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Abstract

Background/Aim: The evidence showed that in the development of diabetes
mellitus type 2 (DMT2) and coronary heart disease (CHD) significant role is
played by metabolic risk factors: insulin resistance (IR), dyslipidaemia and obe-
sity. Beside metabolic factors, increase in inflammatory markers such as fibrin-
ogen and hs-C reactive protein (hsCRP) plays a role in developing CHD. Metabol-
ic disorders are thought to also be present in patients with impaired glucose
tolerance (IGT) and could contribute to development of CHD in these individu-
als. Aim of this study was to investigate the behaviour of metabolic parameters
and chronic inflammation markers in patients with IGT on glucose tolerance
test and associated CHD.

Methods: The trial included 4 groups of 30 subjects: a) IGT with CHD, b) IGT
without CHD, ¢) CHD without IGT and d) control group without CHD and with
normal glucose tolerance (NGT). Within each group glucoregulation parame-
ters were measured (fasting glucose and Hb1Ac). Oral glucose tolerance test
(OGTT) with 75 g glucose load was performed and IR parameters calculated
(using HOMA-IR, Matsuda index, Quicki index, HOMA1- %B), lipid profile was
done, waist/hip ratio was measured, as well as fibrinogen and hsCRP. CHD diag-
nosis was determined by typical signs of previous myocardial infarction on
ECG, echocardiogram and/or ergometry (Bruce protocol).

Results: Subjects with IGT, but no CHD and those with both IGT and CHD had
statistically significantly higher triglyceride and cholesterol levels and mani-
fest IR with decreased insulin sensitivity compared to subjects with CHD, but
no IGT and control group. Group with both IGT and CHD was found to have sig-
nificantly higher fibrinogen and hsCRP concentrations.

Conclusion: IR and hyperlipidaemia, together with chronic inflammation me-
diators, are potential predictors of the development of glucose tolerance disor-
ders; hence interventional treatment during IGT period or during hyperinsuli-
naemia could give patients better opportunity to prevent or postpone onset or
development of diabetes and its complications.

Key words: Impaired glucose tolerance; Insulin resistance; Coronary heart dis-
ease; Chronic inflammation mediators.
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Introduction

The best evidence on increased risk of develop-
ing CVD was obtained in DECODE study® which

showed that impaired glucose tolerance (IGT)
was significant predictor of coronary heart dis-
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ease (CHD) mortality. Numerous studies have
confirmed that the risk of CHD is significantly
higher in diabetics compared to individuals with-
out glucoregulation disorders.?” In manifestation
of CHD in patients with diabetes mellitus type 2
(DMT?2) indisputable role is played by inflamma-
tion mediators, as well as metabolic risk factors
complementary to them. Hyperinsulinaemia can
have direct atherogenic effect on the blood ves-
sel wall,”? but its atherogenic effect can also be
realised indirectly through lipid disorders,” 1012
fibrinolysis'®* and obesity.!®

Within these studies there is a particular inter-
est in elucidating the effect of insulin levels on
severity and progression of CHD as a late DMT?2
complication. Decrease in insulin sensitivity is
an early sign of susceptibility to diabetes type 2
and it usually manifests as elevated fasting in-
sulin levels.? Insulin is a key glucose metabolism
regulator that promotes glucose uptake into pe-
ripheral tissues and inhibits glucose production
in the liver. Insufficient insulin action results in
increased levels of fasting glucose and ultimately
in overt DMT2.1%18 [nsulin resistance (IR) is also
associated with development of cardiometabol-
ic complications, a risk that arises even before
development of DMT2.2 2° Development of CHD
was observed in individuals with IGT without
overt clinical or subjective DMT2 signs, therefore
current and future research faces a challenge of
identifying and preventing potential risk factors
for development of CHD in those individuals. Oral
glucose tolerance test (OGTT) assesses an indi-
vidual’s ability to clear circulating glucose after
a 75 g oral glucose load, after an overnight fast.
OGTT induces transition from fasting to feeding
and subsequent changes in various metabolic
nutrients happen while the body adjusts in or-
der to achieve glucose homeostasis.?! WHO rec-
ommends OGTT as a diagnostic test in the range
of fasting plasma glucose between 5.5 and 11.1
mmol/L. Majority of studies conducted in Europe,
which compared the ADA and WHO diagnostic
criteria, have found that of individuals with DM
diagnosed using ADA criteria only 46 % had 2 h
glucose concentration higher than 11.1 mmol/L,
which indicates that WHO 2 h glucose criterion is
more reliable diagnostic test for DM diagnosis.??

Aim of this study was to investigate characteris-
tics of metabolic parameters and chronic inflam-
mation markers in individuals with IGT, with and
without CHD.
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Methods

The study included 120 individuals, ages 45 to
70, divided in 4 groups of 30 subjects: 1st group
IGT with CHD, 2nd group IGT without CHD, 3rd
group CHD without IGT and 4th group healthy
subjects (control group without CHD and with
normal glucose tolerance — NGT). The study was
conducted at the Department of Endocrinology
with General Internal Medicine and at the Clinic
of Cardiovascular Diseases of University Clinical
Centre in Banja Luka. Patient sample was avail-
able to researchers and at the same time it was
statistically representative in order for the study
to achieve sufficient power. All subjects were in-
formed about the scheduled study and their in-
formed consent was obtained. In accordance with
ethical principles inclusion criteria were based
on risk factors for impaired glucose metabolism
(body mass index = 25, DMT?2 in first-degree rel-
atives, middle or older age, history of lipid profile
disorder, fasting glucose from 5.0 to 6.5 mmol/L)
and on the evidence of CHD, including signs of
ischaemia or previous myocardial infarction (IM)
on ECG, echocardiogram and/or ergometry.

Exclusion criteria included existing diagnosis
of diabetes mellitus, chronic kidney disease re-
quiring dialysis, pregnancy, use of medication or
presence of an existing condition that could affect
glucoregulation, as well refusal to participate in
the study. In each subject following parameters
were measured:
- Glucoregulation (fasting glucose, HbA1c);
- OGGT was performed with 75 g oral glucose
load after a 12 h fast and glucose and insulin
levels were measured at 0 (initial fasting lev-
els, right before taking glucose), 30, 60, 90 and
120 min;
- Parameters of IR were calculated using Ho-
meostatic Model Assessment of Insulin Resis-
tance (HOMA-IR), Matsuda index, Quantita-
tive Insulin Sensitivity Index (QUICKI index),
insulinogenic index, HOMA1- %B, lipid profile,
waist-to-hip ratio, fibrinogen and CRP;
- Blood pressure and anthropometric mea-
sures were taken (waist-to-hip ratio (W/H),
Body Mass Index (BMI)).

Apart from OGTT, all the other metabolic param-
eters were included in the routine patient eval-
uation during hospitalisation. IGT was deter-
mined based on glucose levels between 7.8 and
11.1 mmol/L after 75 g oral glucose load during
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OGTT or based on fasting glucose levels of = 6.1
mmol/L and < 7.0 mmol/L. Fasting serum glucose
levels were measured using enzyme glucose oxi-
dase method (Biosen C line analyser and Chrono-
lab photometer, CHL-1310). HbAlc levels were
measured from haemolysed whole blood samples
processed on COBAS INTEGRA 400 plus analyser
using turbidimetric inhibition immunoassay (TI-
NIA). Insulin was measured by radioimmunoas-
say method using INEP RIA INSULIN (PEG) Kit.
Intra assay coefficient of variation (CVI) was 3.84
%. HOMA index was calculated using this formu-
la: HOMA-IR = (FPI x FPG) / 22.5 (FPI = Fasting
Plasma Insulin, FPG = Fasting Plasma Glucose).

Insulin secretion capacity was estimated using
insulinogenic index, based on the increase in in-
sulin and glucose levels at 30 min using the fol-
lowing formula: AI30/AG30, where AI30 is the
difference in insulin levels (mmol/L) at 30 and at
0 min and AG30 is the difference in glucose lev-
els (mmol/L) at 30 and at 0 min of the test. QUIC-
KI = 1/[log(10) + log(GO0)], where 10 represents
fasting insulin level and GO fasting glucose level.
Matsuda index ISI (Matsuda) = 10000/\/ (glucose
concentration 0' x insulin concentration 0' x glu-
cose concentration OGTTx x insulin concentra-
tion OGTTx), where glucose concentration 0’ rep-
resents glucose concentration at 0 min (mg/dL),
insulin concentration 0’ - insulin concentration
at 0 min (mIU/L), glucose concentration OGTTx -
mean glucose concentration during OGTT (mg/L)
and insulin concentration OGTTx - mean insulin
concentration during OGGT (mIU/L). Beta cell
basal insulin secretion indicator HOMA1- %B =
(20 x FPI)/(FPG - 3.5).

For total cholesterol, triglycerides, HDL choles-
terol and LDL cholesterol measurement chroma-
tography was used on Roche/Hitachi 917 analy-
ser. CHD diagnosis was made by cardiologist and
based on typical findings of previous myocardial
infarction on ECG, echocardiogram and/or Bruce
protocol ergometry. Statistical data analysis was
performed using the Statistica StatSoft program.
Results were expressed as mean + standard de-
viation. For statistical analysis, Student t-test,
Chi-square test, correlation coefficient, uni- and
multivariate logistic regression, one-factor and
two-factor analyses of variance or Kruskal-Wal-
lis test were used.
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Results

Clinical characteristics of patients and biochem-
ical, ie, metabolic parameters are shown in Table
1 and 2.

OGTT was performed on all the subjects and high-
ly statistically relevant difference (p < 0.01) was
always observed across the groups (Figure 1). At
0 min glucose concentration was approximately
the same in the first two groups and was signifi-
cantly higher compared to the last two groups,
whereas in groups 3 and 4 there was no signif-
icant difference. At 30 min the highest glucose
level (up to 13 mmol/L) was observed in group
2, then in group 1, while in groups 3 and 4 levels
were almost the same. Trend towards increase
in glucose level at 60 and 90 min was observed
in group 1, while decrease in glucose concentra-
tion at 120 min compared to at 30 min was ob-
served across all groups. Glucose levels did not
return to normal values in the first two groups
(9.0 mmol/L in the 1st group and 8.30 mmol/L in
the 2nd group), while in the 3rd and 4th group
glucose levels did return to values within refer-
ence range.

Aside from glucose levels OGTT insulin levels
were also measured and highly statistically sig-
nificant difference among groups (p < 0.01) was
observed at 0 min and at 120 min, while at 30,
60 and 90 min there was no statistically signifi-
cant difference (p > 0.05) (Figure 2). At 0 min the
highest concentration was reported in IGT with
CHD group. In the IGT without CHD group insulin
concentration was 6 times higher at 30 min com-
pared to fasting level and only at 120 min there
was a slight decrease in serum insulin level. In
contrast to the control group and the CHD with-
out IGT group where significant steep decline in
insulin concentration was observed after the ini-
tial increase, it was noted that in IGT with CHD
group no decrease was observed, on the contrary,
further increase in serum insulin concentration
was observed compared to fasting insulin levels.

HOMA-IR index was calculated to determine IR
and it showed higher values in subjects with IGT
both with and without CHD compared to subjects
with normal glucose tolerance and those with
CHD, but no IGT, in the statistically significant
range (Figure 3).
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Table 1: Clinical characteristics of patients
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&aia%?);ls“cs IG'I('nv«gthI)HD IGT \(I:Itzhgl(l)g IHD IHD zlr\]utzhgloj)t 1GT :-[I]eglgb
Gender (M/W) 20/10 18/12 17113 14/16
Age 68.50 + 7.6 57.50 +9.76 58.00 +10.91 47.00 = 6.90
BMI (kg/m?) 26.60 = 4.52 28.69 = 4.24 25.06 = 4.12 23.03 = 4.68
W/H 0.92 +0.09 0.97 =0.09 0.91+0.10 0.82+0.13
SBP (mm Hg) 145 +17.98 140 +16.05 145 +18.72 120 +13.29
DBP (mm Hg) 90 +10.31 87.50 +10.08 90.00 +9.35 80.00 +7.03
Tobacco (yes/no) 20/10 13/17 21/9 8/22

IGT: impaired glucose tolerance; IHD: ischaemic heart disease; BMI: body mass index: W/H: waist to hip ratio; SPB: systolic blood

pressure; DBP: diastolic blood pressure;

Table 2: Patients’ metabolic parameters

((;,]aiaggl)-ls“cs IG.I(-n“:thI)I.ID IGT \(l\rl1lt=|1%l(l)§ IHD IHD mlihgg)t IGT Hleglglb
Fasting glucose (mmol/L) 6.30 £ 0.58 5.90+0.59 5.00+0.80 4.45x0.52
HgA1C (%) 5.00 £ 0.89 5.40+0.88 4.00+0.73 3.50£0.91
Glucose 0 min (mmol/L) 6.30 £ 0.86 6.15+0.90 470+0.83 4.85+0.91
Glucose in 120 min (mmol/L) ~ 9.00 + 1.65 8.30+1.65 4.20+1.28 4.05+1.20
Insulin 0 min (pmol/L) 13.78 £ 8.75 8.75+24.91 12.96 + 11.80 1.29 +6.33
Insulin in 120 min (pmol/L) ~ 86.97 + 57.74 57.74 + 144 29.37 = 31.82  28.94 +37.00
HOMA indeks 4.22 +2.46 7.02 £ 6.36 3.20 £ 2.66 272137
HOMAT - % B 268.57 = 355.00 283.81+446.21 197.56 +420.00 110.32 + 106.98
QUICKI indeks 0.31 0.32 0.34 0.34
Matsuda index 3.21 3.29 4.88 5.40
Holesterol (mmol/L) 5.20+1.38 5.78 + 2.05 5.75 +1.24 5.50 + 0.87
IGT: impaired glucose tolerance; IHD: ischaemic heart disease;
( )
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Figure 1: Glucose concentration during OGTT across study groups

IGT: impaired glucose tolerance; IHD: ischaemic heart disease; OGTT: oral glucose tolerance test;

Analysis of QUICKI index values showed that
mean values across groups of patients of differ-
ent status were quite similar. However, ANOVA
results suggest that there was a statistically sig-
nificant difference between values (F(3) = 3.50,
p < 0.05). Review of the results of LSD, post hoc
test, revealed that QUICKI index values in the IGT
without CHD group were significantly lower on

average compared to control and the CHD with-
out IGT group. It was observed that MATSUDA
index values were on average the highest in the
control group, slightly lower in the CHD without
IGT group and the lowest in the IGT without and
IGT with CHD groups and statistically significant
difference (F(3) = 2.74, p < 0.05) was recorded be-
tween the mean values.
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Figure 2: Insulin concentration during OGTT across study groups
IGT: impaired glucose tolerance; IHD: ischaemic heart disease; OGTT: oral glucose tolerance test;
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Figure 3: HOMA index of insulin resistance across study groups
IGT: impaired glucose tolerance; IHD: ischaemic heart disease;

Table 3: Levels of hsCRP across study groups

Table 4: Levels of fibrinogen across study groups

Category N M SD F Df P Category N M SD F Df P
1GT with CHD 30 482 147 13362 3 .000** IGT with CHD 30 493 131 4772 3 .000**
IGT without CHD 30 091 042 IGT without CHD 30 313 099

CHD without IGT 30 195 0.88 CHD without IGT 30 383 096

Healthy 30 068 037 Healthy 30 185 076

**statistically significant at the p < 0.01 level

hsCRP: high sensitive C-reactive protein; IGT: impaired glucose tolerance; IHD: ischaemic
heart disease; N: number of patients; M: mean; SD: standard deviation; F: f-value, analysis
of variance; Df: degrees of freedom; p: p-value;

Analysis of the lipid profiles across the groups
showed the highest total cholesterol and LDL
cholesterol in the IGT with and without CHD
groups, although there was no statistically sig-
nificant difference (p > 0.05) between the groups.
The highest triglyceride levels were recorded in
the CHD without IGT group and the highest mean
HDL cholesterol levels in the control group. In
subjects with marked postprandial hypergly-

**statistically significant at the p < 0.01 level

IGT: impaired glucose tolerance; IHD: ischaemic heart disease; N: number of patients; M:
mean; SD: standard deviation; F: f-value, analysis of variance; Df: degrees of freedom;
p: p-value;

caemia, elevated levels of triglycerides and cho-
lesterol and significant hyperinsulinaemia were
also observed. In subjects with the highest IR
HDL cholesterol levels were the lowest. Triglycer-
ide levels were not the highest in the IGT groups
with the highest IR, but in the CHD without IGT
groups with normal peripheral sensitivity to in-
sulin, therefore no cause-and-effect relationship
with IR was observed in those subjects.
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The habit of smoking as the risk factor for CHD
was noted in the highest percentage of subjects
in the CHD groups with or without IGT, where-
as in the group of healthy subjects the habit of
smoking was observed in low percentage.

Statistical significance of the differences be-
tween CRP and fibrinogen levels across all four
study groups was investigated using ANOVA, as
is shown in Tables 3 and 4. It was noted that the
mean values of CRP and fibrinogen in the IGT
with CHD group were markedly higher than in
the other groups and were, on average, the lowest
in the healthy group.

Discussion

SeveralresearcherssuggestthatIRis presenteven
before blood glucose abnormalities are detected
in patients with diabetes? ?* and that hyperin-
sulinaemia develops before pathophysiological
abnormalities associated with IGT. Hyperinsuli-
naemia is harmful in individuals with normal and
abnormal glucose tolerance. Helsinki Policemen
Study,?® Busselton Study,?® Wisconsin Epidemi-
ologic Study?” and RISC study?® have shown that
high plasma insulin levels, fasting or after OGTT,
are associated with increased risk of major car-
diovascular events independent of the other con-
ventional cardiovascular risk factors (including
blood glucose, cholesterol, triglycerides, blood
pressure, obesity, smoking and physical activity).
Study results show that patients in prediabetes
state (IGT, IFG - impaired fasting glucose) are at
higher risk of CHD. Data from routine preventive
exams show that blood glucose concentration,
even levels below DM threshold, are associated
with coronary artery disease.?”3! IFG category
was introduced to mark the range between the
upper threshold of normal FPG and the lower
threshold of diabetes FPG. IFG represents an in-
termediate state of abnormal glucose regulation
and is a risk factor for future development of dia-
betes and CHD.*?

In 2003 ADA recommended changing the low-
er threshold for IFG diagnosis from 6.1 to 5.6
mmol/L.2* As Dankner et al?* found basal hyper-
insulinaemia in normoglycaemic adults is an in-
dependent risk factor for metabolic worsening of
dysglycaemia in adulthood and may help identify
seemingly healthy individuals at increased risk
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of diabetes. A large number of studies have con-
firmed the correlation between this metabolic
state, decreased insulin sensitivity and resulting
IR and development of CVD and the significance
of OGTT as a diagnostic method for recruiting
these individuals from the general population, in
order to timely detect and prevent DMT2.34-3¢

Study results presented in this paper are com-
parable to other studies. In individuals with IGT,
with or without associated CHD, IR index was sig-
nificantly higher. In healthy controls HOMA index
was slightly higher compared to individuals with
CHD, which could be explained by BMI in the se-
vere obesity range in a couple of individuals who
had normal blood glucose and plasma lipopro-
tein concentrations and normal blood pressure
readings. Individuals with IGT, with or without
associated CHD, have impaired insulin sensitiv-
ity, significant impairment of beta cell function,
manifest hyperinsulinism and the process of pan-
creatic beta cell apoptosis has probably started.
Increased postprandial glucose levels are accom-
panied by increase in insulin secretion in pancre-
atic beta cells, but insulin secretion in groups 2
and 1 does not follow the increase in glucose con-
centrations, that is, the 1st phase of insulin secre-
tion is delayed compared to the last two groups,
particularly to the group of healthy individuals
where insulin secretion significantly increases
and follows the increase in postprandial hyper-
glycaemia in linear fashion.

Low QUICKI values are a good predictor of dia-
betes development in adults.?” 3 In this study
this predictive factor was noted in subjects with
IGT without and with CHD. In clinical practice,
all kinds of simple insulin sensitivity indices are
used for the assessment of IR, which has been
done in this study as well. Matsuda index is de-
pendent on the accuracy of the insulin measure-
ment method, cannot be used in individuals with
extensive damage to beta cells and is more suit-
able for a large group epidemiologic research on
IR, which is a limitation of this study.

A study conducted on large number of subjects
with NGT, IGT and DM that investigated direct in-
sulin sensitivity and its correlation with fasting
insulin levels and insulin levels post glucose load,
well known risk factors for CHD, has found that
there is a very significant independent associa-
tion between insulin sensitivity and CHD and be-
tween CHD and fasting insulin and has confirmed
that hypertension, dyslipidaemia and hypergly-
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caemia play a role in these relationships, unlike
some studies that have denied indirect relation-
ship between these dysmetabolic states.3**° This
study has also shown that IGT together with IR
and other metabolic disorders could contribute
to the development of CHD to a certain extent.

De Fonzo* suggests that high CHD risk in dia-
betics is caused by IR rather than by hypergly-
caemia and that CHD rates double if obesity, dys-
lipidaemia and hypertension are also present in
those patients. He believes that elevated insulin
levels lead to an alternative pathway of insulin
signalling, activating mitogen activated protein
kinase (MAPK), whose activity is central to mito-
gen-proatherosclerotic pathway.

Diabetes impairs utilisation of lipids and lipo-
proteins causing diabetes induced atherogenic
dyslipidaemia, which is one of the most import-
ant risk factors for atherosclerosis in people with
DM.*>*3 Atherosclerosis is one of the main causes
of the development of CVD.* Diabetic dyslipidae-
mia is characterised by increased levels of serum
low-density lipoproteins (LDL) and triglycerides
(TG) and decreased levels of high-density lipo-
proteins (HDL).*

Also, recently conducted prospective studies have
shown that patients with DMT2 who developed
CHD had higher levels of very low-density cho-
lesterol (VLDL-h) with lower levels of high-den-
sity lipoprotein cholesterol 2 (HDL2) compared
to individuals who did not develop CHD.*¢ This
association is noted in both type 2 diabetics and
nondiabetics. The most significant predictive
risk factor for CHD is increased levels of total and
VLDL TG which manifest their atherogenic effect
by inducing a decrease in HDL cholesterol and an
increase in small, dense LDL particles, as well as
anincrease in production of apolipoprotein B. Re-
search has shown that combined changes in lipid
profile, ie small, dense LDL-h particles and predi-
abetes have a strong effect on the development of
CHD.*

This study has found that total cholesterol levels
were the highest in subjects with IGT, whereas to-
tal triglyceride levels were the highest in subjects
with CHD. HDL cholesterol levels were the lowest
in subjects with IGT and CHD, in accordance with
previously mentioned studies.

The role of immune system is so important that
atherosclerosis is nowadays considered primari-

o

ly an inflammatory phenomenon.*® Inflammatory
model is useful in interpreting a large number of
epidemiological data and it explains why serum
levels of proteins, such as ceruloplasmin, fibrin-
ogen and albumin are associated with cardio-
vascular risk.** Meta analysis of 14 prospective
long-term studies has found that, after adjusting
for age, smoking, cardiovascular risk factor CRP
is strongly associated with CHD.>*5! Apart from
pro-atherosclerotic effect of CRP, primarily in the
early stages of atherogenesis, researchers have
recently discovered that CRP could also play a
role in the later stages of atherosclerosis. In 2003
the American Heart Association (AHA) and the
Centre for Disease Control (CDC) recommended
that inflammation markers be used together with
other markers for cardiovascular risk assess-
ment.5? In accordance with that, the present study
has shown that chronic inflammation factors are
higher in IGT with CHD group and together with
IR, they could be potential risk factors for the de-
velopment of CHD in IGT. The study conducted in
2016 has found no association between serum fi-
brinogen and glucose impairment.*?

Elevated hsCRP levels were associated with pre-
diabetes in correlation with age, obesity and ab-
normal lipid profile, which was proven in Aish-
warya Ghule study in 2021°* and is comparable
to this study where the levels were the highest in
IGT with CHD group where atherosclerosis had,
probably, already started developing.

Up until a few years ago, it was believed that the
CHD typically affected men and most medical
papers had adopted the idea that women could
suffer more from breast cancer than from CVD.
In 2004 the World Health Organization reported
total CVD mortality in Europe: 55 % in women
and 43 % in men. CHD, stroke and other CVD rep-
resent 23 %, 18 % and 15 % of cases in women
and 21 %, 11 % and 11 % of cases in men.>® Af-
ter ages 45 for men and 55 for women CHD risk
increases in similar fashion in both groups. It is
presumed that oestrogen has cardioprotective
effect in premenopausal women (usually under
the age of 55). It is of utmost concern that CHD
mortality rates in young women aged 35 to 45
continue to rise.>¢8 Older age, hypertension, to-
tal and LDL cholesterol have the biggest effect on
men, whereas menopause, systolic hypertension,
smoking, diabetes, triglycerides and HDL cho-
lesterol levels mostly have an effect on women.
Failure to recognise early symptoms and to ade-
quately assess CHD in young women, despite well
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known risk factors, could contribute to this dis-
turbing trend.>” By middle age more than 80 % of
women have 1 or more traditional risk factors for
heart attack.>® Diabetic women are more than six
times more likely to die from CHD compared to
women without diabetes.®® There is evidence that
the loss of oestrogen at any age contributes to
endothelial dysfunction. In the Women’s Health
Study, a global risk prediction model, which has
included hsCRP, improved prediction of cardio-
vascular risk in women.?! Also, hsCRP was found
to be a stronger cardiovascular event predictor in
women than LDL cholesterol. After menopause,
the lack of oestrogen leads to structural and
functional changes in the cardiovascular system:
endothelial dysfunction, imbalance of autonomic
activity towards increased adrenergic activity,
visceral obesity, increased systemic inflamma-
tion. All these factors contribute to the develop-
ment of systemic hypertension, IGT, abnormal
lipid profile and IR.

CHD group included mostly smokers and the dif-
ference between sexes was minimal in favour of
men, in accordance with most previous studies.
In individuals aged 45 to 54, 38.2 % of cardio-
vascular mortality in men and 33.7 % in women
could be attributed to smoking.®? Although the
greatest risk burden is seen in middle age, smok-
ing is a strong independent risk factor for cardio-
vascular events and mortality even in older age,
increasing cardiovascular mortality for more
than five years in smokers older than 60. In all
age groups, women smokers are at significantly
higher risk of CHD events (fatal and nonfatal),
compared to non-smoking women.** Smoking is
more harmful to women than to men, with rela-
tive risk of cardiovascular events of 3.6 in wom-
en and 2.4 in men. While cardiovascular risk re-
mains similar in men regardless of daily cigarette
consumption, that risk increases in women with
the number of cigarettes smoked per day ranging
from relative risk of 2.3 for 1-9 cigarettes per day
to 5.9 for more than 20 cigarettes per day.®

Several limitations of this report that cannot be
considered definitive are to be acknowledged.
Firstly, limited size of statistically representative
sample.

In fact, data gathered here will be used as the ba-
sis for larger, more definitive study that will in-
clude remaining risk factors such as stress, con-
centrations of counterregulatory hormones that
affect glucoregulation, menopause and the like.
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Secondly, the limitation lies in inhomogeneous
patient distribution among groups. The goal was
to recruit representative sample of patients with
IGT and CHD. Thus, the control group included
significantly more women, fewer smokers and
younger subjects compared to the other groups.
Without a clear insight into the lifestyle, daily
stress and regularity of menstrual cycles, consid-
ering that perimenopausal women were includ-
ed in the study, the effect of oestrogen cardio-
protection could not be asserted with certainty.
The remaining three groups were homogenous
regarding investigated parameters, sex, age and
smoking habits. Limited sex specific data on the
CHD risk associated with IGT, that were anal-
ysed in this study, did not support any significant
difference between sexes. As a guideline, the re-
sults of the 2001 DECODE study were used that
had determined that relative risks of CHD among
participants with 2-hour glucose abnormalities
corresponding to IGT, were very similar in men
and women.®® More studies are needed to better
elucidate sex specific risks that can be attribut-
ed to IFG and IGT. This study did not address the
question whether the risk of developing CHD was
limited to individuals with IGT who developed
diabetes or if it was still increased in individuals
with IGT even if they never developed diabetes.
Potential confounding factor such as physical ac-
tivity, stress that could have significant effect on
the sensitivity of peripheral tissues to insulin, is
one of the limitations of this study. An economic
analysis that would include diabetes prevention
and CVD could provide additional useful informa-
tion that would help guide future discussions of
the need for screening for IGT in general popula-
tion or in specific high-risk population groups.

Conclusion

~
Metabolic disorders, together with inflamma-\
tion mediators, are possible predictors of the
development of IGT. Decreased sensitivity of
peripheral tissues to insulin and the result-
ing hyperinsulinism, increased concentra-
tions of triglycerides and LDL cholesterol and
decreased HDL cholesterol, as well as an in-
crease in hsCRP and fibrinogen concentrations
in patients, have all potentiated development
of glucose tolerance disorders and potential
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effect on accelerated development of athero-
sclerosis in the vascular system of the heart
of those patients. In practice, this requires the
earliest possible detection of patients with
hyperinsulinaemia and normal glucose toler-
ance in order to start a timely intervention to
reduce glucotoxicity, lipotoxicity and IR, thus
preventing the development of DMT2 and as-

sociated complications.
.
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