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SUMMARY
Introduction/Objective The aim of the study was to determine the profile of cardiovascular risk fac-
tors in patients with impaired glucose tolerance (IGT) in comparison to patients with impaired fasting 
glucose (IFG).
Methods The study consisted of 222 adult participants with established fasting blood glucose values 
within the 5.6–6.9 mmol/L range. IGT was defined as blood glucose of 7.8–11.1 mmol/L in the second 
hour after the administration of 75 g during oral glucose tolerance test. IFG is the metabolic state be-
tween normal and impaired glucose tolerance, where fasting glucose levels are 5.6–6.9 mmol/L, and 
normal oral glucose tolerance test values. IGT was confirmed in 142 of these individuals (107 females 
and 35 males; aged 54 ± 13 years). The remaining 80 participants (56 females and 24 males, p = 0.329; 
aged 53 ± 13 years, p = 0.76) were considered the IFG group. The following parameters were analyzed 
in both groups: body mass index, waist circumference, blood pressure, fasting glucose, fasting insulin 
levels, HOMA-IR (homeostasis model assessment – insulin resistance), C-reactive protein, fibrinogen 
concentrations and lipid profile.
Results Participants in the IGT group were more obese than those in the IFG group (body mass index 
30.8 ± 5.5 kg/m2 vs. 26.7 ± 3.8 kg/m2, p < 0.001), and with greater waist circumference (111 ± 12 cm vs. 
101 ± 6 cm; p < 0.001). Glucose levels (6.02 ± 0.75 mmol/L vs. 5.80 ± 0.62 mmol/L; p < 0.001), and blood 
insulin levels (21.61 ± 3.46 vs. 6.00 ± 2.8 mIU/L; p < 0.001), as well as HOMA-IR (5.78 ± 2.68 mIU/L vs. 
1.54 ± 1.46 mIU/L; p < 0.001) were also higher in the IGT group. Median levels of HbA1c in IGT subjects 
were higher compared with those in the IFG group, but the difference was not statistically significant 
(6.21 ± 0.75% vs. 5.92 ± 0.43%; p = 0.105). Median hs-CRP levels in the IGT subjects (6.7 ± 4.88 mg/L) 
were higher than in the IFG subjects (5.83 ± 6.47 mg/L), but without statistical significance (p = 0.76). 
Conclusion Our study indicates the presence of a large number of cardiovascular risk factors in both 
groups. Still, obesity, hyperinsulinemia, hypercholesterolemia, hypertriglyceridemia, higher diastolic blood 
pressure, as well as sedentary lifestyle, were statistically significantly more prevalent in patients with IGT.
Keywords: impaired glucose tolerance; impaired fasting glucose; cardiovascular risk factors; diabetes 
mellitus

Correspondence to:
Tatjana NOVAKOVIĆ
University of Priština – Kosovska 
Mitrovica
Filipa Višnjiča bb
38220 Kosovska Mitrovica
Serbia
novakovictanja65@gmail.com

Received • Примљено:  
February 12, 2018

Revised • Ревизија:  
April 25, 2019

Accepted • Прихваћено:  
May 7, 2019

Online first: May 23, 2019

INTRODUCTION

Prediabetes is defined as a condition in which 
blood glucose levels are higher than normal 
but lower than the established thresholds for 
diagnosing diabetes [1]. Prediabetes includes 
impaired glucose tolerance (IGT), impaired 
fasting glucose (IFG), or glycated hemoglobin 
levels (HbA1c) in the range of 5.7–6.4% [1, 2]. 
Patients with isolated IFG can be distinguished 
from those with isolated IGT by their fasting 
and two-hour postload glucose values, as well 
as the shape of their glucose concentration 
curves obtained during the oral glucose toler-
ance test (OGTT). By definition, IGT is a con-
dition in which blood glucose reaches levels of 
7.8–11.1 mmol/L in the second hour after the 
administration of 75 g of glucose during the 
OGTT, with the basal fasting glucose levels < 
7 mmol/L. IFG, on the other hand, is defined 
as an intermediate metabolic state between 
normal and impaired glucose tolerance, where 
fasting glucose levels are 5.6–6.9 mmol/L with 

normal levels of glucose during two hours in 
OGTT [1, 2, 3].

Prediabetes has started to receive consider-
able attention recently because individuals with 
impaired glucose regulation have been shown 
to be four to six times more likely to develop 
diabetes than those with normal glucose regu-
lation [4].

Previous studies have shown that IGT when 
accompanied by other risk factors, such as age, 
sex, smoking, hypertension, obesity, and dyslip-
idemia, increases the risk of developing a car-
diovascular disease (CVD) [5, 6]. While both 
IFG and IGT involve insulin resistance, these 
conditions are distinguished by the site of in-
sulin resistance [5]. High hepatic insulin resis-
tance is a typical finding in patients with IFG, 
with almost normal values in skeletal muscle. 
In patients with IGT, the main site of insulin 
resistance is muscle, with only small changes in 
liver insulin sensitivity [5]. IGT can easily prog-
ress to overt diabetes, whereby macrovascular 
changes are more pronounced. Thus, there is a 
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relevant correlation with the metabolic syndrome (MetS) 
and, consequently, a higher risk of developing CVD [6].

As individuals with IGT have slightly elevated blood 
glucose levels, which is a relatively weak risk factor for de-
veloping CVD, it is highly likely that other cardiovascular 
factors are also responsible for increased incidence of mac-
rovascular diseases among individuals with IGT [7, 8, 9].

The aim of the present study was to determine which 
cardiovascular risk factors, other than elevated blood glu-
cose levels, are present in individuals with IGT in compari-
son to patients with IFG.

METHODS

This prospective study was conducted with the approval 
from the Ethics Committee of the Faculty of Medicine, 
University of Priština, located in Kosovska Mitrovica. 
Written informed consent was obtained from all subjects 
involved in the study. The research was conducted in ac-
cordance with the Ethical Principles for Medical Research 
Involving Human Subjects (WMA Declaration of Helsinki, 
2013) [10].

Study participants

This prospective study included participants that were 
screened in the period from March 2016 to January 2017 at 
the Department of Endocrinology of the Clinical Hospital 
Centre in Priština – Gračanica. Criteria for the inclusion 
into the study were established fasting glucose values in the 
range of 5.6–6.9 mmol/L based on two measurements and 
the OGTT findings. The exclusion criteria were as follows: 
age < 40 years, overt diabetes, and history or presence of 
clinically significant cardiovascular, respiratory, hepatic, 
renal, gastrointestinal, neurological, or infectious disorders 
capable of altering glucose metabolism. The study sample 
consisted of 222 patients, 142 (107 females and 35 males, 
mean age 54 ± 13 years) classified to the IGT group, as they 
met the aforementioned criteria suggested by the Ameri-
can Diabetes Association in 2016 [1]. The remaining 80 
subjects (56 females and 24 males, mean age 53 ± 13 years) 
were classified to the IFG group, as they had isolated IFG 
and normal OGTT. Medical histories, family histories of 
CVD, diabetes and obesity, reports on smoking status, and 
information about current diseases were obtained from all 
the subjects. Alcohol intake was assessed using the CAGE 
questionnaire [11]. Physical activity was measured based 
on the World Health Organization recommendations for 
healthy adults, and physically inactive participants (exercise 
< 300 minutes per week) were considered sedentary [12].

Anthropometric, clinical, and biochemical 
measurements

Nutritional status was determined based on the body mass 
index (BMI) [13]. The specific distribution of adipose tis-
sue, or the size of abdominal fat pad, was estimated by 
waist circumference, while the size of abdominal fat depots 

was determined in relation to the reference values provided 
by the World Health Organization [14]. Blood pressure 
was measured using the Riva-Rocci sphygmomanometer. 
Hypertension was diagnosed if systolic and diastolic blood 
pressure was ≥ 140/90 mmHg [15]. MetS was diagnosed 
according to the American Heart Association, National 
Heart, Lung and Blood Institute – modified Adult Treat-
ment Panel III (ATP III) – criteria [16]. MetS was defined 
as the presence of at least three of the following conditions: 
abdominal obesity presented as large waist circumference 
(men: ≥ 102 cm; women: ≥ 88 cm), elevated triglyceride 
levels (≥ 1.7 mmol/L), low HDL cholesterol levels (men: 
< 1.0 mmol/L; women: < 1.2 mmol/L), hypertension 
(≥ 130/85 mmHg or use of anti-hypertensive medication) 
or elevated fasting blood glucose level (≥ 5.6 mmol/L or 
use of glucose-lowering drugs). 

All the subjects were on normal diet prior to the bio-
chemical assessments. On the day of testing, venous blood 
was collected after overnight fasting and was stored in vials 
with or without anticoagulant. Thereafter, a standardized 
OGTT was performed in all the subjects following the in-
take of 75 g of anhydrous glucose. Biochemical measure-
ments, including concentrations of serum glucose, total 
cholesterol (TC), LDL-cholesterol (LDL), HDL-choles-
terol (HDL), and triglycerides (TG), were performed by 
Olympus AU400 Chemistry Analyzer (Olympus, Tokyo, 
Japan) using commercial test reagent kits, according to the 
manufacturer’s recommendations [15, 16]. The quality of 
glycemic control was assessed in terms of HbA1c levels, 
determined from anticoagulated blood samples by turbi-
dimetric inhibition immunoassay method [17]. Fasting 
plasma insulin levels were measured by a radioimmunoas-
say, with a sensitivity of 2 mIU/L (normal range: 0.5–25 
mIU/L) [18]. The insulin resistance index (homeostasis 
model assessment-insulin resistance – HOMA-IR) was 
calculated using the HOMA model: (fasting insulin × fast-
ing glucose)/22.5 [19]. High sensitivity C-reactive protein 
(hs-CRP) was measured by a high-sensitivity immunotur-
bidimetry method (latex) on a Hitachi 902 analyzer (Hi-
tachi, Ltd., Tokyo, Japan) using Roche diagnostic reagents 
(normal range: 0–5 mg/L). The fibrinogen was measured 
by the turbidimetric method (normal range: 2–4 g/L). The 
latest recommendations were adopted as target values [20].

Statistical analysis

The obtained data were analyzed using SPSS Statistics, 
Version 19.0 (IBM Corp., Armonk, NY, USA). Categori-
cal variables were expressed as prevalence, in percentages, 
while continuous variables were expressed as mean values 
and standard deviations (SD) with a confidence interval 
(95% CI). To analyze the differences between the groups, 
the χ2 test or Fisher’s exact test was adopted for testing 
the probability of the null hypothesis (when some of the 
expected frequencies were lower than five), while con-
ducting the Student’s t-test for the independent samples. 
Pearson correlation coefficient was used to investigate the 
association between the variables. The level of statistical 
significance was set at p < 0.05.

Assessment of cardiovascular risk factors in persons with impaired glucose tolerance 
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RESULTS

The study sample included 222 patients, 142 (107 females 
and 35 males) of whom fulfilled the criteria for IGT diag-
nosis. The average age of the subjects assigned to the IGT 
group was 54 ± 13 years. The remaining 80 subjects (56 
females and 24 males; mean age 53 ± 13 years, p = 0.76) 
were assigned to the IFG group, as the OGTT test indicated 
the isolated IFG diagnosis. Basic demographic, anthropo-
metric and clinical data pertaining to these subjects are 
shown in Table 1.

The age, sex distribution, fasting blood glucose, HbA1c 
concentration, and systolic blood pressure levels of the 
two groups were not statistically significantly different. 
In addition, no statistically significant differences in the 
hs-CRP levels and plasma fibrinogen were noted between 
the individuals with IGT and those diagnosed with IFG. 
However, the BMI, waist circumference, serum TC, LDL, 
TG, fasting insulin levels, HOMA-IR, and diastolic blood 
pressure were significantly higher, whereas HDL choles-
terol concentration was significantly lower in the IGT 
group compared to the IFG group (Table 1). Also, there 
were more obese subjects (BMI ≥ 30 kg/m2) in the IGT 
group than in the group with IFG, and the difference was 
statistically significant (Table 2).

In addition, we have found that central obesity, hyper-
insulinemia, hypercholesterolemia, hypertriglyceridemia, 
higher diastolic blood pressure, as well as sedentary life-
style, were statistical significantly more prevalent in pa-
tients with IGT, and report family history of type 2 diabetes 
mellitus (T2DM) (Table 3).

The correlation analysis showed a statistically signifi-
cant positive correlation between BMI, as well as waist 
circumference, and the current plasma insulin concentra-
tion, while the ratio between these nutritional status values 
and the current blood glucose levels was not statistically 
significant (Table 4).

DISCUSSION

The results obtained in the present study have shown a high-
er incidence of obesity, insulin resistance, dyslipidemias, 
lower physical activity, positive history of smoking, and posi-
tive family history of obesity and T2DM among the subjects 
with IGT compared with the IFG group. These results con-
firm the existence of added risk factors for the development 
of micro- and macrovascular complications in individuals 
with IGT. In a Danish population-based study of patients 
with IGT or IFG, the results of fasting laboratory measures 
and OGTT showed that hypertension, higher BMI, serum 
TG, and plasma glucose levels predicted the development of 
T2DM during the 3.5-year follow-up period [21].

Most of the risk factors that were more common in the 
IGT group are considered modifiable, since they largely de-
pend on the subject’s lifestyle and habits. However, several 
risk factors cannot be modified, especially aging, which 
is an inevitable biological process associated with over-
expression of some and under-expression of other genes. 

These changes lead to an unstable metabolic control and 
increased sensitivity to the effects of external factors, such 
as, for example, poor nutrition and other lifestyle habits 
[22, 23]. Consistent with previous studies, a strong asso-
ciation of cardiometabolic risk with increasing age in the 
IGT group was observed in our study. Our subjects were 
older than 50 years, which, according to some authors, 
significantly increases the likelihood of developing IGT 
and CVD risk [21, 22]. The mean age of our subjects with 
IGT was 53 ± 13.32 years, which is consistent with the 
findings of other authors [21], while the participants in 
the Garcia-Alcala’s study were somewhat younger [24]. 
Our results suggest a slightly higher incidence of IGT in 

Table 1. Anthropometric, clinical, and laboratory data of studied partic-
ipants; data are presented either as frequencies (n) or arithmetic mean 
± SD; differences between the groups were tested by Student’s t-test. 

Parameters IGT group
(n = 142)

IFG group
(n = 80) p-value

Male/ Female (n) 35/107 24/56 0.329
Age (years) 54 ± 13 53 ± 13 0.7591
BMI (kg/m2) 30.8 ± 5.5 26.7 ± 3.8 < 0.001
Waist circumference (cm) 
Men
Women

111 ± 12
97.6 ± 21.7

101 ± 6
86 ± 11.3

0.007
0.019

Total cholesterol 
(mmol/L)

6.34 ± 0.93 4.52 ± 1.21 < 0.001

HDL-cholesterol (mmol/L) 1.31 ± 0.28 1.42 ± 0.17 0.032
LDL-cholesterol (mmol/L) 4.3 ± 0.92 2.85 ± 1.08 < 0.001
Triglycerides (mmol/L) 2.12 ± 1.25 1.25 ± 0.63 < 0.001
Fasting blood glucose 
(mmol/L)

6.02 ± 1.26 5.8 ± 0.62 0.852

HbA1c (%) 6.21 ± 0.75 5.92 ± 0.43 0.105
Fasting blood insulin 
(mIU/L)

21.61 ± 3,46 6 ± 2.8 < 0.001

HOMA-IR 5.78 ± 2.68 1.54 ± 1.46 0.001
Blood pressure (mmHg)
Systolic
Diastolic
hs-CRP (mg/L)
Fibrinogen (g/L)

134.7 ± 17.6
89.7 ± 10
6.7 ± 4.88

3.67 ± 4.88

129.8 ± 14.4
82.9 ± 9

5.83 ± 6.47
3.36 ± 0.95

0.159
< 0.001
0.760
0.900

BMI – body mass index; HOMA-IR – homeostasis model assessment insulin 
resistance; HbA1c – glycated hemoglobin A1c; hs-CRP – high-sensitivity 
C-reactive protein; IGT – impaired glucose tolerance; IFG – impaired glucose 
fasting

Table 2. Distribution of anthropometric nutrition measures in studied 
groups; the differences between the groups in anthropometric 
measures, body mass index (BMI), and waist circumference, were 
tested by the χ2 test 

Parameters IGT group
(n = 142)

IFG group
(n = 80) p-value

BMI (kg/m2)
18.5–24.9 (%) 4.22 30 < 0.001
25–29.9 (%) 57.75 60 0.835
≥ 30 (%) 38.03 10 < 0.001
Waist circumference – women
≤ 80 cm (%) 18.69 42.85 0.002
80.1–87.9 cm (%) 39.25 30.36 0.286
≥ 88 cm (%) 42.06 26.79 0.065
Waist circumference – men
≤ 94 cm (%) 2.86 4.17 0.62
94.1–101.9 cm (%) 57.14 58.33 0.912
≥ 102 cm (%) 40 37.5 0.775

Novaković T. et al.
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women, which is consistent with the data reported by other 
authors, who also found that its incidence continues to 
increase with age [5, 6].

Prediabetes carries some predictive power for macro-
vascular disease, but most of this association appears to be 
mediated through the MetS [9]. Elevated glucose levels are 
one component of the current consensus definition of the 
MetS [16]. IGT and HbA1c appear to correlate more with 
the CVD risk than the IFG diagnosis [6, 25]. In the present 
study, patients with IGT (mean glucose 6.02 mmol/L and 
the HbA1c of 6.2%) had higher glucose levels than the IFG 
group did (mean glucose 5.8 mmol/L, HbA1c 5.9%), but 
the difference was not statistically significant. 

Our findings further demonstrated that insulin resis-
tance was significantly present in the IGT group, while it 
was absent in the group with IFG. The patients with IGT 
had significantly higher levels of fasting insulin, as well 
as the HOMA index of insulin resistance. An interesting 
post mortem analysis conducted by Butler et al. [26] re-
vealed that individuals with IGT have 50% fewer β-cells, 
indicating that there is a significant loss of β-cell mass in 
individuals with IGT, which occurs long before the onset of 
T2DM. Accordingly, for the first time, the latest AACE rec-
ommendations put emphasis on obesity, stressing that re-
duction of body weight, not hyperglycemia, should be the 
primary objective of prediabetes prevention and treatment 
[27]. In fact, individuals with IGT, in addition to chang-
ing their lifestyles, have other options to achieve weight 
loss including drug therapy and surgical procedures, and 
consequently reduce insulin resistance and hyperglycemia, 
as well as successfully prevent progression to T2DM, while 
improving lipid status and blood pressure levels [28].

Our results not only revealed a high incidence of obesity 
in the IGT group, but also demonstrated that 38.03% of the 
subjects had a BMI ≥ 30 kg/m2, which was statistically sig-
nificant in comparison to patients with IFG. Obesity plays 
an important part in the pathogenesis of insulin resistance, 
which is commonly seen in IGT patients [5]. In addition, 
our results show that people with IGT tend to exhibit central 
obesity, which is associated with higher insulin resistance. 
The risk for prediabetes increases with increasing BMI levels 
and is particularly significant in individuals with BMI values 
above 30 kg/m2 [5, 28]. Importantly, a higher BMI level at 
baseline, but not BMI change, is associated with IFG/IGT 
to T2DM transition, as confirmed by the present study [28].

In addition, abdominal obesity is a clinical sign of exces-
sive accumulation of visceral fat and is usually associated 
with a cluster of cardiovascular risk factors defined by the 
National Cholesterol Education Program IV Adult Treat-
ment Panel III as the MetS [16]. We noted in the IGT group 
a significant presence of a cluster of cardiovascular risk 
factors similar to those associated with the MetS.

Insulin resistance and visceral obesity are associated 
with high blood pressure. Both cause an increase in blood 
pressure by activating the sympathetic nervous system and 
the renin-angiotensin system, with the consequent reten-
tion of sodium and water, volume overload, endothelial 
dysfunction and impaired renal function [29]. Other than 
an increase in the number of individuals with IGT, the 
population-based, cross-sectional study of the prevalence 
of prediabetes in England that was conducted from 2003 to 
2011 also revealed an upward trend in the blood pressure 
in this population [30].

Regarding serum lipid abnormalities in patients with 
IGT, in most extant studies, statistically significantly in-
creased levels of TC, LDH, and/or TG, and a decrease in 
HDL were found compared to the group with IFG [31,32]. 
These findings further confirm atherogenic potential in 
our patients with IGT.

Some authors have reported that increased levels in-
flammatory cytokines, such as high-sensitivity C-reactive 
protein and tumor necrosis factor-alpha, are associated 
with an increased risk of progression from normoglycemia 
to prediabetes [33]. In obese individuals, an increase in 
adipose tissue and abnormal protein with hormone char-
acteristics is common, causing infection of the systemic 
inflammation type and affecting the metabolic pathway 
in several processes, resulting in dysglycemia, IFG or IGT, 
and abnormal blood pressure [34]. The median levels of 
hs-CRP were increased in both groups, but there was no 
statistically significant difference between them (p = 0.76). 
Also, we did not find statistically significant difference in 
increased CRP prevalence between the groups.

Finally, the impact of smoking and exposure to tobacco 
smoke on the development of prediabetes must be high-
lighted, even though it remains insufficiently explored. 
In fact, one of the few studies that have addressed the in-
fluence of smoking on the development of T2DM is the 
Multi-Ethnic Study of Atherosclerosis (MESA) [35]. 

This study has certain limitations, one of which is a rela-
tively small sample size. In addition, no control group was 

Table 3. Distribution of cardiovascular risk factors in the studied 
groups; the presence of metabolic syndrome, alcohol intake, physical 
activity, smoking status, and family history of diabetes were assessed as 
described in the Methods section; the differences between the groups 
were tested by the χ2 test

Risk factors IGT group
(n = 142)

IFG group
(n = 80) p-value

Metabolic syndrome (%) 39.1 11 0.001

Alcohol intake (%) 12.8 13 0.964

Low physical activity (%) 45.3 51.2 0.001

Current smoker (%) 23.1 15 0.001

Family history of diabetes (%) 22.7 15.1 0.001

Hypertension (%) 23.1 20 0.63

LDL cholesterol > 3 mmol/L (%) 32.1 15 0.01

Triglycerides > 1.7 mmol/L (%)
hs-CRP 5 mg/L (%)
Fibrinogen > 4.0 g/L (%)

31
16
12

12
15
10

0.001
0.85
0.66

LDL – low density cholesterol, hs-CRP – high sensitivity C-reactive protein;  
IGT – impaired glucose tolerance; IFG – impaired glucose fasting

Table 4. Correlations between body mass index (BMI), waist circum-
ference, and concentrations of glucose, insulin in the group with IGT

Fasting blood insulin 
(mIU/L)

Fasting plasma 
glucose (mmol/L)

Pearson’s r p-value Pearson’s r p-value

BMI (kg/m2) 0.365 0.010 -0.059 0.102

Waist 
circumference (cm) 0.402 0.005 -0.260 0.072

Assessment of cardiovascular risk factors in persons with impaired glucose tolerance 
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included in the analyses, and the conclusions pertaining to 
the CV risks are largely based on extant empirical evidence 
rather than solely on the study results. Moreover, no infor-
mation was available on whether the patients have taken 
some measures to prevent CV risk factors. Patients with IGT 
have a significantly higher number of risk factors for the 
development of CVD. Their association increases this risk.

CONCLUSION

Our results have shown that, beyond impaired glucose 
metabolism, individuals with IGT also exhibited obesity, 

lipoprotein imbalance, hyperinsulinemia, and higher dia-
stolic blood pressure, as well as reported sedentary lifestyle, 
cigarette smoking, and family history of diabetes, more fre-
quently than patients with IFG, which may be implicated 
in the development of a cardiovascular disease. Thus, there 
is an evident need for thorough and systematic application 
of all preventive measures, including lifestyle changes in 
the first place, followed by drugs and other treatment mo-
dalities, in reducing the risk for the development of type 2 
diabetes mellitus and cardiovascular diseases.

Conflict of interest: None declared.

REFERENCES 

1. American Diabetes Association. Strategies for improving care. Sec. 
1. Standards of Medical Care in Diabetes 2016. Diabetes Care. 2016; 
39(1):6–12. 

2. American Diabetes Association, Classification and Diagnosis of 
Diabetes. Diabetes Care. 2017; 40(1):11–24. 

3. Buysschaert M, Medina JL, Buysschaert B, Bergman M. Definitions 
(and Current Controversies) of Diabetes and Prediabetes. Curr 
Diabetes Rev. 2016; 12(1):8–13.

4. Abdul-Ghani MA, Williams K, DeFronzo R, Stern M. Risk of 
progression to type 2 diabetes based on relationship between 
postload plasma glucose and fasting plasma glucose. Diabetes 
Care. 2006; 29(7):1613–8. 

5. Ferrannini E, Gastaldelli A, Iozzo P. Pathophysiology of prediabetes. 
Med Clin North Am. 2011; 95(2):327–39. 

6. Grundy SM. Pre-diabetes, metabolic syndrome, and cardiovascular 
risk. J Am Coll Cardiol. 2012; 59(7):635-43. 

7. Abdul Ghani M, DeFronzo RA, Jayyousi A. Prediabetes and risk of 
diabetes and associated complications: impaired fasting glucose 
versus impaired glucose tolerance: does it matter? Curr Opin Clin 
Nutr Metab Care. 2016; 19(5):394–9. 

8. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin 
JM, Walker EA, et. al. Diabetes Prevention Program Research 
Group. Reduction in the incidence of type 2 diabetes with lifestyle 
intervention or metformin. N Engl J Med. 2002; 346(6):393–403. 

9. Brannick B, Wynn A, Dagogo-Jack S. Prediabetes as a toxic 
environment for the initiation of microvascular and macrovascular 
complications. Exp Biol Med (Maywood). 2016; 241(12):1323–31.

10. Helsinki Declaration, which was adopted in 1964 and 
supplemented on several occasions in 1975, 1983, 1989, 1996, 2000 
and 2006. The text of the Declaration available from: http//www.
wma.net/en/30publications/10policies/b3/from 15:01 2012th.

11. Ewing JA. Detecting alcoholism: the CAGE questionnaire. JAMA. 
1984; 252(14):1905–7. 

12. World Health Organization. Global Recommendations on 
Physical Activity for Health; World Health Organization: Geneva, 
Switzerland, 2010.

13. National Institutes of Health. Clinical Guidelines on the 
Identification, Evaluation, and Treatment of Overweight and 
Obesity in Adults-The Evidence Report. National Institutes of 
Health. Obes Res. 1998; 6:51S–209S. 

14. World Health Organization (WHO). Waist Circumference and Waist-
Hip Ratio. Report of WHO Expert Consultation. Geneva: World 
Health Organization; 2008.

15. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier 
M, et al. 2018 Practice guidelines for the management of arterial 
hypertension of the European Society of Hypertension (ESH) 
and the European Society of Cardiology (ESC). Blood Press. 2018; 
27(6):314–40. 

16. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin 
BA, et al. Diagnosis and management of the metabolic syndrome: 
an American Heart Association/National Heart, Lung, and Blood 
Institute Scientific Statement. Circulation. 2005; 112(17):2735–52. 

17. Gosmanov AR, Wan J. Low positive predictive value of hemoglobin 
A1c for diagnosis of prediabetes in clinical practice. Am J Med Sci. 
2014; 348(3):191–4. 

18. Melmed S, Polonsky KS, Larsen PR, Kronenberg HM. Williams 
Textbook of Endocrinology. 12th ed. Philadelphia: Elsevier 
Saunders; 2011. 

19. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985; 28(7):412–9. 

20. Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, 
Drexel H, et al. [2016 ESC/EAS Guidelines for the Management of 
Dyslipidaemias]. Kardiol Pol. 2016; 74(11):1234–318. 

21. Rasmussen SS, Glümer C, Sandbaek A, Lauritzen T, Borch-Johnsen 
K. Determinants of progression from impaired fasting glucose and 
impaired glucose tolerance to diabetes in a high-risk screened 
population: 3 year follow-up in the ADDITION study, Denmark. 
Diabetologia. 2008; 51(2):249–57. 

22. Lyssenko V, Laakso M. Genetic screening for the risk of type 2 
diabetes: worthless or valuable? Diabetes Care. 2013; 36(2):120–6.

23. Yue J, Mao X, Xu K, Liu S, Chen F, Wang, J, et al. Prevalence, 
Awareness, Treatment and Control of Diabetes Mellitus in a Chinese 
Population. Veves A. PLoS ONE. 2016; 11(4): e0153791.

24. García-Alcalá H, Genestier-Tamborero CN, Hirales-Tamez O, Salinas-
Palma J, Soto-Vega E. Frequency of diabetes, impaired fasting 
glucose, and glucose intolerance in high-risk groups identified by 
a FINDRISC survey in Puebla City, Mexico. Diabetes Metab Syndr 
Obes. 2012; 5:403–6. 

25. Gurudevan S, Garg P, Malik S, Ramni K, Farhood S, Harvey H, 
et al. Impaired fasting glucose is associated with increased 
severity of subclinical coronary artery disease compared to 
patients with diabetes and normal fasting glucose: evaluation by 
coronary computed tomographic angiography. BMJ Open. 2016; 
6(8):e005148. 

26.  Butler AE, Janson J, Bonner-Weir S, Ritzel R, Rizza RA, Butler PC. 
Beta-cell deficit and increased beta-cell apoptosis in humans with 
type 2 diabetes. Diabetes. 2003; 52(1):102–10. 

27.  Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff 
AM, et al. American Association of Clinical Endocrinologists and 
American College of Endocrinology Comprehensive Clinical 
Practice Guidelines for medical care of patients with obesity 
executive summary. Endocr Pract. 2016; 22(7):842–84. 

28.  Ishola AF, Gerstein HC, Engert JC, Mohan V, Diaz R, Anand SS, et al. 
Longitudinal relationships between glycemic status and body mass 
index in a multiethnic study: evidence from observational and 
genetic epidemiology. Sci Rep. 2016; 6:30744. 

29. Sowers JR. Diabetes mellitus and vascular disease. Hypertension. 
2013; 61(5):943–7. 

30. Mainous AG, Tanner RJ, Baker R, Zayas CE, Harle CA. Prevalence 
of prediabetes in England from 2003 to 2011: population-based, 
cross-sectional study. BMJ Open. 2014; 4:e005002. 

31. Stevens J, Erber-Oakkar E, Cui Z, Cai J, Virani SS, Di Angelantonio E, 
et al. Cardiovascular disease risk by assigned treatment using the 
2013 and 1998 obesity guidelines. Obesity (Silver Spring). 2016; 
24(7):1554–60. 

32. Grøntved A, Koivula RW, Johansson I, Wennberg P, Østergaard 
L, Hallmans G. Bicycling to work and primordial prevention of 
cardiovascular risk: a cohort study among Swedish men and 
women. J Am Heart Assoc. 2016; 5(11):e004413. 

DOI: https://doi.org/10.2298/SARH180212048N

Novaković T. et al.



  

421

Srp Arh Celok Lek. 2019 Jul-Aug;147(7-8):416-421 www.srpskiarhiv.rs

33. Sabanayagam C, Shankar A, Lee J, Wong TY, Tai ES. Serum C-reactive 
protein level and prehypertension in two Asian populations. J Hum 
Hypertens. 2013; 27(4):231–6. 

34. Ridker PM. Clinical application of C-reactive protein for 
cardiovascular disease detection and prevention. Circulation. 2003; 
107(3):363–9. 

35. Keith RJ, Al Rifai M, Carruba C, De Jarnett N, McEvoy JW, Bhatnagar 
A, et al. Tobacco Use, Insulin Resistance, and Risk of Type 2 
Diabetes: Results from the Multi-Ethnic Study of Atherosclerosis. 
PLoS One. 2016; 11(6)e0157592. 

САЖЕТАК
Увод/Циљ Циљ студије је био да се утврди који су кардиова-
скуларни фактори ризика присутни код особа са смањеном 
толеранцијом на глукозу (СТГ) у поређењу са особама са 
повишеном гликемијом наште (ПГН).
Методе У студију је било укључено укупно 222 одраслa 
испитаника са константним налазом концентрације глуко-
зе у распону 5,6–6,9 mmol/L. СТГ је стање у којем глукоза 
у крви достиже ниво 7,8–11,1 mmol/L у другом сату после 
примене 75 g у оралном тесту толеранције на глукозу. ПГН 
је метаболичко стање између нормалне и оштећене толе-
ранције на глукозу, при чему нивои глукозе наште износе 
5,6–6,9 mmol/L, и са нормалним вредностима оралног теста 
толеранције на глукозу. Групу са СТГ су чинила 142 испи-
таника (107 жена и 35 мушкараца; просечне старости 54 
± 13 година) код којих је оралним тестом толеранције на 
глукозу утврђена СТГ. Осталих 80 испитаника (56 жена и 24 
мушкарца, p = 0,329; просечне старости 53 ± 13 година, p = 
0,76) чинило је групу са ПГН. Код свих испитаника анали-
зирани су следећи параметри: индекс телесне масе (ИТМ), 
обим струка, вредности крвног притиска, гликемије наште, 
базална инсулинемија, HOMA-IR (хомеостазни модел проце-
не инсулинске резистенције), Ц-реактивни протеин (ЦРП), 
фибриноген и липидни статус.

Резултати Испитаници у групи са СТГ били су гојазнији 
него они у групи са ПГН (ИТМ: 30,8 ± 5,5 kg/m2 према 
26,72 ± 3,83 kg/m2; p < 0,001), са већим обимом струка 
(111 ± 12 cm према 101 ± 6 cm; p < 0,001). Концентрације глу-
козе (6,02 ± 0,75 mmol/L према 5,80 ± 0,62 mmol/L; p < 0,001) 
и инсулина у крви (21,61 ± 3,46 према 6,00 ± 2,80 mIU/L; 
p < 0,001), као и вредности HOMA-IR (5,78 ± 2,68 према 
1,54 ± 1,46; p < 0,001), такође су биле више у групи са СТГ. 
Средње вредности HbA1c код испитаника са СТГ биле су 
веће у поређењу са особама са ПГН, али није било ста-
тистички значајне разлике (6,21 ± 0,75 према 5,92 ± 0,43%, 
p = 0,105). Средњи нивои високо осетљивог ЦРП у гру-
пи са СТГ били су већи у поређењу са групом са ПГН 
(6,70 ± 4,88 mg/L према 5,83 ± 6,47 mg/L), али без статистички 
значајне разлике (p = 0,76).
Закључак Наша студија указује на присуство великог броја 
кардиоваскуларних фактора ризика у обе групе. Додатно, 
потврђено је да су гојазност, хиперинсулинемија, хиперхо-
лестеролемија, хипертриглицеридемија, виши дијастолни 
крвни притисак, као и седентарни начин живота, статистич-
ки значајно чешће заступљени код болесника са СТГ.
Кључне речи: cмањена толеранција на глукозу; повишена 
глукоза наште; кардиоваскуларни фактори ризика; дијабетес 
мелитус
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