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ABSTRACT

OBJECTIVE: Coronary artery disease (CAD) risk increases in women after the menopause.
The aim of this study was to determine the effect of diabetes on the severity of CAD in post-
menopausal women undergoing coronary angiography. DESIGN: 180 postmenopausal women
underwent coronary angiography for suspected CAD. CAD severity was assessed by the number
of arteries (0-3) with >50% stenosis in the angiography. Forty-four women had type 2 diabetes
mellitus (T2DM). Predisposing risk factors and biochemical and hormonal parameters were
recorded. The diabetic women were older (p=0.014), had higher BMI and waist circumference
(»<0.001), higher prevalence of hypertension (p=0.002), higher levels of triglycerides, uric acid
and higher HOMA-Insulin Resistance Index (p=0.009). RESULTS: The women with diabetes
had a higher prevalence of severe stenosis in the angiography: T2DM: 0-vessels 25%, 1-vessel
disease 18.2%, 2-vessels disease 22.7%, 3-vessels disease 34.1%, vs. 49.2%, 23.5%, 22.1%, 5.1%
in the non-diabetic women, respectively (p <0.001). Binary logistic regression analysis showed
that T2DM was a significant predictor of severe CAD (=3 vessel disease) independently of age,
family history of T2DM, BMI, time since menopause, hypertension and hypercholesterolemia.
Women with T2DM also had lower sex hormone binding globulin (SHBG, p=0.010) levels
compared to non-diabetic women. CONCLUSIONS: Diabetic postmenopausal women develop
more severe CAD compared to non-diabetic women. This association is independent of other
predisposing factors and suggests an independent effect of T2DM on the atherosclerotic proc-
ess, at least in women after menopause.
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INTRODUCTION

Coronary artery disease (CAD) is the main cause
of death in women and this risk increases after the
menopause.* Premenopausal women have less se-
vere coronary artery stenosis in the angiography than
postmenopausal women® and are at lower risk for
CAD than men.! This disparity suggests a protective
effect of endogenous estrogens against atherosclerosis,
whereas their deprivation aggravates the atheroscle-
rotic process after the menopause.*

The rising incidence of CAD during menopause
occurs in parallel with an increase in the incidence
of both type 2 diabetes mellitus (T2DM) and hyper-
tension. The transition from premenopausal to post-
menopausal status is associated with the emergence
of various risk factors for metabolic syndrome as well
as CAD, including increased central adiposity, a more
atherogenic lipid profile and increased glucose and
insulin levels.* The presence of diabetes increases
the risk for CAD in both premenopausal and post-
menopausal women® and probably counteracts the
protective effect of estrogen on the vasculature®’ so
that premenopausal diabetic women show the same
risk for CAD as men.®

On the other hand, CAD is considered as one
of the most important complications of diabetes
mellitus (DM) in all types of DM and in both sexes.
Hypertension and dyslipidemia are risk factors for
CAD among diabetic patients and it is well established
that patients with diabetes have more extensive and
more rapidly progressive CAD than non-diabetic
subjects.”!®* The Framingham study as well as other
studies''° showed a 2 to 4-fold higher prevalence of
atherosclerotic disease in diabetic compared to non-
diabetic individuals. Diabetic women have greater
mortality risk from coronary heart disease than non-
diabetic men and women."”

The aim of our study was to evaluate the effect
of diabetes on the severity of CAD, as well as its
relation with other metabolic and hormonal factors,
in postmenopausal women undergoing coronary
angiography.

SUBJECTS AND METHODOLOGY

We included 198 consecutive postmenopausal

women (age 45-88 yrs) who were referred over a
period of approximately three years (from January
2004 to October 2006) to our institution for elective
coronary angiography, performed for the following
reasons: angina, atypical chest pain, positive stress
test, previous acute myocardial infarction, dyspnoea
during exercise, strong family history for coronary
heart disease and valve disease. Exclusion criteria
were: previous coronary artery bypass surgery or
angioplasty, type 1 DM, organ transplantation, renal
haemodialysis and long-term use of corticosteroids,
hormone replacement therapy (HRT), use of immu-
nosuppressive or chemotherapeutic drugs as well as
Cushing’s disease and acromegaly. One woman had
undergone heart transplantation, one had acromegaly,
four women were on long-term therapy with corti-
costeroids or immunosuppressive drugs, seven were
premenopausal and a further five women refused to
participate in the study. Finally, 180 postmenopausal
women were included in the study. Five of them
underwent coronary angiography a few days after an
acute coronary attack. The study was approved by the
institutional Ethics Committee and all subjects gave
their informed consent.

The severity of CAD was assessed by the number
of arteries (0, 1, 2 or 3) with more than 50% reduc-
tion of the luminal diameter of the coronary arteries
in the angiography. The number of affected vessels
(0, 1, 2 or 3) was recorded and confirmed by two
independent cardiologists.’

Clinical history was recorded, including chrono-
logical age and age at onset of CAD as well as clinical
parameters of cardiovascular disease: presence of
angina diagnosed according to clinical symptoms and
electrocardiographic findings, past myocardial infarc-
tions, presence of family history for premature CAD
(<55 years), diabetes mellitus and other risk factors
for CAD such us hypertension, dyslipidemia and
smoking. Current drug therapy was also recorded.

Type 2 diabetes mellitus (T2DM) was defined as
fasting blood glucose levels greater than 126 mg/dl
(7 mmol/L) and impaired fasting glucose as fasting
blood glucose levels 100-125 mg/dl (5.6-6.9 mmol/L)
on two occasions during the current visit or if previ-
ously diagnosed according to the American Diabetes
Association criteria.'® The presence of hypertension



150

K. SALTIKI ET AL

was defined as systolic and/or diastolic blood pressure
higher than 139 mmHg and/or 89 mmHg, respectively,
for non-diabetic and higher than 129/79 mmHg for
diabetic patients.'’ Cigarette smoking was defined as
current and recently ceased smoking, that is, having
ceased less than 6 months previously. Hyperlipidemia
was defined as total blood cholesterol of more than
200 mg/dl (5.17 mmol/L) or low density cholesterol
(LDL) of more than 160 mg/dl (4.14 mmol/L) in pa-
tients with less than two cardiovascular risk factors, or
more than 130 mg/dl (3.36 mmol/L), in patients with
two or more cardiovascular risk factors, or more than
100 mg/dl in patients with CAD or diabetes. Hyper-
triglyceridemia was defined as total blood triglycerides
of more than 150 mg/dl (2.30 mmol/L).* To avoid
colinearity problems, a CAD-risk score was calculated
for each patient including all the factors which might
be correlated, such as hypertension, hyperlipidemia
and smoking. This calculated risk was then considered
as a possible confounding factor in the association
between T2DM and the severity of CAD.

A detailed gynaecological and reproductive history
concerning age at menarche and menopause, number
of menstrual cycles per year, use of hormone replace-
ment therapy (HRT) and/or contraceptive medication
were also recorded for each patient.

At clinical examination height and weight were
measured with women wearing indoor clothes without
shoes. Body mass index (BMI), calculated as weight
(kg)/height (m?), was used as a measure of obesity and
waist perimeter and waist to hip ratio (cm) were used
to evaluate fat distribution. Systolic and diastolic blood
pressure was calculated as the mean of two measure-
ments using a random zero sphygmomanometer with
women in the sitting position.

The clinical characteristics as well as the presence
of various risk factors for CAD in the study popula-
tion were as follows: Mean age 65.911+0.7 years (range
45-88yrs), smoking 24.6%, positive family history
for CAD at a young age (<55 years) 45.3%, and a
positive family history for diabetes 24.5%. Among
the patients, 25.6% reported a history of previous
myocardial infarction, 73.5% a history of angina,
35.6% hypertriglyceridemia, 76.9% hypercholestero-
lemia and another 66.3% a history of hypertension.
The mean BMI was 28.240.3 and the waist to hip

ratio (WHR) 0.9+0.006. Among diabetic subjects
4.5% were being treated with insulin and 16.3% with
glucose lowering pills.

Fasting blood samples were obtained by venipunc-
ture between 08:00-09:00h. Biochemical parameters
(glucose, cholesterol, HDL, LDL, triglycerides, uric
acid) were measured immediately using an automated
analyser Integra 400 (Roche). Specimens were kept
frozen at -20° until analysis of 17p-estradiol, SHBG,
testosterone and insulin levels. 17p-estradiol was
measured using the Spectria E2 sensitive method
[(Orion Diagnostics, Finland), (inter-assay CV=5.2%
and intra-assay CV=4.2%)], sex hormone binding
globulin (SHBG) was determined by IRMA (Radim
S.p.A, Via del Mare, Domecia Roma, Italia), inter-
assay CV=8.1% and intra-assay CV=5%. Serum
insulin was determined by IRMA [(Biosource Europe
SA, Nivelles, Belgium) (intra- and inter-assay CV
7.8% and 6.4%, respectively, at 100 wU/ml)]. Total
serum testosterone was measured by RIA (Biosource
Europa SA, Nivelles, Belgium), with a reference
range of 0.35 - 2.8 nmol/L. Interassay CV=6.2% and
intra-assay CV=4.6%.

Basal insulin resistance index (Homeostasis Model
Assessment, HOMA) was calculated according to
the formula: Insulin resistance = FI X G/22.5, where
FI=fasting insulin (WU/ml) and G=fasting glucose
(mmol/L).*! Patients who were treated with insulin
were excluded from the final analysis (n=2).

STATISTICAL ANALYSIS

All descriptive data are expressed as mean + SE.
Statistical analysis was carried out using the SPSS sta-
tistical package (version 11.5). The parameter showing
the number of diseased vessels was transformed into
a binary parameter as follows: “three vessel disease”
Yes or No according to the presence of >3 vessels or
<3 vessels with severe stenosis. Multivariate binary
logistic regression analysis was used to identify the
predictors of patients with 3 vessel disease. The mul-
tivariate model included all variables associated with
the binary parameter with a p value of less than 0.2
by univariate logistic regression analysis.

The chi-square test with Yates’ continuity correc-
tion was used, or chi-square for linear association as
appropriate. Student’s t-test was used to compare
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mean values between groups where the distribution
was normal.

RESULTS

According to the results of the angiography, 78
women had 0 vessel disease, 40 had 1, 40 had 2 and
22 had 3 vessel disease. Forty-four of these women
(24.4%) had pre-existing type 2 diabetes mellitus,
while the remaining 136 women did not have diabetes
and served as the control group.

The women with diabetes had a higher prevalence
of severe stenosis in the angiography compared with
the non-diabetic women (Figure 1). Among the

D0 vessels
01 vessel

@2 vessels
B 3 vessels

Non-  Diabetic
diabetic women
women

Figure 1. Distribution (%) of vessels with severe stenosis in the
angiography according to the presence or absence of diabetes
in postmenopausal women undergoing coronary angiography
(Pearson’s chi-square test, p <0.001).

diabetic women, 25% had 0 affected vessels, 18.2%
had 1 vessel, 22.7% had 2 and 34.1% had 3 vessels
with >50% stenosis; the corresponding prevalence in
the non-diabetic women were 49.2%, 23.5%, 22.1%,
and 5.1% (p <0.001, Pearson’s chi-square). When
the non-diabetic women were separated into two
groups according to the fasting glucose levels, the
relevant prevalence for women with fasting glucose
levels less than 100 mg/dl (5.5 mmol/L) were 54.7%,
25.6%, 15.1% and 4.6%, respectively. The non-diabetic
women with fasting glucose between 100 and 125 mg/
dl (5.5 - 6.9 mmol/L) also had a lower prevalence of
severe stenosis in the angiography compared with the
diabetic women (x*=9.8, p=0.019), but there was no
significant difference in the severity of CAD between
this group and the group of non-diabetic women with
fasting glucose levels less than 100 mg/dl [5.5 mmol/L
(x*=7.18, p=0.066, Tables 1, 2)].

The diabetic women were significantly older, had
higher BMI, higher waist circumference and WHR.
They had more frequently a family history of T2DM,
higher prevalence of hypertension and of hypertrig-
lyceridemia as well as higher levels of triglycerides
and of uric acid. HOMA-Insulin Resistance Index
as well as insulin levels were higher in the group of
diabetic women (Table 3). There were no statisti-
cally significant differences in smoking, use of lipid
lowering drugs, family history for CAD, the age of
appearance of CAD, nor in systolic and diastolic

Table 1. Distribution (%) of diabetic and non-diabetic postmenopausal women according to the number of affected vessels (0, 1, 2, 3) with
more than 50% stenosis in the angiography (Pearson’s chi-square test, p= 0.019)

0 vessels 1 vessel 2 vessels 3 vessels
Women with diabetes (n=44) 11/44 8/44 10/44 15/44
25.0% 18.2% 22.7% 34.1%
Non-diabetic women with fasting glucose levels 5.5-6.9 mmol/L  18/50 11/50 18/50 3/50
(100-125 mg/dl) (n=50) 36.0% 22.0% 36.0% 6.0%

Table 2. Distribution (%) of non-diabetic postmenopausal women with fasting glucose levels 100-125 mg/dl and less than 100 mg/dl according
to the number of affected vessels (0, 1, 2, 3) with more than 50% stenosis in the angiography (Pearson’s chi-square test, p =0.066)

0 vessels 1 vessel 2vessels 3 vessels
Non-diabetic women with fasting glucose levels 5.5-6.9 mmol/L 18/50 11/50 18/50 3/50
(100-125 mg/dl) (n=50) 360%  220%  36.0% 6.0%
Non-diabetic women with fasting glucose levels less than 5.5 mmol/L 47/86 22/86 13/86 4/86
(100 mg/dl) (n=86) 547%  256%  15.1% 4.6%
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Table 3. Mean values + SE (or %) of the anthropometric and biochemical parameters in the groups of diabetic and non-diabetic women

undergoing coronary angiography

Parameter Non-Diabetic patients (n=136) Diabetic patients (n=44) P
Chronological Age (yrs) 63.3x0.81 67.5£1.22 0.014
Age at CAD occurrence (yrs) 63.7+1.10 64.2+1.50 0.782
History of angina 70.2% 83.8% 0.087
History of myocardial infarction 26.1% 24.3% 0.512
History of hypercholesterolemia 73.8% 86.5% 0.093
History of hypertriglyceridemia 25.9% 65.7% <0.001
History of hypertension 60.4% 84.8% 0.002
Family history of CAD 42.5% 54% 0.106
Family history of T2DM 19.3% 40.4% <0.001
Age at menopause (yrs) 48+0.62 48.5+0.91 0.630
Time since menopause (yrs) 19.27+1.13 19.77x1.52 0.797
Systolic arterial pressure (mmHg) 131.9+£0.52 133.8+2.63 0.555
Diastolic arterial pressure (mmHg) 80.65+1.05 80.54+1.41 0.949
Body Mass Index (BMI, kg/m?) 27.5x0.42 30.4+0.89 <0.001
Waist perimeter (cm) 94.2+1.09 105%2.37 <0.001
Waist/Hip Ratio (WHR) 0.89+0.007 0.92+0.010 0.027
Insulin (wWU/ml) 14.54+0.89 18.06=1.61 0.048
(pmol/L) 104.32+6.38 129.58+11.55
HOMA Index-Insulin resistance 3.7£0.36 7.4x0.66 <0.001
SHBG levels (nmol/L) 47.59+2.22 37.33+2.88 0.010
17B-Estradiol levels (pmol/L) 38.55+3.67 49.70+6.31 0.112
Testosterone levels (nmol/L) 0.57=0.03 0.63=0.06 0.312
Glucose levels (mg/dL) 95.8+1.93 156.5+7.04 <0.001
(mmol/L) 5.31+0.10 8.68+0.38
Triglycerides (ng/dL) 131+5.62 162+9.1 0.008
(mmol/L) 1.47%0.06 1.828+0.1
Cholesterol ~ (mg/dL) 221511 220£6.8 0.815
(mmol/L) 5.7%0.13 5.6=0.17
HDL (mg/dL) 53=1.04 48.6x2.01 0.056
(mmol/L) 1.37£0.02 1.26+0.05
LDL (mg/dL) 145.6x4.9 151.3+£8.4 0.537
(mmol/L) 3.7=0.1 3.9+0.2
Uric acid (mg/dL) 52%0.2 6.8=0.4 <0.001
(umol/L) 309.3x11.9 362.8+23.7
Smoking 26.3% 19.6% 0.241
Lipid drugs use 45.8% 59.5% 0.122

arterial blood pressure between the two groups.
Diabetic subjects had lower high density lipoprotein
(HDL) levels, the difference however did not reach
statistical significance. There was no statistically
significant difference in the incidence of myocardial
infarction or angina between the two groups (Table
3). By binary logistic regression analysis, patients with

T2DM were at higher risk of having 3- vessel CAD
as compared with patients without T2DM. This as-
sociation was independent of other well established
risk factors (Table 4).

Finally, there were no statistically significant dif-
ferences between the two groups as to the age of
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Table 4. Multivariate binary logistic regression analysis showing the predictors of severe CAD (3 vessels with >50% stenosis in the coronary

angiography) in postmenopausal women.

Dependent variable Predictor Significance Exp(B) 95% CI X2
D (odds ratio)
3 vessel CAD Age 0.384 1.058 0.932-1.200 28.5
CAD-risk score 0.009 2.675 1.279-5.472 p<0.0001
Time since menopause 0.807 1.013 0.916-1.120
Diabetes mellitus 0.001 8.759 2.709-28.319

menopause and the time since menopause. There
was no statistically significant correlation between
diabetic status and sex hormone levels (estrogen and
testosterone). Women with diabetes had lower SHBG
levels than non-diabetic women (p=0.012).

DISCUSSION

This is the first study which examines the influence
of diabetes on the severity of coronary artery disease
in a highly selected group of postmenopausal women
undergoing coronary angiography with concomitant
investigation of reproductive and hormonal para-
meters. We found that diabetic women have more
severe CAD, expressed as the number of affected
vessels with greater than 50% stenosis. This associa-
tion was independent of other risk factors for CAD
such as chronological age, family history of T2DM,
smoking, hypertension and hyperlipidemia, as well
as time since menopause.

Our findings are analogous to those of other
reports in the literature concerning the influence of
diabetic status on CAD severity*>* and on the pro-
gression of CAD in the angiography”?’? in diabetic
patients of both sexes. A very recent study found
that the presence of diabetes was a predictor of the
progression of CAD in the angiography in postmeno-
pausal women.* Furthermore, other studies which
investigated large population samples of women
showed that the severity of CAD assessed by coronary
angiography was associated with diabetes independ-
ently of other predisposing factors,** while another
study showed that diabetic women <55 years of age
had CAD findings comparable to those of older non-
diabetic women.* However, such findings are not
unanimous, as there have been a few studies in the
literature that have found no associations between
the presence of diabetes and the severity of CAD in

patients with cardiovascular disease.** Similarly to
other studies, we did not find a significant difference
in the severity of CAD between non-diabetic women
with fasting glucose levels between 100 and 125 mg/dl
(5.5- 6.9 mmol/L) and those with less than 100 mg/dl
(5.5 mmol/L).%

We also found that other risk factors, such us hy-
pertension, obesity, indices of central adiposity and
insulin resistance as well as hypertriglyceridemia, were
more frequent in the group of diabetic patients. We
did not find any additive effect of age at menopause
or time since menopause on the severity of CAD in
women with T2DM. As far as we know, there is no
evidence that menopause affects the appearance of
T2DM, although there are reports in the literature
showing a possible association of insulin resistance
with menopausal status;* this finding, however, is
not consistent.”’

So far as the basal mechanism of the atheroscle-
rotic process is concerned, this appears to be roughly
similar in diabetic and non-diabetic populations.
Specifically, in diabetic subjects, hyperinsulinemia,
hyperglycemia, oxidative stress and abnormal protein
glycosylation possibly aggravate the atherosclerotic
process.**

Another finding of our study was the lower levels
of SHBG in the diabetic group, a finding that has
also been reported in previous studies.* Especially
in women, the increased CAD risk,***! the risk of
developing diabetes* as well as various predisposing
risk factors for CAD have been strongly associated
with lower SHBG levels.** This may be due to the
association of SHBG with insulin resistance and the
metabolic syndrome in women.** It should be re-
membered that lower SHBG levels also serve as an
index of androgenicity in women as they affect the
levels of free androgens, which are considered to be
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detrimental for the vasculature in women.**

In conclusion, our results show that diabetic post-

menopausal women have more severe coronary ar-
tery disease compared to non-diabetic women when
evaluated by coronary angiography. This association
is stronger than most of the other classical predis-
posing factors and suggests an independent effect
of T2DM on the atherosclerotic process, at least in
women after the menopause. The suggested multi-
targeted treatment of all risk factors for CAD* in
diabetic patients appears to be even more justified
in postmenopausal women.
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