
Abstract

Aim/hypothesis. Diabetic women generally have a
greater relative risk of cardiovascular diseases than 
diabetic men in comparison with non-diabetic women
and men. Reasons for this excess risk in diabetic
women is still unclear. The aim of this study is to
evaluate whether the association between different de-
grees of hyperglycaemia and the risk of all-cause and
cardiovascular mortality is different in women and
men.
Methods. We analysed baseline glucose concentrations
from 14 prospective European cohorts including 8172
men and 9407 women aged 30 to 89 years without his-
tory of diabetes, with a median follow-up of 8.3 years.
Hazards ratios for all-cause and cardiovascular mortal-
ity were estimated adjusting for other risk factors.
Results. The mortality rates for all-cause and cardio-
vascular diseases were higher in men than in women
in normoglycaemia, impaired glucose regulation and
newly-diagnosed diabetes; the largest sex differential

for cardiovascular mortality was in normoglycaemic
people. The hazards ratios for all-cause and cardiovas-
cular mortality were higher in newly-diagnosed dia-
betic women than men compared with normo-
glycaemic women and men, respectively; however,
this sex difference was only significant for cardiovas-
cular mortality. For smokers and for subjects with hy-
pertension, hypercholesterolaemia or who where over-
weight, the hazards ratios for cardiovascular mortality
in diabetic patients compared with normoglycaemic
people were also higher in women than in men.
Conclusions/interpretation. Newly diagnosed diabetic
women showed higher relative risks for death from
cardiovascular disease than diabetic men. Thus a more
aggressive control of hyperglycaemia as well as of
other cardiovascular risk factors might be appropriate
in women with asymptomatic hyperglycaemia. [Dia-
betologia (2003) 46:608–617]
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There is a significant difference in cardiovascular dis-
ease (CVD) risks between sexes [1, 2, 3, 4]. Among
middle-aged people, men have two- to five-times
higher CVD mortality rates than women [3, 4]. The
sex difference in CVD mortality cannot be completely
explained by abnormal levels of conventional CVD
risk factors, such as high blood pressure, lipid abnor-
malities, smoking and obesity [4]. Diabetes is associ-
ated with increased mortality, especially from CVD
[5, 6]. Hyperglycaemia, in the absence of clinically di-
agnosed diabetes, is also associated with an increased
CVD risk [7, 8, 9, 10, 11, 12, 13, 14]. Several studies
indicated a greater relative risk of CVD with diabetes
[4, 14] and hyperglycaemia [7, 11, 15] among women
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than men, while the Hoorn Study reported no consis-
tent differences [9]. Two previous meta-analyses,
which included studies that did not adjust for major
CVD risk factors, concluded that diabetes is a stronger
risk factor for CVD mortality in women than in men
[16, 17]. A recent meta-analysis indicated that the ex-
cess relative risk of CVD mortality in women com-
pared with men who had diabetes was absent after ad-
justing for classic CVD risk factors [18]. The reason
for the higher relative risk of CVD mortality in dia-
betic women than in diabetic men is still unclear.

New diagnostic criteria for diabetes mellitus were
approved by the American Diabetes Association
(ADA) in 1997 and the World Health Organization
(WHO) in 1999 [19, 20]. Few studies have evaluated
the association of hyperglycaemia with CVD mortali-
ty separately for men and women according to these
new diagnostic criteria. The aim of this study was to
assess firstly, whether the association between differ-
ent degrees of hyperglycaemia with all-cause and
CVD mortality is stronger in women than in men and
secondly, whether a sex difference exists with other
cardiovascular risk factors (smoking, hypertension,
hypercholesterolaemia and overweight).

Subjects and methods
Participants and methods. Centres in Europe that had carried
out population-based studies using the standard 2-h 75-g
OGTT, were invited to participate in the DECODE (Diabetes
Epidemiology: Collaborative analysis Of Diagnostic criteria in
Europe) study. The study populations and the methods used to
recruit the participants have been described previously [10, 11,
21, 22]. A new population from Ely, UK was also included in
the current analysis [23]. All investigations were carried out in
accordance with the Declaration of Helsinki. Individual data
on fasting and 2-h glucose concentrations and a number of 
other variables were sent to the Diabetes and Genetic Epidemi-
ology Unit of the National Public Health Institute in Helsinki,

Finland for data analyses. The inclusion criteria for the current
study are firstly, studies with follow-up data on all-cause
and/or CVD mortality, and with all required confounding vari-
ables: BMI, blood pressure, serum total cholesterol, and 
smoking habits and secondly, studies including both men and
women.

Of the cohorts 14 provided data on all-cause mortality and
13 on CVD mortality. A total of 8172 men and 9407 women
not previously diagnosed with diabetes were included in the
data analysis (Table 1). The median duration of follow-up was
8.3 years (5.9 and 10.8 years for the 25th and the 75th quar-
tiles, respectively).

Plasma glucose was determined in 10 of the 14 cohorts, whole
blood glucose in two, capillary blood glucose in one and serum
glucose in one. Before the data were analysed, glucose concentra-
tions were transformed to plasma glucose concentrations:

The equations are based on 294 matched samples of whole
blood (capillary and serum) glucose and plasma glucose con-
centrations drawn from a standard 75-g OGTT in 74 individu-
als at 0, 30, 60 and 120 min at the Diabetes and Genetic Epide-
miology Unit, National Public Health Institute in Finland. The
relationships between glucose concentrations as measured by
the different methods used were estimated using a mixed 
model with random effects for the individual and the sample,
in the Steno Diabetes Centre in Denmark (J. Tuomilehto, B.
Carstensen, personal communication).

Vital status (alive or dead) information was recorded for
each subject attending the baseline examination in each of all
studies. Subjects who emigrated, for whom the vital status
could not be confirmed, were treated as censored at the time of
emigration. The follow-up was almost complete, from 98% in
the Newcastle Study to 100% in most of the other studies [10].
Fatal events were classified using the International Classifica-
tion of Diseases. Cardiovascular diseases were defined with
codes 401 to 448 for the Eighth or Ninth Revisions.

Table 1. Baseline characteristic of subjects and the number of deaths in study cohorts in the DECODE Study

Study centres Number Mean age Men Duration Number of deaths
of subjects (range) (%) of follow-up 

(years) (years) All causes Cardiovascular

Oulu, Finland 1068 61 (55–89) 42 4.4 82 —
Vantaa, Finland 551 65 (64–66) 44 8.1 40 24
MONICA-87, Finland 2682 54 (44–64) 47 11.0 246 111
MONICA-92, Finland 1841 54 (44–64) 45 6.0 61 23
MONICA-86, Sweden 553 48 (30–65) 51 15.0 42 14
MONICA-90, Sweden 684 47 (30–64) 47 11.0 23 4
MONICA-94, Sweden 883 52 (30–74) 48 7.0 29 11
MONICA, Krakow, Poland 359 58 (44–73) 48 6.6 28 16
Newcastle, UK 779 55 (30–76) 52 6.7 41 17
Goodinge, UK 1039 55 (39–76) 44 9.7 113 41
Ely, UK 1114 54 (40–69) 43 10.0 52 10
Glostrup, Denmark 1974 51 (39–70) 51 27.0 638 293
Hoorn, the Netherlands 2380 62 (49–77) 46 10.2 294 99
Cremona, Italy 1672 58 (40–88) 44 6.9 108 36

Total 17579 55 (30–89) 47 — 1797 699
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Covariates included age, centre, BMI, systolic blood pressure,
serum total cholesterol and cigarette smoking. BMI was calculat-
ed as weight (kg) divided by the square of height (m). Over-
weight was defined as BMI greater than or equal to 25 kg/m2.
Hypertension was defined as systolic blood pressure greater than
or equal to 140 mmHg and/or diastolic blood pressure greater
than or equal to 90 mmHg. Hypercholesterolaemia was defined
as serum total cholesterol greater than or equal to 6.5 mmol/l.
Subjects were classified as never, ex- and current-smokers.

Classification of glucose abnormality. According to the 1999
WHO recommendations for the diagnosis of diabetes [20],
subjects without previously diagnosed diabetes were classified
into three categories: normoglycaemia, fasting plasma glucose
(FPG) less than 6.1 mmol/l and 2-h plasma glucose (2hPG)
less than 7.8 mmol/l; impaired glucose regulation (IGR), FPG
6.1 to 6.99 mmol/l and/or 2hPG 7.8 to 11.09 mmol/l; and new-
ly-diagnosed diabetes, FPG greater than or equal to 7.0 mmol/l
and/or 2hPG greater than or equal to 11.1 mmol/l.

Statistical analysis. Differences of mean glucose concentra-
tions and major CVD risk factors between sexes in each of the
three glucose categories were tested using analysis of covari-
ance or logistic regression after adjustment for age. The 
sex-specific all-cause and CVD mortality rates were calculated
by 10-year age intervals and age standardized by the direct
method using a European standard population aged 30 to 89
years [24] for each of three categories: normoglycaemia, IGR,
and newly-diagnosed diabetes. The sex difference in absolute
age standardized mortality rates was assessed by the ratio of
men to women.

Sex-specific hazards ratios (95% CI) of all-cause and CVD
mortality for subjects with newly-diagnosed diabetes were esti-
mated for each centre separately, adjusting for age, BMI, sys-
tolic blood pressure, cholesterol and smoking using the normo-
glycaemic people (FPG <6.1 mmol/l and 2hPG <7.8 mmol/l)
as the reference group. A meta-analysis was carried out to as-

sess the overall association of asymptomatic previously undi-
agnosed diabetes with the risk of all-cause and CVD mortality
using a fixed effect approach according to known methods
[25]. A fixed rather than a random effects approach was cho-
sen because the statistic Q for measuring study-to-study varia-
tion in effect size was not statistically significant. As the effect
size did not show heterogeneity, data from centres where all re-
quired confounding variables were available were then pooled
to increase statistical power in calculating of the hazards ratios
by glucose levels.

Using the pooled database including all centres together,
sex-specific hazards ratios (95% CI) of all-cause and CVD
mortality were estimated for IGR and newly-diagnosed diabe-
tes, adjusting for age, centre, BMI, systolic blood pressure,
cholesterol and smoking, with reference to the normo-
glycaemic. The association of different glucose categories with
mortality was additionally examined between sexes with other
CVD risk factors using a Cox model, adjusting for other 
covariates. A chi-squared log-likelihood ratio test was carried
out to test the significance of the interaction term of sex with
glucose levels and other covariates for all-cause and CVD
mortality.

To assess whether the absolute level of mortality was dif-
ferent in men and women, we compared the relative hazards
ratios of men and women within various glucose categories ac-
cording to the WHO 1999 diagnostic criteria, with the normal
glucose category in women as the reference group. SPSS for
Windows 10.1 was used for statistical analysis. A p value of
less than 0.05 was considered to be statistically significant.

Results

The major CVD risk factor characteristics in people
with normoglycaemia, IGR, and newly-diagnosed dia-
betes are shown in Table 2. Normoglycaemic men had

Table 2. Age-adjusted mean or prevalence of major cardiovascular risk factors among subjects in different glucose categories by
sex in the DECODE Study

Normoglycaemic Impaired glucose regulationa Newly diagnosed diabetesa

Men Women Men Women Men Women

Subjects 5690 6947 1925 1920 557 540
Age (years) 54.9 (9.7) 54.7 (9.6) 56.1 (10.2) 57.9 (10.6) 56.3 (10.8) 59.9 (11.4)
Fasting plasma glucose (mmol/l) 5.2 (0.5)d 5.1 (0.5) 6.1 (0.6)d 5.9 (0.6) 7.5 (2.1)d 7.3 (2.0)
2 h plasma glucose (mmol/l) 5.2 (1.3)d 5.5 (1.2) 7.7 (1.8)d 8.2 (1.6) 11.7 (4.3) 12.2 (4.2)
BMI (kg/m2) 26.1 (3.5)c 25.9 (4.3) 27.0 (4.0)d 27.6 (4.9) 28.1 (4.3) 28.9 (5.9)
Systolic blood pressure (mmHg) 136 (21)d 134 (22) 143 (21) 144 (24) 147 (23) 148 (26)
Diastolic blood pressure (mmHg) 83 (12)d 80 (12) 86 (12)d 83 (12) 88 (13)d 85 (13)
Total cholesterol (mmol/l) 6.2 (1.2)d 6.4 (1.2) 6.3 (1.3)c 6.4 (1.3) 6.3 (1.4) 6.4 (1.4)
Current-smoking (%) 34.0d 23.0 33.7d 18.8 37.1d 19.4
Hypertension (%)b 46.8d 41.4 61.0d 57.4 65.0 64.7
Hypercholesterolaemia (%)b 38.1d 42.7 41.1d 46.0 42.6c 48.1
Overweight (%) 60.7d 52.5 68.9 67.5 76.8c 74.0
None of the above cardiovascular 14.3d 25.6 9.0d 18.2 6.6d 12.9

risk factors (%)

Data are means (SD) or %
a Impaired glucose regulation, FPG 6.1–6.99 mmol/l and/or
2hPG 7.8–11.09 mmol/l; newly-diagnosed diabetes, FPG
≥7.0 mmol/l and/or 2hPG ≥11.1 mmol/l.

b Hypertension: systolic blood pressure ≥140 mmHg and/or dia-
stolic blood pressure ≥90 mmHg; Hypercholesterolaemia: serum
total cholesterol ≥6.5 mmol/l; Overweight: BMI ≥25 kg/m2.
c p<0.05, men vs women.
d p<0.001, men vs women.



G. Hu et al.: Gender difference in all-cause and cardiovascular mortality related to hyperglycaemia 611

Fig. 1A, B. Individual and overall hazard ratios and 95% CI
(lines) for all-cause mortality in newly-diagnosed diabetes
with reference to normal glucose among men (A) and women
(B), adjusted for age, BMI, systolic blood pressure, total 

cholesterol and smoking. Normal glucose, FPG <6.1 mmol/l
and 2-h PG <7.8 mmol/l; newly-diagnosed diabetes, FPG
≥7.0 mmol/l and/or 2-h PG ≥11.1 mmol/l. *No death case was
found in subjects with the newly-diagnosed diabetes

higher mean values of FPG concentration, BMI, sys-
tolic and diastolic blood pressure, and a higher preva-
lence of current smoking, hypertension and over-
weight than normoglycaemic women. Lower mean
values of 2-h PG and total cholesterol concentrations,
and a lower prevalence of hypercholesterolaemia were
observed in normoglycaemic men rather than in wom-
en. For subjects newly-diagnosed as diabetes, these
sex differences of mean values of BMI, systolic blood
pressure and total cholesterol concentration, and prev-
alence of hypertension, hypercholesterolaemia, and
overweight decreased or were no longer significant.

Overall, among the 17 579 participants of the 14
cohorts, there were 1797 deaths from all causes. For
the 13 cohorts which registered CVD deaths, there

were 16 511 subjects and 699 CVD deaths (Table 1).
The age-standardized mortality rates from all causes
and CVD were higher in men than in women in each
of three categories: normoglycaemia, IGR, and newly-
diagnosed diabetes (Table 3). The sex ratio of absolute
mortality rate was smaller for newly-diagnosed diabe-
tes and larger for normoglycaemia. The sex ratios of
age-standardized all-cause and cardiovascular mortali-
ty rates (men/women) were 1.80 and 1.37 in the dia-
betic group, 1.86 and 2.07 in IGR, 1.94 and 2.11 in
normoglycaemia, respectively.

Multivariate-adjusted hazards ratios for all-cause
and CVD mortality with newly-diagnosed diabetes for
each individual centre and for all combined are shown
in Fig. 1, Fig. 2. The statistics for study-to-study vari-
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Table 3. Age-standardized mortality rate per 1000 person-years of subjects in different glucose categories by sex in the DECODE Studya

Men Women Sex ratio in
mortality 

No. No. Mortality rate No. No. Mortality rate rate
subjects deaths (95% CI) subjects deaths (95% CI)

All-cause mortality
Normoglycaemia 5690 713 14.96 (14.22–15.70) 6947 398 7.71 (7.20–8.22) 1.94
Impaired glucose regulationb 1925 309 17.88 (16.63–19.13) 1920 186 9.60 (8.72–10.48) 1.86
Newly diagnosed diabetesb 557 119 22.08 (19.77–24.39) 540 72 12.25 (10.53–13.97) 1.80

Total 8172 1141 16.26 (15.65–16.87) 9407 656 8.49 (8.07–8.97) 1.92

Cardiovascular mortality
Normoglycaemia 5549 292 6.30 (5.81–6.79) 6724 127 2.99 (2.65–3.33) 2.11
Impaired glucose regulation 1717 135 7.61 (6.79–8.43) 1627 59 3.67 (3.13–4.21) 2.07
Newly diagnosed diabetes 458 49 10.27 (8.58–11.96) 436 37 7.47 (6.01–8.93) 1.37

Total 7724 476 6.97 (6.56–7.38) 8787 223 3.47 (3.18–3.76) 2.01

Fig. 2A, B. Individual and overall hazard ratios and 95% CI
(lines) for cardiovascular mortality in newly-diagnosed diabe-
tes with reference to normal glucose among men (A) and
women (B), adjusted for age, BMI, systolic blood pressure, 

total cholesterol and smoking. Normal glucose, FPG
<6.1 mmol/l and 2-h PG <7.8 mmol/l; newly-diagnosed diabe-
tes, FPG ≥7.0 mmol/l and/or 2-h PG ≥11.1 mmol/l. *No death
case was found in subjects with the newly-diagnosed diabetes
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ation in effect size showed that there was no heteroge-
neity in the outcomes of meta-analyses (all p values
>0.10). Therefore, the pooled database including all
centres together was used in further analyses.

Fig. 3. Hazard ratios (column) and 95% CI (vertical bar) for
deaths from all causes and cardiovascular diseases in different
glucose categories by sex, adjusted for age, centre, BMI, sys-
tolic blood pressure, total cholesterol and smoking. Normal

glucose, FPG <6.1 mmol/l and 2-h PG <7.8 mmol/l; IGR, im-
paired glucose regulation, FPG 6.1–6.99 mmol/l and/or 2-h PG
7.8–11.09 mmol/l; diabetes, FPG ≥7.0 mmol/l and/or 2-h PG
≥11.1 mmol/l

Fig. 4. Hazard ratios (95% CI) for deaths from all causes and
cardiovascular diseases according to different glucose catego-
ries with reference to the female normal glycaemic group, ad-
justed for age, centre, BMI, systolic blood pressure, total cho-
lesterol and smoking. Normal glucose, FPG <6.1 mmol/l and
2-h PG <7.8 mmol/l; IGR, impaired glucose regulation, FPG
6.1–6.99 mmol/l and/or 2-h PG 7.8–11.09 mmol/l; diabetes,
FPG ≥7.0 mmol/l and/or 2-h PG ≥11.1 mmol/l

The results for the multivariate-adjusted Cox mod-
els for all-cause and CVD mortality in glucose catego-
ries by sex are shown in Fig. 3. Relative to normal
glucose all-cause mortality was increased in both IGR
and newly-diagnosed diabetes in both genders. For
CVD death, only men and women with newly-diag-
nosed diabetes showed increased risks compared with
normoglycaemic men and women. While newly-diag-
nosed diabetic women had higher hazards ratios for
all-cause and CVD mortality than diabetic men, this
sex difference was statistically significant only for
CVD mortality (χ2=8.21, 1df, p <0.005).

We also analysed the association of hyperglycae-
mia with mortality by sex with different CVD risk fac-
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tors (Table 4). For subjects who smoked or had hyper-
tension, hypercholesterolaemia, or overweight sepa-
rately, the hazards ratios for all-cause and CVD mor-
tality tended to be higher in newly-diagnosed diabetic
women than in diabetic men compared with normo-
glycaemic women and men. The sex differential in
relative risk was significant only for CVD mortality in
newly-diagnosed diabetes who reported past or cur-
rent smoking (χ2=9.05, 1df, p<0.0005), had hyperten-
sion (χ2=8.82, 1df, p<0.005), exhibited hypercholes-
terolaemia (χ2=11.93, 2df, p<0.001), or were over-
weight (χ2=6.45, 1df, p<0.025), respectively. For 
people without any of these CVD risk factors, there
was no difference in the relative risk of death between
men and women with IGR or newly-diagnosed diabe-
tes, in comparison with normoglycaemic men and
women.

In comparison to normoglycaemic women, the haz-
ards ratios of death from all causes and CVD of nor-
mal glycaemia in men, IGR and newly-diagnosed dia-
betes in men and women are shown in Fig. 4. After
adjustment for covariates, the hazards ratios for all-
cause and cardiovascular mortality were higher in
men than in women in each glucose category. The

largest absolute sex differential for mortality, especial-
ly from CVD appeared in normoglycaemia, followed
by that in people with IGR and the smallest gender
difference was seen in people with newly-diagnosed
diabetes.

Discussion

Our analysis, based on a large European population
with more than 155 000 person years of follow-up, ad-
dresses the sex difference in the risk of death related to
hyperglycaemia. In this study, asymptomatic previous-
ly undiagnosed diabetic women by the WHO 1999 cri-
teria had higher relative risks for death from all causes,
and especially from CVD than diabetic men, when
compared with those in normoglycaemic women and
men. These associations are adjusted for age, study
centre, BMI, systolic blood pressure, total cholesterol
and smoking. Our results are not in agreement with a
recent meta-analysis [18], which found that the excess
relative risk of CVD mortality in women compared
with men with diabetes was absent after adjusting for
age, hypertension, total cholesterol, and smoking.

Table 4. Multivariate-adjusted hazard ratios for death from all causes and cardiovascular diseases in different glucose categories
by sex according to the presence of cardiovascular risk factors in the DECODE Studya

Glucose category All cause Cardiovascular diseases

Men Women Men Women

Current-smoking N=2745 N=2050 N=2643 N=1968
Normoglycaemia 1.00 1.00 1.00 1.00
IGRb 1.19 (0.98–1.46) 1.14 (0.81–1.62) 1.21 (0.90–1.64) 1.21 (0.68–2.16)
Newly diagnosed diabetesb 1.71 (1.27–2.30) 1.24 (0.71–2.18) 1.49 (0.95–2.34) 2.73 (1.32–5.63)
Ex- plus current-smoking N=5704 N=3508 N=5370 N=3326
Normoglycaemia 1.00 1.00 1.00 1.00
IGR 1.10 (0.94–1.28) 1.34 (1.00–1.79) 1.06 (0.84–1.34) 1.30 (0.78–2.16)
Newly diagnosed diabetes 1.41 (1.12–1.79) 1.53 (0.98–2.39) 1.21 (0.84–1.75) 3.71 (2.07–6.65)
Hypertensionc N=4183 N=4317 N=3860 N=3895
Normoglycaemia 1.00 1.00 1.00 1.00
IGR 1.21 (1.01–1.43) 1.14 (0.89–1.45) 1.31 (1.02–1.69) 1.23 (0.84–1.81)
Newly diagnosed diabetes 1.33 (1.03–1.72) 1.81 (1.31–2.49) 1.41 (0.97–2.07) 3.19 (2.04–5.00)
Hypercholesterolaemiad N=3189 N=4094 N=3112 N=3964
Normoglycaemia 1.00 1.00 1.00 1.00
IGR 1.16 (0.94–1.42) 1.33 (1.05–1.68) 1.16 (0.86–1.56) 1.52 (1.04–2.22)
Newly diagnosed diabetes 1.31 (0.96–1.77) 1.84 (1.28–2.65) 1.18 (0.76–1.83) 3.84 (2.35–6.26)
Overweighte N=5180 N=5311 N=4904 N=4926
Normoglycaemia 1.00 1.00 1.00 1.00
IGR 1.19 (1.00–1.43) 1.27 (1.00–1.62) 1.36 (1.05–1.75) 1.16 (0.76–1.78)
Newly diagnosed diabetes 1.39 (1.09–1.78) 1.82 (1.32–2.52) 1.42 (0.98–2.04) 3.25 (2.00–5.28)
None of the above risk factors N=999 N=2167 N=949 N=2001
Normoglycaemia 1.00 1.00 1.00 1.00
IGR 1.60 (0.77–3.34) 1.34 (0.76–2.35) 4.27 (1.30–14.1) 1.09 (0.30–4.03)
Newly diagnosed diabetes 2.86 (0.82–10.0) 2.56 (1.09–5.99) 8.72 (1.62–46.9) 7.28 (1.30–40.7)

a Data are given as hazard ratios (95% CI), adjusted for age, BMI,
systolic blood pressure, total cholesterol, smoking and centre
b IGR (impaired glucose regulation): FPG 6.1–6.99 mmol/l
and/or 2hPG 7.8–11.09 mmol/l; newly-diagnosed diabetes:
FPG ≥7.0 mmol/l and/or 2hPG ≥11.1 mmol/l.

c Hypertension: systolic blood pressure ≥140 mmHg and/or di-
astolic blood pressure ≥90 mmHg.
d Hypercholesterolaemia: serum total cholesterol ≥6.5 mmol/l.
e Overweight: BMI ≥25 kg/m2.



Studies on the sex difference in risk of death relat-
ed to hyperglycaemia are scant and inconsistent. A 
14-year follow-up study shows a linear association 
between ischaemic heart disease mortality and 
FPG in non-diabetic Rancho Bernardo men (FPG
<7.8 mmol/l), but a threshold relation at 6.1 mmol/l in
women [26]. The age-adjusted relative hazard of isch-
aemic heart disease death in diabetic patients com-
pared with non-diabetic people is also greater in Ran-
cho Bernardo women than in men [14]. The Dubbo
Study indicates a continuous association between FPG
and mortality from coronary heart disease or all caus-
es in elderly Australian non-diabetic women, but not
in men [27]. A prospective analysis from the Framing-
ham Study shows that the incidence of CVD is posi-
tively and linearly associated with casual glucose lev-
els in non-diabetic women, but such an association is
not seen in men [8]. The Hoorn study assesses the as-
sociation of continuous glucose concentration with
mortality and the interaction between sexes in people
without known diabetes. They show no clear con-
sistent differences between men and women [9]. An
11.6 year follow-up study in Scotland indicates that
asymptomatic hyperglycaemia (casual blood glucose
>7.0 mmol/l) is a risk factor for CVD in both genders
and for all-cause mortality in women, but not in men.
The degree of this association is greater in women
than in men [15]. The differences in glucose assay
methods, glucose load and the time after loading, and
the small number of events obtained during follow-up
might contribute to these inconsistencies.

The reason why diabetes has a greater relative risk
for death from all causes, especially from CVD in
women than in men is not clear. When any other coro-
nary heart disease risk factors exist, diabetes is associ-
ated with an increased risk of cardiovascular death
[28]. Therefore, in our study we wanted to evaluate if
the association between asymptomatic newly-diag-
nosed diabetes and mortality would also be the same
in men as in women with other CVD risk factors. In
people who smoked, had hypertension, exhibited hy-
percholesterolaemia, or were overweight, the relative
risk from CVD mortality was 1.3 to 2.1 times higher
in diabetic women than in diabetic men compared
with normoglycaemic women and men respectively.
Hyperglycaemia could have a stronger additive or
synergistic effect on smoking, hypertension, hyper-
cholesterolaemia, and overweight in women than in
men. In this study adjustment for other measured con-
founding factors was done, thus the findings are likely
to be real. One study has also indicated that the in-
creased CVD risk of diabetic women could be mediat-
ed in part by women's usually favourable lipoprotein
profile lost in the presence of diabetes [28].

In this study, absolute levels of mortality, i.e. age-
standardised death rates from all causes and CVD are
higher in men than in women in any glucose category.
The multivariate-adjusted risk from all-cause and

CVD mortality was also greater in men than in women
in each of three glucose categories. The largest abso-
lute sex differential for CVD mortality is for people
with normal glucose, followed by those with IGR, and
the smallest in people with newly-diagnosed asymp-
tomatic diabetes. Thus, men are at a higher risk of
death from risk factors other than hyperglycaemia.
The difference in CVD risk factors between men and
women is the likely explanation for the sex differen-
tial in CVD risk. The higher risk of death associated
with either hyperglycaemia itself or the combined 
effect of hyperglycaemia with other risk factors in dia-
betic women compared with diabetic men might result
in a decrease in the sex difference in mortality among
diabetic patients. The impact of gender and general
risk factors on the occurrence of atherosclerotic vas-
cular disease in Type 2 diabetes has been recently re-
viewed [16]. It indicates that the overall relative risk
(the ratio of men to women) for coronary heart disease
mortality in diabetes is 1.46 (1.21–1.95) and in non-
diabetes 2.29 (2.05–2.55) and also suggests that the
gender differential is reduced in diabetes, which is
consistent with our results.

Since hyperglycaemia could have a stronger addi-
tive or synergistic effect on smoking, hypertension,
hypercholesterolaemia, and overweight in women
than in men, this study suggests more aggressive in-
tervention in subjects with hyperglycaemia, especially
women. Clinical trials have indicated that antihyper-
tensive treatment was particularly beneficial in diabet-
ic patients than non-diabetic patients [29, 30], and in
these trials the majority of the patients were female.
While a more efficient control of glycaemiaucose and
improvement of other CVD risk factors is important in
all diabetic patients, it is possible that women with
asymptomatic diabetes or even IGR could particularly
benefit from more intensive intervention strategies to
reduce the risk of CVD.

This study is a large collaborative study from 14
centres in Europe. Although this study has a number
of strengths, several limitations also need to be con-
sidered. Firstly, CVD incidence data are not available,
however, people with prevalent CVD might be includ-
ed in this analysis. Secondly, no follow-up data about
people with newly-diagnosed diabetes under regular
health care are collected. Thirdly, the accuracy of
CVD classification of the death certificates is not per-
fect and could vary among the populations included in
this study. Nevertheless, the same principles of death
certification were applied to both sexes and across the
other risk factor strata. Thus such misclassifications in
the individual centres make little difference for the an-
alyses applied in this kind of study. Also, all deaths in
all centres were coded using the same code of Interna-
tional Classification of Diseases. Finally, several other
risk factors, such as serum low-density lipoprotein,
high-density lipoprotein, triglyceride concentrations,
HgbA1c, C-reactive protein, microalbuminuria, waist
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to hip ratio, number of cigarettes, physical inactivity,
fibrinogen, homocysteine, acute and chronic infec-
tions, haemostatic factors, psychosocial factors, die-
tary factors and genetic effects, are not available for
our analysis. These could affect the sex-specific mor-
tality or they could act as mediating factors.

In conclusion, in both non-diabetic and diabetic
populations, men have higher absolute risks of death
from all causes and CVD than women. The difference
is larger in non-diabetic subjects than in people with
IGR or newly-diagnosed asymptomatic diabetics. The
relative risk of death associated with newly-diagnosed
diabetes is greater in women than in men, and thus the
absolute sex difference in the risk of death is reduced
in the diabetic population. This is important to keep in
mind when studying CVD risk factors in the popula-
tion and when planning a strategy to prevent CVD, 
especially in the female population.
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