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Abstract
Objective  To investigate whether adverse differences in 
levels of cardiovascular risk factors in women than men, 
already established when comparing individuals with and 
without diabetes, are also present before type 2 diabetes 
onset.
Research design and methods  In a population-based 
cohort study of individuals aged 40-75 years (n=3410; 
49% women, 29% type 2 diabetes (oversampled by 
design)), we estimated associations with cardiometabolic 
and lifestyle risk factors of (1) pre-diabetes and type 2 
diabetes (reference category: normal glucose metabolism) 
and (2) among non-diabetic individuals, of continuous 
levels of hemoglobin A1c (HbA1c). Age-adjusted sex 
differences were analyzed using linear and logistic 
regression models with sex interaction terms.
Results  In pre-diabetes, adverse differences in 
cardiometabolic risk factors were greater in women than 
men for systolic blood pressure (difference, 3.02 mm Hg; 
95% CI:−0.26 to 6.30), high-density lipoprotein (HDL) 
cholesterol (difference, −0.10 mmol/L; 95% CI: −0.18 to 
−0.02), total-to-HDL cholesterol ratio (difference, 0.22; 
95% CI: −0.01 to 0.44), triglycerides (ratio: 1.11; 95% 
CI: 1.01 to 1.22), and inflammation markers Z-score 
(ratio: 1.18; 95% CI: 0.98 to 1.41). In type 2 diabetes, 
these sex differences were similar in direction, and of 
greater magnitude. Additionally, HbA1c among non-
diabetic individuals was more strongly associated with 
several cardiometabolic risk factors in women than men: 
per one per cent point increase, systolic blood pressure 
(difference, 3.58 mm Hg; 95% CI: −0.03 to 7.19), diastolic 
blood pressure (difference, 2.10 mm Hg; 95% CI: −0.02 
to 4.23), HDL cholesterol (difference, −0.09 mmol/L; 95% 
CI: −0.19 to 0.00), and low-density lipoprotein cholesterol 
(difference, 0.26 mmol/L; 95% CI: 0.05 to 0.47). With 
regard to lifestyle risk factors, no consistent pattern was 
observed.

Conclusion  Our results are consistent with the concept 
that the more adverse changes in cardiometabolic risk 
factors in women (than men) arise as a continuous process 
before the onset of type 2 diabetes.

Introduction
There is compelling evidence that type 
2 diabetes is a stronger risk factor for 

Significance of this study

What is already known about this subject?
►► There is compelling evidence that type 2 diabetes 
is a stronger risk factor for cardiovascular disease 
(CVD) in women than in men.

►► Previous studies have shown that adverse differenc-
es in cardiovascular risk factors between individuals 
with type 2 diabetes and normal glucose metabo-
lism are more pronounced in women than in men. 
However, it remains uncertain whether sex differ-
ences in cardiovascular risk factor levels already 
emerge before the development of type 2 diabetes.

What are the new findings?
►► Our results are consistent with the concept that 
the more adverse changes in cardiometabolic risk 
factors in women than men already emerge, as a 
continuous process, before the development of type 
2 diabetes.

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

►► Our results suggest that early cardiovascular risk 
management in women, before the development of 
diabetes, might help to reduce the sex difference in 
cardiovascular complications of diabetes.
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cardiovascular disease (CVD), mainly of macrovas-
cular origin, in women than in men.1–3 Several studies 
have shown that adverse differences in cardiovascular 
risk factors between individuals with type 2 diabetes 
and normal glucose metabolism (NGM) are more 
pronounced in women than in men.4–7 However, whether 
sex differences in cardiovascular risk factor levels already 
emerge before the development of type 2 diabetes 
remains uncertain. Nevertheless, such evidence could 
help to further understand the biological processes 
underlying the observed excess diabetes-associated risk 
of CVD in women.

More detailed research is required to identify whether 
adverse differences in levels of cardiometabolic and life-
style risk factors between individuals with pre-diabetes 
and NGM are already more pronounced in women than 
in men, and if so, how these differences relate to those 
observed in type 2 diabetes. Furthermore, deeper insights 
are needed in the course of emergence of sex differences 
in various risk factors from NGM to the onset of type 2 
diabetes. A larger deterioration in cardiometabolic risk 
factors, before the onset of type 2 diabetes, might induce 
a more pronounced exposure to a hazardous cardiomet-
abolic environment in women than in men.1 This larger 
deterioration in risk factor levels might be driven by 
sex differences in body anthropometry and differential 
patterns of fat storage.5 8 In addition to cardiometabolic 
risk factors, sex differences in patterns of lifestyle have 
also been associated with type 2 diabetes9–15 and might 
contribute to women’s excess risk on diabetes vascular 
complications as well.

Therefore, we investigated, in a large cohort study with 
detailed information on risk factors, sex differences in 
the associations with cardiometabolic and lifestyle risk 
factors of (1) pre-diabetes and type 2 diabetes (refer-
ence category: NGM) and (2) among individuals without 
type 2 diabetes, of continuous levels of hemoglobin A1c 
(HbA1c).

Research design and methods
Study design and 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.16 In brief, the Maastricht Study focuses on the 
etiology, pathophysiology, complications, and comorbidi-
ties of type 2 diabetes and is characterized by an extensive 
phenotyping approach. Individuals aged between 40 and 
75 years at study baseline, and living in the southern part 
of the Netherlands, were eligible to participate. Partici-
pants were recruited through mass media campaigns, 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 over-
sampling of individuals with type 2 diabetes, for reasons 
of efficiency. The present report includes cross-sectional 
data from the first 3451 participants, who completed the 

baseline survey between November 2010 and September 
2013. Participants with other types of diabetes than type 
2 diabetes or with a history of pancreatectomy were 
excluded (n=41). The examinations of each participant 
were performed within a time window of 3 months. All 
participants gave written informed consent.

Glucose metabolism status
To determine glucose metabolism status (GMS), all 
participants underwent a standardized 2-hour 75 gram 
OGTT after fasting overnight. For safety reasons, partic-
ipants using insulin or with a fasting glucose level above 
11.0 mmol/L, as determined by a finger prick, did not 
undergo the OGTT. For these individuals (n=64), fasting 
glucose level and information about diabetes medica-
tion were used to determine GMS. GMS was defined 
according to the17 criteria into NGM, impaired fasting 
glucose, impaired glucose tolerance (combined as pre-
diabetes), and type 2 diabetes.17 Participants on blood 
glucose lowering medication were classified as having 
type 2 diabetes.

Cardiometabolic risk factors
Waist and hip circumference, body mass index (BMI), 
fasting serum levels of triglycerides, total cholesterol, 
high-density lipoprotein (HDL) cholesterol and low-
density lipoprotein (LDL) cholesterol (calculated by the 
Friedewald equation, or measured by direct assay if total 
cholesterol <1.3 mmol/L or triglycerides>4.5 mmol/L), 
fasting plasma levels of glucose and insulin, HbA1c, 
markers of inflammation, systolic and diastolic office 
blood pressure, and 24 hours ambulatory systolic and 
diastolic blood pressure were determined as described 
elsewhere.16

Insulin sensitivity was estimated by HOMA2 (homeo-
stasis model assessment), and was expressed as a 
percentage of a normal reference population.18 Markers 
of inflammation include C-reactive protein (CRP), serum 
amyloid A (SAA), soluble intercellular adhesion mole-
cule-1 (sICAM-1), interleukin-6 (IL-6), IL-8, and tumor 
necrosis factor alpha (TNFα). Markers of inflammation 
were measured only once; therefore, the possible asso-
ciation with type 2 diabetes could be underestimated. 
To address this concern and to summarize the available 
data, an inflammation sum score has been constructed.19 
First, the values of each inflammation marker were log-
transformed, since residuals were skewed. Next, these 
values were expressed as a Z-score, that is, (value in the 
individual minus the mean value in the study population) 
divided by the standard deviation. The inflammation 
marker Z-score was subsequently calculated as (Z-score of 
CRP +Z-score of SAA +Z-score of sICAM-1 +Z-score of IL-6 
+Z-score of IL-8 +Z-score of TNFα)/6, and standardized.

Lifestyle risk factors
Physical activity level, smoking status, alcohol use, and 
diet were determined as described elsewhere.16 Physical 
activity was measured by use of a tri-axial accelerometer 
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for 7 days (ActivPal, PAL Technologies, Glasgow, UK).20 
Smoking status was categorized into never, former, and 
current smoker; alcohol consumption was categorized 
into non-consumers, low consumers (≤7 glasses per week 
for women and ≤14 glasses per week for men), and high 
consumers (>7 glasses per week for women and >14 
glasses per week for men).16 Adherence to the Greek 
Mediterranean diet score was calculated from a validated 
food frequency questionnaire.21 The Mediterranean diet 
score can take a value from zero to nine points, which 
indicates adherence to consumption of presumed bene-
ficial components.22 The diet score was categorized into 
low adherence (0–3 points), medium adherence (4,5 
points), and high adherence (6–9 points).

Covariates and population characteristics
A questionnaire was used to assess postmenopausal status 
in women, history of CVD, physical activity (hours of 
moderate to vigorous physical activity per week), and 
level of education.16 Level of education was categorized 
into low, medium, and high. Glucose-lowering, lipid-
modifying and antihypertensive medication, as well as 
postmenopausal hormone replacement therapy, was 
assessed during a medication interview where generic 
name, dose, and frequency were registered.16

Statistical analyses
Statistical analyses were performed using SPSS V.25.0 
for Windows (IBM SPSS, IBM Corp, Armonk, NY, USA). 
Population characteristics were described as mean±SD, 
median (IQR), or n (%), as appropriate. Variables were 
log-transformed if residuals were skewed.

Linear and logistic regression analyses were performed 
to estimate the associations of (1) pre-diabetes and 
type 2 diabetes (reference category: NGM) and (2) 
HbA1c (continuously) among individuals without type 
2 diabetes with cardiovascular risk factors after adjusting 
for age. To test for sex differences, interaction terms (eg, 
dummy-coded GMS variables * sex or HbA1c * sex) were 
incorporated into the regression models. A Pinteraction <0.10 
was considered statistically significant, as commonly 
used for statistical interaction testing.23 Since the main 
goal of this study was to test for sex differences, both p 
values<0.05 and<0.10 are shown and results are presented 
with a 95% CI. In addition, an interaction term of age by 
sex was incorporated into the regression models to correct 
for potential sex-specific effects of age as a covariate. 
Finally, sex-stratified analyses were performed to estimate 
the sex-specific associations between GMS and HbA1c 
with cardiovascular risk factors. Since missing data differ 
by dependent variable, a separate complete case analysis 
was performed for each individual dependent variable. 
No imputation of missing values was performed.

Several additional analyses were performed. First, sex 
differences in the associations of GMS with additional 
anthropometric risk factors and separate markers of 
inflammation were determined. Second, sensitivity anal-
yses were performed to estimate the associations of GMS 

with 24 hours ambulatory blood pressure (instead of 
office blood pressure), since 24 hours ambulatory blood 
pressure is the gold standard. For statistical efficiency, 
because more data on 24 hours ambulatory blood pres-
sure were missing, office blood pressure was primarily 
used.

Third, in separate analyses, associations of GMS with 
cardiovascular risk factors were additionally adjusted 
for BMI, duration of diabetes, smoking status, alcohol 
consumption, physical activity, educational level, and 
antihypertensive and lipid-modifying medication use, 
where appropriate. For medication use, an interaction 
term of medication use by sex was incorporated into the 
regression models to correct for observed sex-specific 
effects of medication.

Finally, additional analyses of the sex differences in the 
age-adjusted associations of GMS with cardiovascular risk 
factors were conducted among individuals without prev-
alent CVD (analysis population n=2753), and excluding 
premenopausal women (analysis population n=3017). 
Strata sizes of individuals with prevalent CVD, and of 
premenopausal women only, were too small to perform 
subgroup analyses of sex differences (premenopausal 
women: NGM n=262, pre-diabetes n=38, type 2 diabetes 
n=38; history of CVD in women and men, respectively: 
NGM n=128 and n=94, pre-diabetes n=28 and n=42, type 
2 diabetes n=63 and n=197).

Results
Characteristics of the study population
The study population consisted of 3410 individuals, 1654 
women (age 58.7±8.2 years) and 1756 men (age 60.9±8.1 
years). Of these, 1924 (57% women) had NGM, 511 
(46% women) had pre-diabetes and 975 (32% women) 
had type 2 diabetes (table 1).

In general, women with NGM had a more favor-
able cardiovascular risk profile than men with NGM 
(table 1). For both women and men, the cardiometabolic 
risk profile deteriorated with GMS (table  1, figure  1). 
Women and men with pre-diabetes and type 2 diabetes 
had a higher BMI, waist and hip circumference, blood 
pressure and markers of inflammation, a more adverse 
lipid profile and lower insulin sensitivity than individ-
uals of the same sex with NGM. Both women and men 
with pre-diabetes and type 2 diabetes, on average, were 
less physically active, were more likely to smoke, had an 
unhealthier diet, yet consumed less alcohol than individ-
uals of the same sex with NGM.

Sex differences in the associations of pre-diabetes and type 2 
diabetes with cardiometabolic and lifestyle risk factors
Adverse differences in cardiometabolic risk factors 
between individuals with pre-diabetes and NGM were 
more pronounced in women than in men for office systolic 
blood pressure (SBP; beta for interaction: 3.02 mm Hg; 
95% CI: −0.26 to 6.30), HDL cholesterol (−0.10 mmol/L; 
95% CI: −0.18 to −0.02), total-to-HDL cholesterol ratio 
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Figure 1  Age-adjusted sex-specific mean differences of levels of cardiometabolic and lifestyle risk factors between (pre)
diabetes and normal glucose metabolism as references category. Results are expressed as age-adjusted linear regression 
coefficients, which indicate mean differences in the levels of BMI and waist circumference, office blood pressure, lipid levels, 
and physical activity, geometric mean ratios in the levels of triglycerides, insulin sensitivity and markers of inflammation, 
and odds ratios in lifestyle risk factors. Circles represent comparisons within women and squares represent comparisons 
within men. Black lines represent 95% CIs. T2DM, type 2 diabetes mellitus; OSBP, office systolic blood pressure, ODBP, 
office diastolic blood pressure; Total chol, total cholesterol; PA, physical activity – mean number of stepping minutes perday; 
HOMA2-S, Homeostasis Model Assessment of insulin sensitivity.

(0.22; 95% CI: -0.01 to 0.44), triglycerides (1.11; 95% 
CI: 1.01 to 1.22; times higher geometric mean ratio) 
and markers of inflammation Z-score (1.18 SD; 95% CI: 
0.98 to 1.41) (table  2, figure  1B, C and E). These sex 
differences in pre-diabetes versus NGM were similar to, 
although smaller than, those observed in type 2 diabetes. 
No statistically significant sex differences were observed 
in the associations of pre-diabetes with BMI, waist and 
hip circumference, HOMA-2 and office diastolic blood 
pressure (DBP), whereas in the association with type 2 
diabetes, differences in these risk factors were relatively 
more adverse in women than in men (table  2, online 
supplementary table 2, figure 1A, B and E). With regard 
to lifestyle risk factors, no consistent pattern was observed 
(table 2, figure 1D and F).

Additional analyses
With regard to anthropometric risk factors, results of 
hip circumference were generally consistent with the 
results from waist circumference and BMI in the main 
analysis (online supplementary table 1). With regard to 
individual inflammation markers, results were generally 
consistent with the main analysis, except for IL-8 (online 

supplementary table 1). In contrast to findings for office 
blood pressure, no stronger association in women than 
men between pre-diabetes and type 2 diabetes with 
24 hours ambulatory blood pressure was observed (online 
supplementary table 1).

After additional adjustment for BMI, sex differences in 
the associations of pre-diabetes and type 2 diabetes with 
cardiometabolic risk factors were attenuated. Some statis-
tically significant sex differences disappeared, notably 
the associations between type 2 diabetes and total-to-HDL 
cholesterol, and between both pre-diabetes and type 2 
diabetes and markers of inflammation (Z-score) (online 
supplementary table 2).

After additional adjustment for duration of diabetes, 
sex differences in the associations of type 2 diabetes with 
cardiometabolic and lifestyle risk factors did not materi-
ally change (online supplementary table 3).

After additional adjustment for the use of antihyper-
tensive medication, sex differences in the associations of 
pre-diabetes and type 2 diabetes with office blood pres-
sure were attenuated or disappeared. Adjustment for 
lipid-modifying medication only minimally changed the 

https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
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observed sex differences in lipid levels (online supple-
mentary table 4).

Adjustment for lifestyle factors and educational level, 
and exclusion of participants with prevalent CVD only 
minimally changed the sex differences observed. Exclu-
sion of premenopausal women attenuated the observed 
sex differences in blood pressure, lipid profile, and 
markers of inflammation (online supplementary table 5).

Sex differences in the continuous association of HbA1c with 
cardiometabolic and lifestyle risk factors among individuals 
without type 2 diabetes
HbA1c was more strongly associated with several 
cardiometabolic risk factors in women than men. 
Sex differences to the disadvantage of women, per 
one percent point increase in HbA1c, were observed 
for office SBP (3.58 mm Hg; 95% CI: −0.03 to 7.19), 
office DBP (2.10 mm Hg; −0.02 to 4.23), HDL choles-
terol (−0.09 mmol/L; 95% CI: −0.19 to 0.00), and LDL 
cholesterol (0.26 mmol/L; 95% CI: 0.05;0.47) (figure 2, 
online supplementary table 6). With regard to lifestyle 
risk factors, no consistent pattern was observed (online 
supplementary table 6).

Conclusions
In this study, we determined sex differences in the 
associations of both GMS (pre-diabetes and type 2 
diabetes) and of continuous measures of HbA1c, with 
traditional cardiometabolic risk factors, inflammatory 
profile, and lifestyle risk factors for CVD. We demon-
strated that adverse differences in cardiometabolic risk 
factors between individuals with pre-diabetes and NGM 
are already more pronounced in women than in men. 
These sex differences were similar to, but smaller than, 
the sex differences observed in type 2 diabetes. In addi-
tion, HbA1c in individuals without type 2 diabetes is 
more strongly associated with several cardiometabolic 
risk factors in women than in men. Taken together, these 
observations are consistent with the concept that these 
sex differences reflect a continuous process that already 
emerges in early dysglycemia.

To our knowledge, sex differences associated with 
oral glucose tolerance test (OGTT) based pre-diabetes 
and continuous HbA1c among individuals without type 
2 diabetes have not been reported previously. However, 
longitudinal studies did focus on sex differences related 
to the conversion to diabetes or dysglycemia.24–26 These 
studies found that women who eventually developed 
diabetes experienced a greater deterioration in fasting 
plasma glucose, lipid levels, and BMI during their non-
diabetic state. Furthermore, women had a relatively 
greater endothelial dysfunction, more hypertension and 
a greater degree of dysregulated fibrinolysis and coagula-
tion than their male counterparts.24–26

Type 2 diabetes has been shown to be associated with 
adverse differences in cardiovascular risk factor levels, 
which in line with our findings, are more pronounced 

in women than in men.4–7 26 Correspondingly, BMI and 
waist circumference differ more between women with 
and without diabetes than between men with and without 
diabetes.7 26 When newly diagnosed with type 2 diabetes, 
the BMI of women has shown to be almost 2 kg/m2 higher 
despite similar levels of HbA1c.27 28 These sex differences 
suggest a link with a differential pattern of fat storage 
and insulin resistance between women and men.5 8 It is 
hypothesized that women need to attain higher levels 
of BMI and deteriorate related risk factors to a greater 
extent than men to develop insulin resistance and even-
tually diabetes.29 30 Although not statistically significant, 
we found a tendency toward more adverse differences 
in levels of BMI and insulin sensitivity in women than 
in men associated with pre-diabetes, and with HbA1c in 
those without type 2 diabetes. Furthermore, after adjust-
ment for BMI, all significantly different sex differences in 
cardiometabolic risk factors associated with pre-diabetes 
and type 2 diabetes were attenuated. Thus, even small sex 
differences in BMI may induce a greater deterioration of 
related risk factors before the onset of type 2 diabetes in 
women than men.

Women seem to have a greater reserve capacity 
regarding glucose metabolism impairment,31 with 
extended exposure to the pre-diabetic state. On average, 
men have pre-diabetes for 8.5 years and women for 10.3 
years before they develop type 2 diabetes,32 which may 
also expand the duration of exposure to cardiometa-
bolic hazards in women.31 Since no consistent pattern 
was observed in sex differences in the associations of 
pre-diabetes and type 2 diabetes, and among individ-
uals without type 2 diabetes, of levels of HbA1c with 
lifestyle risk factors, biological factors are more likely to 
underlie the relatively higher diabetes-associated cardio-
vascular risks in women. Further research into biological 
factors, specifically into fat distribution and metabolism, 
is needed to unravel the underlying mechanisms of sex 
differences in the association between type 2 diabetes 
and vascular function.

The sex differences that we identified were not 
attributable to duration of diabetes, pharmacological 
management, lifestyle, or educational level, except for 
the observed sex differences in blood pressure, which 
were absent or attenuated after adjustment for the use 
of antihypertensive medication. Notably, the observed 
sex differences in office and 24 hours ambulatory blood 
pressure were inconsistent (ie, present in office blood 
pressure only). This may indicate a stronger diabetes-
associated white coat effect in women. In general, a 
higher prevalence of white coat hypertension in women 
has been repeatedly reported.33 The clinical relevance of 
white coat hypertension should not be underestimated as 
it has been associated with an increased risk of complica-
tions (eg, retinopathy and nephropathy).34

The exclusion of premenopausal women generally 
attenuated the observed sex differences, which could be 
explained by age and/or hormonal factors.10 The excess 
risk of vascular mortality among women associated with 

https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
https://dx.doi.org/10.1136/bmjdrc-2019-000787
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Figure 2  Sex-specific associations (black circles: women, gray circles: men) of HbA1c with body mass index (A), waist 
circumference (B), hip circumference (C), waist-hip-ratio (D), HOMA2-S% (E), office systolic blood pressure (F), office diastolic 
blood pressure (G), total cholesterol (H), HDL cholesterol (I), total-to-HDL cholesterol (J), LDL cholesterol (K), triglycerides (L), 
markers of inflammation Z-score (M), mean number of stepping minutes per day (N) in participants without type 2 diabetes. 
Regression coefficients (beta) indicate the age-adjusted mean difference (95% CI) in cardiovascular risk factor levels per 
1% point increase in HbA1c for women (black lines) and men (gray lines). *geometric mean ratios. †women to men ratio of 
geometric mean ratios. Mean differences that were statistically significantly different between the sexes are typed in bold. 
••p<0.05 • p<0.10. HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; HOMA2-S, homeostasis model assessment of 
insulin sensitivity; LDL, low-density lipoprotein.
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diabetes is especially high among younger women (aged 
35–59 years).3 Notably, we observed that the associa-
tions of age with blood pressure and lipid profile were 
dissimilar in women and men (sex*age interactions were 
incorporated in our regression models; data not shown). 
Future studies with larger sample sizes should focus on 
age-specific diabetes-associated sex differences in cardio-
vascular risk (factors) (eg, three-way interaction).

Strengths of our study include its population-based 
design combined with oversampling of individuals with 
type 2 diabetes, which enables an accurate comparison 
of individuals with and without type 2 diabetes. Second, 
this study benefits from its sample size, the detailed 
assessment of GMS by use of an OGTT, and the extensive 
phenotypic characteristics in all participants. The overall 
good glycemic control of individuals with type 2 diabetes 
in our population may have been the result of selecting 
relatively healthy individuals with type 2 diabetes, which 
could have led to certain associations being underesti-
mated. However, we do not expect this to have affected 
men and women differently. The study also has some 
limitations. First, the data were cross-sectional; there-
fore, we cannot exclude reverse causality. Second, the 
percentage of women in the type 2 diabetes study popu-
lation was about 10% point lower than that in the source 
population.35 If the apparent under-representation of 
women with type 2 diabetes was due to health selection, 
then the sex differences could be underestimated. At any 
rate, the recruitment strategy was the same for women as 
for men.16

In conclusion, the findings of this study demonstrate 
that the adverse differences in cardiometabolic risk 
factors between individuals with pre-diabetes and NGM 
are more pronounced in women than in men. Moreover, 
our results are consistent with the concept that these sex 
differences arise in a continuous process that starts long 
before the onset of type 2 diabetes. Sex differences in 
cardiometabolic risk factors have been proposed as an 
explanation for the higher relative risk of CVD associated 
with diabetes in women. Possibly, the higher relative risk 
of CVD in women is already present before the onset of 
type 2 diabetes, since we observed that sex differences in 
cardiometabolic risk factors are already existent in early 
dysglycemia. Tailoring cardiovascular risk management 
for women could benefit from this insight.
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