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Abstract
Allostatic load (AL) has been shown to be a useful marker of physiological strain during chronic stress and burnout in non-
clinical working populations. The usability of the AL index for a clinical population with severe stress-related exhaustion
was tested in this study. Thirteen biomarkers assembled as an AL index were analysed using blood samples from 90 patients
with stress-related exhaustion (43 men and 47 women, age 31–61 years) and 90 healthy controls (46 men and 44 women, age
25–56 years). The AL scores did not differ between patients and controls. For men, some indication of higher cardiovascular
risk was seen in the patient group: male patients had higher body mass index and waist–hip ratio and a poorer blood lipid
status than male controls. We found lower plasma glucose concentrations in both female and male patients than those in
controls. The male patients also showed increased fasting serum insulin concentrations. Further analysis using homeostasis
model assessment for insulin resistance and b-cell function showed indications of insulin resistance in the patient group,
particularly in the males, and an increased insulin secretion in both male and female patients. In conclusion, AL index
does not seem to capture plausible physiological strain in patients diagnosed with stress-related exhaustion. The finding
of lower plasma glucose concentrations, probably due to higher insulin secretion, in patients with severe stress-related
exhaustion, needs to be further investigated, including mechanisms and the clinical relevance.
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Introduction

The concept of allostatic load (AL) refers to the

consequences of repeated activation of allostatic

responses during stressful situations (McEwen

1998). The AL model could reflect a possible

biological pathway explaining how chronic stress can

lead to health impairments (McEwen 1998). The

concept of AL focuses on the cumulative, overall risks

that result from the combined effects of multiple

factors across multiple physiological regulatory

systems. This composite measure includes hypothala-

mus–pituitary–adrenal axis functioning, sympathetic

nervous system activation and risk factors for

cardiovascular disease and Type 2 diabetes, and has

been suggested to be more sensitive for detecting

stress-related dysregulation and prediction of future

health risks than any single factor alone (Seeman

et al. 2002).

The initial AL model proposes that parameters

quantifying AL can be categorized into mediators such

as cortisol, epinephrine, norepinephrine and dehy-

droepiandrosterone-sulphate (DHEA-S) causing pri-

mary effects, which in turn lead to six secondary

outcomes, namely increased waist–hip ratio (WHR),

glycated haemoglobin (HbA1c), systolic blood press-

ure (SBP), diastolic blood pressure (DBP), total
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serum cholesterol/HDL-ratio and decreased serum

high-density lipoprotein (HDL), which ultimately

result in tertiary outcomes representing actual disease

(McEwen and Seeman 1999).

Several of the measures included in the AL index,

namely blood pressure, lipid profiles and WHR, are

also associated with the metabolic syndrome that has

been shown to increase the risk of cardiovascular

diseases. Besides the cluster of metabolic syndrome

biomarkers, the AL model also includes a cluster of

neuroendocrine biomarkers, i.e. levels of cortisol,

epinephrine, norepinephrine and DHEA-S. These

two clusters have been suggested to contribute

independently to health risk (Juster et al. 2010).

This implies that the AL model contributes additional

information in explaining the biological load of

chronic stress, compared to using only the com-

ponents of the metabolic syndrome. Several papers

have addressed the question of whether and how AL is

related to work-related stress. Schnorpfeil et al. (2003)

investigated the association between AL and psycho-

social work characteristics. They found a weak but

significant positive association between an AL score

based on 14 parameters and job demands in industrial

workers. Similar associations between AL and work-

related stress have been reported in other working

populations (von Thiele et al. 2006; Li et al. 2007;

Sun et al. 2007). Others have studied the

relationship between AL and burnout, even though

this is associated with some difficulties as the concept

of burnout is not a unified one. Generally, burnout is

defined as a consequence of high work-related stress

exposure with exhaustion as a core component

(Shirom and Melamed 2006). Recently, Bellingrath

et al. (2009) investigated AL in relation to work stress

and exhaustion in female schoolteachers. They found

a greater AL in teachers scoring high on exhaustion

and chronic work-related stress (effort – reward

imbalance). Another study found no association

between burnout and a proxy measure of AL (not

including primary mediators) in male managers

(Langelaan et al. 2007). Furthermore, Juster et al.

(2011) found associations between increased AL

and chronic stress/burnout symptoms in a healthy

working population. Thus, in a working population,

AL seems to be related to burnout, and this could

be of central importance as AL measures can be

used for preventive purposes in a working population.

The question, however, of whether and how markers

of AL are relevant to use for a clinical population

with severe symptoms of stress-related exhaustion is

still unanswered.

The aim of this study was to investigate AL by using

an index of 13 biomarkers in a clinical population of

patients with stress-related exhaustion. In addition,

the difference between patients and controls for each

biomarker was explored. Standard procedures for this

patient group involved measurements of body mass

index (BMI), WHR, blood pressure, total circulating

levels of cholesterol, HDL, low-density lipoprotein

(LDL), triglycerides, glucose and HbA1c, and salivary

cortisol concentration, primarily for differential

diagnostic purposes. To more fully cover metabolic

and inflammation aspects of AL, insulin and

C-reactive protein (CRP) were measured using

serum samples from 90 patients. Based on previous

research on high job demands, chronic fatigue

syndrome, burnout and exhaustion, we hypothesized

that AL would be greater in patients with stress-

related exhaustion than in healthy controls.

Methods

Participants

This study included 90 consecutive patients who were

referred from primary care physicians to a specialized

outpatient clinic because of symptoms of severe stress-

related exhaustion. All patients fulfilled the diagnostic

criteria for exhaustion disorder (ED) previously

described by Jonsdottir et al. (2009). The concept

of clinical burnout can also be used to describe

this patient population with 95% of the patients

scoring above 4.0 on the Shirom–Melamed Burnout

Questionnaire (SMBQ), clearly indicating burnout

(Table I). Fifty-seven patients reported 100% sick

leave, 5 patients reported 75% sick leave, 11 patients

Table I. Demographic factors for patients with stress-related

exhaustion and controls.

Patients

(n ¼ 90)

Controls

(n ¼ 90) p value

Age (years)

Mean (SD) 44 (8) 41 (7) 0.002*

Range 31–61 25–56

Sex, n (%) 0.655†

Female 47 (52) 44 (49)

Male 43 (48) 46 (51)

Antidepressant use, n (%) 29 (32) 0 (0)

Exercise, n (%) 0.007†

Sedentary 20 (23) 4 (6)

Light physical activity 45 (51) 27 (44)

Regular physical activity and training 21 (24) 28 (45)

Hard training or competitive sports 2 (2) 3 (5)

Burnout scores (SMBQ quartiles), n (%) ,0.001†

, 2.2 1 (1) 42 (48)

$ 2.2 and ,4.0 3 (3) 38 (44)

$ 4.0 and ,5.4 39 (45) 7 (8)

$ 5.4 43 (50) 0 (0)

HAD depression, n (%) ,0.001†

, 7 30 (34) 80 (93)

7–10 31 (35) 6 (7)

. 10 28 (31) 0 (0)

HAD anxiety, n (%) ,0.001†

, 7 10 (11) 71 (83)

7–10 25 (28) 9 (10)

. 10 54 (61) 6 (7)

Notes: SMBQ, Shirom–Melamed Burnout Questionnaire; HAD,

Hospital Anxiety and Depression scale; *t-test; †x 2 test.
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reported 50% sick leave, 1 patient reported 25% sick

leave and 16 patients reported no sick leave.

Participants were screened for mood disorders

including depression and/or anxiety by using the

one-page Primary Care Evaluation of Mental

Disorders questionnaire (Spitzer et al. 1999). This

was followed up by a physician who used a structured

interview form conforming with the Diagnostic and

Statistical Manual of Mental Disorders (DSM-IV;

American Psychiatric Association 2000) criteria for

diagnostic assessment of mood and anxiety disorder.

Seventy-six per cent of the patients fulfilled the

diagnostic criteria for depression and 48% for an

anxiety disorder. Fifteen patients were diagnosed

with mild depression (International Classification of

Diseases and Related Health Problems, ICD-10, code

F32.0) and 53 were diagnosed with moderate

depression (ICD-10 code F32.1) (World Health

Organization 1992). The self-reported duration of

symptoms before seeking medical help was more than

5 years for 14% of the patients, 3–5 years for 20%, 1–2

years for 22% and less than 1 year for 45%. Ninety

healthy controls were also included, originally

recruited from a cohort study surveying psycho-

social work environment and health, and through

advertising in a local daily newspaper. The control

group participated in other ongoing studies on stress-

related health, and blood sample measures from these

individuals served as reference controls in this study.

Characteristics of all participants included in the

study are shown in Table I. An exclusion criterion for

both patients and healthy controls was systemic

disease (such as thyroid disorder, hypertension and

diabetes). This was ensured partly by asking the

participants of known diseases, partly by measuring

blood pressure and performing electrocardiographic

registration. Venous blood samples were also taken,

and erythrocyte sedimentation rate and concen-

trations of glucose, haemoglobin, HbA1c, free

thyroxine (T4) and thyroid-stimulating hormone

were measured. Individuals with psychiatric disease

(except for depression, anxiety and exhaustion for the

patient group) were excluded, and this was ensured

by using the Comprehensive Psychopathological

Rating Scale and Hospital Anxiety and Depression

(HAD) scale (Zigmond and Snaith 1983). Other

exclusion criteria were: present infection, pregnancy,

breast-feeding, medication with substances having

systemic effects (except for antidepressants for the

patients), a BMI below 18.5 or over 30 kg/m2,

vitamin B12 deficiency and over-consumption of

alcohol measured by the Alcohol Use Disorders

Identification Test (AUDIT) screening instrument

(Babor et al. 2001).

Data on self-reported exercise habits were available

for 62 controls (33 men and 29 women) and for all

patients except for two females. Burnout symptoms

were measured using the SMBQ (Melamed et al.

1992). Data from the HAD scale were used to

describe self-reported symptoms of depression and

anxiety. For information on validity and details of the

Swedish versions of SMBQ and HAD, see Lisspers

et al. (1997) and Grossi et al. (2005). The study was

approved by the Regional Ethical Review Board in

Gothenburg, Sweden, and was conducted in accord-

ance with the Declaration of Helsinki. All participants

in the study gave written informed consent.

Biomarkers and biochemical analysis

A research nurse measured SBP and DBP as the mean

of two measurements after the seated participants had

rested for approximately 5 min, and measured height,

weight, waist and hip circumference for WHR and

BMI calculations. Waist circumference was measured

at the narrowest point between the iliac crest and the

umbilicus. Hip circumference was measured at the

maximum buttocks. BMI was computed based on

the ratio of the weight in kilograms to height in

metres squared (kg/m2).

All subjects had blood drawn from an antecubital

vein by a research nurse between 07:30 h and 10:00 h

after fasting since 22:00 h the day before. Total blood

volume was 69.5 ml, including blood samples for

standard measurements not included in the AL index

and for biobank storage. Five samples (total volume

26 ml) were drawn for plasma measurements: 3 ml was

collected in a Li-heparin tube for differential

diagnostics, 2 ml was drawn in a NaF/K oxalate tube

for analysis of glucose and 21 ml was drawn in EDTA

tubes and centrifuged at 48C, 1835g for 15 min and

stored at 2808C in a biobank for other research

purposes. Six samples (total volume 32 ml) were

drawn for serum measurements: 12 ml for differential

diagnostics only, 4 ml for both differential diagnostic

purposes and analysis of triglycerides, HDL, total

cholesterol (TC) and LDL and 16 ml were frozen at

2808C in the biobank. All serum samples were

centrifuged for 10 min at 1835g. Three samples of

whole blood (total volume 11.5 ml) were drawn:

8.5 ml for differential diagnostic purposes and 3 ml for

HbA1c analysis. For assessment of the individual

cortisol response to awakening, saliva samples were

collected at home immediately after waking up and

15 min thereafter using Salivette tubes (Sarstedt,

Nümbrecht, Germany). The subjects were free to

choose a typical weekday for saliva collection, and they

were instructed not to brush their teeth, eat or drink

anything 30 min before taking a sample. Compliance

was monitored through notes of actual sampling time

in a paper diary. Female subjects were instructed to

perform the saliva collection on 1 day in the follicular

phase of the menstrual cycle, i.e. within the period of

5–10 days from their first day of menses; five women

in the patient group and two women in the control

group were post-menopausal. The mean of the first

A. Sjörs et al.26



and second cortisol sample was used in the statistical

analyses. Insulin resistance and b-cell function were

calculated using the homeostasis model assessment

of insulin resistance (HOMA-IR) ¼ [fasting insulin

(mU/l) £ fasting plasma glucose (mM)]/22.5] and b-

cell function (HOMA-b) ¼ [20 £ fasting insulin

(mU/l)]/[fasting plasma glucose (mM) 2 3.5] (Mat-

thews et al. 1985).

All biochemical analyses were performed at the

Laboratory for Clinical Chemistry, Sahlgrenska Uni-

versity Hospital. Blood samples were assayed for TC in

serum, HDL in serum, LDL in serum, triglycerides in

serum, CRP in serum, insulin in serum, glucose in

plasma and HbA1c in blood using standard laboratory

protocols. Saliva samples were stored at 2208C until

free cortisol concentrations in saliva were analysed

using a competitive radioimmunoassay (Spectria

Coated Tube Radioimmunoassay, Orion Diagnostica,

Espoo, Finland). Detection limit (DL) and coefficient

of variation (CV) for each analysis were: TC:

DL ¼ 0.08 mmol/l, CV , 3%; HDL: DL ¼ 0.08

mmol/l, CV , 5%; LDL: DL ¼ 0.08 mmol/l,

CV , 4%; triglycerides: DL ¼ 0.02 mmol/l,

CV , 4%; CRP: DL ¼ 0.11 mg/l CV , 4%; insulin:

DL ¼ 0.2 mU/l, CV , 10%; glucose: DL ¼ 0.11

mmol/l, CV , 3%; HbA1c: DL ¼ 0.4%, CV , 2%;

cortisol: DL ¼ 1 nmol/l, CV , 14%.

Allostatic load

For each of the 13 biomarkers included in the AL

index, subjects were classified into quartiles based on

the distribution of scores in the total sample of both

patients and controls. AL was measured by summing

the number of parameters for which the subject fell

into the highest risk quartile (i.e. top quartile for all

parameters except HDL for which membership in the

lowest quartile corresponds to highest risk). AL scores

could therefore range from 0 to 13. Use of the high-

risk quartile criterion represents a data-driven

approach to define contributions to higher AL from

these various biological parameters. WHR, SBP, DBP,

HDL, TC/HDL, cortisol and HbA1c were also

included in the original operationalization of AL, as

introduced by Seeman et al. (2001). Additionally, and

in line with Schnorpfeil et al. (2003), we included

BMI as an indicator of adverse nutritional intake and

CRP as an indicator of inflammation. Furthermore,

glucose and insulin were included as indicators of

abnormal metabolic functioning. HDL, LDL and

triglycerides were included as measures of lipid status,

and HbA1c is an integrated measure of glucose

metabolism over the past weeks. Table II indicates the

actual cut-off for each of the 13 biomarkers.

As both increased and decreased cortisol secretions

have been associated with stress-related illness (Heim

et al. 2000), another AL index was constructed with

salivary cortisol concentration in the lowest quartile

corresponding to highest risk and all other biomarkers

as described above.

Statistical analysis

All statistical analyses were conducted in SPSS version

19 for Windows (IBM SPSS Statistics). Data are

generally presented as mean values and standard

deviations (SDs). A p value , 0.05 (two-tailed) was

considered statistically significant. Differences

between patients and controls in AL scores were

analysed with independent samples t-tests and analysis

of covariance, controlling for age and antidepressant

use. A multivariate analysis of variance (MANOVA)

was performed to test for possible differences between

patients and controls in each of the 13 biomarkers.

Insulin and CRP concentrations were not normally

distributed and therefore they were ln-transformed

before the MANOVA. Age, sex and antidepressant use

were applied as covariates in the MANOVA to control

for these factors statistically. An additional MANOVA

including physical activity as a covariate was

performed for the subset of subjects with data on

self-reported physical activity. These analyses were

also subsequently performed separately for men and

women. Further explorative multivariate analyses

were made using a two-step cluster analysis. The

cluster analysis aimed at revealing natural groupings

within the combined study sample (patients and

controls) based on all biomarkers included in the AL

index. Correlations were calculated using Spearman

rank correlation analysis.

Results

AL in patients with stress-related exhaustion

Ten subjects had a missing value for one of the

biomarkers and the AL index could therefore be

calculated in a total of 170 participants (87 patients

and 83 controls). AL scores were not significantly

different between the patient group and the control

group (Table II). A MANOVA of all biomarkers

showed a significant main difference between patients

and controls (F(13,156) ¼ 6.4, p , 0.001,

h 2 ¼ 0.348), which remained significant after con-

trolling for age, sex and antidepressant use

(F(13,153) ¼ 4.3, p , 0.001, h 2 ¼ 0.269). The uni-

variate analyses revealed that this main difference was

due to significantly lower plasma glucose concen-

trations in the patient group, as well as higher serum

insulin, serum triglycerides and serum TC/HDL

concentrations (Table III). Controlling also for

physical activity level resulted in a significant main

effect of group (F(13,125) ¼ 2.6, p ¼ 0.003,

h 2 ¼ 0.215) due to significantly lower plasma glucose

concentrations ( p value , 0.001), higher serum

insulin concentrations ( p value ¼ 0.037) and higher

Allostatic load and exhaustion disorder 27



serum triglyceride concentrations ( p value ¼ 0.038)

in the patient group. Separate analyses for men and

women also showed similar total AL scores in patients

and controls (Table II). A MANOVA of all bio-

markers, however, showed significant main differences

between patients and controls for both men

(F(13,67) ¼ 2.5, p ¼ 0.008, h 2 ¼ 0.325) and

women (F(13,71) ¼ 3.1, p ¼ 0.001, h 2 ¼ 0.359). In

men, the patients presented significantly lower plasma

glucose and serum HDL concentrations and signifi-

cantly higher BMI, WHR, serum concentrations of

TC/HDL, LDL and insulin (Table IV). Among

women, the only difference between patients and

controls was a significantly lower fasting plasma

glucose concentration in female patients (Table IV).

Controlling also for physical activity level rendered

essentially the same results as above for women. The

multivariate group effect was, however, no longer

significant for men. Univariately, plasma glucose

concentration was still significantly lower, and serum

insulin, serum TC/HDL and BMI were significantly

higher in male patients than in male control subjects

after controlling for physical activity. Excluding

patients on antidepressant medication from the

analyses did not significantly alter the results.

Cluster analysis

The explorative cluster analysis resulted in three

clusters, as determined by the Bayesian information

criterion. Two of the clusters exhibited similar

characteristics and, therefore, a second analysis

limited to two clusters was performed. Cluster 1

comprised 68 (40%) participants and was character-

ised by (sorted by importance according to Figure 1a):

low triglycerides, low TC/HDL, low insulin, low

BMI, low WHR, low DBP, low SBP, low LDL, high

HDL, low CRP and low glucose. Cluster 2 comprised

102 (60%) participants and was characterised by

high WHR, low HDL, high DBP, high BMI, high

SBP, high TC/HDL, high triglycerides, high LDL,

high insulin, high glucose and high CRP. HbA1c and

salivary cortisol concentrations were similar in the two

clusters. Cluster 2 was named high AL as all

Table II. Quartile distributions of all biomarkers and AL scores in patients with stress-related exhaustion and controls.

Patients in each quartile Controls in each quartile

Biomarkers High risk cut-off

Q1

n (%)

Q2

n (%)

Q3

n (%)

Q4

n (%)

Q1

n (%)

Q2

n (%)

Q3

n (%)

Q4

n (%)

BMI (kg/m2) .25.9 26 (29) 16 (18) 20 (22) 28 (31) 22 (24) 29 (32) 22 (24) 17 (19)

WHR .0.93 23 (26) 24 (27) 24 (27) 19 (21) 23 (26) 22 (24) 24 (27) 21 (23)

SBP (mmHg) .130 25 (28) 24 (27) 24 (27) 17 (19) 21 (23) 25 (28) 27 (30) 17 (19)

DBP (mmHg) .80 23 (26) 24 (27) 20 (22) 23 (26) 25 (28) 28 (31) 19 (21) 18 (20)

HDL (mmol/l) #1.4 33 (37) 20 (22) 20 (22) 16 (18) 33 (37) 10 (11) 22 (24) 25 (28)

TC/HDL .3.7 19 (21) 20(22) 24 (27) 26 (29) 25 (28) 27 (30) 21 (23) 17 (19)

LDL (mmol/l) .3.5 24 (28) 16 (18) 27 (31) 20 (23) 21 (23) 28 (31) 22 (24) 19 (21)

Triglycerides (mmol/l) .1.2 18 (20) 19 (21) 29 (33) 23 (26) 29 (32) 26 (29) 20 (22) 15 (17)

CRP (mg/l) .1.28 17 (19) 24 (27) 20 (22) 29 (32) 28 (31) 24 (27) 22 (24) 16 (18)

Insulin (mU/l) .7.5 16 (18) 17 (19) 30 (33) 27 (30) 29 (33) 31 (35) 12 (13) 17 (19)

Glucose (mmol/l) .5.3 34 (38) 27 (30) 20 (22) 8 (9) 12 (13) 19 (21) 29 (32) 30 (33)

HbA1c (%) .4.3 34 (38) 24 (27) 23 (26) 8 (9) 25 (28) 23 (26) 24 (27) 18 (20)

Cortisol (nmol/l) #10.8 or .20.0 23 (26) 25 (28) 23 (26) 19 (21) 20 (24) 19 (23) 21 (25) 24 (29)

Patients Controls Student’s t-test

ANCOVA

adjusted for

age and anti-

depressants

Allostatic load index Mean (SD) Median (range) Mean (SD) Median (range) t value p value F value p value

AL1 3.1 (2.5) 2 (0–9) 2.9 (2.6) 2 (0–12) 0.4 0.698 1.1 0.286

Men 4.6 (2.5) 4 (1–9) 4.0 (2.7) 4 (0–12) 0.9 0.351 2.6 0.109

Women 1.8 (1.7) 1.5 (0–8) 1.8 (1.9) 1 (0–7) 20.1 0.910 0.0 0.983

AL2 3.1 (2.6) 2 (0–9) 2.9 (2.5) 2 (0–11) 0.5 0.589 1.0 0.311

Men 4.7 (2.5) 4 (1–9) 4.0 (2.7) 3 (0–11) 1.3 0.205 3.5 0.065

Women 1.7 (1.7) 1.5 (0–8) 1.8 (1.8) 1 (0–7) 20.3 0.771 0.1 0.765

Notes: The number of patients and controls in high-risk quartiles are indicated in bold. AL scores were calculated as individual counts of

biomarkers in the high-risk quartile, with either the highest quartile (AL1) or the lowest quartile (AL2) for cortisol regarded as high risk; BMI,

body mass index; WHR, waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, serum high-density lipoprotein;

TC, serum total cholesterol; LDL, serum low-density lipoprotein; triglycerides, serum concentration; CRP, serum C-reactive protein; Insulin,

serum concentration; glucose, plasma concentration; HbA1c, blood glycated haemoglobin; cortisol, mean morning salivary concentration; for

AL index, patients: n ¼ 87; controls ¼ 83, as there was a missing biomarker value for 10 of the original 180 participants.
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biomarkers except HbA1c and cortisol were in the

direction of high risk as defined by the AL index

(Figure 1b). Consequently, cluster 1 was named low

AL. The low AL cluster comprised 43% patients and

57% controls and the high AL cluster comprised 57%

patients and 43% controls.

Further analyses of glucose and insulin findings

Within the patient group, the correlation between

plasma glucose and serum insulin concentrations was

r ¼ 0.48 ( p , 0.01), and between plasma glucose and

blood HbA1c the correlation was r ¼ 0.15

( p ¼ 0.171). Comparisons of glucose and insulin

between antidepressant users and non-users within

the patient group were made. There were no

significant differences between antidepressant users

and non-users in plasma glucose concentrations

(t ¼ 0.1, p ¼ 0.909) or serum insulin concentrations

(t ¼ –0.1, p ¼ 0.955). Separate analyses for men

and women showed significantly lower plasma glucose

concentrations in female non-users than in female

antidepressant users (t ¼ –2.7, p ¼ 0.011). Glucose

concentrations did not differ significantly between

males using antidepressants and non-users and there

were no significant differences in insulin when

splitting for sex (data not shown).

Patients and controls differ regarding insulin resistance and

b-cell function

Lower plasma glucose concentrations in both male

and female patients and higher serum insulin

concentration among male patients rendered further

analysis, and HOMA-IR and HOMA-b were thus

determined. The results show that for the whole

group (n ¼ 180; 90 patients, 90 controls), HOMA-IR

was significantly higher in the patients [1.6 (SD 0.98)]

than in controls [1.3 (SD 0.76), p ¼ 0.032], indicating

insulin resistance. Similarly, HOMA-b was signifi-

cantly higher in patients [123.3 (SD 58.9)] than in

controls [75.8 (SD 40.2), p , 0.0001], indicating

increased insulin secretion. Splitting by sex, both

HOMA-IR and HOMA-b were higher in the male

patients than in healthy males, while only HOMA-b

was higher in the female patients (data not shown).

Discussion

This is the first study to investigate AL in a clinical

population with stress-related exhaustion. In contrast

to previous research on burnout and exhaustion in

non-clinical populations (Bellingrath et al. 2009;

Juster et al. 2011), we found no association between

stress-related exhaustion and AL index in this study.

The literature on AL in stress-related conditions,

including both burnout and stress-related exhaustion

is, however, lacking consensus (Langelaan et al.,

2007). Furthermore, the related condition of chronic

fatigue syndrome (CFS) has been associated with high

AL (Maloney et al. 2009). Although stress-related

exhaustion and CFS share many symptoms, there

are some important differences between the diseases,

mainly regarding the aetiology, but also several

symptoms, such as tender lymph nodes and post-

exertional malaise, are not present in the patients

Table III. Results from the MANOVA performed to test differences between patients with stress-related exhaustion and controls for each of

the 13 biomarkers.

Patients (n ¼ 87) Controls (n ¼ 83) MANOVA

MANOVA

adjusted for age,

sex and anti-

depressants
Cut-off

Biomarkers Mean SD Mean SD p value h 2 p value h 2 High-risk quartile

BMI (kg/m2) 24.2 3.0 23.7 2.4 0.126 0.081 .25.9

WHR 0.88 0.07 0.88 0.07 0.546 0.079 .0.93

SBP (mmHg) 121 13.9 121 13.5 0.941 0.737 .130

DBP (mmHg) 75 9.8 74 8.0 0.264 0.169 .80

HDL (mmol/l) 1.6 0.4 1.7 0.4 0.290 0.086 ,1.4

TC/HDL 3.4 1.1 3.1 0.9 0.293 0.023 0.031 .3.7

LDL (mmol/l) 3.0 0.9 2.9 0.8 0.600 0.113 .3.5

Triglycerides (mmol/l) 1.1 0.8 0.9 0.5 0.051 0.015 0.035 .1.2

CRP (mg/l) 1.8 3.2 1.1 1.7 0.016 0.034 0.053 .1.28

Insulin (mU/l) 7.4 4.2 5.6 3.1 0.001 0.059 0.003 0.053 .7.5

Glucose (mmol/l) 4.7 0.4 5.1 0.5 < 0.001 0.176 < 0.001 0.132 .5.3

HbA1c (%) 4.0 0.3 4.1 0.3 0.026 0.029 0.184 .4.3

Cortisol (nmol/l) 15.8 7.4 16.3 7.8 0.848 0.639 .20.0 or ,10.8

Notes: BMI, body mass index; WHR, waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, serum high-density

lipoprotein; TC, serum total cholesterol; LDL, serum low-density lipoprotein; triglycerides, serum concentration; CRP, serum C-reactive

protein; Insulin, serum concentration; glucose, plasma concentration; HbA1c, blood glycated haemoglobin; cortisol, mean morning salivary

concentration; significant differences are indicated in bold; total n ¼ 170 participants as there was a missing biomarker value for 10 of the

original 180 participants.
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included in this study. The original purpose of

measuring the biomarkers used in this study was for

differential diagnostics, and the measurements were

thus not specifically designed to evaluate AL.

Consequently, our AL index was based on available

parameters. The original AL score is based on 10

parameters, namely measurements of cortisol, epi-

nephrine and norepinephrine, DHEA-S, WHR,

HbA1c, HDL, TC/HDL ratio, SBP and DBP

(Seeman et al. 2001), but has later been modified or

extended to include, e.g. LDL, BMI, CRP, fasting

glucose level, IL-6 and other biomarkers to addition-

ally account for immunological and metabolic

processes (Juster et al. 2010). There is currently no

consensus in the literature of which parameters should

be included in the AL index, and the biomarkers

chosen in this study may thus not represent the best

AL indicators. However, the explorative cluster

analysis indicated that a high AL cluster and a low

AL cluster could be identified using the selected

biomarkers. The patients were distributed over both

the high AL cluster and low AL cluster, this further

indicates that AL does not discriminate patients with

stress-related exhaustion from healthy controls.

The classical AL index is based on the assumption

that AL results from chronically high activation of stress

response systems. However, according to McEwen

(2000), AL can also be the result of inadequate

responses to acute stress, and an AL index based on

high-risk quartiles will not capture this dysfunctional

state. AL measures, or at least not the markers used in

this study, do not seem to capture the possible

dysfunctional state related to AL in a clinical patient

population, particularly not in women. For men, after

adjusting for age and physical activity, some indication

of higher cardiovascular risk was seen, but the AL index

did not differ significantly between patients and

controls. It is important to bear in mind that for both

patients and controls, individuals with pathological

values indicating, for example, hypertension or diabetes

were excluded from this study. Thus, we cannot

conclude whether the prevalence regarding cardiovas-

cular diseases, metabolic disorders or obesity differs

between the groups; but at least within an essentially

normal range, the AL does not seem to differ between

patients and controls. Neuroendocrine- and cardiovas-

cular-related dysfunctions could plausibly be present in

this clinical population of patients with stress-related

exhaustion but not revealed by using AL measures.

This would be in contrast with the usability of the AL

measure as a marker of health impairment due to

chronic stress in a non-clinical working population

(Bellingrath et al. 2009; Juster et al. 2011).

Interestingly and somewhat unexpectedly, we found

lower plasma glucose concentrations in the patients

than in controls. When the data were split for gender,

fasting glucose concentration was lower in both

female and male patients, whereas HbA1c was not,

suggesting an optimized interplay between the

pancreas and liver to keep fasting plasma glucose

lower in the patients (DeFronzo 2009). The mechan-

ism behind the lower glucose concentration within the

Table IV. Separate analyses for men and women showing the results from the MANOVA performed to test differences between patients with

stress-related exhaustion and controls for each of the 13 biomarkers.

Men Women

Patients

(n ¼ 41)

Controls

(n ¼ 42)

MANOVA

adjusted for age

and anti-

depressants

Patients

(n ¼ 46)

Controls

(n ¼ 41)

MANOVA

adjusted for

age and anti-

depressants

Biomarkers Mean SD Mean SD p value h 2 Mean SD Mean SD p value h 2

BMI (kg/m2) 25.9 2.4 24.4 2.1 0.001 0.128 22.7 2.5 23.0 2.6 0.469

WHR 0.93 0.05 0.90 0.05 0.022 0.065 0.83 0.05 0.83 0.05 0.949

SBP (mmHg) 125 12.7 126 12.5 0.911 116 13.6 117 13.0 0.677

DBP (mmHg) 79 8.4 77 7.6 0.324 72 10.1 71 7.4 0.276

HDL (mmol/l) 1.4 0.3 1.5 0.4 0.033 0.057 1.8 0.4 1.9 0.5 0.757

TC/HDL 3.9 1.2 3.4 1.0 0.005 0.097 2.8 0.7 2.8 0.8 0.639

LDL (mmol/l) 3.2 1,0 3.0 0.8 0.039 0.053 2.8 0.9 2.8 0.7 0.909

Triglycerides (mmol/l) 1.4 1.0 1.0 0.6 0.059 0.9 0.5 0.8 0.3 0.166

CRP (mg/l) 1.6 1.8 1.2 1.9 0.176 2.0 4.0 1.0 1.6 0.163

Insulin (mU/l) 9.1 5.2 5.9 3.6 0.001 0.125 5.8 2.0 5.3 2.4 0.760

Glucose (mmol/l) 4.9 0.4 5.3 0.5 0.003 0.107 4.6 0.3 4.9 0.5 < 0.001 0.183

HbA1c (%) 4.1 0.3 4.1 0.3 0.780 4.0 0.3 4.1 0.3 0.147

Cortisol (nmol/l) 7.1 6.1 6.5 9.2 0.703 4.8 5.8 6.7 8.17 0.152

Notes: BMI, body mass index; WHR, waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, serum high-density

lipoprotein; TC, serum total cholesterol; LDL, serum low-density lipoprotein; triglycerides, serum concentration; CRP, serum C-reactive

protein; Insulin, serum concentration; glucose, plasma concentration; HbA1c, blood glycated haemoglobin; cortisol, mean morning salivary

concentration; significant differences are indicated in bold; total n ¼ 170 participants as there was a missing biomarker value for 10 of the

original 180 participants.
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‘normal range’ in the patients with stress-related

exhaustion is unclear. In diabetic patients with poor

glycaemic control, there is a strong correlation

between HbA1c and fasting plasma glucose concen-

tration, whereas in well-controlled patients and in

non-diabetic subjects, the contribution from post-

prandial glucose becomes relatively more important

(Monnier and Colette 2006). Therefore, it could be

speculated that our patient group displayed a

reduction in fasting but not in post-prandial glucose

levels, resulting in no consistent difference in HbA1c

compared with the control group. In future work, it

would be of interest to specifically address also post-

prandial glucose control in patients with stress-related

exhaustion. The male patients also showed increased

fasting serum insulin concentrations. This does not

seem to explain the lower glucose concentrations in

the female patients because the insulin concentrations

were similar in female patients and healthy controls.

Importantly, the glucose and insulin findings

remained after controlling for BMI, WHR, age and

sex, leaving us with a limited number of confounding

factors explaining the suppressed glucose concen-

trations in the patients. To elucidate the mechanisms

behind the lower glucose and higher insulin concen-

trations, more sophisticated techniques for analyses of

insulin sensitivity, such as clamp techniques, are

suggested for further investigations.

Figure 1. Two clusters were identified by multivariate analysis, including all 13 AL markers and 87 patients with stress-related exhaustion

and 83 controls. (a) Relative importance of each AL biomarker for the two clusters and for the total model. (b) Characteristics of the two

clusters illustrated by cluster mean values of standardized AL biomarker data; each biomarker has mean 0 and SD 1. Low AL (Cluster 1),

n ¼ 68 participants (29 patients; 39 controls); High AL (Cluster 2), n ¼ 102 participants (58 patients; 44 controls). Note, total n ¼ 170

participants as there was a missing Biomarker value for 10 of the original 180 participants. AL markers: BMI, body mass index; WHR,

waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, serum high-density lipoprotein; TC, serum total

cholesterol; LDL, serum low-density lipoprotein; triglycerides, serum concentration; CRP, serum C-reactive protein; insulin, serum

concentration; glucose, plasma concentration; HbA1c, blood glycated haemoglobin; cortisol, mean morning salivary concentration.
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It is notable that HOMA-b was increased in patients

of both genders, indicating a compensatory mechan-

ism in response to stress-related exhaustion. One

possibility is that both insulin resistance and increased

insulin secretion in male patients are due to elevated

levels of free fatty acids (FFAs) due to stimulation of

adipose tissue lipolysis by sympathoadrenergic over-

activity. Chronically elevated levels of FFA in the

circulation drive basal insulin secretion but impair the

glucose-stimulated insulin response (Boden 1997).

This will also lead to insulin resistance via alterations

in insulin signalling and glucose transport. Speculat-

ively, the link between stress-related exhaustion and

increased insulin secretion in patients may also be due

to epinephrine-mediated insulin release via activation

of adrenergic receptors on the b cells (Hiatt et al.

1978). Furthermore, male ED patients were slightly

overweight in contrast to controls. This implicates

different dietary habits and/or physical activity habits

of putative significance for the observed hyperinsuli-

naemia. We lack data on heredity for Type 2 diabetes,

but several facets of the insulin resistance syndrome

including WHR, HDL-C and triglyceride levels

support that male ED patients were insulin resistant,

albeit with lower fasting glucose concentrations than

the controls. This metabolic pattern was not observed

in women. Future studies including monitoring of

peripheral blood flow (Murdolo et al. 2008) and

circulating glucagon-like peptide-1 (GLP-1) concen-

trations (Johansson et al. 2002) during oral glucose

tolerance tests may shed new light on the lower

glucose concentrations observed in males and females

with stress-related exhaustion.

There are several limitations to this study. Complete

information on socio-economic status (SES) is

available for only the patients (educational level).

Both the healthy controls and the patients represent a

population with relatively high education and con-

sidering the recruitment procedures, we have no reason

to believe that SES differed greatly between the

patients and controls, but we cannot rule out that SES

could explain some of the results. Moreover, we cannot

completely rule out the possibility that the lower

plasma glucose concentration and higher serum insulin

concentration in the exhausted group may be due to

residual confounding, i.e. a result of other unknown

factors not included in this study. Another limitation is

that the sampling protocol was not originally designed

to measure AL index, and thus several measures, such

as available data on cortisol secretion, are limited. In

this study, we used awakening salivary cortisol

concentrations. An integrated measure of cortisol

over several hours could have better reflected whether

changes in cortisol level are present in this patient

group. Also, circulating norepinephrine, cytokines,

FFA and GLP-1 measures were not available, and we

have no valid information on alcohol consumption in

the groups. Importantly, however, all individuals with

an overconsumption of alcohol according to the

AUDIT questionnaire were excluded. We used a

crude measurement of physical activity and data on

physical activity were missing for several participants.

However, the measure of exercise habits has previously

been shown to discriminate between sedentary and

active counterparts regarding maximal oxygen uptake

(Saltin 1977) and has been validated against biological

measures (Aires et al. 2003). A limitation of the AL

index is the pre-defined direction of high risk, i.e. either

the top quartile or the bottom quartile is considered

high risk for each variable included in the index. This is

problematic for parameters in which there is no

consensus of whether high or low values are associated

with AL. The rough categorizations of different

markers included in the AL index could result in

important information being missed. An example of

this is seen in this study as plasma glucose concen-

trations did discriminate between groups in an

unexpected way. A further limitation is the cross-

sectional design, which precludes the assessment of

a potential temporal relationship between AL and

stress-related exhaustion.

We conclude that our AL index does not seem

useful to capture chronic stress load in a clinical

population of patients with stress-related exhaustion,

as has been observed in a highly stressed working

population. Lower plasma glucose concentrations are

evidently present in patients with stress-related

exhaustion, which most probably is due to increased

insulin secretion. The mechanisms behind this need

to be further studied.
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