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Assessment of the risk for metabolic syndrome in prediabetes
and newly-diagnosed type 2 diabetes
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Abstract:

The aim of the present study was to assess the risk for metabolic syndrome (MetS) in subjects with pre-
diabetes - impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) and in newly-
diagnosed type 2 diabetes (NDD). The metabolic syndrome parameters (according to 2005 IDF
definition) and high-sensitive C-reactive protein (hsCRP) were measured in 727 subjects - 238 with IFG,
184 with IGT and 305 with NDD. The unadjusted prevalence of MetS was 84.03% in IFG, 89.13% in IGT
and 89.51% in NDD. The odds ratio (OR) for prevalent MetS was 8.82 (95% CI, 3.19-19.8, p<0.001) in IFG,
11.26 (95% CI, 4.18-24.6, p<0.001) in IGT and 4.87 (95% ClI, 2.10-9.50, p<0.001) in NDD. Of the different
studied parameters, the OR for metabolic syndrome was significant for female sex - 2.31 (95% ClI, 1.45-
4.35, p=0.009), fasting plasma glucose - 2.30 (95% CI, 1.56-3.40, p<0.001), waist circumference - 1.36
(95% CI, 1.12-1.42, p<0.001), HDL-cholesterol - 0.273 (95% CI, 0.14-0.52, p=0.01) and triglycerides - 3.84
(95% CI, 2.61-5.66, p<0.0001). Significantly higher hsCRP levels were found in all groups with MetS as
compared to those without MetS. The prevalence of MetS in pre-diabetes is rather high, being similar
to that in newly-diagnosed type 2 diabetes. The risk for MetS is even higher in pre-diabetes as
compared to NDD. Therefore IFG and IGT should be considered not just as conditions of altered
glucose metabolism but also in relation to their association with cardiovascular risk factors.
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visceral adipose tissue is considered an

Introduction: endocrine organ of high activity, producing a

Metabolic ~ syndrome (MetS) represents an  nymbper of molecules, cumulatively named as
aggregation of metabolically related  adipokines [5,6] that play a role in energy
cardiovascular risk factors including obesity, phomeostasis, carbohydrate and  energy
raised blood pressure, impaired glucose  metabolism, and impaired insulin action, leading
tolerance and dyslipidemia. Since its initial to insulin resistance.

description, several expert groups have

What is very clear from current epidemiological
data is that the MetS is a frequent and increasing
problem everywhere in the world, affecting

produced different definitions [1-3], the most
recent one being proposed by the International
Diabetes Federation (IDF) in 2005, recognizing

that visceral fat accumulation is essential in the
development of the syndrome [4].

Hypothesis relating central adiposity to the MetS
focus on the newly emerging understanding that
. ]
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around a quarter of the world’s adult population
[7]. The high prevalence of MetS has important
health implications. It is considered to be a driver
of the modern day epidemics of diabetes and
cardiovascular diseases (CVD) [8,9]. A number of
studies have confirmed that the risks of
developing CVD, and of both cardiovascular
and all-causes of mortality, are increased by the
presence of MetS [10-13].

The risk for diabetes is up to fivefold higher in
patients with metabolic syndrome [14]. Most
patients who develop type 2 diabetes mellitus
are obese, predominantly with abdominal
obesity. Thus diabetes and metabolic syndrome
quite frequently coexist [15]. The term “pre-
diabetes” is cumulative for two intermediate
conditions — impaired fasting glucose (IFG) and
impaired glucose tolerance (IGT) [16]. In fact, the
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glucose intolerance in the metabolic syndrome
could be IFG, IGT or diabetes. In clinical practice,
the presence of any one of these glucose
abnormalities will suffice; still glucose intolerance
being just one of the components of MetS and
not an obligatory one.

The aim of the present study was to assess the risk
for metabolic syndrome in subjects with pre-
diabetes - IFG and IGT, and in newly-diagnosed
type 2 diabetic patients.

Methodology:

A total of 727 subjects were included in the study
— 238 with IFG (88 males and 150 females), mean
age 52.1+11.4 years; 184 with IGT (62 males and
122 females), mean age 55.1+14.1 years; and 305
with newly-diagnhosed diabetes - NDD (138 males
and 167 females), mean age 56.6+12.2 years.
They were selected among participants in a
screening program for people at risk of
developing type 2 diabetes (having at least one
of the main risk factors for diabetes - a first
degree relative with type 2 diabetes; overweight
or central obesity; history of gestational diabetes;
delivery of a baby over 4 kg; history of IFG or IGT,
arterial hypertension; lipid abnormalities; clinically
established atherosclerotic vascular disease) at

the Department of Diabetology, University
Hospital of Endocrinology, Medical University,
Sofia during the period from April 2006 -

December 2009. The participants were recruited
by referrals by specialists and general
practitioners as well as after advertisement in
local media. All subjects declared their written
informed consent for participation after full
explanation of the aims and design of the study.
The study was approved by the Ethics
Committee of the Medical University, Sofia and
all the procedures followed were in accordance
with the ethical standards of the committee on
human experimentation and with the Helsinki
Declaration of 1975, as revised in 1983.

All participants underwent a standard oral
glucose tolerance test (OGTT) with 75g glucose
and the categories of glucose tolerance were
defined according to 2006 WHO criteria [15].
Plasma glucose during OGTT - fasting and 2-hour
level, was measured by a hexokinase enzyme
method. Serum lipid parameters (total
cholesterol, HDL cholesterol, triglycerides) were
assessed using enzyme-colorimetric tests; LDL
cholesterol was calculated using Friedwald’s
formula. High-sensitive C-reactive protein
(hsCRP) was measured by a turbidimetric

method. Anthropometric methods were applied
- measurement of height, weight, waist
circumference (measured in a horizontal plane,
midway between the inferior margin of the ribs
and the superior border of the iliac crest). Arterial
blood pressure was measured in standard
conditions 3 times, after a 5-minute rest. The 2005
IDF definition of the metabolic syndrome was
used [4].

Statistical analysis of the data was performed by
SPSS 16.0 for Windows (SPSS, Chicago, USA). The
data is expressed as means * standard deviation
(SD). Student’s t-test and one-way analysis of
variance (ANOVA) were used to compare
continuous variables. Comparisons were
accomplished between subjects with IFG, IGT
and newly-diagnosed diabetes with and without
metabolic syndrome. Bonferroni’s correction for
multiple comparisons was applied where
appropriate. Logistic regression was applied to
estimate the odds ratios (OR) and corresponding
95% confidence intervals [CI] for the different
explanatory variables used to predict metabolic
syndrome. In addition, the same model was used
for assessing odds ratio for metabolic syndrome
within the different groups - with IFG, IGT and
newly-diagnosed diabetes. Hosmer-Lemeshow
chi-square statistic was used as for goodness-of-
fit criteria. A significance level of 0.05 was
considered as proper, and thus pvalues (two
tailed) of less than 0.05 were considered
statistically significant.

Results

Based on the IDF definition, the unadjusted
prevalence of the metabolic syndrome was
84.03% in IFG subjects, 89.13% in IGT subjects and
89.51% in newly-diagnosed diabetic patients.
Metabolic syndrome was present in 76.1% of
males and in 88.6% of females with IFG; in 83.9%
of males and in 91.8% of females with IGT; and in
83.3% of males and in 94.0% of females with
newly-diagnosed diabetes. Thus in males the
metabolic syndrome was equally prevalent in IGT
and NDD groups and least prevalent in IFG
group, while in females it was most prevalent in
newly-diagnosed diabetes.

The anthropometric parameters (BMI, waist
circumference in males and females) of the
subjects with IFG, IGT and newly-diagnosed
diabetes with and without the metabolic
syndrome are presented in Table 1.
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Table 1. Anthropometric parameters — body mass index (BMI) and waist circumference in males and females in the groups with impaired
fasting glucose (IFG), impaired glucose tolerance (IGT) and newly-diagnosed diabetes (NDD) with (MetS+) and without (MetS-) the

metabolic syndrome.

IFG IGT NDD
MetS+ MetS- MetS+ MetS- MetS+ MetS-
(n=200) (n=38) (n=164) (n=20) (n=273) (n=32)
BMI (kg/m2) 32.4+6.3 25.7+4.2 30.9+5.3 24.6+3.9 31.8+6.1 25.3+3.5
Waist circumference (cm) 107.0+£10.1*  93.3%£11.2 112.7£12.5 87.5+6.5 112.2+14.9 91.6+7.0
males (n=67) (n=21) (n=52) (n=10) (n=116) (n=22)
Waist circumference (cm) 106.1+13.3#  90.4+14.5 101.9+11.4 92.4+13.3 105.6+£12.3 89.9+15.6
females (n=133) (n=17) (n=112) (n=10) (n=157) (n=10)

*p<0.01 vs NDD with MetS

#p<0.01 vs IGT with MetS

Table 2. Lipid parameters (total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides) and hsCRP levels in the groups with impaired
fasting glucose (IFG), impaired glucose tolerance (IGT) and newly-diagnosed diabetes (NDD) with (MetS+) and without (MetS-) the

metabolic syndrome.

IFG IGT NDD

MetS+ MetS- pa MetS+ MetS- pa MetS+ MetS- pa

(n=200) (n=38) (n=164) (n=20) (n=273) (n=32)
Total 5.85+1.1 5.45+1.11 =0.04 5.77+1.2 4.98+1.19 =0.006 5.86+1.17 5.67+1.2 >0.1
cholesterol
HDL 1.27+0.36™ 1.51+0.4 =0.0003 1.240.34 1.44+0.35 =0.01 1.15+0.33 1.45+0.37 <0.0001
cholesterol
LDL 3.78+1.0 3.47+1.0 >0.1 3.63+1.04 3.44+1.0 >0.1 3.69+1.04 3.62+0.96 >0.1
cholesterol
Triglycerides 1.77+£1.0"# 1.04+0.39 <0.0001 2.19+1.3 0.98+0.37 <0.0001 2.3%1.63 1.31+0.78 <0.0001
hsCRP 4,98+3.25" 2.34+1.83 <0.0001  4.44+3.06™ 2.99+3.3 =0.04 5.75+4.79 3.19+2.38 <0.001

p2 - between the corresponding groups with and without MetS

*p<0.05 vs NDD with MetS; ** p<0.01 vs NDD with MetS; ** p<0.001 vs NDD with MetS; ***p<0.0001 vs NDD with MetS

#p<0.001 vs IGT with MetS
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BMI was similar in the three groups with metabolic
syndrome — 32.4+6.3 kg/m2 in IFG, 30.9+5.3 kg/m2
in IGT and 31.8%6.1 kg/m2 in NDD. Waist
circumference was similar in males with IGT and
NDD and MetS, being significantly higher in both
groups as compared to IFG. In females, waist
circumference was similar in IFG and NDD, being
significantly higher in both groups as compared
to IGT with MetS.

The levels of the lipid parameters (total
cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides) and hsCRP of the different groups.

IFG, IGT and screening-detected diabetes with
and without the metabolic syndrome are
presented on Table 2.

Of the different studied parameters, the OR for
prevalent metabolic syndrome was significant for
female sex - 2.31 (95% CI, 1.45-4.35, p=0.009),
fasting plasma glucose - 2.30 (95% CI, 1.56-3.40,
p<0.001), waist circumference - 1.36 (95% CI,
1.12-1.42, p<0.001), HDL-cholesterol — 0.273(95%
Cl, 0.14-0.52, p=0.01) and triglycerides — 3.84 (95%
Cl, 2.61-5.66, p<0.0001). (Table 3)

Table 3. Odds ratio (OR) for prevalent metabolic syndrome for the different anthropometric

and laboratory parameters in all studied subjects.

Variables Odds ratio (OR) 95.0% C.I. p
Lower Upper
Sex (female) 2.313 1.450 4.349 0.009
Fasting plasma glucose 2.30 1.56 3.40 © <0001
Plasma glucose (120 min) 1.060 0.926 1.212 T 04
HbAlc 1.055 0.751 1482 07
Total cholesterol 0.762 0.512 1.135 0.13
HDL-cholesterol 0.273 0.143 0.521 0.01
LDL-cholesterol 0.816 0.743 0.956 0.34
Triglycerides 3.84 2.611 5.661 ©0.0001
Arterial hypertension 0.996 0.959 1.035 0.83
hsCRP 0.991 0.933 1.051 0.75
BMI 1.028 0.942 1.123 0.53
Waist circumference 1.36 1.12 1.42 0.014
Systolic blood pressure 1.008 0.992 1.044 0.29
Diastolic blood pressure 1.028 0.899 1.048 0.32

The OR for prevalent metabolic syndrome was
8.82 (95% CI, 3.19-19.8, p<0.001) in IFG group,
11.26 (95% CI, 4.18-24.6, p<0.001) in IGT group
and 4.87 (95% CI, 2.10-9.50, p<0.001) in the group
with newly-diagnosed diabetes. Our results
demonstrated certain differences in the OR for
prevalent metabolic syndrome in males and
females - the OR for metabolic syndrome in
females was 12.83 (95% CI, 4.5-27.1, p<0.001) in

IFG group, 8.02 (95% CI, 3.73-16.31, p<0.001) in
IGT group and 6.89 (95% CI, 2.73-10.31, p<0.001)
in the group with newly-diagnosed diabetes; in
males the OR was 5.94 (95% CI, 2.36-13.46,
p<0.001) in IFG group, 10.59 (95% CI, 3.94-27.85,
p<0.001) in IGT group and 2.6 (95% CI, 1.33-5.32,
p<0.001) in the group with newly-diagnosed
diabetes, respectively.
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Discussion

The metabolic syndrome, diabetes and
prediabetes have become major public health
problems in recent decades, and are increasing
in prevalence around the world [17]. Still the
glucose dysregulation present in the syndrome is
just one of the factors and not an obligatory one
[1-4].

Our results demonstrate a rather high prevalence
of MetS in both IFG and IGT and in screening-
detected type 2 diabetes - 84.03%, 89.13% and
89.18%, respectively. It should be pointed out that
the estimated prevalence might be influenced
to some extent by the inclusion criteria used as
some of them are components of the MetS - e.g.
hypertension, lipid abnormalities, overweight or
central obesity. Nevertheless, the aim of the
study was to assess the risk of MetS in different
categories of glucose intolerance. The rationale
for identifying subjects with glucose abnormalities
(prediabetes and NDD) is performing a targeted
screening among individuals having one or more
risk factors for developing diabetes some of
which are also the criteria for defining the
presence of MetS. Thus it appears that not just
diabetes but prediabetes and metabolic
syndrome also quite frequently coexist.
Considering the OR for metabolic syndrome in
the different groups - IFG, IGT and newly-
diagnosed diabetes, prediabetes appears to be
an even stronger predictor for metabolic
syndrome as compared to diabetes. Our results
demonstrate some gender differences in the risk
for prevalent metabolic syndrome - the OR was
found to be significantly higher in females - 2.31
(95% ClI, 1.45-4.35, p=0.009). Furthermore, in
females the highest OR for prevalent metabolic
syndrome was established in the group with IFG,
while in males the highest OR appeared to be in
the group with IGT.

We have used the latest definition of the
metabolic syndrome (IDF, 2005) [4]. In fact all
expert groups agree on the core components of
the MetS - visceral obesity, glucose intolerance,
dyslipidaemia and arterial hypertension [1-4].
However, they provide different clinical criteria to
identify such a cluster. The IDF considers the
obesity epidemic to be one of the main drivers of
the high prevalence of the MetS. With the
development of imaging techniques to measure
central fat precisely, several studies have shown
that central fat accumulation is predictive of the
features of the MetS [18,19,20,21]. Furthermore, it

has now been documented that individuals with
a normal BMI may nevertheless be characterized
by an excess of visceral adipose tissue and show
the features of the MetS. The use of waist
circumference to assess abdominal adiposity
appears to be superior to BMI [19]. This is well-
documented in our study, demonstrating
stronger correlation between waist
circumference and MetS (r=0.69, p<0.001) as
compared to that between BMI and MetS
(r=0.41, p<0.01) in all studied subjects — with IFG,
IGT and newly-diagnosed diabetes. The OR for
prevalent MetS was significant for waist
circumference, but not significant for BMI.

The high prevalence of MetS observed in
diabetes and prediabetes could be partly due to
the definition used because several studies have
reported higher prevalence when using 2005 IDF
definition as compared to WHO, EGIR and ATP llI
criteria [7].

Our results demonstrate significantly higher
triglyceride levels and significantly lower HDL
cholesterol levels between the subjects with MetS
and without MetS in all studied groups — with IFG,
IGT and NDD. This represents the typical lipid
profile associated with the metabolic syndrome,
characterized by increased plasma triglyceride
level, as well as reduced HDL cholesterol and an
increased proportion of small, dense, cholesteryl
ester — depleted LDL particles with relatively
normal or only mildly elevated LDL cholesterol
concentration [22,23]. LDL cholesterol levels
appeared to be similar in all three groups - IFG,
IGT and NDD both with MetS and without MetS. A
more precise analysis of the proatherogenic
changes in serum lipids would have been
performed if LDL particle size was measured as
qualitative rather than quantitative changes in
LDL cholesterol are typical for the atherogenic
dyslipidemia in the metabolic syndrome. Insulin
resistant visceral adipocytes are more sensitive to
the lipolytic effects of glucocorticoids and
catecholamines, which increase the release of
free fatty acids into the portal system, promoting
hepatic synthesis of triglycerides and VLDL. Our
results demonstrate similar lipid profiles in the
subjects with IGT and NDD with MetS. The group
with IFG and MetS presented with significantly
higher levels of HDL cholesterol as compared to
NDD (p<0.001) and significantly lower levels of
triglycerides as compared to NDD (p<0.0001)
and IGT (p<0.001) with MetS. Amongst all studied
parameters the risk (OR) for metabolic syndrome
was highest for triglycerides — 3.84 (95% CI, 2.61-
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5.66, p<0.0001). (Table 3) The presence of arterial
hypertension and the level of systolic and
diastolic blood pressure appeared not to be of
significant importance for the overall risk for MetS
in the studied setting.

A proinflammatory state is recognized by
elevated GCreactive protein (CRP) levels and is
commonly present in subjects with the MetS [24].
Our results demonstrate significantly higher hsCRP
levels in all studied groups - IFG, IGT and
screening-detected diabetes with MetS as
compared to those without MetS. The values of
hsCRP are found to be similar in the two
prediabetic groups with MetS, both being
significantly lower as compared to those of the
diabetic patients  with MetsS. Thus a
proinfammatory state is present in both
prediabetes and type 2 diabetes. A significant
relationship has been reported between plasma
CRP levels and measures of adiposity and of
insulin resistance [25-27]. Data from the USA have
shown that the risk of having an elevated CRP
rises in a graded manner with increasing the
number of components of the MetS [28]. One
contributory mechanism to this association is
visceral obesity, as adipocytes and
macrophages release inflammatory cytokines
which promote an inflammatory state [24]. Thus
the presence of MetS appears to be associated
with higher CRP levels in all studied groups with
different glucose intolerance.

Although there is agreement that the metabolic
syndrome is a major public health challenge
worldwide and consistent evidence stresses the
need for intervention, still some studies have
disputed whether the MetS gives any additional
information over and above the individual well-
known CVD risk factors [29]. Still some
international  organizations, including the
American Diabetes Association (ADA), question
the value of the specific diagnosis of metabolic
syndrome. They point out that the criteria, taken
together, are no more useful at predicting the risk
of cardiovascular disease or diabetes than the
individual criteria considered separately. The
metabolic syndrome has been reported to be a
marker of CVD risk, but not above and beyond
the risk associated with its individual components
[30].

The established high prevalence of MetS is not
unexpected in newly-diagnosed type 2 diabetic
patients, keeping in mind that over 80 % of them
are overweight or obese. But it is really surprising

to have nearly the same prevalence of the
metabolic syndrome in subjects with prediabetes
- IFG and IGT. The two prediabetic conditions are
considered different as far as their association
with cardiovascular risk is concerned, IGT being
more strongly related to the CVD outcomes.
[31,32]. Still according to the results of this study
the two prediabetic states appear to be rather
similar in relation to the prevalence of the Mets,
and therefore in relation to cardiovascular risk. In
fact the level of fasting plasma glucose and not
that of postprandial glucose appeared to be
associated with a significant risk (OR) for
prevalent metabolic syndrome - 2.30 (95% CI,
1.56-3.40, p<0.001).

Conclusion

The prevalence of the metabolic syndrome in
prediabetes - IFG and IGT, is rather high, being
similar to that in newly-diagnosed type 2
diabetes. The risk for metabolic syndrome is even
higher in prediabetes as compared to newly-
diagnosed diabetes. Therefore IFG and IGT
should be considered not just as conditions of
altered glucose metabolism but also in relation to
their association with cardiovascular risk factors.
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