating study quality was
92% (147 of the 160 items, Cohen’s « of 0.77). Two au-
thors were contacted by a member of the research team to
clarify details on methods used in conducting their study.

Industrial Health 2015, 53, 5-20
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Table 1. Checklist for assessing methodological quality

Study objective
1 A specific, clearly stated hypothesis is described.

Study population

2 The main features of the population (e.g. age, gender, industrial setting, place of recruitment) are described.

3 Sampling is random and not selective (data presented) (e.g. exclusion of participants with diabetes mellitus, cardiovascular disease,

or arterial hypertension).

Assessment of Allostatic Load Index

4 At least one primary mediator and three secondary outcomes are included in calculating the Allostatic Load Index (Fig. 1).
5 The Allostatic Load Index is calculated using the standardized method of risk quartiles 2%,
6 Allostatic Load Index components are directly measured using standard techniques.

Analysis and data presentation

7 Analyses are adjusted for potential sources of confounding.

8 Measures of associations are presented (OR including 95% confidence intervals for logistic regression, 3 for linear regression).
9 Cut-off values are presented for each variable used in calculating the Allostatic Load Index.

10 The number of cases in the multivariate analysis is at least 10 times the number of independent variables in the analysis.

Additional information obtained in this way did not result
in different ratings. When present, the criterion was scored
as “17; the value “0” was used if data were missing or if
specific information was not provided. We used a multiple
hurdle approach. If a study failed item 4 (use of at least
one primary mediator and three secondary outcomes for
ALI calculation) of the quality assessment, the study qual-
ity was rated as poor. This parameter was considered the
most important quality component irrespective of other
valuations. Additionally a quality score (0—10) was cal-
culated by summing the ratings and dividing these by the
total number of criteria. Each study was then categorized
as being of poor, fair, good, or very good methodological
quality if it met <60%, 60-79%, 80-99%, or 100% of
items, respectively. The quality assessment led to a judg-
ment about the risk of bias (poor quality = high risk; fair
quality = unclear risk; good and very good quality = low
risk) and the internal validity of this review in accordance
with the Cochrane Handbook®”.

Results

Study and sample characteristics

Table 2 summarizes study characteristics including the
year, first author, country in which the study was con-
ducted, work setting, biomarkers used in calculating an
Allostatic Load Index, study design, and sample character-
istics including mean age and gender composition. Nearly
all studies used a cross-sectional study design. A single
longitudinal study was identified®”, but the Allostatic
Load Index was determined at a single point in time and
associations with health-related outcomes were measured

cross-sectionally.

Data were presented on a total of 9,156 employees
(69.5% male) aged 18—65 yr from seven countries and var-
ious industrial settings. The number of participants in each
study ranged from 30 to 3,887 (mean=572, median=307).
Five studies recruited female participants onlyGl*GS)
three studies were restricted to male participants

and
66-68)

Seven studies explored employees in specific work set-

ting562764, 66, 67, 69, 70).

Range of biomarkers measuring allostatic load

A total of 39 different biomarkers (Table 3) were
used representing six different primary mediators and
33 different secondary outcome variables, with studies
in our sample including between six and 17 measures
(median=12.5; IQR=5.5) to calculate an index of allostatic
load as reported in Table 2. A wide range of thresholds for
each biomarker was reported depending on the screened
study sample.

Representation of the allostatic load concept

As mentioned, representation of the allostatic load
concept is reflected by the presence of specific types of
biomarker measures (primary mediators and secondary
outcomes), enabling the calculation of a summary index
and thereby indicating the degree of overload. Only two

63,69) assessed all 10 measures identified in the

studies
original description (median=7.0; IQR=2.3). The majority
of studies (88%) included four measures of the original
secondary outcomes with systolic and diastolic blood
pressure (94%), HDL (88%), and WHR (88%) being the

most prominent. Primary mediators including DHEA-S
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Table 3. Biomarkers used in calculating the Allostatic Load Index in working populations
Group Type Biomarker Description Threshold ranges
reported
Primary Neuroendocrine Cortisol (urine) Adrenal glucocorticoid and indicator of HPA-axis 24.83-25.6 pg/g
mediators activity creatinine
60.0 pg/l
418.5 nmol/l
Cortisol (saliva) 10.7 ng/ml
410.4-839.8 nmol/l
DHEA-S (ug/dl) Adrenal hormone and functional HPA-axis antagonist 13.3-51.5
Epinephrine (urine) Adrenal and brain catecholamine as neurotransmitter and ~ 4.75-9.0 nmol/l
indicator of sympathetic nervous system activity 5.55 pg/g creatinine
Norepinephrine (urine) Brain catecholamine as neurotransmitter and indicator of ~ 64.0 pg/g creatinine
sympathetic nervous system activity 173.0 nmol/l
Neurophysiological Heart rate variability Physiological phenomenon of variation in the time 118
(SDNN, standard deviation interval between heartbeats measured by the variation in
of beat-to-beat intervals) beat-to-beat intervals
(ms)
Anti-inflammatory ~ TNF-a (pg/ml) Cytokine affecting inflammation, tissue repair, immune 1.44-2.2
defence, and lipid metabolism; increased in obesity
Secondary Metabolic Insulin (pU/ml) Pancreatic hormone for regulating glucose levels 46.85
outcomes Glucose (mg/dl) Blood glucose; primary source of energy 97.3-122.0
Total cholesterol (mg/dl) Basic element of steroid hormones, former indicator of 177.9-249.0
atherosclerotic risk
HDL Cardioprotective form of cholesterol, transport of 37.0-76.0
High-density-lipoprotein cholesterol from peripheral tissues to liver, indicator of
(mg/dl) atherosclerotic risk
LDL Cardio-damaging form of cholesterol, transport of 116.0-137.3
Low-density-lipoprotein cholesterol to peripheral tissues, indicator of
(mg/dl) atherosclerotic risk
Triglyceride (mg/dl) Cardio-damaging form of fat, important source of energy ~ 101.5-141.75
Total cholesterol-HDL ratio Indicator of atherosclerotic risk 3.71
HbAlc (%) Average glucose level over the previous 12 wk, 4.6-5.8
indicating degree of blood glucose regulation
Waist-to-hip ratio Indicator of location of adipose tissue deposits based on 0.83-0.97
ratio of waist circumference to hip circumference
Body Mass Index (kg/m?)  Indicator of obesity based on weight and height 25.2-28.5
Body fat (%) Percentage of a person’s body that is not composed of 22.0-37.3
water, muscle, bone, and vital organs, equivalent to
essential fat plus storage fat
IGR Parameter for differential diagnosis of hypoglycemia 1.76
HOMA-IR Measure of insulin resistance 2.05
HOMA-B Measure of pancreatic B-cell function 3.94
Adiponectin (ng/ml) Hormone synthesized in fat cells for regulation of 5.79

perceived hunger and increased effect of insulin;
decreased with high insulin resistance

(44%), and urinary cortisol (44%), epinephrine (25%) and
norepinephrine (19%) were less frequently assessed in
our sample with six studies (38%) measuring no primary

mediators at all®! ¢!+ 65-6%),

All studies created risk quartiles for the distribution of

components and used these in calculating some form of
an Allostatic Load Index?®. In one case, z-score values
were also determined for each individual and summed®®.
This standardized formulation allows the weight of each
biomarker to differ depending on its deviation from the

Industrial Health 2015, 53, 5-20
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Continuation of Table 3.
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. L Threshold ranges
Group Type Biomarker Description
reported
Inflammatory CRP (mg/l) acute phase inflammatory protein 1.4-6.0
D-Dimer (mg/l) fibrin cleavage product resulting from activated blood 0.38
coagulation and fibrinolysis; elevated by stress
Erythrocyte sedimentation  rate at which red blood cells sediment in a period of one ~ 5.0-13.0
rate (mm/h) hour as a non-specific measure of inflammation
Fibrinogen (g/1) protein and factor of blood coagulation, influences 3.3-4.69
thrombosis; elevated by stress
Interleukin-6 (pg/ml) pro-inflammatory cytokine and anti-inflammatory 1.17-1.27
myokine stimulating immune response
Visfatin (ng/ml) inflammatory adipokine 14.97
Cardio-vascular Systolic blood pressure indicator of intravascular pressure at end of left 115.2-160.0
(mmHg) ventricular contraction
Function Diastolic blood pressure indicator of intravascular pressure at end of left 71.2-95.0
(mmHg) ventricular relaxation
Pulse (bpm) heart rate 69.3-77.0
Organ function Albumin (urine) (g/1) early indicator of subclinical renal damage 4.3-42.5
a-Amylase (U/1) enzyme synthesized in pancreatic gland and salivary 32.25
glands for enzymatic cleavage of glucose
Alkaline phosphatase enzyme present in all tissues throughout the entire body,  65.0-69.0
(mU/ml) particularly concentrated in liver, bile duct, and kidney
Bilirubin (mg/dl) yellow breakdown product of normal haemoglobin 0.8-0.9
catabolism
Creatinine (mg/dl) breakdown product of muscle creatinine phosphate, 0.16
filtered and excreted by the liver
Creatinine clearance rate volume of blood plasma that is cleared of creatinine 75.0-97.5
(ml/min) per unit time, measure of renal filtration function
Peak expiratory flow (I/min) maximum pulmonary airflow and expiratory speed 260-370
Prolactin (ng/ml) pituitary hormone stimulating milk production in 10.0-11.0
mammary glands, elevated by stress and sleep deprivation
Total plasma protein total amount of protein in blood plasma made up of 7.8-7.9

(/100 ml)

albumin and globulin

Adapted expansion of data published by Juster®®). Threshold values indicating high risk status were based on the distribution of a biomarker in each study
sample and therefore varied. AL: allostatic load, CRP: C-reactive protein, DHEA-S: Dihydroepiandrosterone sulfate, HbAlc: glycosylated hemoglobin,
HOMA: Homeostasis Model Assessment, HPA: Hypothalamic-pituitary-adrenal axis, IGR: Insulin Glucose Ratio, TNF-a: Tumor-Necrosis Factor o

sample mean’®. Different analytic techniques to identify a
threshold for “high” or “low” Allostatic Load Index were
used. Most authors treated the Allostatic Load Index as a
continuous variable, although dichotomous approaches
to indicate allostatic overload were also noted. The latter
categorized the distribution of values using quartiles®?, a
median split** ¢7®®), or various threshold values™ Y.

Study findings

Findings of the included studies indicated associations
of increased allostatic load with work-related loads includ-
ing effort-reward-imbalance, low work safety, low deci-
sion latitude, and low job control, as well as with health

consequences like exhaustion, burnout, and low self-
rated health. Details are presented in Table 2. One study®"
reported no findings related to allostatic load.

Quality assessment

Six studies (38%) failed the minimum hurdle (item 4)
and therefore were scored as being a study of poor quality.
The mean of the summary quality score (Table 4) was 76%
(range: 40—-100%), but only six studies (38%) were judged
to be of good or very good quality according to our defini-
tion. Twelve out of 16 studies provided a clearly described
hypothesis. Studies in our sample varied in terms of size,
setting and participant composition with the exception
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Table 4. Quality assessment of studies in the sample (N=16)
Methodological items
1 10 mul- Method
. 2 popu- 3 sam- 4 mediators 5 ALI 6 measure- 7 con-  8associa- 9 cut- o .
First author  hypoth- . . . . . tivariate score Quality
. lation pling & outcomes  calculation ment founding tions offs .
esis analysis n %

Bellingrath 1 1 0 1 1 1 1 0 1 0 7/10 70 fair

De Castro 0 1 1 1 1 1 0 0 1 0 6/10 60 fair

Fischer 1 1 1 1 1 1 1 1 0 1 9/10 90 good

Hasson 1 1 0 1 1 1 1 1 1 1 9/10 90 good
Johansson 0 1 1 0 1 1 0 0 0 0 4/10  (40)  poor

Juster (2011) 1 1 0 1 1 1 1 0 1 0 7/10 70 fair

Juster (2012) 1 1 0 1 1 1 1 1 1 0 8/10 80 good

Juster (2013) 1 1 0 1 1 1 1 1 1 1 9/10 90 good

Articles Langelaan 1 1 1 0 1 1 1 0 1 1 8/10 (80)  poor
Li (English) 1 1 0 0 1 1 1 1 1 1 8/10 (80)  poor

Li (Chinese) 1 1 0 0 1 1 1 0 1 1 7/10  (70)  poor

Lipowicz 0 1 0 0 1 1 1 1 1 1 7/10  (70)  poor

Niswall 1 0 0 0 1 1 1 1 1 1 7/10  (70)  poor
Schnorpfeil 1 1 1 1 1 1 1 1 1 1 10/10 100 very

good

Sun 1 1 0 1 1 1 1 1 1 1 9/10 90 good

Von Thiele 0 0 0 1 1 1 1 1 1 1 7/10 70 fair

Studies failing item 4 were rated as being of poor quality (shown by %-score in brackets).

of the two studies of Juster et al. that used the same 30
participants to explore different hypotheses®> >*. Although
two studies did not account for potential confounders in
the analysis®!* ©”, the majority incorporated a wide number
and type of potentially confounding characteristics such
as age, gender, smoking, alcohol, educational or marital
status, physical exercise, children at home, type A person-
ality, burnout, working time, occupational status, and self-
rated health. The most frequently used confounder was
age (data not shown).

Discussion

This systematic review summarizes current knowledge
about measuring allostatic load in the workforce. We
identified substantial heterogeneity in terms of the extent
to which the concept of allostasis was fully represented
by operational measures and the range of biomarkers used
to quantify allostatic load. Furthermore we found varying
methodological quality.

Our data illustrate the numerous ways in which the rep-
resentation of the allostatic load concept has diverged from
the original description. Newer biomarkers in diverse com-
binations have been introduced. No single set of biomark-
ers has been developed to standardly calculate an index of
allostatic load. This may be a reason for a large number
of biomarkers identified in our sample. Although use of

standardized definitions, specific thresholds indicating
higher risk and methods for calculating other risk indices
such as Metabolic Syndrome’", Framingham Risk Score’™
%) SCORE™, or Prospective Cardiovascular Muenster
score (PROCAM)™ is common, there appears to be rela-
tively little uniformity in defining and measuring allostatic
load. We observed, that slightly less than two thirds of the
studies in our sample included neuroendocrine and im-
munological biomarkers together, although there is greater
explanatory power by doing so. For example Néswall et al.
did not include any primary mediators in their Allostatic
Load Index, although salivary cortisol was measured®®.
Failing this elementary conceptual rule might increase
the potential for falsely negative findings. Although some
authors have stated that the diversity of biomarkers used
for allostatic load is not as problematic as expected®® ",
a minimum standard should be defined to benefit from a
multisystemic based formulation. For example men tend
to exhibit dysregulation in cardiovascular parameters,
while women are more likely to exhibit high levels of
neuroendocrine parameters’ . Additionally, empirical
evidence for mortality supports the advantages of measur-
ing multisystem functioning as well. Goldman showed that
inclusion of neuroendocrine biomarkers (epinephrine, 1L-
6) increased explanatory power for 3 yr mortality over a
model restricted to clinical measures like blood pressure

and metabolic biomarkers in 927 elderly Taiwanese™®).

Industrial Health 2015, 53, 5-20
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Karlamangla described better prediction of mortality and
declining physical functioning by the original allostatic
load compared to the Metabolic Syndrome and primary
mediators alone in 729 elderly retired Americans*?.

The allostatic load concept includes measurement of
primary mediators and secondary outcomes as described.
These parameters reflect subclinical symptoms while
tertiary outcomes are the clinical diagnoses although this
is not always selective (e.g. hypertension). Nevertheless
there is no agreement on how to best measure primary
mediators like neuroendocrine biomarkers, whether in
urine, or saliva, or blood specimen. While blood samples
are easy to take, urine or saliva collections for the time of
12 or 24 h as well as repeated measurements is difficult
and highly complex’” and impractical. For daily usage
however there is need for practical techniques to collect
the right parameters cost-effectively. Additional inclusion
of the vagal activity measured by heart rate variability
might be such an easy assessable primary mediator for ex-

ampl o78-82) 83)

as it was used by Juster®”, although it has been
defined as a cardiovascular secondary outcome and not as
primary mediator by the author. Apart from the problem to
assess primary mediators over time, their levels may also
be related to such factors as allergies, sleep deprivation, or
infections misleading the existing allostatic state®* 55,

An important aspect of quantifying allostatic load is the
method used in summarizing its potential effects. Scoring
algorithms in the reviewed articles were congruent by
scoring high risk values as “1”, but several reports used
thresholds that varied depending on the distribution of the
biomarkers in the group under study. Although all studies
in our sample used the highest risk quartile for calculation
of an Allostatic Load Index, we found an unusually broad
range of thresholds especially for blood lipids and fasting
blood glucose. That brings us to the point that the allostatic
load model would benefit from standardized definitions for
subclinical threshold values of secondary outcomes, possi-
bly stratified by age- and gender. This approach was used by
two studies included to this review®® %¥. The use of primary
mediators like neuroendocrine biomarkers with circadian

changes’” 89

would benefit from a clinical threshold ap-
proach as well. An index calculation based on risk quartiles
could be impractical for use by a company physician as
it requires statistical knowledge, resources, and a defined
population for screening. It would not be possible to explore
one individual at a time. Hampson coherently argued for the
use of linear z-scores that increase statistical power®” but
this recommendation may share similar limitations.

Different approaches to measure allostatic load have
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been developed. On one side, simple count-based formula-
tion like the so-called Group Allostatic Load Index based
on sample’s distribution of biomarker values or the Norm
Allostatic Load Index based on normative biomarker val-
ues are a crude measurement of cumulative risk profiles™.
The latter is still pending due to unestablished biomarker
norms>®. On the other side, more complex scoring
algorithms allowing unequal weighting of the different
biomarkers showed stronger relationships to health out-
comes®®. The use of clinical cut-offs rather than extreme
sample quartiles however may represent an unrealistic
threshold for healthy employees, because people at work
are healthier than employees on sick-leave or early retire-
ment which are usually not explored (healthy worker ef-
fect)®. Even if the usage is impractical, the advantage of
using risk quartiles is that subclinical values for biomark-
ers are taken into account. A subclinical state of health
reflects the conceptual framework of allostatic load much
better than clinical manifestations. Earlier measurement
may enable earlier intervention that alters development
of multiple tertiary outcomes. Tertiary outcomes of allo-
static overload are normally time delayed. Among 22,000
participants of the NHANES study (National Health and
Nutrition Examination Survey) allostatic load steadily
increased among people aged 20—-60 yr and then plateaued
during the period of greatest mortality risk up to the age of
90%” even without inclusion of primary mediators. On the
one hand this illustrates the effects of aging, on the other
hand it shows a 40 yr “window of opportunity” for inter-
vention®® and highlights the importance of examination
of psychosocial stress and allostatic load at younger ages
and in apparently healthy employees. Would it be possible
to counteract the effects of aging and decreasing flexibility
of our bodily systems? For example, a common used ap-
proach to measure employee health for prevention matters
is the work-ability index”® °". This index was successfully
designed to keep apparently healthy employees fit at work
in order to prevent early retirement and productivity loss
due to employee’s health and resources’ .

Our results should be interpreted within the context of
several limitations. First, the reported findings have limited
generalizability given the small number of eligible studies
under review. Nevertheless, a review about biomarkers
of chronic stress and the impact on health showed similar
results®®. Second, the included articles were characterized
by substantial heterogeneity regarding study methods and
quality. Only six of the included 16 studies (38%) were
judged to be of good or very good quality. Thus, well-
designed studies on allostatic load in the workforce are
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warranted in future. However, our study remains valuable
in describing the areas in which heterogeneity was found.
Third, we acknowledge the possibility of verification
bias. Our results could have been affected by the type and
sequence of tests used to define the presence of allostatic
overload. Fourth, the observational nature of studies in our
sample precludes inferences of causality in the instances in
which allostatic load occurred. So far, longitudinal studies
for allostatic load exist for mainly elderly people®® %%,
Further research should include longitudinal study designs
for working populations as well. Although it was not the
objective of this review to explore associations of work-
related stressors and allostatic load, we have presented
numerous findings of workplace conditions and health
outcomes linked to allostatic load doing justice to the
literature. These findings described in Table 2 seem to be
obvious, but an additional review or meta-analysis focused
on the association of work-related stress and allostatic load
should be undertaken to explore present evidence.

Conclusions

There is a limited number of studies measuring allostatic
load in the workforce and these can be further characterized
by a high degree of methodological heterogeneity; in addi-
tion, there is limited evidence and consensus for a defined
set of biomarkers using defined thresholds to calculate an
Allostatic Load Index. Therefore, in the near future, recom-
mendations of standardized approaches to conceptualize
and measure allostatic load are urgently needed for advanc-
ing knowledge in this area. Particularly, measurement
should consider a multi-organ system approach including a
set of defined primary mediators and secondary outcomes,
as well as the definition of thresholds for all variables
regarding the usability by occupational health practitioners.
Differences in age, gender, and socioeconomic status
should be discussed for these thresholds. This approach
could keep the general concept, but include a limited num-
ber of biomarkers with one parameter of neurophysiologic
pathways (i.e. hypothalamic pituitary adrenal axis, auto-
nomic nervous system) and one biomarker that has strong
predictive power for future disease events (i.e. myocardial
infarction). As a gold standard this set of variables should
always be included when measuring allostatic load. The
variables should be easy and reliable to measure with a po-
tential threshold within a subclinical range. In addition to
this core definition of variables other parameters could also
be added to ensure a broader approach as flexible definition
without omitting the gold standard. A longitudinal study
should test the predictive value of ALI in comparison to

D MAUSS et al.

single biomarkers or other well-known risk scores.
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