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ABSTRACT
Introduction Both diabetes mellitus and being female 
significantly increase the risk of being diagnosed with 
major depressive disorder (MDD). The diagnosis of MDD, 
combined with diabetes mellitus, can be detrimental in 
terms of mortality and morbidity. We aimed at investigating 
the impact of diabetes mellitus on the gender gap in MDD 
over the course of a human lifetime.
Research design and methods In a cross- sectional 
study over the course of 17 years, medical claims data of 
the general Austrian population (n=8 996 916) between 
1997 and 2014 was analyzed. Of these, 123 232 patients 
with diabetes mellitus were extracted and compared with 
non- diabetic controls.
Results In a cohort of 123 232 patients with diabetes 
mellitus and 1 933 218 controls (52% females, 48% 
males), women with diabetes had 2.55 times increased 
ORs to be diagnosed with MDD compared with women 
without diabetes (95% CI 2.48 to 2.62, p<0.001) between 
the age of 30 and 69 years. The effect of diabetes mellitus 
on the prevalence of MDD was significantly smaller in 
men (OR=1.85, 95% CI 1.80 to 1.91, p<0.001). Between 
0 and 30 years and after age 70 years, the gender gap of 
MDD was not different between patients with and without 
diabetes mellitus. The peak of the gender gap in MDD 
in patients with diabetes mellitus was around the age of 
40–49 years. A sensitivity analysis identified overweight, 
obesity and alcohol dependence as the most potent 
influencing factors of the widening of the gender gap 
among patients with diabetes mellitus.
Conclusions Diabetes mellitus is a stronger risk factor 
for MDD in women than in men, with the greatest width 
of the gender gap between 40 and 49 years. High- risk 
patients for MDD, such as overweight female patients 
with diabetes, should be more carefully assessed and 
monitored.

INTRODUCTION
Depression and diabetes mellitus are two 
detrimental burdens on global health, 
currently affecting 5% and 9% of the world’s 
population, respectively.1 The prevalence of 
diabetes mellitus is slightly higher in men 
than in women and increasing across all age 
groups.2 3 With one in four type 2 diabetes 
patients suffering from depression, the 
probability of being diagnosed is five times 

higher than in the non- diabetic population.4 5 
Diabetes mellitus and depression appear to 
display a certain etiological bidirectionality 

Significance of this study

What is already known about this subject?
 ► Type 2 diabetes mellitus patients have an increased 
risk of being diagnosed with major depressive disor-
der (MDD), and patients suffering from MDD are at 
an elevated risk to develop type 2 diabetes mellitus.

 ► Women are twice as likely to be diagnosed with de-
pression compared with men resulting in a steep gen-
der gap.

What are the new findings?
 ► Women with diabetes had over two times higher ORs 
to be diagnosed with MDD compared with wom-
en without diabetes (OR=2.55, 95% CI 2.48 to 2.62, 
p<0.001) between the age of 30 and 69 years. In men 
with diabetes, the effect was significantly less pro-
nounced (OR=1.85, 95% CI 1.80 to 1.91, p<0.001).

 ► Overweight, obesity and alcohol dependence were 
identified as the strongest influencing factors for the 
widening of the gender gap in MDD among patients 
with diabetes.

How might these results change the focus of 
research or clinical practice?

 ► This is the first time showing that diabetes mellitus is 
an even greater risk factor for MDD in women than 
in men.

 ► High- risk patients, such as overweight female di-
abetic patients with or without cardiovascular dis-
ease, should be even more carefully assessed and 
monitored concerning their risk for MDD.

 ► Females with diabetes had over two times high-
er ORs to be diagnosed with MDD compared with 
women without diabetes between the age of 30 and 
69 years. In men with diabetes, the effect was sig-
nificantly less pronounced.

 ► Overweight, obesity and alcohol dependence were 
identified as the strongest influencing factors for the 
widening of the gender gap in MDD among patients 
with diabetes.

 ► The gender gap in MDD is more substantial among 
patients with diabetes mellitus compared with non- 
diabetic controls.
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as also patients with depression show an elevated risk to 
develop type 2 diabetes mellitus.6 In combination, these 
two chronic conditions result in 4.5 times higher health-
care costs than for diabetes patients without depression7 
due to both diseases being associated with an increase in 
mortality and morbidity.8 9

Type 2 diabetes mellitus is a chronic, non- communicable 
disease with serious long- term complications such 
as cardiovascular, peripheral vascular, ocular, neuro-
logic, renal and reproductive abnormalities. Depres-
sion worsens the prognosis in patients with diabetes by 
increasing the rate of diabetic complications as well as 
the risk of cardiac mortality.8 10 11

Depression affects mortality and morbidity negatively 
in both sexes.8 In female patients with diabetes, however, 
it results in a 2–3 times higher risk for cardiovascular 
diseases compared with women without diabetes.3 12 The 
postmenopausal decrease in the seemingly cardioprotec-
tive estrogen13 and the perimenopausal peak of depres-
sion may explain this more pronounced effect in patients 
with diabetes.14 With women being twice as likely to be 
diagnosed with depression than men, there is a steep 
gender gap in the diagnosis of depression, which might 
be influenced by an interaction of diabetes mellitus with 
the diagnosis of depression.4 5 15 16 Reflecting on these 
previous findings, we investigated the effect of diabetes 
mellitus on the gender gap in major depressive disorder 
(MDD) as well as incidence rates for depression over the 
course of a lifetime.

STUDY DESIGN AND METHODS
A cross- sectional study of a medical claims database span-
ning 17 years of data from the Austrian Ministry of Health 
was conducted. The database contained records of all 
hospitalized Austrians between 1997 and 2014 (n=8 996 
916), a total number of 45 000 000 hospital stays. Each 
record consists of a unique patient and stay identifier, the 
patient’s age group, sex, primary diagnose, secondary 
diagnoses as well as hospital entry and exit dates. The 
database includes 1699 disorders classified with three- 
digit International Classification of Diseases, 10th Revi-
sion (ICD-10) codes. In Austria, for each hospital stay, a 
primary diagnosis is determined and a varying number 
of secondary diagnoses might be added. To ensure the 
comparability of health status of our study population, 
we restricted the analysis to patients without any hospital 
encounters from 1997 to 2002 and at least one hospital 
stay between 2003 and 2014. Furthermore, the ICD 
coding system changed to ICD-10 2001 in Austria in the 
early 2000s; mixing different classification systems would 
have rendered the analysis unreliable. We proceeded 
to select diabetes mellitus patients and an appropriate 
control group. We defined all patients with at least one 
diagnosis from the range E10–E14 in the years 2003–2014 
(main or side diagnosis) as patients with diabetes and the 
rest of the population as controls. Patients with depres-
sion were identified with the ICD-10 code of F32 or F33 

(main or side diagnosis). All patients were categorized 
into 10- year age groups starting with age 10–19, 20–29, 
up to 70–79 years. For each age group, we calculated ORs 
for being diagnosed with MDD in patients with diabetes 
mellitus and the control group. A similar approach was 
used to calculate ORs for diagnoses that potentially 
promote depression. The gender gap was calculated 
as the ratio between these ORs for women and men. A 
series of sensitivity analyses was conducted to assess the 
robustness and potential confounders of our results by 
excluding patients with diagnoses potentially promoting 
depression (overweight and obesity (ICD-10 code E66), 
nicotine dependence (F17) and alcohol- related disor-
ders (F10), renal failure (N17 and N18), cardiovascular 
disorders (I20–I25), stroke (I63 and I64), atherosclerosis 
(I70), peripheral artery diseases (I73), hypothyroidism 
(E02 and E03), cancer (C00–C97 and D00–D48), sleep 
disorders (G47) and post- traumatic stress disorder 
(PTSD) (F43)). By excluding these patients, we were able 
to determine whether the observed relations between 
depression and diabetes are confounded by any of these 
diagnoses.

RESULTS
Baseline characteristics
We focused on the age groups 30–69 years, with a total 
of 123 232 patients with diabetes (43 269 women, 79 963 
men) and 1 933 218 controls because there was no signif-
icant difference in the gender gap between the diabetes 
mellitus group and the general population before age 30 
years and after 69 years. As visible in table 1, 10.54% of 
all patients with diabetes had been diagnosed with MDD 
(15.63% of women, 7.79% of men). The control group 
(no diabetes mellitus) consisted of 1 933 218 patients 
(970 625 women, 962 593 men), 5.41% of which had 
received the diagnosis MDD (6.53% of women, 4.28% 
of men). Baseline characteristics of the population <30 
years can be found in the online supplemental S1 and 
S2. Patients with diabetes had more hospital days, stays, 
a higher total number of diagnoses and were more likely 
to be diagnosed with obesity and overweight, nicotine 
dependence, alcohol- related disorders, sleep disor-
ders, MDD, cardiovascular disease, cerebral infarction, 
diseases of arteries, arterioles and capillaries, kidney 
failure, hypothyroidism and cancer when compared with 
the non- diabetic control group.

Sex-specific baseline characteristics
Female patients with diabetes were older and had on 
average slightly more diagnoses and hospital days than 
their male counterparts. The most frequent diagnoses 
for female and male patients with diabetes overlapped 
for the most part (E11 - type 2 diabetes mellitus, I10 – 
hypertension, E78 - lipoprotein metabolism disorder, E14 
– unspecified diabetes mellitus), except for urinary tract 
infection (N39) in women and chronic ischemic heart 
disease (I25) in men.
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Sex-specific comparison of the diagnosis MDD in the general 
population over the course of a lifetime
As illustrated in figure 1, female patients with diabetes 
displayed a higher risk for developing MDD compared 
with men with diabetes and the non- diabetic control 
group in all age groups starting in and around puberty. 
In the age group of 10–19 years, women (3.07%) display 
a higher probability of being diagnosed with MDD than 

men (1.84%). The most prominent gender gap in MDD 
among patients with diabetes mellitus could be found 
between the age of 40 and 49 years. Known diagnoses that 
are potentially promoting depression were compared 
in patients with diabetes and patients without diabetes. 
The analysis showed that women suffering from diabetes 
mellitus versus women without diabetes between the age 
of 40 and 49 years had the highest ORs of having diseases 
potentially related to depression such as cardiovascular 
diseases (OR females=5.48; OR males=4.05), overweight 
and obesity (OR females=12.37; OR males=7.82), stroke 
(OR females=4.17; OR males=3.55), lipoprotein metabo-
lism disorders (OR females=8.73; OR males=5.65), renal 
failure (OR females=8.80; OR males=5.84) and sleep 
disorders (OR females=3.31; OR males=1.97), compared 
with any other age group and compared with men with 
diabetes (see figure 1 and online supplemental S3 and S4 
for details).

Impact of diabetes mellitus on the gender gap in MDD
In this study, the gender gap in depression is greater in 
the diabetes cohort than in non- diabetic controls between 
the age of 30 and 69 years (see figure 1). Here, women 
with diabetes are at an increased risk to be diagnosed with 
MDD compared with women without diabetes (OR=2.55, 
95% CI 2.48 to 2.62, p<0.001), whereas men with diabetes 

Table 1 Baseline characteristics and prevalence (in %) of major depressive disorder and possible confounding factors for 
depression among all patients between the age of 30 years and 69 years with and without diabetes mellitus in Austria from 
2003 to 2014

Parameters and diagnoses

With diabetes Without diabetes

All Female Male All Female Male

Age (in years) 57.53±9.22 57.7±9.53 57.44±9.04 48.65±10.87 48.18±10.89 49.13±10.83

Hospital stays 5.89±8.31 5.89±8.26 5.89±8.34 2.85±4.53 2.88±4.63 2.82±4.43

Hospital days (in days) 47.52±75.17 47.85±73.24 47.33±76.19 17.07±52.39 16.15±51.43 17.99±53.32

Number of hospital diagnoses 10.22±7.72 10.27±7.73 10.2±7.7 3.88±4.03 3.8±3.93 3.96±4.13

All patients 123 232 43 269 79 963 1 933 218 970 625 962 593

E66 – obesity and overweight (in %) 26.41 31.07 23.89 4.33 4.36 4.30

F17 – nicotine dependence (in %) 12.33 8.59 14.36 4.63 3.13 6.13

F10 – alcohol- related disorders (in %) 5.79 2.57 7.54 3.88 1.90 5.88

G47 – sleep disorders
(in %)

6.38 3.88 7.74 2.38 1.10 3.67

F32–F33 – depression
(in %)

10.54 15.63 7.79 5.41 6.53 4.28

I20–I25 – cardiovascular diseases (in %) 24.37 17.29 28.21 4.9 2.53 6.66

I63–I64 – cerebral infarction (in %) 6.44 5.14 7.15 1.28 0.90 1.66

I70–I79 – diseases of arteries, arterioles 
and capillaries (in %)

6.99 5.03 8.05 0.84 0.52 1.16

N17–N19 – acute kidney failure and 
chronic kidney disease (in %)

5.45 4.83 5.78 0.78 0.50 1.05

E02–E03 – hypothyroidism (in %) 5.51 9.60 3.30 2.04 3.05 1.03

C00–D48 – neoplasms
(in %)

1.51 2.08 1.19 1.39 1.83 0.95

Figure 1 Percentage of patients with diabetes diagnosed 
with MDD compared with patient without diabetes: gender 
gap of female and male patients suffering from depression 
is larger in the diabetes cohort between age 30 and 69 years 
(female diabetes patients: OR=2.55, 95% CI 2.48 to 2.62, 
p<0.001; male diabetes patients: OR=1.85, 95% CI 1.80 to 
1.91, p<0.001). MDD, major depressive disorder.
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only have a 1.85 times higher risk when compared with 
men without diabetes (95% CI 1.80 to 1.91, p<0.001), 
which is significantly lower than in women (p<0.0001). In 
other words, women with diabetes showed a gender gap 
with a 1.37- fold (95% CI 1.32 to 1.43) increased risk for 
the diagnosis of depression when compared with male 
patients with diabetes between the age of 30 and 69 years.

When investigating F32 (MDD, single episode) and 
F33 (MDD, recurrent) as separate entities, the results did 
not change significantly (see online supplemental figures 
S5–S8 in supplementary materials).

To investigate possible confounding factors for the 
greater gender gap in depression among diabetes 
patients between 30 and 69 years, we conducted a sensi-
tivity test (figure 2) on diagnoses that potentially influ-
ence depression risk. Renal failure (N17 and N18), 
nicotine dependence (F17), cardiovascular diseases 
(I20–I25), stroke (I63 and I64), atherosclerosis (I70), 
cancer and PTSD (F43) did not affect the gender gap. 
We could identify overweight and obesity (E66) as one 
of the most important influencing factors for the gender 
gap. A similar effect could be detected for alcohol- related 
disorders (F10).

DISCUSSION
We aimed at investigating the effect of diabetes mellitus 
on the gender gap in MDD. This is the first study showing 
that diabetes mellitus is a stronger risk factor for depres-
sion in women than in men. The gender gap in the diag-
nosis of depression is significantly larger in patients with 
diabetes than in the non- diabetic control group. Further-
more, there is an age peak in the gender gap of MDD 
at age 40–49 years, which is more pronounced among 
patients with diabetes than non- diabetic controls.

A gender gap in depression is a well- published 
finding;15 16 however, age- related changes in depression 

risk and the impact of diabetes have not been sufficiently 
investigated so far. In the present analysis, women with 
diabetes mellitus displayed an increased risk to develop 
depression compared with male patients with diabetes in 
all age groups. We observed a first rise in MDD around 
puberty, which was steeper in women than men and, 
thus, supports previous studies describing the emergence 
of a gender gap in MDD in this age group.17 18 Possible 
explanations are the earlier puberty onset in girls and 
gender differences in risk factors for depression during 
childhood combined with environmental stressors.17 18 In 
this analysis, the largest gender gap was found between 
40 and 49 years. Correspondingly, women with diabetes 
mellitus in this age group had a higher OR for diseases 
that potentially promote depression compared with men. 
As cardiovascular diseases and obesity, among others, 
increase the risk for depression,19–21 their higher ORs at 
40–49 years in women with diabetes might offer an expla-
nation for the most prominent gender gap in MDD being 
at the same age. Furthermore, adult women are about two 
times more likely to be diagnosed with depression, have 
a higher prevalence of MDD due to biological factors 
and the psychological burden of the disease and/or 
men being underdiagnosed with depression.15 16 A peri-
menopausal rise in depression rates was demonstrated in 
longitudinal studies on premenopausal women22 23 and 
associated with hormonal fluctuations rather than abso-
lute hormone values in previous studies.14 24 Concerning 
males, research suggests that men are under- reporting 
depressive symptoms and the severity thereof,25 are less 
likely to seek help16 and that the Diagnostic and Statistical 
Manual of Mental Disorders, fifth revision diagnostic criteria 
better reflects symptoms of depressed women than 
men.26 Therefore, a case of depression in a male patient 
is significantly less likely to be recognized by a healthcare 
professional than one in a female patient, which possibly 
contributes to the gender gap in depression.25–27

In order to investigate potential confounding factors 
for the wider gender gap among patients with diabetes 
mellitus, a sensitivity test on known important covari-
ates for depression was conducted.20 21 28–32 The sensi-
tivity analysis showed that female patients with diabetes 
are relatively more affected by overweight, obesity and 
alcohol- related disorders in the diagnosis of MDD than 
their male counterparts. Correspondingly, research 
suggests a strong interrelation between obesity and 
depression, especially in women, due to physical impair-
ment, social dysfunction, emotional eating, biomolecular 
changes and both conditions being stigmatizing.19 21 33 
Studies link abdominal obesity in women to an impaired 
hypothalamic–pituitary–adrenal axis stress response 
which, in turn, is related to psychiatric disorders such as 
MDD and anxiety disorders.3 However, alcohol- related 
disorders are typically more prevalent in men and men 
are more prone to cope with depression via increased 
alcohol consumption.34 35 Some studies, though, have 
demonstrated a link between alcohol- related disor-
ders and depression in female adolescents, but not 

Figure 2 Sensitivity test showing confounding factors for 
the wider gender gap in MDD among patients with diabetes: 
obesity (ICD-10 code E66) and alcohol- related disorders 
(F10) significantly reduced the effect size of diabetes on 
the gender gap in the diagnosis of depression. Renal failure 
(N17 and N18), nicotine dependence (F17), cardiovascular 
diseases (I20–I25), stroke (I63 and I64), atherosclerosis (I70), 
cancer and PTSD (F43) did not affect the gender gap. ICD-
10, International Classification of Diseases, 10th Revision; 
MDD, major depressive disorder; PTSD, post- traumatic 
stress disorder
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males.36–38 This gender- specific association is believed 
to decrease with age36; however, gender differences in 
alcohol- related disorders and MDD remain unclear.39 
Furthermore, literature suggests a similar influence of 
PTSD on type 2 diabetes mellitus like MDD40; however, 
PTSD did not significantly impact our results according 
to the sensitivity analysis. Other potential influencing 
factors for a wider gender gap in patients with diabetes 
include women being psychologically more affected by 
diabetes distress.41–43 Furthermore, it has been reported 
in previous studies that the frequency of doctor visits 
increases the probability of being diagnosed with depres-
sion.44 Men are known to visit the doctor less often, 
possibly resulting in an underdiagnosis of depression 
in male patients.26 45–47 This effect might be even more 
prominent in a multimorbid condition such as diabetes 
mellitus, which requires an increased amount of medical 
care. Along these lines, we observed that female patients 
with diabetes have more hospital diagnoses and hospital 
days than men with diabetes in our cohort.

There are limitations and strengths to this study. We 
had access to hospital diagnoses of the whole Austrian 
population from 1997 to 2014, which is a large dataset 
with a high number of patients. However, due to the char-
acter of the dataset, outpatient visits were not recorded. 
Patients had to have been admitted to a hospital due to 
diabetes mellitus or any other disease at least once to 
be included in the analysis. A clear distinction between 
effects of a single episode (F32) compared with recur-
ring depression (F33) on diabetes mellitus risk is hardly 
possible in this dataset. Both can only be analyzed as 
categorical diagnoses due to the cross- sectional nature 
of the data, which does not account for longitudinal 
changes or disease progression. Furthermore, data on 
glycemic control and medication would have opened 
possibilities to distinguish between patients with poor or 
good glycemic control and its potential effects on mental 
health.

In conclusion, diabetes mellitus appears to be a stronger 
risk factor for the diagnosis of MDD in women than in 
men. Obesity, overweight and alcohol- related disorders 
are more potent moderators of MDD risk in female than 
male diabetes patients. Therefore, we propose that high- 
risk patients such as overweight female patients with 
diabetes should be carefully assessed and monitored 
concerning their individual risk to develop depression.
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