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Abstract

Burnout has several different definitions, and attempts have been made to discriminate between burnout as a 
psychological construct and burnout as a clinical entity. A large body of research has focused on elucidating the 
biological link between stress exposure and burnout and/or finding a clinically usable biomarker for burnout. The 
objective of this narrative review is to summarize the main endocrine and immune findings in relation to burnout. 
The literature has primarily focused on dysregulation of the hypothalamus-pituitary-adrenal (HPA) axis. However, 
albeit the large body of studies, it cannot be concluded that clear effects are seen on HPA axis function in people with 
burnout. The HPA axis and anabolic acute reactivity to stress might be affected in clinical burnout. Plausible, effects 
of chronic stress might rather be seen when measuring responses to acute stress rather than resting state hormonal 
levels. Studies on other hormones, including thyroid hormones, prolactin and growth hormone in burnout subjects are 
inconclusive. It is important to note that this field is faced with many methodological challenges, one being the diurnal 
and pulsatile nature of many of the hormones of interest, including cortisol, which is not always considered. Another 
challenge is the heterogeneity regarding definitions and measurements of stress and burnout. Existing studies 
on burnout and immune function are heterogeneous regarding the results and no firm conclusion can be made if 
clinically relevant immune changes are present in burnout subjects. An overall conclusion is that existing research 
cannot confirm any homogenous reliable endocrinological or immunological changes related to burnout.

Introduction

The consequence of chronic stress is becoming a major 
research topic combining various research disciplines 
including psychology, sociology and physiology. Ever 
since Hans Selye wrote the important work about a stress 

condition known as ‘general adaptation syndrome’, the 
research on environmental stress and stress responses has 
developed tremendously. His early assumption, however, 
that the physiological stress response is a general and 
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non-specific reaction to any environmental stressor has 
now been further developed (1). Today, we know that 
the stress reaction in humans is far more complicated 
than originally described in animal research. Stressful 
situations are multifaceted involving complicated 
cognitive processes resulting in different appraisal and 
coping by each individual and situation (2, 3). In fact, the 
stress response involves several systems, the physiological 
reaction being one of them. Cognitive, emotional and 
behavioral responses are also important for the outcome 
of the overall stress response. Furthermore, we also know 
that the physiological stress reaction involves several 
endocrine systems that are closely linked to each other, 
including the hypothalamic–pituitary–adrenal (HPA) 
axis and the hypothalamic–pituitary–thyroid (HPT) axis. 
The physiological stress response also triggers complex 
immunological responses, as well as the release of both 
catabolic and anabolic hormones (4, 5).

Thus, expecting that all individuals will show the 
same or similar outcome during acute stress and that pure 
relation is seen between the magnitude of appraisal and 
the physiological response is too simplistic. For instance, 
significant correlations between cortisol responses and 
perceived emotional stress variables were found in merely 
25% of studies on acute stress and cortisol reaction (6). 
Various elements that potentially could contribute to 
this apparent dissociation include both methodological 
features of the stress protocols and interindividual 
differences regarding the psychological and emotional 
appraisal. Kudielka et  al. (7) also elaborated on factors 
explaining why we respond differently to stress. These 
include early life experiences, social factors, psychological 
interventions, personality as well as acute subjective-
psychological stress responses and the states of chronic 
stress and psychopathology. Furthermore, the endocrine 
systems most often studied in stress research show diurnal 
variations and pulsatile release of hormones, which 
introduces additional challenges regarding interpretation 
of the measurements. Considering that the acute stress 
reaction differs substantially between individuals and 
that the stress response cannot be considered universal, 
it becomes even more complicated to study objective 
biological findings related to chronic psychosocial 
stress. It has clearly been shown that chronic perceived 
psychosocial exposure is an important contributor to 
several health impairments including cardiovascular 
disease and depression (8, 9). It is therefore understandable 
that many researchers seek a physiological pathway 
that plausibly could explain the link between stress and 
disease. However, it is also clear the all individuals do not 

develop health problems as a consequence of high levels of 
perceived stress (10). Thus, the characteristics of the stress 
exposure and various resilience and vulnerability factors 
could potentially influence the health outcome, and 
plausible physiological correlates could vary substantially 
between different individuals.

Burnout: many different definitions and faces

The initial papers on burnout were published during the 
mid-1970s by Freudenberger followed by Maslach and 
coworkers (11, 12). The term originates from the social 
and work psychology describing symptoms of emotional 
depletion and loss of commitment and motivation in 
people working with patients or clients. Originally, 
burnout research dealt with interpersonal relationships 
between the worker and the patient/client and not so much 
about the individual stress response or plausible health 
consequence (13). During the 1980s, other researchers 
further elaborated on the theoretical basis of burnout and 
different definitions and constructs arose (14, 15). In the 
most widely used burnout construct originally defined by 
Maslach (13), burnout is described as having three key 
dimensions – an overwhelming emotional exhaustion 
(EE), depersonalization (DP) and a sense of ineffectiveness 
and lack of personal accomplishment (PA). The burnout 
construct defined by Shirom and Melamed described the 
term as a chronic depletion of an individual’s energetic 
resources due to chronic stress. In their conceptualization, 
burnout consists of the three dimensions: physical fatigue, 
EE and cognitive weariness, which differs considerably 
from Maslach’s definition (13, 16). Thus, Shirom and 
Melamed argued that depersonalization and diminished 
personal effectiveness may not necessarily be associated 
with the individual’s feelings of being emotionally 
exhausted, physically fatigued and cognitively worn-
out. However, all constructs of burnout, despite several 
dissimilarities, emphasize exhaustion as the main 
component of the burnout syndrome (17).

Initially, burnout was referred almost exclusively 
to people-oriented professionals (e.g. teachers, nurses, 
doctors, social workers and police enforcements) (13). 
We now know that other working populations as well as 
elite athletes and parents of chronically ill children can 
suffer from burnout (18, 19). Thus, burnout defined as 
symptoms of exhaustion due to long-term exposure to 
any situation that is emotionally demanding cannot be 
defined as solely work related (18, 19, 20, 21).

A development toward medical research disciplines 
studying the somatic health consequences was seen 
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during the 1990s initiated by Melamed and coworkers 
(22, 23). Increased risk of cardiovascular disease (CVD) 
has been clearly linked to both chronic work-related 
stress (24) as well as vital exhaustion (25), which is 
closely related to burnout. Only two prospective studies 
have been identified relating CVD to burnout and only 
one of them used a validated burnout scale showing 
that burnout is a significant risk factor for development 
of CVD (26, 27). Burnout has also been linked to other 
health consequences including musculoskeletal pain and 
metabolic disturbances (28).

Burnout as a clinical diagnosis

Already during the mid-1980s, it was suggested that a 
distinction should been made between burnout as a work-
related stress syndrome and burnout as a clinical mental 
problem (29, 30). Typically, patients seeking health care 
for exhaustion due to long-term stress exposure reported 
longstanding fatigue, sleep impairments and problems 
with memory and concentration as their chief complaints, 
and these characteristics are different from the initial 
definition of burnout (31).

Attempts have been made to adapt the burnout 
concept to be more usable in clinical practice. The initial 
theoretical definition of the burnout construct might not 
be suitable for clinical practice and indeed it has been 
shown that the most utilized burnout tool, the Maslach 
burnout inventory (MBI), was not suitable to be used as 
a diagnostic tool for patients (32). In the Netherlands, 
clinical burnout as a clinical diagnosis has been suggested, 
using the diagnostic criteria of neurasthenia, adding the 
component that the problem should be work related (17). 
The clinical diagnosis ‘exhaustion disorder’ (ED) has been 
proposed by the National Board of Health and Welfare in 
Sweden to be used in clinical practice. ED defines patients 
with exhaustion that has developed because of identifiable 
stressor(s) that have been present for at least 6  months 
(31). The symptoms of ED and burnout are closely related, 
and most patients fulfilling the diagnostic criteria for ED 
can also be described as burned out (33, 34).

The pathophysiology of burnout

A large body of research has focused on elucidating the 
pathophysiology of burnout with the goal of finding 
diagnostic biomarkers for clinical burnout or to search for 
a biological link between environmental stress exposure 
and the development of burnout. Research studying the 
plausible pathophysiological mechanisms has primarily 

focused on dysregulation of the HPA axis and immune 
functions (35). Below, we summarize the main endocrine 
and immune findings in clinical and non-clinical burnout 
populations.

Methods

We searched MEDLINE, Scopus and Web of Science for 
English-language articles containing the keyword burnout 
together with each of the following keywords: hormone, 
biomarker, endocrine, endocrine system, HPA axis, thyroid, 
immune, immune system, immunological, inflammation, 
inflammatory. We included articles that described the study 
population in terms of burnout (clinical or non-clinical) 
and reported measurements of one or more biological 
analyte that could be categorized as either an endocrine 
or an immune marker. In a second round of search, the 
keyword burnout was entered together with the names 
of endocrine and immune markers identified in the first 
round of search (i.e. cortisol, DHEA, ACTH, adrenaline/
epinephrine, prolactin, testosterone, progesterone, 
estradiol, TSH, thyroxin, triiodothyronine, growth 
hormone, oxytocin, cytokine, CRP, leukocyte). From the 
articles retrieved, additional references were identified 
by a manual search among the cited references. Articles 
published until August 2018 were included in this review.

Endocrine function and burnout

HPA axis and burnout

Historically, the HPA axis has been the most common 
endocrine focus in burnout research. This is logical since 
the HPA axis together with autonomic nervous system 
are the two key components of the acute stress reaction 
responsible for mobilizing a successful adaptive response 
to different stressors. However, the HPA axis function 
in burnout has mainly been evaluated in terms of 
cortisol awakening response (CAR) and diurnal cortisol. 
Heterogeneity in the literature linking burnout to the CAR 
is the rule rather than the exception. Most studies have not 
been able to show a significant difference in CAR between 
clinical populations of burned-out subjects and controls 
(36, 37, 38, 39). One study found elevated morning 
salivary cortisol levels among female burnout patients 
(40), whereas another study found indications of a smaller 
CAR in male burnout patients, but the difference appeared 
to be mainly related to the antidepressant use (41). De 
Vente et al. (42) found no difference in the response after 

https://eje.bioscientifica.com


Eu
ro

pe
an

 Jo
ur

na
l o

f E
nd

oc
ri

no
lo

gy
180:3 R150Review I H Jonsdottir and A Sjörs 

Dahlman
Endocrine and immune function 
in burnout

https://eje.bioscientifica.com

awakening, but burnout patients showed elevated cortisol 
levels during the first hour after awakening in comparison 
to healthy controls. In a study by Mommersteeg et al. (43) 
burnout cases had significantly lower morning cortisol 
levels, but the rise after awakening was similar in the 
burnout and control group. This heterogeneity may result 
from inconsistency in how CAR is measured (44) and from 
failure to control for confounding factors. Sleep problems 
are common in burnout but very few studies have assessed 
sleep quality and quantity the night before cortisol 
sampling. Disturbed sleep and multiple awakenings could 
influence the CAR (45).

Previous studies measuring diurnal salivary cortisol 
levels have reported no difference in diurnal cortisol 
between burnout cases and healthy controls (37, 41, 46, 
47) or decreased daytime and/or evening cortisol (38, 48), 
whereas elevated daytime cortisol levels has been related 
to burnout in other studies (49, 50, 51). The time point 
of measurements does matter as a couple of studies have 
found relationships between burnout and awakening 
cortisol (albeit in opposite directions) but found no 
relation to burnout when cortisol was measured later in 
the day (52, 53). This raises a major methodological issue 
related to this field of research, namely the importance 
of handling the circadian variations in the study design. 
There are also naturally occurring ultradian variations 
as well as superimposed secretion peaks due to physical 
or psychological stress factors that should be taken into 
consideration.

Measuring HPA axis function when the stress system 
is challenged might be a more sensitive method to reveal 
chronic stress-related alterations. This has been studied 
by several research groups, but heterogeneous results are 
reported here as well. Several authors have reported that 
dexamethasone suppression tests do not differ between 
burnout patients and controls, indicating sustained 
negative feedback sensitivity in burnout patients (36, 
37, 54). Attenuated HPA axis responses to the combined 
dexamethasone and corticotropin-releasing hormone 
(DEX-CRH) challenge has been reported in women on 
long-term sick leave with job stress-induced depression, 
a patient group very similar to clinical burnout patients 
(55, 56). Similarly, some studies of negative feedback 
in healthy workers have shown an association between 
high burnout scores and stronger suppression (46, 57). 
In healthy school teachers, plasma cortisol responses to 
synthetic ACTH (Synacthen) stimulation were related 
to EE but not to overall burnout score or the other two 
subscales of the MBI (58).

The ability to mobilize adequate physiological 
responses to acute stressors has also been studied in 
patients with stress-related conditions. A few studies have 
investigated HPA axis responses to the Trier Social Stress 
Test (TSST) and modified TSST. De Vente et al. found no 
deviations in HPA axis reactivity and recovery during 
and after acute stress in one study (42) and lower cortisol 
reactivity in males in another study (59). In the study by 
Lennartsson et al. (60), there were no overall differences 
in responses of ACTH, serum cortisol or salivary cortisol 
between patients and controls. However, patients 
reporting higher burnout scores had lower salivary cortisol 
responses than controls, indicating that patients with 
more severe burnout symptoms may be hypocortisolemic 
in their response to acute stress. A trend to lower ACTH 
responses was also seen. Similar results were reported 
by Jönsson et  al. (61); former patients still scoring high 
burnout had a blunted HPA axis response to a virtual 
TSST compared to healthy controls and recovered former 
patients.

This research area has been dominated by the 
assumption that a HPA dysregulation will be seen in chronic 
stress conditions, including burnout and exhaustion. This 
does, however, not really seem to be the case, since the 
results show heterogeneous results, and in fact, most 
studies do not confirm HPA axis dysregulation in burnout 
patients. Cadegiani and Kater (62) recently performed 
a systematic review of adrenal function, including HPA 
axis function, in burnout and found an almost systematic 
finding of conflicting results. If measured correctly, 
cortisol is an excellent indicator of acute stress reactions, 
whereas its applicability as a marker of chronic stress is 
highly questionable. Basal cortisol measures such as CAR 
or diurnal cortisol cannot be concluded to be generally 
affected in burnout patients, and these measures are 
questionable given the large circadian and ultradian 
variations. Measurement of HPA axis function when the 
stress system is challenged, either pharmacologically 
or during psychosocial stress, also show heterogeneous 
result. However, Cadegiani and Kater (62) argue that the 
most appropriate methods to assess the HPA axis have 
not been used in burnout studies and functional tests, 
such as the insulin tolerance test, should be employed. 
Table 1 summarize the HPA findings in clinical and non-
clinical burnout showing that it cannot be concluded 
that clear effects are seen on HPA axis function in people 
with burnout. The HPA axis reactivity might be affected 
in patients with clinical burnout/exhaustion, but more 
studies are needed to confirm this.

https://eje.bioscientifica.com
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Anabolic hormones and burnout

The physiological stress reaction also includes the release 
of anabolic hormones with protective and regenerative 
roles (68). Similar to the HPA axis, the theoretical 
background for studying anabolic hormones in burnout 
is the search of a biological link between stress and disease 
(69). Few studies, however, have focused on the anabolic 
part of the endocrine system in people with burnout.

The most frequently studied anabolic hormone is 
dehydroepiandrosterone (DHEA). Both DHEA and its 
sulfated metabolite (DHEA-S) are androgen precursors 
that, as cortisol, are secreted by the adrenal cortex in 
response to ACTH (Fig. 1). DHEA and DHEA-S have been 
shown to have neuroprotective, antioxidative, anti-
inflammatory and antiglucocorticoid effects (70, 71). 
Levels of DHEA-s are known to temporarily increase 
during acute psychosocial stress (72, 73) and the acute 
stress-induced DHEA-s release has been suggested to play 
a protective role, as an antagonist to the consequences 
of cortisol (72). One study comparing baseline DHEA-s 
between burnout subjects and healthy controls reported 
higher DHEA-s levels in the burnout subjects (36), whereas 
three other studies reported no differences in baseline 
DHEA-s levels between burnout subjects and controls (63, 
64, 66). In a study on baseline DHEA-s levels in patients 
with burnout in different age groups, it was found that 
low DHEA-s levels were present only in the younger 
patients (25–34 years) (74). Moreover, DHEA-s production 
capacity during acute stress was shown to be attenuated in 
patients with clinical burnout (75) and increased DHEA-s 
levels during the first year of treatment has been linked to 
better health development in burnout patients (76). Thus, 
DHEA-s response to challenge in burnout patients and 
the relation to health development and recovery deserves 
further investigation.

The HPA axis and the hypothalamic–pituitary–gonadal 
(HPG) axis are competitive systems and during prolonged 

periods of stress, the HPG axis and the production of sex 
steroids could be inhibited (68). Testosterone, progesterone 
and estradiol levels have also been investigated in relation 
to burnout. Åsberg et al. (77) found some indications of 
increased testosterone levels in women on long-term sick 
leave for a stress-related affective disorder. Hitherto, no 
significant alterations in progesterone or estradiol levels 
have been reported (66, 78).

HPT axis and burnout

The core dimension of burnout is exhaustion and thus 
all hormonal system involved in mobilizing energy are of 
interested to study in subjects with burnout. Compared to 
the focus on the HPA axis, the HPT axis has received much 
less attention in the burnout literature. The HPT axis is a 
central regulatory system that controls the production of 

Table 1 Summary of HPA axis findings in clinical and non-clinical burnout.

HPA axis measure

Higher than controls or positive 
relationship with burnout 
symptoms

Lower than controls or 
negative relationship with 
burnout symptoms

 
No difference between groups or no 
relationship with burnout symptoms

CAR (52) (36, 37, 38, 39, 41, 42, 43, 48, 49, 63)
Morning cortisol level (40, 42, 49, 53)

(47) on workdays
(43, 64, 65) (38, 64, 66)

Diurnal cortisol variation (65) (37, 41, 46, 52)
Daytime/evening cortisol level (49, 50, 51, 65) (38, 48) (47, 53, 67)
Urine free cortisol, 24 h (64)
Cortisol after DEX (or DEX/CRH) (46, 55, 56, 57) (36, 37, 54, 63)
Response to acute stress (59) Males

(60, 61) more severe cases
(42, 60)

Hypothalamus

Anterior
pituitary

GH

PROLACTIN

OXYTOCIN

TESTOSTERONE

ACTH

ESTROGENS
PROGESTERONE

CORTISOL
DHEA-S
ALDOSTERONE

TSH

FSH/LH
Adrenal
cortex

Ovary Testis

Thyroid T3/T4

Posterior
pituitary

Figure 1
Major endocrine systems studied in relation to burnout.
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thyroid hormones. Hypothalamic thyrotropin-releasing 
hormone stimulates the synthesis and secretion of 
pituitary thyroid-stimulating hormone (TSH), which in 
turn acts at the thyroid to stimulate thyroxin (T4) and 
triiodothyronine (T3) biosynthesis and secretion. Acute 
stress has been shown to causes transient activation of 
the HPT axis, whereas prolonged stress is associated with 
decreased activity (79, 80). 

Two studies have reported normal levels of T4, T3 
and/or TSH in burnout cases compared to non-burnout 
groups (81, 82). Significantly lower TSH and T3 levels 
have been found in female populations reporting stress-
related mental health problems (77).

Investigations of possible HPT axis alterations 
in burnout are problematic, partly because of the 
overlapping symptoms between thyroid diseases, 
especially hypothyroidism and burnout syndrome and 
partly because of patients included in burnout studies. 
Deviating thyroid hormone levels is often an exclusion 
criterion in clinical burnout studies. Therefore, the true 
prevalence of HPT axis deficiencies in clinical burnout and 
the causal relationship between plausible HPT alterations 
and burnout is difficult to determine.

Other endocrine systems and burnout

Several other hormones and growth factors have been 
studied in various burnout populations with the goal of 
elucidating the pathophysiology of burnout and to find 
diagnostic biomarkers for clinical burnout.

One anterior pituitary hormone that has been 
shown to increase in response to different types of 
psychosocial stressors is prolactin. Since burnout is a 
consequence of long-term psychosocial stress, prolactin 
levels might also be affected in burnout. Prolactin 
levels have been studied predominantly in women 
with burnout. Most of these studies have reported no 
differences in prolactin levels between women with 
burnout and control groups (64, 66, 77). Tops et al. (67) 
compared with prolactin levels in nine female burnout 
subjects with nine female healthy controls. The authors 
reported that there was an extreme distribution of 
prolactin levels among the burnouts; some had higher 
levels than the controls and some had lower levels than 
the controls. They also reported that female burnout 
cases with low prolactin had low oxytocin levels. In the 
study by Åsberg et al. (77), significantly lower prolactin 
levels were found in women on long-term sick leave for 
a stress-related affective disorder compared to healthy 

subjects, whereas working women scoring high burnout 
did not differ from controls. These studies did not 
adequately control for menstrual cycle phase and use 
of oral contraceptives or hormonal replacement, which 
makes data difficult to interpret since prolactin levels 
are dependent of estradiol levels. One study investigated 
prolactin levels in both men and women (78). Men who 
reported burnout had markedly higher prolactin levels 
than non-burnout controls. Prolactin levels in women 
in the follicular phase of the menstrual cycle did not 
differ between burnout and non-burnout groups. The 
biological significance of prolactin in relation to stress 
and burnout is not fully known but previous research 
indicates that prolactin has a protective role against the 
negative consequences of stress (83, 84).

Moch et  al. (64) performed a study comparing 16 
female burnout patients with 16 female healthy age-
matched controls over the course of a 4-month stress 
management intervention. In addition to measuring 
cortisol, ACTH, DHEA-s and prolactin already mentioned 
above, they measured aldosterone, growth hormone 
and catecholamines (epinephrine and norepinephrine). 
Growth hormone, aldosterone and epinephrine were 
not significantly different between patients and controls, 
whereas norepinephrine was lower in patients compared 
to controls at baseline. No clear conclusions can be 
drawn from the mixed findings in this small study. Again, 
methodological considerations regarding measurements 
of various hormones are relevant to raise. For instance, the 
secretion of growth hormone is pulsatile and varies both 
during the day and in response to different factors such 
as food intake and to physiological stresses, wherefore 
single measurements are problematic. The secretion of 
epinephrine and norepinephrine is highly dependent 
on various stressors, and the very short half-life of this 
hormone makes single measurements inappropriate for 
scientific use in the evaluation of stress. 

Immune function and burnout

Chronic psychological stress has been suggested to alter 
immune function and many studies have been undertaken 
to identify immunological diagnostic or prognostic 
biomarkers or to explore linking pathways between the 
neuroendocrine and immune system in chronic stress-
related diseases (85). However, there are only a few studies 
that specifically have evaluated immunological processes 
in burnout.

https://eje.bioscientifica.com
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C-reactive protein

C-reactive protein (CRP) is commonly used as a marker 
of general inflammation, and it has been proposed that 
chronic low-grade inflammation, as indicated by slightly 
to moderately increased CRP levels, is associated with 
chronic stress (86). Studies on CRP levels in burnout 
cases have shown contradictive results, with some studies 
showing no differences between burnout and non-burnout 
subjects (66, 87), whereas others reported increased CRP 
levels related to burnout (34, 82). Toker et al. (88) reported 
a positive association between CRP levels and higher 
burnout scores in women, but not in men. To summarize, 
it remains unclear if burnout syndrome is associated with 
increased low-grade inflammation as measured by CRP 
and/or if there are gender differences.

Leukocyte numbers in blood

A few groups have investigated the association between the 
absolute numbers of different white blood cell (leukocyte) 
types and burnout symptoms. Metlaine et al. (82) found 
higher mean leukocyte, neutrophil and monocyte 
numbers in burnout white-collar workers as compared 
with healthy controls, whereas other studies did not find 
any association between different lymphocytes subsets 
and burnout (36, 89, 90).

To summarize, burnout does not seem to be associated 
with large changes in number of leukocytes in the blood.

NK cell numbers or activity

Emotional stress has been reported to be associated with 
decreased NK cell activity in animals and in humans (85, 
91). NK cell numbers and activity have been the focus of 
a few studies in burnout. Nakamura et  al. (92) reported 
an association between high burnout depersonalization 
subscale score and decreased NK cell activity in male office 
workers, whereas no correlation between NK cell activity 
and EE or PA scores was found.

No relation between absolute NK cell numbers and 
burnout was found in the studies by Bargellini et al. and 
Mommersteeg et al. respectively (36, 89).

Further studies are needed to elucidate if burnout 
has any effects on the number and/or function of 
different blood leukocyte subsets, including T, B and 
NK cells. In addition, it remains unknown if a change, 
for example, reduction, of cellular immunity has any 
clinical relevance such as increased risk of infections or 
malignancies.

Cytokines

The association between different cytokines, as measured 
in plasma from blood samples or after in vitro stimulation 
of isolated leukocytes, and burnout has been evaluated in 
a handful of studies. Both levels of individual cytokines 
as well as ratios between pro-and anti-inflammatory 
cytokines have been studied in relation to burnout.

High burnout scores were associated with higher TNFα 
levels in plasma, whereas no relation between burnout 
score and TGFβ was seen in the study by Grossi et al. (66).

Gajewski et al. (90) measured 17 different cytokines, 
including TNFα, in blood and found no relation between 
any of the cytokines and EE or depression when analyzing 
their entire study population. However, the plasma 
concentrations of the pro-inflammatory cytokines IL-6 
and IL-12 were positively correlated with the extent of EE 
in men but not in women.

No significant differences were seen for any of the 
cytokines IL-1β, TNFα, IL-2, IL-6, IL-8, MCP-1, EGF 
and VEGF between women with exhaustion due to 
prolonged psychosocial stress and healthy controls (34), 
whereas Åsberg et  al. found increased levels of MCP-
1, EGF and VEGF, but no changes in cytokines levels in 
women exposed to prolonged psychosocial stress (77). 
Plausible reasons for the discrepant findings may be the 
large interindividual variation of cytokine levels, intra-
individual (e.g. circadian) variation, the different assays 
and selected cut-offs used.

Higher total burnout scores predicted higher plasma 
TNFα levels, lower IL-4 levels and a higher TNFα/IL-4 
ratio in a study in working school teachers (93), with a 
reservation of interpolated values for IL-4 due to problems 
with detection limits. No association was found between 
IL-10 levels or TNFα/IL-10 ratios and burnout scores.

One study assessing the in vitro cytokine production 
after stimulation of whole blood found that the IL-10, but 
not TNFα, release in response to LPS stimulation (mainly 
stimulating monocytes) was higher in burnout than in 
healthy controls but no difference in IL-10 or IFNγ were 
seen after PHA (T cell stimulator) were seen (36). The 
in vitro suppressive effect of dexamethasone on PHA 
stimulated IFN or IL-10 production or LPS-stimulated TNF 
or IL-10 production was similar in burnout and healthy 
controls.

Summarizing the research on burnout and cytokines, 
no conclusion can be made regarding plausible 
relationship between burnout and cytokines levels, partly 
because few studies have been conducted but mainly due 
to discrepancy among existing studies.
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Discussion

The burnout construct is a complex phenomenon that 
over time has been differently defined (94). Burnout 
research includes both working populations reporting 
high levels of fatigue/exhaustion as well as clinical 
populations with clear symptoms of exhaustion due 
to various long-term stress exposure and insufficient 
recovery. Furthermore, the theoretical background and 
consequently the methods used to measure burnout differ 
considerably between studies. Exploring endocrinological 
and immunological functions in relation to burnout is 
thus associated with certain challenges. Indeed, these 
challenges can be extrapolated to the whole field of stress 
research, since definitions and methods used to measure 
psychosocial stress differs enormously between studies. It 
is understandable that the largest research focus has been 
on the HPA axis, this being one of the key components 
of the acute stress reaction responsible for mobilizing a 
successful adaptive response to various stressors. Plausibly, 
the utmost reason for the large focus on the HPA axis is 
the interest in investigating the biological pathways 
linking stress and disease. Another reason is the urge to 
find a validated objective manifestation and/or biomarker 
of stress-related conditions, usable for diagnostic purposes 
and/or to monitor the course of illness over time. 
However, this area of research is suffering from a lack 
of endocrinological knowledge as many studies do not 
consider the diurnal, pulsatile or the individual variation 
of the hormonal levels measured.

The hormonal and metabolic changes due to 
chronic stress seem to be highly individual, contextual 
and relatively small. Thus, although the results may 
be statistically different from what is seen in healthy 
persons, they are most often within normal ranges 
and thus not clinically relevant. These hormonal 
measurements cannot be used, neither in the definition 
nor for diagnosis of burnout. Furthermore, to make firm 
conclusion of plausible changes related to a disease state, 
a relatively homogenous patient population is required, 
including factors such as stress exposure, stress reactions, 
sleep patterns and symptom characteristics. This is rarely 
the case for stress-related conditions, including burnout. 
For instance, the idea that burnout is always preceded by 
a period of the classical physiological stress arousal might 
not always be the case since the process of developing 
burnout can differ considerably. The biological state 
preceding the development of burnout might be 
different in people developing burnout as a consequence 
of caring for a sick relative compared to those developing 

burnout due to high demands at work (21). Another 
important aspect when studying the plausible effects 
on endocrine systems, particularly the HPA axis, is sleep 
patterns, and this is often difficult to control for (7, 62). 
We can also speculate that some publications bias might 
be present, that is, a certain amount of studies showing 
non-significant results might not have been published. 
Kakiashvili and coworkers suggested in a review that 
evaluation of the HPA axis in suspected burnout cases 
should be brought to the attention of primary care 
physicians. Although some studies have reported striking 
statistically significant results, advocating for the use of 
salivary cortisol measurements in the assessment and 
biomonitoring of burnout (49), these results are clearly 
not generalizable when the whole body of research is 
taken into consideration. Thus, our conclusion is in 
line the conclusion made by Cadegiani and Kater that 
it cannot be concluded that adrenal fatigue is present 
in subjects with burnout and that cortisol should not 
be used as a marker for burnout syndrome by health 
practitioners (62). An exception are the few studies 
available studying HPA axis reactivity in response to 
challenge, which might be affected in patients with 
clinical burnout/exhaustion, but more studies are 
needed to confirm this. This raises an important issue 
not always considered in stress research; that is, the 
important discrimination between measuring basal 
hormonal and/or immunological markers compared to 
studying biological responses to challenges.

In the search of an explanatory link between stress 
and disease, the excessive focus on HPA axis studies might 
have influenced the interest of studying other endocrine 
systems in relation to burnout. Anabolic hormones are 
of utmost importance for health and well-being, but few 
studies have focused on the anabolic processes in people 
with burnout. Like the HPA axis studies, heterogeneous 
results are shown when for example DHEA and/or DHEA-s 
has been measured in relation to burnout. Interestingly, 
DHEA-s production capacity during acute stress may 
be attenuated in patients with clinical burnout (75). 
This, again, raises the question of focusing more on the 
plausibility that pathophysiological effects of chronic 
stress could rather be seen when measuring people’s ability 
to mobilize energy when responding to acute stress, than 
when measuring hormonal level in a resting situation. 
The principle of using various challenge tests, such as 
glucose tolerance tests and exercise ECG, is well known 
from other medical disciplines. Moreover, studies on 
other endocrine hormones, including thyroid hormones, 
prolactin and growth hormone in burnout subjects are 
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inconclusive, mainly due to few studies, mixed findings 
and small samples.

Similar reasoning as above can be used when 
discussing immune function. Studying the basal levels of 
immune cells or cytokines differs from functional tests, 
and it is unclear if a change, for example, reduction, 
of cellular immunity has any clinical relevance such as 
increased risk of infections or malignancies. One of the 
important characteristics of the immune system is the 
large redundancy with overlapping functions and effects 
between immune cells and cytokines. Thus, due to this 
redundancy, an observed change for one cell type or 
cytokine may be unlikely to have clinical relevance, that is, 
increased risk for infections or malignancy. Furthermore, 
studying many immune parameters simultaneously, for 
example, both cytokines and cell types can result in mass 
significance.

It is understandable that immune function has been 
in focus for many researchers working with stress and 
burnout. From an evolutionary perspective, immune 
responses to stressful situations may have been beneficial 
for survival by increasing the ability to fight off wound 
infections and promoting wound repair. Indeed, several 
physiological connections exist between the nervous 
system/HPA axis and immune organs and cells but 
generally studies on burnout and immune markers 
lack theoretical discussion of the relation between the 
peripheral measured biomarker such as CRP and leukocyte 
and the mental symptoms of burnout. 

However, summarizing the existing literature, no clear 
conclusion can be made if immune function is altered in 
burnout subjects.

Some additional methodological considerations 
related to this field of research should be mentioned. Many 
studies in this field have small sample sizes (N < 100), 
which increases the risk of misestimation of both the 
magnitude and the direction of any true underlying 
effect (95). The most prominent methodological 
issue within the field, however, is the heterogeneous 
definition of the psychological construct burnout 
that encompasses both working population as well as 
clinical populations with clear symptoms of exhaustion. 
Plausible, pathophysiological mechanisms could thus 
differ considerable depending on the population studied.

Conclusion

An overall conclusion is that existing research cannot 
confirm any homogenous reliable endocrinological or 

immunological changes related to burnout. A consensus 
definition of burnout is needed to enable the elucidation 
of the biological link between stress and disease and/
or the search of a biological marker for burnout with 
plausible application in clinical practice. Finding a 
pathognomonic sign of burnout might not be a realistic 
goal, but to further investigate the pathophysiology of 
burnout and to delineate burnout from other mental 
and stress-related disorders remains an important avenue 
for future research. Furthermore, the methodology 
employed to evaluate the proposed correlation between 
burnout and endocrine and immune function should be 
standardized. An important concluding remark is that 
HPA axis hormone measurements are not suitable to use 
for diagnostic purposes in routine clinical practice, i.e., 
primary care or occupational health services for patients 
with stress-related conditions such as burnout.
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