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Abstract
Aims: There are sex differences in the excess risk of diabetes-associated cardio-
vascular disease. However, it is not clear whether these sex differences exist with 
regard to other complications like mental health aspects. Therefore, we investi-
gated sex differences in the association of prediabetes and type 2 diabetes (T2D) 
with cognitive function, depression, and quality of life (QoL).
Materials and Methods: In a population-based cross-sectional cohort study 
(n = 7639; age 40–75 years, 50% women, 25% T2D), we estimated sex-specific asso-
ciations, and differences therein, of prediabetes and T2D (reference: normal glu-
cose metabolism) with measures of cognitive function, depression, and physical 
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1   |   INTRODUCTION

Diabetes mellitus is an established risk factor for several 
major cardiovascular diseases (CVD), including coronary 
heart disease (CHD) and stroke.1 However, not everyone 
with diabetes has the same degree of excess risk. Several 
studies have indicated that the excess risk of CVD con-
ferred by diabetes is substantially greater for women than 
for men.1 There is emerging evidence that diabetes has 
also detrimental effects on mental health aspects, like cog-
nitive function2 and depression,3 which might be partly 
vascular complications.4 Additionally, it has been shown 
that diabetes adversely affects an individual's quality of 
life.5 However, in contrast to CVD, it is less clear whether 
sex differences exist in mental health aspects and qual-
ity of life. Identifying these sex differences is important 
to allow guidelines to be more sex-sensitive and to allow 
clinicians and health professionals to better tailor care to 
individuals.6

Several,7,8 but not all,9 previous studies among peo-
ple with type 2 diabetes have shown that women are 
more likely to have cognitive impairment than men. 
Also, a generally higher prevalence of depression10,11 
and a poorer health-related quality of life12,13 were re-
ported among women with type 2 diabetes than among 
men with type 2 diabetes. Although these previous stud-
ies have shown sex differences in the prevalence of cog-
nitive impairment, depression, and quality of life among 

people with type 2 diabetes, they did not include a refer-
ence group of people without type 2 diabetes. As such, it 
is unknown whether type 2 diabetes also is a stronger risk 
factor for the development of these outcomes in women 
than in men. A previous meta-analysis on sex differences 
in the association between type 2 diabetes and dementia 
showed that the diabetes-related risk of vascular dementia 
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and mental QoL. Sex differences were analysed using multiple regression models 
with interaction terms.
Results: In general, T2D, but not prediabetes, was associated with higher odds of 
cognitive impairment, major depressive disorder, and poorer QoL. The odds ratio 
(OR) of cognitive impairment associated with T2D was 1.29 (95% CI: 0.96–1.72) 
for women and 1.39 (1.10–1.75) for men. The OR of major depressive disorder as-
sociated with T2D was 1.19 (0.69–2.04) for women and 1.68 (1.02–2.75) for men. 
The mean difference of the physical QoL score (ranging from 0 to 100, with 100 
indicating the best possible QoL) associated with T2D was −2.09 (−2.92 to −1.25) 
for women and −1.81 (−2.48 to −1.13) for men. The mean difference of the men-
tal QoL score associated with T2D was −0.90 (−1.79 to −0.02) for women and 
−0.52 (−1.23 to 0.20) for men. There was no clear pattern of sex differences in 
the associations of either prediabetes or T2D with measures of cognitive function, 
depression, or QoL.
Conclusions: In general, T2D was associated with worse cognitive function, de-
pression, and poorer QoL. The strength of these associations was similar among 
women and men.

K E Y W O R D S

cognition, diabetes, mental health, women-s health

What is already known about this subject?

•	 Type 2 diabetes is associated with an excess risk 
of cardiovascular disease and other complica-
tions, such as worse cognitive function, depres-
sion, and poorer quality of life.

•	 Women with type 2 diabetes have a greater ex-
cess risk of cardiovascular disease than men 
with type 2 diabetes.

New findings
•	 There were no sex differences in the associations 

of prediabetes and type 2 diabetes with cognitive 
function, depression, and quality of life.

Clinical impact
•	 People with type 2 diabetes, independent of sex, 

have an excess risk of worse cognitive function, 
depression, and poorer quality of life.
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was substantially greater in women than in men.14 As 
the development of type 2 diabetes is a gradual process 
of increasing glucose intolerance, it is pertinent to in-
clude comparisons with individuals at different stages 
of the glucose intolerance spectrum, so as to understand 
where in the spectrum any sex difference might emerge. 
Subsequently, appropriate interventions, like sex-sensitive 
prevention for diabetes-associated cognitive decline, de-
pression, and poorer quality of life, may be initiated.

In view of these considerations, we assessed whether 
the association of prediabetes and type 2 diabetes with 
cognitive function, depression, and quality of life differed 
between women and men.

2   |   MATERIALS AND METHODS

2.1  |  Study population

Data were used from The Maastricht Study, an observa-
tional prospective population-based cohort study. The 
rationale and methodology have been described previ-
ously.15 In brief, The Maastricht Study focuses on the aeti-
ology, pathophysiology, complications, and comorbidities 
of type 2 diabetes and is characterised by an extensive 
phenotyping approach. Individuals aged between 40 and 
75 years old at the study baseline, and living in the south-
ern part of the Netherlands, were eligible to participate. 
Participants were recruited through mass media cam-
paigns, and from the municipal registries and the regional 
Diabetes Patient Registry via mailings. Recruitment was 
stratified according to known type 2 diabetes status, with 
an oversampling of individuals with type 2 diabetes, for 
reasons of efficiency. The present report includes cross-
sectional data from the first 7689 participants, who com-
pleted the baseline survey between November 2010 and 
December 2017. The examinations of each participant 
were performed within a time window of 3 months. 
Participants with other types of diabetes than type 2 dia-
betes were excluded (n = 50; Figure 1). The study has been 
approved by the institutional medical ethical committee 
(NL31329.068.10) and the Minister of Health, Welfare and 
Sports of the Netherlands (Permit 131088–105234-PG). 
All participants gave written informed consent.

2.2  |  Assessment of glucose metabolism

To determine the glucose metabolism status, all par-
ticipants underwent a standardised 2-h 75 g oral glucose 
tolerance test after fasting overnight. For safety reasons, 
participants using insulin or with a fasting glucose level 
above 11.0 mmol/L, as determined by a finger prick, did 

not undergo the oral glucose tolerance test. For these in-
dividuals (n = 64), fasting glucose levels and information 
about diabetes medication were used to determine glu-
cose metabolism status. Glucose metabolism status was 
defined according to the World Health Organization 2006 
criteria into normal glucose metabolism (NGM), impaired 
fasting glucose, impaired glucose tolerance (combined as 
prediabetes), and type 2 diabetes.15 Participants on blood 
glucose-lowering medication were classified as having 
type 2 diabetes. Laboratory assessments of Haemoglobin 
A1c (HbA1c), fasting glucose, and of 2-h post-load glucose 
were described elsewhere.15

2.3  |  Assessment of cognitive 
function and cognitive impairment

A concise battery (30 min) of neuropsychological tests was 
administered to assess cognitive function. For conceptual 
clarity, and to reduce the number of cognitive outcomes, 
test results were divided into three cognitive domains (i.e., 
verbal memory, processing speed, and executive function 
and attention), as specified elsewhere.16 In short, verbal 
memory was evaluated using the Verbal Learning Test by 
averaging total immediate recall and delayed recall scores. 
The composite score for information processing speed was 
derived from the Stroop Colour Word Test Part I and II, the 
Concept Shifting Test Part A and B, and the Letter-Digit 
Substitution Test. Executive function and attention was 
assessed by the Stroop Colour Word Test Part III and the 
Concept Shifting Test Part C. Where necessary, individual 
test scores were inverted so that higher scores indicated 
better cognitive performance. In addition, participants 
were categorised as cognitively impaired (yes/no) based 
on a regression-based normalisation procedure per test 
that predicted expected scores for each individual given 
their age, sex, and level of education from a published nor-
mative sample, as described elsewhere.17–20 The difference 
between observed and expected scores and their standard 
deviation were used to calculate norm-corrected z-scores, 
which were then averaged per domain. Individuals per-
forming <−1.5 SD below their norm-based expected score 
in one or more domains were categorised as having a sig-
nificant cognitive impairment.

2.4  |  Assessment of depressive 
disorder and depressive symptoms

Depressive symptoms (dichotomous variables) were as-
sessed using the Mini-International Neuropsychiatric 
Interview (MINI)21 and a validated Dutch version of the 
9-item Patient Health Questionnaire (PHQ-9).22
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Depressive symptoms measured by the MINI were 
used to assess prevalent (the preceding 2 weeks) and/
or lifetime history of (minimally 2 weeks over lifetime) 

minor or major depressive disorder (dichotomous vari-
ables) according to the Diagnostic and Statistical Manual 
of Mental Disorders IV (DSM-IV).23 Minor depressive 

F I G U R E  1   Flowchart of study participants.

Participants enrolled in the
Maastricht Study

(n=7689)

Participants enrolled in the
current study

(n=7639)

Excluded based on:
- Other type of diabetes (n=50)

Complete case analysis performed per all
outcome variables

N used for analyses:

- Cognitive impairment (n=6051)
- Memory (n=6040)
- Processing speed (n=6009)
- Executive attention (n=5987)

-Minor depressive disorder MINI (n=6086)
-Major depressive disorder MINI (n=6086)
-Depressive symptoms PHQ9 (n=6243)

-Physical and mental
quality of life SF-36 (n=6275)

Missing data:

Confounders:
-Age (n=0)
-Educational level (n=113)
-Alcohol use (n=489)
-Smoking (n=68)
-BMI (n=3)
-Physical activity (n=892)
-Healthy diet score (n=489)
-Current depression (n=308)
-Total cholesterol-to-HDL cholesterol ratio (n=6)
-Systolic blood pressure (n=3)
-Use of antihypertensive medication (n=6)
-Use of lipid-modifying medication (n=6)
-Use of antidepressants (n=6)

Outcomes:
- Cognitive impairment (n=418)
- Memory (n=338)
- Processing speed (n=397)
- Executive attention (n=425)

-Minor depressive disorder MINI (n=308)
-Major depressive disorder MINI (n=308)
-Depressive symptoms PHQ9 (n=502)

-Physical and mental quality of life SF-36 (n=132)

Characteristics:
-Menopausal status (n=69)

 14645491, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

e.15115 by L
eiden U

niversity L
ibraries, W

iley O
nline L

ibrary on [19/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  5 of 15de RITTER et al.

disorder was diagnosed if participants had at least 1 
core symptom (depressed mood or anhedonia) and 1–3 
other symptoms of depression (weight change, change 
in appetite, insomnia/hypersomnia, psychomotor agita-
tion/retardation, fatigue/loss of energy, feelings of guilt/
worthlessness, diminished ability to think/concentrate 
or indecisiveness and suicidal thoughts/plans). Major 
depressive disorder was diagnosed as the presence of at 
least 1 core symptom and at least 4 other symptoms of 
depression.

The Patient Health Questionnaire-9 (PHQ-9) is a 
self-administered questionnaire based on the DSM-IV23 
criteria for major depressive disorder. It comprises each 
of the 9 DSM-IV criteria rated on a 4-point scale ranging 
from 0 to 3 (0 = not at all; 3 = nearly every day). Response 
options can generate a continuous score ranging from 0 
(no symptoms) to 27 (all symptoms present nearly every 
day). A predefined cut-off score of ≥10 was used as a 
dichotomous scoring system for defining clinically rel-
evant depressive symptoms.24 Both cognitive symptoms 
of depression, comprising thoughts about oneself and 
problems of the mind, and somatic symptoms of depres-
sion, comprising various bodily sensations perceived 
as unpleasant or worrisome, were measured with the 
PHQ-9.25

2.5  |  Assessment of health-related 
quality of life

The 36-Item Short Form Health Survey (SF-36) was used 
for the assessment of the generic health-related quality of 
life.26 The scores of the questionnaire were aggregated into 
two summary scores; a physical and mental health com-
ponent summary score.27 In both these summary scores, 
four subdomain scores were covered. For the physical 
component summary score, these domains were physical 
functioning, role limitations due to physical health, bodily 
pain, and general health. For the mental health compo-
nent summary score, these were mental health, role limi-
tations due to emotional health, social functioning, and 
vitality. The responses to the questionnaire were trans-
formed to get a score from 0 to 100, with 100 indicating 
the best possible quality of life.

2.6  |  Assessment of covariates and 
population characteristics

A questionnaire was used to assess age (years), sex (male/
female), smoking status (never, current, former), alcohol 
use (g/day), adherence to the Dutch dietary guidelines, 
and the indication of diet quality (based on 14 out of 15 

components of the Dutch Healthy Diet index 2015, as 
information on filtered coffee intake was not collected, 
calculated from a validated food frequency question-
naire28; the total score ranges between 0 (no adherence) 
and 140 (complete adherence)), educational level (low, 
intermediate, high), self-reported physical activity level 
(hours of moderate to vigorous physical activity per 
week) and post-menopausal status in women.15 The 
MINI, as described above, was used to assess current de-
pression21 as a covariate for measures of cognitive func-
tion. Current depression was diagnosed as the presence 
of two core symptoms and at least three other symptoms, 
or one core symptom and at least four other symptoms. 
Medication use, for example, glucose-lowering, lipid-
modifying, and antihypertensive medication use, as well 
as post-menopausal hormone replacement therapy, was 
determined during a medication interview where generic 
name, dose, and frequency were registered.15 Waist- and 
hip circumference, BMI, triglyceride levels, total choles-
terol, high-density lipoprotein (HDL) cholesterol, and 
systolic and diastolic office blood pressure were deter-
mined as described elsewhere.15

2.7  |  Statistical analyses

Population characteristics by sex and glucose metabo-
lism status were described as mean ± standard deviation 
and median (interquartile range) for normally and non-
normally distributed variables, respectively, or n (%) for 
discrete variables.

Linear and logistic regression models were used to esti-
mate sex-specific associations (and 95% CIs) of prediabetes 
and type 2 diabetes with cognitive function, depression, 
and quality of life. The reference category consisted of 
those with NGM (i.e., no prediabetes or type 2 diabetes). 
To test for sex differences in the associations, interaction 
terms of sex by dummy-coded prediabetes or type 2 diabe-
tes were incorporated into the models. Several sets of ad-
justments were used in which we corrected for potential 
demographic, lifestyle, biological, and medication-related 
confounders. For cognitive function and depression, model 
1 was adjusted for age and educational level. Model 2 was 
additionally adjusted for alcohol use, smoking, body mass 
index (BMI), physical activity, and healthy diet score (and 
for current depression in the models for measures of cog-
nitive function). Model 3 (main model) was additionally 
adjusted for total cholesterol-to-HDL cholesterol ratio, sys-
tolic blood pressure, and the use of antihypertensive and 
lipid-modifying medication (and for antidepressants in 
the models for measures of depression). For quality of life, 
model 1 was adjusted for age and educational level. Model 
2 (main model) was additionally adjusted for alcohol use, 
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smoking, BMI, physical activity, and healthy diet score. For 
all outcomes, for each potential confounder included, an 
interaction term (sex × confounder) was also incorporated 
in the same model, otherwise, the adjustments made in the 
interaction models will not vary by sex as they do in the 
sex-specific models.29,30 For the sex-specific results, and the 
interactions of sex with (pre)diabetes a p-interaction < 0.05 
was considered statistically significant and results are pre-
sented with a 95% CI. Since missing data differ between 
the measures of cognitive function, depression, and quality 
of life complete-case analysis per outcome was performed 
(Figure 1). Analyses were exploratory and not controlled 
for multiple testing.

Statistical package for social sciences version 25.0 
(IBM SPSS, IBM Corporation) was used for the statistical 
analyses.

3   |   RESULTS

The study population consisted of 7639 individuals 
(50% of women), with a mean age of 58.8 in women 
and 60.9 years in men. Of these, 4605 (57% of women) 
had NGM, 1141 (46% of women) had prediabetes, and 
1893 (33% of women) had type 2 diabetes (Table 1). The 
overall prevalence of cognitive impairment was 22% in 
women and 27% in men. The prevalence of major de-
pressive disorder was 5% in both sexes. For the quality 
of life, the physical health component summary score 
was identical in women and men, whereas the mental 
health component summary score was on average, two 
units lower in women than men (52 in women vs. 54 in 
men) (Table S1).

3.1  |  Cognitive function and 
cognitive impairment

Prediabetes, as compared with NGM, was not signifi-
cantly associated with performance in any of the three 
cognitive domains in either women or men (Table  2). 
Type 2 diabetes, as compared with NGM, was signifi-
cantly associated with worse performance on each of 
the three cognitive domains in both women and men 
(Table 2). Prediabetes and type 2 diabetes were signifi-
cantly associated with higher odds of cognitive impair-
ment in men, but not in women (Figure 2a, Table 2). The 
sex difference was statistically significant in the associa-
tion of prediabetes with cognitive impairment (women 
to men ratio of odds ratios (WM-OR) (95% CI) 0.66 
(0.45–0.96)), but not in type 2 diabetes (WM-OR 0.93 
(0.64–1.35)) (Figure 2a, Table 2).

3.2  |  Depressive disorder and 
depressive symptoms

Prediabetes, as compared with NGM, was not signifi-
cantly associated with higher odds of depressive disorder 
or depressive symptoms in either sex (Figure 2b, Table 2). 
Type 2 diabetes, as compared with NGM, was associated 
with both minor and major depressive disorder and clini-
cally relevant depressive symptoms in the basic models in 
both sexes. After additional adjustments for cholesterol, 
blood pressure, and medications, type 2 diabetes was only 
significantly associated with major depressive disorder 
in men (Figure  2b, Table  2). There was no evidence for 
a sex difference in the associations of prediabetes or type 
2 diabetes with minor or major depressive disorder or 
the presence of clinically relevant depressive symptoms 
(prediabetes: WM-OR 1.26 (0.30–5.34), 0.85 (0.38–1.90) 
and 1.06 (0.47–2.43), type 2 diabetes: WM-OR 0.46 (0.14–
1.52), 0.71 (0.34–1.48) and 0.99 (0.46–2.13), respectively) 
(Figure 2, Table 2).

3.3  |  Health-related quality of life

Prediabetes, as compared with NGM, was not signifi-
cantly associated with a lower score on the physical or 
mental component of quality of life in either women or 
men (Figures 1d and 2c, Table 3). Type 2 diabetes, as com-
pared with NGM, was significantly associated with lower 
scores on the physical component of quality of life in both 
sexes (Figure 2c, Table 3). For the mental health compo-
nent, the association with type 2 diabetes was only statis-
tically significant in women, and directionally similar in 
men (Figure 2d, Table 3). There were no sex differences in 
the associations of prediabetes or type 2 diabetes with the 
physical and mental health score of quality of life (predia-
betes: women minus men (W-M) mean difference: −0.31 
(−1.42 to 0.80), 0.91 (−0.27 to 2.10), type 2 diabetes: W-M 
mean difference: −0.28 (−1.35 to 0.79), −0.39 (−1.53 to 
0.75), respectively). Without adjustment for lifestyle fac-
tors, there were statistically significant sex differences to 
the disadvantage of women in the association of type 2 
diabetes with two of the four subscores of physical quality 
of life (i.e., physical functioning: W-M mean difference: 
−2.21 (−4.37 to −0.05) and bodily pain: W-M mean differ-
ence: −2.65 (−5.10 to −0.21)) (Model 1, Table 3).

4   |   DISCUSSION

This study showed that in general, type 2 diabetes was as-
sociated with worse cognitive function, depression, and 
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T A B L E  1   Study population characteristics according to sex and diabetes status.

Women Men

NGM  
n = 2632

Prediabetes 
n = 525

T2DM  
n = 631

NGM  
n = 1973

Prediabetes 
n = 616

T2DM  
n = 1262

Demographics

Age (years) 57.4 ± 8.5 61.6 ± 8.6 62.3 ± 8.2 58.7 ± 8.7 62.8 ± 7.9 63.2 ± 7.6

Educational level

Low, N (%) 842 (32.4) 229 (44.6) 364 (57.7) 463 (23.6) 200 (32.9) 509 (41.3)

Middle, N (%) 751 (28.9) 136 (26.5) 147 (23.3) 532 (27.2) 166 (27.3) 346 (28.1)

High, N (%) 1005 (38.7) 149 (29.0) 105 (17.0) 964 (49.2) 241 (39.7) 377 (30.6)

Post-menopausal 
women

1941 (74.9) 432 (83.9) 537 (87.9) NA NA NA

Hormone 
replacement 
therapy

55 (2.8) 10 (2.3) 14 (2.5) NA NA NA

Clinical characteristics

Fasting glucose 
(mmol/L)

5.0 [4.7–5.3] 5.7 [5.2–6.2] 7.5 [6.4–8.2] 5.3 [5.0–5.5] 6.0 [5.6–6.4] 8.0 [6.8–8.7]

2-h post-load glucose 
(mmol/L)a

5.4 [4.6–6.2] 8.6 [8.0–9.4] 14.5 [11.9–17.3] 5.3 [4.4–6.2] 8.0 [6.8–9.3] 14.2 [11.7–16.7]

HbA1c (mmol/mol) 35 [33–38] 38 [35–41] 50 [43–54] 35 [33–38] 38 [35–41] 51 [44–56]

HbA1c (%) 5.4 [5.2–5.6] 5.6 [5.4–5.9] 6.7 [6.1–7.1] 5.4 [5.2–5.6] 5.6 [5.4–5.9] 6.9 [6.2–7.2]

HOMA2-S (%) 97.4 [67.8–122.5] 73.6 [42.3–95.2] 57.6 [32.3–72.4] 85.7 [56.1–106.8] 67.2 [39.3–82.1] 60.0 [32.5–75.5]

Newly diagnosed T2DM NA NA 129 (20.4) NA NA 194 (15.4)

Diabetes duration NA NA 5.54 ± 6.69 NA NA 6.91 ± 7.58

Glucose-lowering 
medication excl. 
insulin

0 (0) 0 (0) 409 (64.8) 0 (0) 0 (0) 897 (71.1)

Glucose-lowering 
medication insulin

0 (0) 0 (0) 100 (15.8) 0 (0) 0 (0) 259 (20.5)

Antihypertensive 
medication use

520 (19.8) 222 (42.4) 437 (69.3) 516 (26.2) 304 (49.4) 909 (72.1)

Lipid-modifying 
medication use

321 (12.2) 151 (28.8) 425 (67.4) 394 (20.0) 240 (39.0) 938 (74.4)

Antidepressants use 220 (8.4) 45 (8.6) 86 (13.6) 78 (4.0) 31 (5.0) 83 (6.6)

Cardiovascular risk factors

History of CVD 320 (12.3) 71 (13.6) 130 (21.1) 240 (12.3) 135 (22.1) 395 (32.0)

BMI (kg/m2) 25.2 ± 4.0 27.7 ± 4.7 30.7 ± 5.6 26.1 ± 3.2 28.0 ± 3.7 29.6 ± 4.6

Waist circumference 
(cm)

85.9 ± 10.6 93.2 ± 12.2 102.0 ± 13.9 96.2 ± 9.7 102.5 ± 10.4 107.9 ± 12.4

Office SBP (mm Hg) 126.0 ± 16.7 134.0 ± 17.7 139.0 ± 18.2 134.6 ± 15.4 139.9 ± 17.3 142.7 ± 17.6

Hypertension 870 (33.1) 305 (58.2) 495 (78.6) 941 (47.7) 425 (69.3) 1086 (84.7)

Total/HDL cholesterol 
ratio

3.3 [2.6–3.8] 3.6 [2.8–4.2] 3.5 [2.7–4.0] 3.9 [3.0–4.6] 4.1 [3.2–4.8] 3.8 [3.0–4.4]

Smoking

Never, N (%) 1105 (42.3) 195 (37.4) 248 (39.9) 781 (39.7) 183 (29.9) 309 (24.9)

Former, N (%) 1203 (46.0) 265 (50.9) 278 (44.8) 909 (46.2) 351 (57.4) 733 (59.1)

Current, N (%) 307 (11.7) 61 (11.7) 95 (15.3) 276 (14.0) 78 (12.7) 199 (16.0)

(Continues)
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Women Men

NGM  
n = 2632

Prediabetes 
n = 525

T2DM  
n = 631

NGM  
n = 1973

Prediabetes 
n = 616

T2DM  
n = 1262

Alcohol use (g/day)b 8.5 ± 9.3 8.3 ± 10.4 5.1 ± 8.2 16.3 ± 14.7 18.7 ± 19.4 13.8 ± 16.0

Healthy diet score 
(minus alcohol)b

81 ± 13 79 ± 13 77 ± 14 74 ± 15 73 ± 14 70 ± 14

Physical activityb

Total self-reported 
physical activity  
(h/week)

15.9 [10.0–20.3] 15.3 [9.8–19.8] 14.1 [8.5–18.7] 13.0 [7.0–16.8] 5.1 [6.5–16.3] 11.4 [6.0–15.3]

Cognition

Cognitive impairmentb, 
N (%)

517 (20.6) 105 (21.2) 183 (31.8) 429 (22.7) 163 (27.8) 374 (32.2)

Memory score (Z-score) 0.4 ± 0.8 0.3 ± 0.9 0.0 ± 0.9 −0.1 ± 0.9 −0.4 ± 0.9 −0.5 ± 0.9

Processing speed 
(Z-score)b

0.2 ± 0.7 0.0 ± 0.8 −0.3 ± 0.8 0.0 ± 0.7 −0.2 ± 0.8 −0.4 ± 0.8

Executive attention 
(Z-score)b

0.1 ± 0.8 −0.1 ± 0.8 −0.3 ± 0.9 0.1 ± 0.8 −0.1 ± 0.8 −0.3 ± 0.8

Depression

Minor depressive 
disorder (MINI), 
N (%)

31 (1.2) 8 (1.6) 17 (2.9) 26 (1.4) 9 (1.5) 31 (2.6)

Major depression 
disorder (MINI), 
N (%)

104 (4.1) 23 (4.6) 55 (9.4) 71 (3.7) 27 (4.5) 87 (7.3)

Current depression 
(MINI), N (%)

73 (2.9) 16 (3.2) 38 (6.5) 45 (2.4) 18 (3.0) 46 (4.7)

Depressive symptoms 
(PHQ9)b, N (%)

108 (4.3) 25 (5.1) 58 (10.5) 58 (3.1) 19 (3.3) 60 (5.3)

Quality of life scores – SF36

Physical component 
summary score

51 ± 8 49 ± 9 45 ± 11 52 ± 7 51 ± 7 47 ± 9

Physical functioning 87 ± 16 82 ± 19 71 ± 24 91 ± 13 87 ± 16 79 ± 22

Role limitations due to 
physical

84 ± 33 83 ± 34 69 ± 42 89 ± 27 88 ± 29 78 ± 36

Bodily pain 83 ± 19 82 ± 19 74 ± 24 87 ± 17 86 ± 18 82 ± 21

General Health 70 ± 17 67 ± 17 58 ± 19 71 ± 15 68 ± 16 61 ± 18

Mental component 
summary score

52 ± 9 54 ± 8 51 ± 10 54 ± 8 54 ± 8 54 ± 9

Mental health 78 ± 14 78 ± 14 74 ± 17 81 ± 14 81 ± 14 80 ± 16

Role limitations due to 
emotional health

88 ± 29 91 ± 26 79 ± 37 91 ± 25 91 ± 26 87 ± 30

Social functioning 87 ± 17 87 ± 18 80 ± 21 90 ± 15 88 ± 17 85 ± 19

Vitality 69 ± 16 69 ± 17 63 ± 19 75 ± 15 74 ± 16 69 ± 18

Note: Data are expressed as mean ± SD, median [interquartile range], or n (%), as appropriate.
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; HOMA-2S, Homeostasis 
Model Assessment; MINI, Mini-International Neuropsychiatric Interview; PHQ-9, Patient Health Questionnaire; SBP, systolic blood pressure; SF-36, 36-Item 
Short Form Health Survey; T2DM, type 2 diabetes.
aMissing data in 25% of individuals with T2DM per protocol.
b>5% missing data per variable.

T A B L E  1   (Continued)
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poorer physical and mental health-related quality of life 
in both women and men. There was no clear pattern of 
sex differences in the associations of either prediabetes or 
type 2 diabetes with measures of cognitive function, de-
pression, or quality of life.

Several previous studies have demonstrated that 
women with type 2 diabetes are more likely to have cog-
nitive impairment than men with type 2 diabetes,7,8 but, it 
has also been observed that women have better cognitive 

performance independent of the presence of type 2 diabe-
tes.9 However, as most previous studies did not include a 
reference group of people without diabetes, it remains un-
clear whether diabetes confers a greater risk for cognitive 
impairment in women than in men. Studies that reported 
on sex differences in the diabetes-associated risk of cogni-
tive impairment have reported conflicting results.9,31,32 In a 
population-based cohort study with 6892 participants and 
4 years of follow-up, type 2 diabetes was associated with 

F I G U R E  2   (a–d) Sex differences in the association of (pre)diabetes with cognitive impairment, major depressive disorder, and quality 
of life. The figure shows (main models) sex-specific odds ratios of (a) cognitive impairment and (b) major depressive disorder, or mean 
differences of (c) physical component summary score – quality of life and (d) mental component summary score – quality of life between 
(pre)diabetes and normal glucose metabolism (reference category). M, men; NGM, normal glucose metabolism; QoL, quality of life; T2D, 
type 2 diabetes; W, women. Results are expressed as linear or logistic regression coefficients and corresponding 95% CIs. Differences 
between women and men are presented and statistically significantly different sex differences are typed in bold. *p < 0.05.

(a) (b)

(c) (d)
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mild cognitive impairment in men but not in women,31 
but the sex difference was not quantified. In two 
population-based cross-sectional studies on cognitive out-
comes including 1237 and 1936 participants, respectively, 
no statistical sex-diabetes interactions were observed.9,32 
In the current study, we additionally accounted for the 
potential presence of sex-specific confounding, which 
has been shown to meaningfully alter the conclusions in 
previous work.30 Our findings suggest that the association 
between type 2 diabetes and cognitive impairment is sim-
ilar in women and men. Our findings are at odds with a 
previous meta-analysis, which showed that the diabetes-
related risk of vascular dementia, but not of non-vascular 
dementia, was substantially greater in women than in 
men.14 In the present study, we were not able to determine 
whether the cognitive impairment was vascular or non-
vascular in nature. However, the discrepancy between our 
findings and those from the meta-analyses might suggest 
that the sex difference in the association between diabetes 
and vascular dementia occurs at an advanced stage of the 
cognitive impairment spectrum.

It should be noted that in contrast to type 2 diabetes, 
we did observe a sex difference in the association of pre-
diabetes with cognitive impairment, to the disadvantage 
of men. However, we consider this as a chance finding 
as these sex differences were not observed in the associ-
ation of type 2 diabetes or in the associations (of either 
prediabetes or type 2 diabetes) with the three subdomains 
(i.e., memory, processing speed, and executive attention). 
Further research is needed to investigate a possible sex 
difference in the association of prediabetes with cognitive 
impairment.

The association between type 2 diabetes and depres-
sion has previously been shown.3 Among people with 
diabetes, the prevalence of depression is generally higher 
among women than among men.10,11 Additionally, in a 
cross-sectional study including 123,232 patients with di-
abetes mellitus and 1,933,218 controls, diabetes was more 
strongly associated with major depressive disorder in 
women than in men.33 On the contrary, a previous meta-
analysis showed that when compared with NGM, predi-
abetes, undiagnosed diabetes, and previously diagnosed 
diabetes were significantly associated with the odds of de-
pression in men but not in women.34 However, the inter-
action of diabetes status with sex was not tested. We also 
observed higher odds of depression associated with type 2 
diabetes in men than women (only significant in the for-
mer), but the sex difference was not statistically significant. 
The discrepancy with the previously observed higher risk 
of diabetes on depression in women might be explained 
by the different age groups. They observed that the peak 
of the gender gap was around the age of 40–49 years, our 
study population is generally older. Additionally, as our 
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population is relatively healthy, we cannot exclude sex 
differences in the association of type 2 diabetes with later 
stages of depression.

Studies on the association between type 2 diabetes 
and quality of life are sparse but generally show that 
people with diabetes have a poorer quality of life than 
people with no chronic illness.35 We add to these finding 
by showing that after adjustment for lifestyle factors, the 
associations of diabetes with physical and mental qual-
ity of life was similar in women than in men. However, 
without adjustment for lifestyle factors, sex differences 
in two of the subdomains of physical quality of life 
(i.e., physical functioning and bodily pain) were statis-
tically significant to the disadvantage of women. This 
suggests that some of the effect of diabetes on physical 
quality of life may be driven by these lifestyle factors. 
Explanations for the sex differences in the basic models 
of physical quality of life may be related to the excess risk 
of comorbidities, such as CVD, and more adverse car-
diometabolic profile associated with type 2 diabetes in 
women.1 Also, gender roles, for example, with regard to 
domestic labour and care tasks, and gender differences 
in health consciousness, health-seeking behaviour, and 
health perception may affect the management and con-
trol of diabetes and related health problems.36 As re-
search on sex differences in diabetes-associated quality 
of life is sparse, further research is required to investi-
gate whether type 2 diabetes is a stronger risk factor for 
poorer physical quality of life in women than in men 
and to investigate possible explanations.

4.1  |  Strengths of our study

Strengths of our study include its population-based 
design combined with oversampling of individuals 
with type 2 diabetes, which enables an accurate com-
parison of individuals with and without type 2 diabetes. 
Additionally, this study benefits from a large sample size 
and a detailed phenotypic assessment. The study also has 
some limitations. First, the data were cross-sectional. 
Hence, we cannot determine the causality and direction 
in the associations of prediabetes and type 2 diabetes 
with cognitive function, depression, and quality of life. 
However, we do not expect this to affect the investigated 
sex differences. Second, as our population is generally 
relatively healthy, most of the participants with cogni-
tive impairment probably have early stages of cognitive 
impairment, and the number of participants with de-
pression is relatively low. Due to lack of power, we can, 
therefore, not exclude sex differences in the associations 
of (pre)diabetes with later stages of cognitive decline and 
depression. Third, we conducted many analyses, which 

increases the risk of chance findings. Fourth, we have 
twice as many men than women with type 2 diabetes. If 
the underrepresentation of women with type 2 diabetes 
was due to health selection, this could influence the sex 
differences. At any rate, the recruitment strategy was 
the same for women as for men. Additionally, our study 
population exists of middle-aged Caucasian individuals. 
Our results are generalisable to individuals with similar 
characteristics, but it should be kept in mind that the as-
sociations and sex differences may differ in populations 
with a different distribution of determinants or in other 
ethnic groups. Finally, we did not have data on gender-
related factors like health-seeking behaviour or distri-
bution of domestic labour within families, which could 
also affect diabetes-associated outcomes differently for 
women and men.

5   |   CONCLUSION

In general, type 2 diabetes, but not prediabetes, was 
associated with worse cognitive function, depression, 
and poorer quality of life. However, the strength of 
these associations was similar among women and men. 
Different from what is found for CVD, no clear sex dif-
ference seems to be present in the association between 
type 2 diabetes and mental disorders and health-related 
quality of life.
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