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The aim of this paper was to study the relationship between the category of obesity 
and type of obesity with the quality of glucoregulation in postmenopausal women with type 
2 diabetes (T2DM). Glycemic control was assessed according to ADA recommendations 
(2008). Subsequently, all the patients were divided into two groups - I group included 10 
patients with T2DM and satisfactory glycemic control (HbA1c<7%) and II group included 
20 patients with T2DM and unsatisfactory glycemic control (HbA1c>7%). All the patients 
were diagnosed with T2DM at least one year prior to examination and duration of 
postmenopausal period was at least one year. All the subjects used medical nutrition 
therapy and oral antidiabetics. Glycemic control was evaluated with fasting plasma glucose 
and HbA1c, category of obesity was assessed with body mass index (BMI) and type of 
obesity was evaluated with waist circumference and waist-to-hip ratio. It was shown that 
age of patients, duration of T2DM and duration of postmenopausal period did not influence 
the quality of glycemic control. Category of obesity and type of obesity did not show 
important correlation with glycemic control parameters. The waist circumference 
relationship with glycemic control parameters was found to be the best, and that was 
particularly expressed through moderate correlation with fasting plasma glucose. Acta 
Medica Medianae 2008;47(2):20-24. 
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Introduction  
 
Diabetes mellitus type 2 (DM type 2, T2DM) 

is one of the most common health problems  
worldwide. It accounts for 80-90% of all DM 
patients. DM type 2 incidence has risen conside-
rably over the last three decades (1). World Health 
Organization recons that by 2025, the number of 
patients will have surpassed 300 million (2).  

DM type 2 incidence increases with age, 
and it is higher in women than in men; in city 
than in country population (3).  

Patients diagnosed with T2DM are more 
likely to develop a wide range of complications, 
leading to premature inability and death. The 
mortality rate among diabetics is 2-3 times higher 
than in the general population. 

As a consequence of the general and accele-
rated atherosclerosis in large blood vessels, macro-
angiopatic complications appear (4). Therefore, the 
risk of developing coronary disease, cerebrovas-
cular insult, intermittent claudication, and ischemic 
gangrene increases (5).  

Even though the exact ethiopatogenetic 
mechanisms in the development of atheroscle-
rosis are still unknown, number of epidemiolo-
gical studies have defined risk factors associated 
with the subsequent onset of the clinical mani-
festations of atherosclerosis. The most important 
risk factors are: hypercaloric nutrition rich in fat 
and cholesterol; smoking, physical inactivity, 
hypercholesterolemia, dislipidemia, hypertension, 
hyperglycemia, diabetes, obesity, age, sex, 
positive family and personal history for cardio-
vascular diseases (CVD), etc (6,7). 

Risk for CVD is rather high, even at the 
moment of diagnosing T2DM, due to long-lasting 
preclinical diabetes (impaired glucose tolerance), 
which may exist for 10-12 years before a patient 
is diagnosed with DM (8,9). The duration of 
diabetes, indirectly, contributes to the increased 
risk of CVD, due to disorders in the lipid meta-
bolism, especially to the progressive increase of 
the triglyceride level (10).  
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Metabolic syndrome is a condition of incre-
ased risk to the onset of CVD morbidity and 
mortality (11). Back in 1988, Reaven found 
connection among obesity, DM, hypertension, 
hyperlipidaemia, and clinically manifested athero-
sclerosis in some subjects (9). Based on this 
observation, he came up with the definition of 
the syndrome of insulin resistance or metabolic 
syndrome, also known as “syndrome X”; which – 
along with the above mentioned indicators – also 
points to an insulin resistance, hyperinsulina-
emia, lowered values of HDL-C, protrombotic 
condition with the increased values of fibrinogen 
and PAI-1, proinflammatory state with the incre-
ased values of CRP and polycystic ovary syndro-
me (11,12). All of the components of metabolic 
syndrome have a joint impact on accelerated 
processes of aterogenesis and onset of T2DM. 

Obesity is, along with hypertension, the 
most common component of metabolic syndrome 
and reperesents one out of six major factors 
responsible for the occurrence of CVD, with the 
global influence of 15% (13). 

Most studies show that obesity is an 
independent risk factor for the onset of athero-
sclerosis. Though pathogenetic mechanisms are 
highly complex, the presence of visceral obesity 
is nowadays considered to be the major cause of 
the increased level of circulating inflammatory 
factors, called adipokines. Adipokines include: 
tumor necrosis type α (TNF-α), leptin, adiponectin, 
PAI-I, interleukin-6 (IL-6) (14). TNFα  is one of 
the main causes for the onset of insulin 
resistency. Circulating level of leptin correlates to 
the onset of manifested atherosclerosis in humans. 

The main risk factors for the occurrence of 
CVD in women and men are alike; but their 
quantitative importance for the prediction of CVD 
is different. As far as women going through 
regular menopause are concerned, coronary risk 
gradually grows with aging and represents the 
culmination of a long-lasting period of decreased 
ovarian function. Postmenopausal status is 
connected to accelerated atherogenesis and the 
onset of clinical CVD, which appear to be 2-3 
times more common in this group of patients, 
than in the premenopausal patients; even though 
the role of the hormonal status and other risk 
factors is still not very clear (15). 

 
Aim  
 
The aim of this paper was to study the 

relationship between the category of obesity and 
type of obesity with the quality of glucoregulation in 
postmenopausal women with type 2 diabetes (T2DM). 

 
Patients and Methodology 
 
Total number of 30 postmenopausal women 

suffering from diabetes mellitus type 2 were 
observed, diagnosed and treated in the Daily 
Hospital of the Clinic for Endocrinology, Clinical 
Center in Nis; between January and March 2008. 
All the patients suffered from T2DM at least one 
year before evaluation, while at the same time, 
their postmenopausal periods did not last shorter 

than one year. All the patients had already 
started medical nutrition treatment and treated 
with oral antidiabetics.  

For all patients history was taken, 
glucoregulation was evaluated with fasting 
glycemia (FG), the percentage of glycolized 
hemoglobin (HbA1c), category of obesity was 
assessed with body mass index BMI, type of 
obesity with waist circumference (WC) and waist 
to hip ratio (WHR).   

Fasting glycemia was determined using 
standard laboratory method enzyme UV tests 
with hexokinase.  

The value of glycolized hemoglobin was 
determined by the use of immune-inhibitory test. 

The quality of glucoregulation was assessed 
according to ADA recommendations (2008) (16), 
whereby all the patients were divided into two 
groups: 

Group I – including 10 patients with T2DM 
and satisfactory glycemic control (HbA1c <7%). 

Group II – including 20 patients with T2DM 
and unsatisfactory glycemic control (HbA1c>7%). 

The quality of glucoregulation was assessed 
according to WHO recommendations (1998) (17). 
Central obesity, ethnically different type of 
obesity, was assessed with waist circumference, 
according to IDF recommendations (International 
Diabetes Foundation) (18), and the W/H ratio 
according to WHO recommendations (1999) (19). 

Obesity was defined according to WHO 
recommendation as BMI>30 kg/m² (17). 
Ethnically specific criterion for central obesity in 
people from Europe means that the WC in men is 
94 cm and more; and WC in women is 80cm or 
more (18). According to WHO, the definition of 
visceral obesity means the W/H ratio of >0,9 for 
men and >0,85 for women (19). 

 
Results 

 
Table 1. Characterisics of investigated groups 

 
 Age Duration of 

postmenopau
sal period 

Duration 
of obesity  

Duration 
of T2DM 

HbA1c<7% 56.16±2.6 6.6±2.8 4.71±1.2 4.18±1.4 

HbA1c>7% 56.41±2.5 7.37±2.9 4.7±1.9 5.05±1.7 

average 56.36±2.5 7.21±1.7 4.75±1.7 4.87±1.6 

NS for all parameters 
 

The statistic analysis shows that age, 
duration of postmenopausal period, obesity and 
T2DM do not have high impact on the quality of 
glucoregulation in women subjected to this study 
(Table 1). Obesity defined as BMI>30 kg/m² was 
found in 5(50%) subjects with satisfactory 
glucoregulation, while 12 (60%) of the patients 
with unsatisfactory glucoregulation were considered 
obese. Abdominal obesity defined as waist 
circumference of over 80 cm was found in 4 
(40%) patients with satisfactory glucoregulation, 
and in 10 (50%) patients with unsatisfactory 
glucoregulation. Fisher’s test of the exact proba-
bility did not confirm the significance of these 
differences. 
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Table 2. Evaluation of obesity and glucoregulation in 
investigated groups 

 

 BMI WC WHR FG 

HbA1c<7% 29.2±1.0 81.33±4.5 0.82±0.07 8.23±1.1 

HbA1c>7% 29.56±1.9 83±4.4 0.83±0.06 8.45±0.8 

average 29.5±1.8 82.1±4.4 0.83±0.07 8.41±0.88 

NS for all parameters 
 
The category of obesity assessed with 

BMI and the type of obesity evaluated with WHR, 
did not differ significantly in relation to the 
quality of achieved glycemic control. Values of 
the fasting glycemia were rather  similar among 
the groups of subjects with satisfactory and 
unsatisfactory glucoregulation (Table 2).  

 
Table 3. Correlation coefficients between 

obesity and glucoregulation parameters 
 

 HbA1c 
Morning 
glycemia 

WC 0.25 0.30 

WHR 0.03 0.04 

BMI 0.025 0.023 

 
The category of obesity assessed with BMI 

and the type of obesity evaluated with WHR did not 
show a significant relation to the parameters of 
glucoregulation, WC showed the best relationship to 
quality of glucoregulation, which can particularly be 
seen in correlation of the moderate intensity and 
the values of the fasting glycemia.  
 

Discussion 
 
In patients suffering from T2DM, the 

changes in hormonal status, abdominal obesity and 
the quantity of visceral fat, as well as the changes 
in the fat metabolism accompanying menopause – 
represent extra factors which interfere with the 
glucoregulation, whereby these disorders are more 
important than the classic factors, such as aging 
and duration of T2DM (20). All this is in accordance 
with the research data, showing that age, length of 
menopause and diabetes mellitus are not vital for 
the quality of glucoregulation (Table 1). 

Obesity, defined as BMI>30 kg/m², was 
found in the large percentage of subjects. It is 
worth mentioning that it was less present in 
patients with satisfactory glucoregulation. These 
results agree with the findings of EUROSPIRE  I 
and II studies, where the incidence of obesity 
was 33% (21). Average value of BMI and WHR 
(Table 2) are similar to those found in patients 
suffering from diabetes type 2, dealt with in the 
studies of primary and secondary prevention of 
coronary diseases (22,23,24) (BMI: CARDS study 
28.8±3.52; HPS 28.6±5.0 kg/m²). In the DAIS 
study, the WHR in female patients was 
0.88±0.06 and even higher in 13.8% of patients, 
which is a bit higher than the average values 
found in this research.  

Average WC of 89.44± in postmenopa-
usal women in the Hernandez-Ono and associates 
study (25) is a bit higher than the values regi-
stered in this study (Table 2). 

Experimental studies have shown that 25-
30% of circulating IL-6 come from the subcuta-
neous fat. Moreover, adypocites of visceral fat of 
omentum secrete 2-3 times more IL-6 than the 
subcutaneous fat and there lies significant 
connection between the abdominal obesity and the 
insulin resistance (26). This implies that the rise of 
inflammatory activity can be an early phase in the 
development of insulin resistance. Keeping that in 
mind, we can understand that BMI and CRP show 
significant connection with the fasting insulinemy in 
nondiabetic women (27). As far as women with 
T2DM are concerned, there is also a rise in the 
quantity of abdominal fat and higher cardiovascular 
risk (25). This research did not show any significant 
correlation of BMI values with the fasting glycemia 
(Table 3), which implies that in postmenopausal 
women suffering from T2DM, the category of 
obesity and the quantity of subcutaneous fat are 
not crucial indicators of the level of insulin 
resistance; while the quantity of visceral fat most 
probably is. When the decreased metabolism of fat 
in peripheral tissues in postmenopausal women is 
taken into consideration, it can be concluded that 
visceral fat is the main source of their IL-6, and 
that it determines the level of insulin resistance and 
glucoregulation. 

Slight correlation between BMI and the 
values of glycolized hemoglobin (Table 3) agrees 
with the findings of other authors. In the 
research study done by Ferrera et al., the weak 
correlation between BMI and the values of HbA1c 
was found in postmenopausal women suffering 
from T2DM (28). 

Higher values of glycemia seem to be 
connected to hyperinslinaemia in postmenopausal 
women; while the values of HbA1c do not. This 
indicates that menopause leads to insulin resistance 
characterized by heavy disorder of the fasting 
glycemia and milder disturbance of postprandial 
glycemia and HbA1c (29). Keeping in mind that the 
hyperpoduction of IL-6 accompanied by the visceral 
obesity lead to the onset of insulin resistance in 
menopausal women, the finding of moderate 
positive correlation of WC with the values of fasting 
glycemia (Table 3) can be explained. According to 
Berger et al. (29), moderate connection between 
abdominal obesity and the values of HbA1c (Table 
3) can be explained. In the study conducted by 
Hernandez-Ono et al., (25), it was shown that in 
postmenopausal women suffering from T2DM, WC 
sets a benchmark for abdominal obesity and 
correlates moderately with the values of fasting 
glycemia of C=0,20; while WHRo shows somewhat 
better relation of C=0,30, which indicates how 
important it is to determine these parameters in 
evaluation of abdominal obesity in postmenopausal 
women (25). Our study shows that the only 
significant relation is the one between WC and the 
quality of glucoregulation; while W/H ratio did not 
show any such tendency. 
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Conclusion 
 
• Quality of glucoregulation is not de-

termined by the age of the patient, 
duration of type 2 diabetes and postme-

nopausal period, category and type of 
obesity. 

• Visceral type of obesity has a higher 
impact on the quality of glucoregulation 
comparing to the category of obesity. 
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POVEZANOST GOJAZNOSTI SA KVALITETOM GLIKOREGULACIJE KOD 
ŽENA SA DIJABETESOM TIPA 2 U POSTMENOPAUZALNOM PERIODU  

 
Vojislav Ćirić i Boris Đinđić 

 
 

Cilj rada bio je da se ispita povezanost stepena i tipa gojaznosti sa kvalitetom 
glikoregulacije kod žena u postmenopauzi obolelih od dijabetes melitusa tipa 2. Procena 
kvaliteta glikoregulacije vršena je na osnovu ADA preporuka iz 2008. godine, pri čemu su 
sve bolesnice podeljene u dve grupe: I grupa- obuhvata 10 bolesnica sa dijabetes 
melitusom tip 2 i zadovoljavajućom glikoregulacijom (sa vrednostima HbA1c<7%) i II 
grupa- obuhvata 20 bolesnica sa dijabetes melitusom tip 2 i nezadovoljavajućom 
glikoregulacijom (sa vrednostima HbA1c>7%). Sve bolesnice imaju dokazan dijabetes 
melitus tipa 2 u trajanju od najmanje jedne godine, ujedno, postmenopauzalni period nije 
trajao kraće od jedne godine. Sve bolesnice su imale otpočeti higijensko dijetetski tretman 
i terapiju oralnim hipoglikemicima. Kod svih bolesnica, pored anamnestičkog ispitivanja, 
primenjene su metode za procenu glikoregulacije (vrednosti glikemije našte i određivanje 
procenta glikoziliranog hemoglobina), metode za procenu stepena gojaznosti (indeks mase 
tela-BMI) i metode za procenu tipa gojaznosti (merenje obima struka i odnosa struk/kuk). 
Pokazano je da starost bolesnika, trajanje DM tip 2, trajanje postmenopauzalnog perioda 
ne utiču na kvalitet glikoregulacije. Stepen gojaznosti i tip gojaznosti nisu pokazali 
značajniju povezanost sa parametrima glikoregulacije. Obim struka je pokazao najbolju 
povezanost sa kvalitetom glikoregulacije, što je posebno vidljivo u korelaciji umereno jakog 
intenziteta sa vrednostima jutarnje glikemije. Acta Medica Medianae 2008;47(2):20-24. 

 
Ključne reči: gojaznost, glikoregulacija, menopauza, dijabetes melitus  
 


