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ABSTRACT
Burnout is caused by long term psychosocial stress and has, besides the fatigue and mental health 
burden, been associated with increased risk of adverse physical health, such as for example type 2 
diabetes. This study aims to investigate the glucose and insulin levels in individuals with stress 
related burnout, by assessing these metabolic markers in response to a standard oral glucose 
tolerance test (OGTT). 38 cases with burnout (13 men and 25 women) and 35 healthy controls (13 
men and 22 women) in the age 24–55 were included in the study. The burnout group overall did 
not differ from healthy controls in glucose or insulin levels during the OGTT. However, the burnout 
cases who reported more severe burnout symptoms exhibited significantly higher levels of both 
glucose and insulin levels during the OGTT compared to burnout cases reporting lower severity of 
symptoms. Furthermore, the group of burnout cases who reported symptoms of depression 
exhibited higher insulin levels during OGTT compared to the burnout cases without depressive 
symptoms. The observed higher levels in the burnout cases with most severe symptoms indicate an 
increased diabetic risk in these patients and it may be of importance to follow glucose and insulin 
levels in individuals with more severe symptoms of burnout i.e. to perform an OGTT.

Introduction

Burnout has been defined as a negative affective state con-
sisting of emotional exhaustion, cognitive weariness and 
physical fatigue which is caused by chronic psychosocial 
stress (Melamed et  al., 1992). Burnout is often accompanied 
with symptoms of depression and anxiety. Besides the fatigue 
and mental health burden, burnout is associated with 
increased risk of adverse physical health (Honkonen et  al., 
2006; Lerman et  al., 1999; Melamed et  al., 1992; Melamed, 
Berliner, 2006; Melamed, Shapira, 2006; Sheiner et  al., 2002; 
Toker et  al., 2005). For example, burnout has been associated 
with increased risk of developing type 2 diabetes (Melamed, 
Berliner, 2006; Melamed, Shapira, 2006). It has been sug-
gested that psychosocial stress, by neuroendocrine pathways, 
induce insulin resistance (Björntorp et  al., 1999; Rosmond, 
2003; Rosmond & Björntorp, 2000), a pre-diabetic state which 
implicates reduced capacity to transport glucose into cells 
(and thus reduced capacity to utilize glucose as energy 
source). To compensate for this, the beta-cells of pancreas 
produce more insulin which eventually could result in, if 
maintained, chronic hyperglycemia and type 2 diabetes 
(Tabák et  al., 2012).

The present study aims to investigate the glucose and 
insulin levels in individuals with stress related burnout, by 
assessing these metabolic markers in response to a standard 
oral glucose tolerance test (OGTT). In a previous study from 
our research group, Sjörs et  al. (2013) investigated fasting lev-
els of insulin and glucose in 90 patients with stress related 
clinical burnout (and 90 controls) and found higher levels of 
insulin in the patients compared to the healthy controls. The 
indexes HOMA-IR and HOMA-β, which mirror insulin resis-
tance and β-cell function, were both significantly higher in 
the patients than controls. We also found slightly lower, but 
statistically significant, fasting glucose levels, but no differ-
ence in HbA1c, between patients with stress related clinical 
burnout and controls. There are only few studies performed 
investigating glucose and insulin levels in relation to stress 
related burnout, and the existing studies do not show consis-
tent results (Deneva et  al., 2019; Grossi et  al., 2003; Sjörs 
et  al., 2013). In the present study, we aim to further investi-
gate the circulating glucose and insulin concentrations in 
burnout subjects, conducting an oral glucose tolerance test. 
As far as we know, OGTT has previously not been used in 
studies on burnout subjects. OGTT detects pre-diabetic stages 
more sensitive than a single fasting glucose or HbA1c. While 
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a single glucose measurement only can define impaired fast-
ing glucose (IFG), OGTT mirror the patient’s ability to normal-
ize the glucose levels after glucose intake, thus it detects 
impaired glucose tolerance (IGT). Furthermore, OGTT offers 
the opportunity to study insulin resistance and beta-cell func-
tion, by HOMA indexes, using fasting levels of glucose and 
insulin. Thus, the primary aim was to investigate if fasting 
level of glucose and HbA1c as well as insulin resistance 
(HOMA-IR) and glucose tolerance differ between burnout 
cases and healthy controls. A secondary aim was to investi-
gate if severity of mental health symptoms (burnout, depres-
sion and anxiety) among the burnout cases is associated with 
fasting glucose, HOMA-IR, HbA1c or glucose tolerance.

Method

Participants

38 individuals with burnout (13 men and 25 women) and 35 
healthy controls (13 men and 22 women) in the age 24–55 
were included in the study. The burnout cases were recruited 
via advertisements in waiting rooms at occupational and pri-
mary care units in Gothenburg, Sweden. Inclusion criteria for 
burnout cases were a mean score ≥4.4 on the Shirom–Melamed 
Burnout Questionnaire (SMBQ) and self-rated symptoms for 
severe exhaustion disorder assessed with the self-rated exhaus-
tion disorder (s-ED) questionnaire. A mean SMBQ score above 
4.4 has previously been shown to discriminate patients with 
clinical burnout from healthy controls (Lundgren-Nilsson et  al., 
2012). The s-ED questionnaire is based on the Swedish diag-
nostic criteria for Exhaustion Disorder, which is the diagnosis 
used for clinical burnout in Sweden (Glise et  al., 2014). 
Self-rated depression and anxiety was also allowed in the 
patient group. Healthy controls were recruited among volun-
teers that had previously responded to advertisements about 
participation in different studies at the Institute of Stress 
Medicine in Gothenburg, Sweden. The age of the participants 
in the control group was 20–61 years and they were recruited 
to match the mean age in the patient group. Before inclusion, 
the subjects underwent a screening test, including question-
naires, anthropometric measurements and blood sampling. 
P-glucose, HbA1c, Hb, TSH, T4 and homocysteine were assessed 
in the blood samples. The screening was performed to ensure 
the following exclusion criteria: having a body mass index less 
than 18.5 kg/m2 or higher than 30 kg/m2, high blood pressure, 
infection, anemia, vitamin B12 deficiency (high homocysteine), 
known systemic disease such as diabetes or thyroid disease, 
known psychiatric disease (except self-rated stress-related 
exhaustion, depression and anxiety in the burnout cases 
group), alcohol abuse, pregnancy, breast feeding, menopause 
or use of drugs with systemic effects, including oral contracep-
tives but excluding antidepressants for the burnout cases. All 
participants gave written informed consent before entering 
the study and were informed that they could withdraw their 
participation at any time. The study was conducted according 
to the Declaration of Helsinki and approved by the Regional 
Ethical Board, Gothenburg, Sweden, Dnr 755-15.

Oral glucose tolerance test (OGTT)

All participants underwent an OGTT performed according to 
the World Health Organization (WHO) criteria 1985. A venous 
catheter was inserted to enable blood sampling at regular 
intervals and during the test study participants rested sitting 
in an armchair reading or listening to the radio. Before the 
glucose load, the first blood samples were taken, constituting 
the fasting samples. The subjects then received 200 ml of glu-
cose solution (75 g of glucose) and blood samples were 
drawn 30, 60, 90 and 120 min after the glucose load. Total 
blood loss was about 110 ml. Blood samples for analysis of 
plasma glucose and serum insulin were sent directly to the 
Laboratory for Clinical Chemistry at Sahlgrenska University 
Hospital for analysis.

Glucose and insulin measures

2-h venous plasma glucose value ≥11.1 mmol/L was classified 
as diabetes and 7.8–11.0 mmol/L was classified as impaired 
glucose tolerance (IGT). Insulin resistance and β-cell function 
was calculated according to the homeostasis model assess-
ment (HOMA) (Matthews et  al., 1985). HOMA-IR (insulin resis-
tance) was calculated as (fasting glucose  ×  insulin)/22.5 and 
HOMA-β was calculated according to the formula (20  ×  insu-
lin)/(glucose-3.5).

Questionnaires

The participants answered several questionnaires assessing 
perceived stress and symptoms of burnout, anxiety and 
depression. They also answered questionnaires regarding 
their physical activity level. Perceived stress was assessed 
with the Perceived Stress Scale (PSS-14) (Cohen et  al., 1983). 
This includes 14 questions capturing perceived stress during 
the previous month in different ways. The Shirom–Melamed 
Burnout Questionnaire (SMBQ) (Melamed et  al., 1992) was 
used to measure severity of burnout symptoms. SMBQ con-
tains 22 items (graded 1–7) measuring the different aspects 
of burnout: emotional and physical exhaustion, tension, list-
lessness and cognitive weariness. A mean burnout index 
was calculated for each participant. The index ranges from 
1 to 7 (no to high burnout symptom load). The Hospital 
Anxiety and Depression (HAD) scale was used to assess 
self-reported symptoms of depression and anxiety (Bjelland 
et  al., 2002; Zigmond & Snaith, 1983). HAD contains 14 
items (7 items for each subscale). The scores for each sub-
scale were used to classify “non-cases” (0–7), “possible cases” 
(8–10), and “cases” (above 10) of anxiety and depression, 
respectively. Participants reported their physical activity 
level (the past year) with the Saltin–Grimby Physical Activity 
Level Scale (Saltin & Grimby, 1968). This scale is a single-item 
question with four response options. The first level corre-
sponds to a sedentary lifestyle, while levels 2–4 represent 
graded increases in activity level from light to strenuous 
exercise training.
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Statistical analysis

Kolmogorov–Smirnov test was used for each study variable to 
test whether data were normally distributed. The variables which 
showed a non-normal distribution underwent logarithmic trans-
formation. After logarithmic transformation (ln), the Kolmogorov–
Smirnov test was used again to control whether the new variable 
showed a normal distribution. The distribution of men and 
women and the distribution of sedentary/physical activity indi-
viduals in the two groups (cases and controls) was compared 
using Chi-square test. T test was used to compare age, BMI and 
WHR between the groups. The analyses on BMI and WHR were 
also performed separately in men and women. Mann–Whitney U 
test was used to compare scores for perceived stress, burnout 
and anxiety between cases and controls. The frequencies of 
usage of antidepressant medication among the different sub-
groups of burnout cases were produced. Levels of HbA1c and 
fasting glucose (measured at screening) were compared between 
burnout cases and controls using t test. To investigate possible 
differences between burnout cases and controls in response to 
OGTT, mixed between and within analysis of variance (ANOVA) 
including interaction was computed with hormonal level (insulin 
and glucose, respectively) at the six different time points as the 
within variable and Group (cases vs. controls) as the between 
variable. Log values of glucose and insulin was used. The 2-h 
glucose value (log values), HOMA-IR and HOMA-β were com-
pared between burnout cases and controls using t tests. To 
investigate whether glucose and insulin measures could be 
related to severity of symptoms in the burnout cases, Spearman’s 
rank correlation test was performed between scores of depres-
sion, anxiety and burnout on one hand and the different insulin 
and glucose levels/measures on the other hand. To further 

investigate whether insulin and glucose measures were associ-
ated with severity of burnout, the burnout cases were divided 
into three groups (tertiles) based on their burnout scores. Mixed 
between/within ANOVAs was used to compare the response of 
glucose and insulin, respectively, between the group of burnout 
cases with most severe burnout symptoms and the others. Log 
values of glucose and insulin was used. T test was used to com-
pare the 2-h glucose (log), HbA1c and HOMA-IR between the 
subjects with the most severe burnout symptoms and those with  
less severe symptoms. Further, the concentrations of glucose and 
insulin during OGTT was compared between the non-depressed 
burnout cases (HAD-D 0–10) and the depressed burnout cases 
(HAD-D > 10) using mixed between/within ANOVA. Log values of 
glucose and insulin were used. The 2-h glucose levels (log), 
HbA1c and HOMA-IR was compared between depressed and 
non-depressed using t test. The same analyses which were per-
formed for the HAD Depression scale was performed with the 
HAD Anxiety scale, thus comparisons made between the group 
with anxiety (>10) and the other burnout cases with regards to 
insulin and glucose response to OGTT and HbA1c, HOMA-IR and 
the 2-h glucose measure. Analyses were conducted with IBM 
SPSS Statistics 29 (IBM Armonk, NY, USA).

Results

Background characteristics

The study sample included 38 burnout cases (66% women) 
and 35 healthy controls (63% women). The background char-
acteristics for the burnout cases and controls are reported in 
Table 1. There were no differences between the groups 
regarding age, BMI, WHR or tobacco use. As expected, the 

Table 1.  Background characteristics in burnout cases (n = 38) and controls (n = 35).

Burnout cases Controls

Mean (range) n (%) Mean (range) n (%) p value

Age, years 42 (26–55) 42 (24–61) 0.855
Sex (% women) 66% 63% 0.812
BMI, kg/m² 22.6 (16.6–30.4) 23.8 (18.7–29.4) 0.090
  Men separately 24.3 (21.7–30.4) 25.0 (20.4–29.4) 0.484
  Women separately 21.7 (16.6–28.2) 23.1 (18.7–28.9) 0.120
WHR 0.82 (0.70–0.95) 0.84 (0.71–1.07) 0.326
  Men separately 0.88 (0.78–0.95) 0.91 (0.84–1.07) 0.204
  Women separately 0.79 (0.70–0.93) 0.80 (0.71–0.88) 0.738
Tobacco user (snuffing or smoking) 3 (8%) 6 (17%) 0.390
Antidepressant use 11 (29%) 0 (0%)
Perceived stress (PSS-14) 33 (17–50) 16 (3–36) <0.001
Depression (HAD) 8 (2–17) 2 (0–6) <0.001
  <7 14 (37%)
  7–10 18 (47%)
  >10 6 (16%)
Anxiety score (HAD) 11 (1–18) 4 (1–10) <0.001
  <7 5 (13%)
  7–10 14 (37%)
  >10 19 (50%)
Burnout score (SMBQ) 5.24 (4.00–6.83) 1.99 (1.17–2.72) <0.001
  Lower tertile 4.00–4.89 12 (31.6%)
  Middle tertile 5.17–5.72 15 (39.5%)
  Upper tertile 5.78–6.83 11 (28.9%)
Physical activity level 0.026
  Sedentary 11 (29%) 1 (3%)
  Light physical activity 13 (34%) 15 (43%)
  Moderate physical activity 13 (34%) 17 (49%)
  Hard training or competitive sports 1 (3%) 2 (6%)

BMI, Body Mass Index; WHR, Waist Hip Ratio; PSS-14. Perceived Stress Scale with 14 questions; HAD, Hospital Anxiety Depression Scale; SMBQ, Shirom–Melamed 
Burnout Questionnaire.
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burnout group reported significantly higher perceived stress 
scores as well as symptoms of depression, anxiety and fatigue 
compared to controls. The burnout group was sedentary to a 
higher extent than the control group. Eleven of the 38 burn-
out cases (29%) in the present study were on antidepressant 
medication (Escitalopram, Sertraline, Mirtazapine, Citalopram, 
or Vortioxetine). The usage of antidepressant medication was 
same in the group of burnout cases with the most severe 
symptoms (highest tertile on SMBQ) as in those reporting less 
severe symptoms (27% compared to 29%, respectively).

Glucose and insulin in burnout cases and controls

There was no overall difference between burnout cases and 
controls with regard to HbA1c (mmol/mol) (32 and 31, 
respectively, p  =  0.500) or fasting glucose (mmol/L) levels 
(5.29 and 5.31, respectively, p  =  0.816). Glucose and insulin 
levels in burnout cases and controls during the OGTT are 
reported in Figure 1. Repeated measures ANOVA showed, as 
expected, a significant effect of time on both glucose 
(F  =  76,158, p < 0.001) and insulin (F  =  335.44, p < 0.001). 
There was no interaction effect between time and group, 
thus there were similar response patterns in burnout cases 
and controls with regard to glucose (p  =  0.306) and insulin 
(p  =  0.681). There were no effects of group, thus no differ-
ence with regard to glucose (p  =  0.805) or insulin levels 
(p  =  0.435) between the burnout cases and controls during 
the OGTT. The 2 hours glucose value is the measurement 
used to investigate whether the study subject has a normal 
glucose tolerance (<7.8 mmol/L), impaired glucose tolerance 
(7.8–11.0 mmol/L) or diabetes (≥11.1 mmol/L). Sixty-nine of 
73 the study participants (94.5%) exhibited normal glucose 
tolerance. Two controls and one burnout subject exhibited 
impaired glucose tolerance and one individual in the burn-
out case group fulfilled type 2 diabetes criteria. There was 
no significant difference between burnout cases and controls 
with regard to the level of glucose at the 2 h measurement 
of the OGTT (5.56 and 5.24 mmol/L, respectively, p  =  0.321). 

Further, no significant differences were seen between burn-
out cases and controls regarding insulin resistance and beta 
cell function indicated by the indexes HOMA-IR (1.40 and 
1.57, respectively, p  =  0.592) and HOMA-β (70.8 and 76.3, 
respectively, p  =  0.945). Thus, in general, no differences in 
glucose homeostasis were seen between burnout subjects 
and controls.

Symptoms of burnout is associated with glucose and 
insulin levels during OGTT

Burnout score did not correlate significantly with level of fast-
ing glucose (p  =  0.268), 2-h glucose (p  =  0.128), fasting insu-
lin (p  =  0.139), HOMA-IR (p  =  0.118) or HbA1c (p  =  0.148). 
However, burnout scores were positively correlated with insu-
lin levels at the time point 60 minutes into the test (r  =  0.351, 
p  =  0.031) and glucose level 90 minutes into the test 
(r  =  0.356, p  =  0.028). To further investigate whether insulin 
and glucose level were associated with degree of burnout 
symptoms, the burnout cases were divided into three groups 
(tertiles) based on their burnout scores. Insulin and glucose 
levels during the OGTT were then compared between  
the burnout groups using mixed between-within ANOVAs. 
Figure 2 shows the glucose and insulin levels during the 
OGTT in the three burnout score groups. The group of burn-
out cases with the most severe burnout symptoms (mean 
SMBQ scores 5.78–6.83) exhibited significantly higher levels of 
glucose (F  =  11.510, p  =  0.002) and insulin (F  =  7.299, 
p  =  0.0011) during the OGTT compared to the others. No dif-
ference in HbA1c (p  =  0.244) or the 2-h glucose (p  =  0.175) 
were seen between the burnout cases with more severe 
symptoms and the others. Figure 3 report HOMA-IR in the 
three burnout groups. HOMA-IR was significantly higher in 
the burnout cases with severe burnout symptoms compared 
to the others (t  =  –2.247, p  =  0.031). There were no differ-
ences between the two groups with lower burnout scores 
with regard to HOMA-IR or levels of glucose and insulin 
during the OGTT (data not shown).

Figure 1.  Glucose and insulin levels (means and 95% CI) in burnout cases (n=38) and controls (n=35) during OGTT.
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Symptoms of depression but not symptoms of anxiety 
were associated with glucose and insulin levels during 
OGTT

There were positive correlations between depression scores 
and fasting glucose level (r  =  0.343, p  =  0.035), the 2-h glu-
cose level (r  =  0.332, p  =  0.041), fasting insulin (r  =  0.322, 
p  =  0.049) and HOMA-IR (r  =  0.356, p  =  0.028). HbA1c was 
not correlated with depression score (p  =  0.936). The patients 
were divided into three groups based on their depression 
score. The glucose levels during OGTT in these groups are 
reported in Figure 4. The concentrations of glucose during 
OGTT were compared between the non-depressed burnout 
cases (0–10) and depressed burnout cases (>10) using mixed 
between-within ANOVA. Glucose levels during the OGTT were 
significantly higher among the depressed burnout cases than 
the non-depressed burnout cases (F  =  5.954, p  =  0.020). The 
2-h glucose and HOMA-IR differed significantly between the 
depressed and non-depressed burnout cases (t  =  –2.093, 
p  =  0.043 and t  =  –2.069, p  =  0.046, respectively), but no 
difference in HbA1c was seen (p  =  0.815). Figure 5 reports the 
HOMA-IR in the depression groups. There was no difference 

between depressed and non-depressed burnout cases in 
insulin levels during OGTT (data not shown). Anxiety scores 
did not correlate with any of the glucose or insulin measures 

Figure 2.  Glucose and insulin levels (means, 95% CI) during OGTT in burnout cases with different burnout scores (Low, n = 12; Middle, n =15; High, n =11).

Figure 3.  HOMA-IR (mean, 95% CI) during OGTT in burnout cases with differ-
ent burnout scores (Low, n = 12; Middle, n =15; High, n =11).

Figure 4.  Glucose levels (95% CI) during the OGTT in burnout cases scoring 
high depression (HAD-D >10, n =6), moderate depression (HAD-D 7-10, n =18) 
and no depression (HAD-D 0-6, n =14).

Figure 5.  Mean HOMA-IR (95% CI) in burnout cases scoring high depression 
(HAD-D >10, n =6), moderate depression (HAD-D 7-10, n =18) and no depres-
sion (HAD-D 0-6, n =14).
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and mixed between-within ANOVA did not show any differ-
ences between the groups with different anxiety scores (0–6, 
7–10, >10) (data not shown).

Discussion

Main results

This study investigated circulating glucose and insulin con-
centrations in individuals with burnout using a standard 
OGTT, and to our knowledge this is the first study measuring 
OGTT in burnout subject. The main results are that the burn-
out group overall did not differ from healthy controls. 
However, the burnout subjects who reported more severe 
burnout symptoms exhibited significantly higher levels of 
both glucose and insulin levels during the OGTT compared to 
those reporting lower severity of symptoms. Furthermore, the 
group of burnout cases who scored higher level of symptoms 
of depression exhibited higher insulin levels during OGTT 
compared to those without depressive symptoms. The 
observed higher levels indicate a diabetic risk in these burn-
out cases.

Comparisons to previous research

As previously mentioned, Melamed et  al. (Melamed et  al., 
2006) found that burnout was associated with increased risk 
of diabetes. They prospectively studied 677 apparently healthy 
working men and women (for 3–5 years) and found an associ-
ation with burnout, with a 1.84-fold increase in risk of devel-
oping type 2 diabetes, even after controlling for several 
potential confounding variables. Further, a recently published 
systematic review and meta-analysis by Strikwerda et  al. 
(Strikwerda et  al., 2021) observed a 1.8 times higher odds of 
prevalent type 2 diabetes in individuals with burnout and vital 
exhaustion compared to those without. However, they found 
lack of significant associations between burnout/vital exhaus-
tion and markers of glycemic control. There are few studies 
which investigated the possible links between burnout and 
circulating glucose and insulin levels, and the existing studies 
show conflicting results. Grossi et  al. (Grossi et  al., 2003) inves-
tigated physiological correlates of burnout in women and 
found that HbA1c levels were higher in the participants with 
high compared to low burnout scores measured with SMBQ 
while fasting glucose or insulin were not assessed in this 
study. In the present investigation, no overall differences were 
seen in HbA1c levels between burnout cases and controls. 
Further, no difference in HbA1c was seen between the burn-
out cases with more severe symptoms and the others. 
Bellingrath et  al. (2009) studied measures of the allostatic load 
concept in relation to burnout measures in 104 healthy female 
schoolteachers, 25–60 years old. They found no correlation 
between fasting glucose and HbA1c on one hand and mea-
sures of burnout (Vital exhaustion, Maslach Burnout inventory) 
on the other hand. Deneva et  al. (2019) studied insulin and 
glucose levels among other biological markers in 93 physi-
cians with burnout, according to their ratings on Maslach 
Burnout inventory (MBI) scale, compared to 230 subjects with-
out burnout, and found that cortisol, ACTH, fasting glucose 

and HbA1c, but not insulin, were significantly higher in the 
burnout subjects. As mentioned in the introduction, a previ-
ous study from our research group, Sjörs et  al. (2013), investi-
gated fasting levels of insulin and glucose in 90 patients with 
stress related clinical burnout (and 90 controls) and found 
higher levels of insulin in the patients compared to the healthy 
controls. The indexes HOMA-IR and HOMA-β, which mirror 
insulin resistance and β-cell function, respectively, were also 
shown to be significantly higher in the patients compared to 
control controls (Sjörs et  al., 2013). In the present study we 
did not find any difference between patients and controls. 
However, we found that the patients with severe burnout 
symptoms exhibited levels indicating a prediabetic state, thus 
high levels of glucose and insulin during the OGTT and higher 
HOMA-IR. Equivalent comparisons between groups with differ-
ent severity of symptoms were not performed in our previous 
study. We also found that the burnout cases who reported 
symptoms of depression exhibited higher insulin levels during 
OGTT and higher HOMA-IR compared to the others. The sub-
jects in our previous study were a more selected group of 
clinical patients admitted to an outpatient clinic specializing in 
stress-related illness. The burnout subjects in the present study 
had less severe stress-related exhaustion but most probably 
they better represent individuals seeking care for stress-related 
problems in general. Depression has previously been linked to 
insulin resistance (Leonard & Wegener, 2020; Macchi et  al., 
2020) and increased risk for types 2 diabetes (Eaton et  al., 
1996), and the link is suggested to be elevated cortisol levels, 
among other mechanisms.

Antidepressant medication and its effects on the results

The research on the effects of antidepressants on insulin sen-
sitivity and glucose metabolism show diverse results. The 
most studied group among the antidepressant pharmacolog-
ical agents is the selective serotonin reuptake inhibitors (SSRI). 
Some SSRI have in some studies been shown to have a pos-
itive effect on insulin sensitivity and glucose homeostasis 
(Buhl et  al., 2010; McIntyre et  al., 2006; Weber-Hamann et  al., 
2006), while other SSRI antidepressants seem to negatively 
influence insulin resistance (Brown et  al., 2008; Kesim et  al., 
2011; Kivimäki et  al., 2010). However, results are incongruent, 
even among studies on the same sort of SSRI. The usage of 
antidepressant medication was similar in the group of burn-
out cases with the most severe symptoms and the others and 
none of the burnout cases who scored depression was on 
antidepressant medication. We also performed post hoc anal-
yses showing no difference in any of the glucose or insulin 
measures between the antidepressant users and the other 
burnout cases (data not shown). A cautious conclusion it that 
use of antidepressants is not the main driver for the impaired 
insulin resistance and glucose homeostasis seen in the group 
of burnout cases with more severe symptoms.

Methodological considerations

Several methodological considerations should be mentioned. 
This is a relatively small study, which becomes even more evi-
dent when the group of burnout cases is divided into three 
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different subgroups. One reflection is that the difference seen in 
this study between high and low symptoms seem to be clear 
even in such a small sample. A limitation of the study is that 
the small sample size restricted us from controlling for back-
ground factors such as for example age, BMI and sex. However, 
there was no difference between groups, or sub-groups (data 
not shown) in any of the background variables which most 
probably makes this of minor importance. Since 3 patients and 
6 controls were tobacco users it should be mentioned that 
smoking and snuff (Carlsson et  al., 2017; Persson et  al., 2000) 
may increase the risk of type 2 diabetes and thus may influence 
the results. However, post hoc analysis was performed showing 
that there was no difference in any of the glycemic measures 
between tobacco users and the others (data not shown).

It should be noted that, since the study is cross-sectional, 
it is not possible to determine the causality between burnout 
and glucose homeostasis. Further, only self-reports are used 
in this study, thus the burnout case population has not been 
clinically assessed for any diagnoses. However, the assess-
ment tools used have been validated to be useful in separat-
ing clinical population from a nonclinical population. The 
cross-sectional design of the study does not allow investiga-
tion of the causal link between burnout and glycemic control.

Conclusions

Burnout subjects in general do not exhibit different glucose 
and insulin levels during OGTT compared to healthy controls. 
However, the results indicate that the group of burnout cases 
who suffer from severe exhaustion and/or depression exhibit 
glucose and insulin levels indicating an increased diabetic 
risk. Thus, in clinical practice, the patients with burnout 
should be examined with regards to glucose and insulin, to 
detect prediabetes on an early stage. The results should be 
confirmed by other studies. Further studies could also explore 
the possible mechanisms between insulin resistance and 
symptoms of fatigue/depression.
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