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Abstract

Introduction: Treatment of obesity with life style modifications often fails; therefore pharmacological treat-
ment has become a very popular approach. Metformin is one of the examined possibilities. The aim of this study 
was to verify indications for metformin use in obese women based on metabolic and anthropometric parameters 
assessed by dual-X-ray absorptiometry (DXA), to establish the degree of insulin resistance and its correlations.

Material and methods: Anthropometry, fat measurement by bioimpedance and metabolic profile, including 
lipids, and oral glucose tolerance test (OGTT) with insulin (0 and 120 min) were performed in 50 female patients 
diagnosed with simple obesity, aged 18-40 years. Homeostatic model assessment HOMA-R was calculated for 
insulin resistance, and area under the curve (AUC) for insulin response. Total, android and gynoid fat distribu-
tion, and their ratio (A/G), were measured by DXA.

Results: From 50 women who entered the study, 33 were classified as insulin resistant (IR subgroup) and 
17 as non-insulin resistant (non-IR subgroup), according to their HOMA-R indices. IR women presented higher 
waist circumference and DXA A/G ratio. The IR subgroup demonstrated elevated fasting triglycerides and glu-
cose (but in the normal range) and a higher insulin response in OGTT (4.1-fold vs 2.5-fold). From different in-
sulin measurements HOMA index turned out to have the strongest correlations with the metabolic parameters 
triglycerides and glucose. We found significant positive correlations between android fat and insulin: waist 
circumference and HOMA-R, WHR and HOMA-R, android fat and HOMA-R, A/G ratio and insulin after OGTT, and 
A/G ratio and HOMA-R. We found a strong correlation between WHR and A/R ratio. 

Conclusions: 67% of premenopausal obese women were insulin resistant. Measures of DXA visceral fat 
determined by android fat percentage and android/gynoid ratio were the strongest determinants of insulin re-
sistance. Waist-to-hip ratio might be a simple method for determining the indications for metformin treatment.

Key words: visceral obesity, metformin, oral glucose tolerance test, insulin resistance, dual-energy X-ray 
absorptiometry.

Introduction

Obesity has become one of the major health prob-
lems in many countries worldwide [1]. Insulin resis-
tance is a commonly recognized pathology associated 
with obesity [2]. Both insulin resistance and visceral 
obesity play an important role in the pathogenesis of 
diabetes mellitus type 2, hypertension, dyslipidaemia 
and atherosclerosis, which are well-described compo-
nents of metabolic syndrome [3]. It has been observed 
that high-fat diets lead to increased glucose, insulin, 
and triglyceride levels in an animal model and human 
studies and promote insulin resistance and inflamma-
tion [4]. Treatment of obesity with life style modifica-
tions often fails; therefore pharmacological treatment 
has become a very popular approach. 

Metformin is one of the examined possibilities. Its 
preparations reveal many positive actions: they decreas 
glucose output in the liver and in the gastrointestinal 
tract, increase peripheral glucose utilization without 
an increase in insulin plasma levels, and in muscles in-
crease translocation into the plasma membrane of some 
glucose transporter isoforms. Metformin improves beta 
cell function, thus improving fasting blood glucose, gly-
cohemoglobin and fructosamine levels. In addition, it 
decreases triglycerides, LDL cholesterol, plasminogen 
activator inhibitor-1 and urine microalbumin levels [5]. 
Nowadays because of its unique action metformin has 
become widely recommended not only in diabetes, but 
also in a rising number of metabolic disorders and the 
prediabetic state. For example, according to the clini-
cal guidelines from the Polish Diabetes Society 2013, 
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metformin treatment should be considered in patients 
at high risk of type 2 diabetes, especially those with 
co-existing impaired glucose tolerance (IGT) and im-
paired fasting glycemia (IFG) [6]. Similarly, experts from 
the American Diabetes Association in 2013 stated that 
metformin therapy for prevention of type 2 diabetes 
may be considered for those with IGT, IFG, or with a gly-
cated hemoglobin A1C of 5.7-6.4%, especially for those 
with BMI > 35 kg/m2, aged < 60 years, and women with 
prior gestational diabetes [7]. 

Many physicians consider using metformin in obesi-
ty treatment. Obesity is considered as a disease when it 
is accompanied with increased fatness; therefore both 
high BMI and high fat content are indicators of obesity 
[8, 9]. Consequently, in some countries preparations of 
metformin may be prescribed too often, as the decision 
of its introduction may be based only on BMI calcula-
tion, not a measure of body fat content. Conversely, in 
other clinical situations metformin may be prescribed 
too rarely, particularly in those individuals whose high 
android fat content is in disproportion to low abnormal 
BMI (30-35 kg/m2), waist circumference and normal 
biochemical parameters. Therefore prior to a therapeu-
tic decision in obesity, not only standard anthropomet-
ric measures (waist circumference, BMI) and biochemi-
cal tests (glucose and lipid fraction concentrations), but 
also additional measurements – android fat content 
and the degree of insulin resistance – should be con-
sidered as part of the standard approach. Although the 
newest standards of the European Association for the 
Study of Diabetes from 2008 did not recommend met-
formin treatment in obesity [10], some obese patients 
would gain a therapeutic effect from its pharmacologi-
cal action. If indications were recognized correctly, met-
formin treatment would prevent this group of obese 
from development of overt diabetes mellitus type 2, as 
it is linked to the degree of visceral (android) obesity 
and insulin resistance.

Although waist circumference is used as a  good 
predictor of visceral (android) fat content, dual X-ray 
absorptiometry (DXA) is considered a  more relevant 
method. DXA is a  very potent method assessing not 
only total body fat and percentage of body fat mass, 
but also other characteristics. Therefore it may a useful 
tool in prediction of cardiovascular risk in patients with 
metabolic disorders including obesity. 

Various methods can also be used for insulin re-
sistance detection, and although the insulin clamp is 
a gold standard [11] in clinical settings an oral glucose 
tolerance test (OGTT) is more frequently carried out 
[12]. Both glucose and insulin responses two hours 
post oral stimulation with 75 grams of glucose are im-
portant for identification of the type and the degree 
of abnormalities of the carbohydrate metabolism. The 
homeostasis model assessment for insulin resistance 
(HOMA-R) although often used as an indicator of in-

sulin resistance, is calculated based on fasting glucose 
and insulin concentrations and does not inform how 
high an increase in insulin concentration is noted in an 
individual post meal. HOMA-R is rather an equivalent to 
fasting serum insulin as indicated by their strong cor-
relation [13]; therefore the evaluation of post glucose 
load insulin concentration should be tested by OGTT.

The study was designed in order to verify indica-
tions for metformin use in obese, non-diabetic women 
based on biochemical and anthropometric parameters 
including android fat content assessed by DXA. We also 
wanted to establish the degree of insulin resistance in 
obese female subjects and to detect possible correla-
tions between the degree of insulin resistance and se-
lected anthropometric and biochemical parameters. We 
aimed to assess the presence of disproportion between 
waist circumference, BMI calculation and the percent-
age of visceral fat in obese patients assessed by DXA.

Material and methods

Participants

Female patients (n = 50) diagnosed with obesity 
(BMI > 30 kg/m2), aged 18-40, were eligible for the study 
performed in the Department of Internal Medicine,  
Metabolism and Dietetics, Poznan University of Medi-
cal Sciences and in the Department of Internal Medi-
cine, Metabolic Disorders and Hypertension, Poznan 
University of Medical Sciences. The exclusion criteria 
were confirmed diabetes mellitus type 2, untreated hy-
pothyroidism of any cause, hypertension (BP > 140/90), 
chronic renal failure (GFR < 60 ml/min/1.73 m2), acute 
or chronic inflammation, smoking, pregnancy, breast 
feeding and menopause.

The Human Subjects Oversight Committee at the 
Poznan University of Medical Sciences approved the 
study (no. 688/09). Informed consent was obtained 
from each patient eligible for the study. 

Anthropometric measures

Anthropometric measures of subjects wearing light 
clothing and no shoes were carried out. Weight was 
measured to the nearest 0.1 kg and height was meas-
ured to the nearest 0.1 cm. Body mass index was calcu-
lated as weight in kg divided by height in square meters 
(kg/m2). Obesity was recognized when BMI exceeded 
30 kg/m2. Waist circumference was measured at a level 
midway between the lower rib margin and the iliac crest 
with the tape all around the body in the horizontal posi-
tion at the end of normal expiration. Waist measurement 
was carried out to the nearest 0.5 cm. Hip circumference 
was measured at the level of femoral trochanters. Waist-
to-hip ratio (WHR) was calculated for each patient (Table 
I). 
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Statistical analysis

Statistical analysis was carried out using STATISTICA 
software for Windows (version 6). Results are shown as 
mean ± SEM. Continuous variables were assessed for nor-
mal distribution using the Shapiro-Wilk test. Logarithmic 
transformation was used to normalize non-normally dis-
tributed dependent variables. The associations between 
variables were calculated as the Pearson coefficient of 
correlation. A value of P < 0.05 was regarded as a signifi-
cant difference. All calculations and statistics were per-
formed with STATISTICA for Windows version 6.0.

Results

In examined women we observed a normal metabolic 
profile – all lipoproteins were within the normal range. 
OGTT also proved to be normal. Only all insulin meas-
urements were high: both insulin concentration in the 
fasting state and after a glucose load were increased; the 
HOMA-R index was also found to be high and indicative 
for the insulin resistance state. 

From 50 women who entered the study, 33 were classi-
fied as insulin resistant (IR subgroup) and 17 as non-insu-
lin resistant (non-IR subgroup), on the basis of their HOMA 
indices (≥ 2.5 or < 2.5). IR women presented higher waist 
circumference, A/G ratio measured by DXA, and a trend to 
higher WHR. Percentage of body fat measured by bioim-
pedance did not differ between the two subgroups. 

The IR subgroup demonstrated a disadvantageous 
metabolic profile: elevated fasting triglycerides and glu-
cose and higher insulin response in OGTT. In the non-IR 
subgroup we observed a  2.5-fold increase of insulin 
2 hours after the glucose load, while the IR group ex-
hibited its 4.1-fold elevation.

We found significant positive correlations between 
measures of visceral fat and insulin: waist circumference 
and HOMA (r = 0.41), WHR and HOMA (r = 0.39), the 
percentage of android fat measured by DXA and HOMA 
(r = 0.40), A/G ratio and insulin 2 (r = 0.50), and A/G ratio 
and HOMA index (r = 0.51). Correlations with percentage 
of fat mass measured by bioimpedance and insulin were 
weaker; with insulin 0 r = 0.29 and with HOMA r = 0.31.

From different insulin measurements (HOMA, insu-
lin 0, insulin 2, AUC insulin) HOMA index turned out to 
have the strongest correlations with the metabolic pa-
rameters triglycerides (r = 0.42) and glucose 0 (r = 0.34).

Finally we found a  strong positive correlation be-
tween WHR and A/R ratio measured by DXA (0.71,  
p = 0.0004) and only a trend with percentage of android 
fat measured by DXA (0.38) (Table III).

Discussion

From 50 women who entered the study, 33 were 
classified as insulin resistant (IR subgroup) and 17 as 

Laboratory measurements

Blood glucose, insulin and lipids concentrations 
were assayed in serum obtained from a venous blood 
sample. Blood was drawn from the antecubital vein fol-
lowing overnight fasting (10-14 h). Serum levels of glu-
cose (glucose 0), insulin (insulin 0), triglycerides (TG), 
total cholesterol (TC), low-density lipoproteins (LDL-C), 
and high-density lipoproteins (HDL-C) were assayed 
with a  Dimension EXL with LM Integrated Chemistry 
System Analyzer. Moreover, the oral glucose tolerance 
test (OGTT) with 75 g of glucose was performed ac-
cording to the standard procedure. Venous blood was 
drawn before and 2 hours after oral load with 75 g of 
glucose and serum level of glucose (glucose 2) and in-
sulin (insulin 2) were assayed in both blood samples. 
Glucose concentration was assessed by an enzymatic 
method with hexokinase, glucose HK gen.3 (GLUC.3), 
and insulin concentration was assessed by electro-
chemiluminescence immunoassay (Cobas analyzer). 
Homeostasis model assessment of insulin resistance 
(HOMA-R) was calculated based on fasting glucose 
concentration (mg/dl) and fasting insulin concen-
tration (mU/ml) using the standard equation: (fast-
ing plasma glucose/fasting plasma insulin)/405. The 
threshold for positive values was established at ≥ 2.5 
and for negative values at < 2.5 (Table II).

Bioimpedance 

Bioimpedance (BIA) measures were performed using 
an Akern device and software. The BIA method uses cur-
rent of 9 V passing through the right upper and lower 
part of the body while the subject stays in a supine po-
sition on a bed, wearing light clothes. Electrodes were 
placed on the dorsal aspect of the right hand, one at the 
base of the right middle finger and the other at the level 
of the right wrist. The other 2 electrodes were placed on 
the anterior side of the right foot, one at the base of the 
third toe and the other one at the level of the right ankle. 
The tissue body composition was analyzed using hand to 
foot resistance and reactance determined by resistance 
and reactance from an alternating current (50 kHz). 

Body composition by dual-X-ray absorptiometry 

Dual-X-ray absorptiometry (DXA) measures were car-
ried out using a bone densitometer (Lunar, GE Medical 
Systems) in the Hetmanska Medical Centre in Poznań. 
Bone mineral, lean and fat soft tissue were quantified 
by their absorption of photons emitted at two energy 
levels. Total and regional scans were taken. Two regions 
were considered of interest in this study: android fat dis-
tribution and gynoid fat distribution, both considered as 
the percentage of total body fat. Then the ratio of an-
droid to gynoid percentage (A/G ratio) was calculated.
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non-insulin resistant (non-IR subgroup), according to 
their HOMA-R indices (≥ 2.5 or < 2.5). IR women pre-
sented higher waist circumference, A/G ratio measured 
by DXA, and a trend to higher WHR. Percentage of body 
fat measured by bioimpedance did not differ between 
the two subgroups. 

The IR subgroup demonstrated a  disadvantageous 
metabolic profile: elevated fasting triglycerides and glu-
cose and higher insulin response in OGTT (but most in the 
normal range). As in the non-IR subgroup we observed 
a  2.5-fold increase of insulin 2 hours after the glucose 
load, while the IR group revealed its 4.1-fold elevation.

Clinical studies have determined a high correlation 
between insulin resistance and the amount of intra-
abdominal fat [14]. Visceral fat tissue has metabolic 
properties making it significantly different from sub-
cutaneous fat tissue, and responsible for its important 
role in the induction of insulin resistance. First, visceral, 
and especially intra-abdominal, fat tissue is character-
ized by resistance to the physiologic lipolytic action of 
insulin [15]. On the other hand, this kind of fat displays 
through its b3-adrenergic receptors high sensitivity to 
catecholamines, which promote lipolysis [16]. Hence, 
visceral obesity is accompanied by increased produc-
tion of free fatty acids, which are transported through 
the portal circulation to the liver and further to periph-
eral tissues, especially the skeletal muscle. As a result, 
insulin resistance of peripheral tissues increases [16]. 
Other products originating from fatty tissue, such as 
leptin, tumor necrosis factor-α (TNF-α), interleukin-2, 
-6, -8, resistin, and adiponectin, are also transported to 
distant tissues, inducing insulin resistance and being 
responsible for metabolic abnormalities.

In this study we were trying to determine wheth-
er any of the examined parameters (anthropometric 
or metabolic) would be helpful in indicating a  target 
group for obesity pharmacological treatment with met-
formin. In the examined women we observed a normal 
metabolic profile: all lipoproteins were within the nor-
mal range. OGTT was also found to be normal. Only 
all insulin measurements were elevated: both insulin 
concentrations in the fasting state and after a glucose 
load were increased; HOMA-R indices also emerged to 
be high and indicative for the insulin resistance state. 
From different insulin measurements (HOMA, insulin 0, 
insulin 2, AUC insulin) HOMA index turned out to have 
the strongest correlations with the metabolic param-
eters triglycerides and glucose 0. But unfortunately in-
sulin is not a part of a standard approach in obesity in 
the primary care setting.

Moreover, in the whole examined group we found 
significant positive correlations between measures of 
visceral fat and insulin: waist circumference and HOMA, 
WHR and HOMA, the percentage of android fat meas-
ured by DXA and HOMA, A/G ratio and insulin 2, and 
A/G ratio and HOMA index. In conclusion, in our study 
measures of DXA visceral fat determined by android fat 
percentage and A/G ratio were the strongest determi-
nants of insulin resistance.

DXA is a very potent method assessing not only to-
tal body fat and percentage of body fat mass, but also 
some specific measurements, such as visceral adipose 
tissue (VAT) and A/G ratio. Therefore it is a useful tool 
in prediction of cardiovascular risk and mortality [17, 
18]. Based on DXA, with specific measurements such 
as changes in fat and lean body mass or changes in 

Tab. I.� Characteristics of examined group – anthropometry 

Factors Mean SEM

Age (years) 34.2 6.5

Height (cm) 164.9 8.9

Weight (kg) 104.0 22.0

BMI (kg/m2) 39.0 9.7

Waist circumference (cm) 105.4 13.7

Hip circumference (cm) 125.5 13.7

WHR 0.84 0.11

Percentage fat body mass  
bioimpedance (%)

47.3 11.7

Percentage lean body mass  
bioimpedance (%)

56.7 10.2

Percentage fat mass DXA (%) 52.6 11.0

Android fat distribution DXA (%) 51.9 10.2

Gynoid fat distribution DXA (%) 49.2 10.3

A/G ratio DXA 1.03 0.07

BMI – body mass index, WHR – waist-to-hip ratio, A/G ratio – android/
gynoid ratio

Tab. II.� Characteristics of examined group – metabolic abnor-
malities

Factors Mean SEM

Total cholesterol (mg/dL) 198.2 32.6

LDL (mg/dL) 121.7 32.8

HDL (mg/dL) 48.9 14.6

Triglycerides (mg/dL) 130.6 50.0

Glucose 0 (mg/dL) 92.3 11.3

Glucose 2 (mg/dL) 119.8 22.5

AUC glucose (mg/dL × 120 min) 212.4 28.4

Insulin 0 (nmol/L) 22.8 52.6

Insulin 2 (nmol/L) 84.3 63.9

AUC Insulin (nmol/l × 120 min) 107.1 86.9

HOMA-R 4.32 3.11

LDL – low-density lipoprotein, HDL – high-density lipoprotein, AUC – area 
under the curve, HOMA-IR – homeostatic model assessment insulin 
resistance
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visceral fat we may assess more precisely the benefits 
of a weight reduction program and its elements, for ex-
ample increased physical activity or a high-protein diet 
[19]. It is documented that additional DXA measure-
ments, such as A/G fat ratio, similarly to WHR, corre-
late with unfavorable lipid profile and insulin resistance 
[20, 21]. In comparison to magnetic resonance imaging 
(MRI) DXA has a shorter scan time and lower radiation 
[22, 23].

Therefore the official positions of the International 
Society for Clinical Densitometry: Body Composition 
Analysis Reporting in 2013 stated: “The use of DXA adi-
posity measures (percent fat mass or fat mass index) 
may be useful in risk stratifying in patients for cardio-
metabolic outcomes” [24]. But unfortunately “Specific 
thresholds to define obesity have not been established” 
[22]. In the experts’ opinion as BMI may be a part of 
a routine panel used for assessment of obese patients, 
it misclassifies a large segment of the population. The 
overclassification is associated with high musculature, 
more frequent in men. On the other hand, in women we 

often observe low musculature and high fat mass, lead-
ing to “normal weight obesity” [25]. As specific cutoffs 
to define obesity by the DXA method have not been 
established, some experts propose values of 20-25% of 
percent body fat in men, 30-35% in women, and up to 
45% in the elderly [26], while others from the American  
Society for Bariatric Physicians advocate using values  
> 25% in men, and > 30% in women [22]. Taking into ac-
count the above considerations, in the absence of clear  
guidelines, although the DXA technique is widely used 
in clinical studies concerning obesity, it has still not be-
come part of the routine examination of obese patients. 

This study was designed in order to verify indica-
tions for metformin use in obese, non-diabetic subjects 
based on biochemical and anthropometric parameters 
including android fat content assessed by DXA. As there 
are no established indications for metformin treatment 
in obesity, we have demonstrated that women with 
high android fat content associated with elevated in-
sulin resistance would benefit from metformin. Finally, 
as we found a strong positive correlation between WHR 

Tab. III.� Characteristics of examined group – metabolic abnormalities in two subgroups IR and non-IR

Factors
IR subgroup, n = 33 Non-IR subgroup, n = 17 P

Mean SEM Mean SEM

HOMA-IR 5.71 2.89 2.04 3.77 < 0.05

Waist circumference (cm) 110.9 13.1 98.3 12.6 < 0.05

Hip circumference (cm) 125.5 13.7 127.0 14.8 NS

WHR 0.84 0.11 0.90 0.13 NS, 0.08

Percentage fat body mass bioimpedance (%) 48.2 11.1 46.7 13.7 NS

Percentage lean body mass bioimpedance (%) 55.6 10.3 57.9 11.5 NS

Percentage fat mass DXA (%) 53.7 11.3 52.6 10.8 NS

Android fat DXA (%) 54.0 10.1 51.7 11.3 NS

Gynoid fat DXA (%) 50.1 9.07 48.2 12.4 NS

A/G ratio DXA 1.15 0.06 0.98 0.04 < 0.05

Total cholesterol (mg/dL) 203.6 30.4 189.5 30.5 NS

LDL (mg/dL) 116.5 29.7 125.1 26.9 NS

HDL (mg/dL) 45.2 14.6 51.7 14.4 NS

Triglycerides (mg/dL) 147.0 46.1 122.9 52.0 < 0.05

Glucose 0 (mg/dL) 98.1 11.0 84.2 14.7 NS

Glucose 2 (mg/dL) 144.6 21.8 117.0 21.9 < 0.05

AUC glucose (mg/dL × 120 min) 242.8 28.4 201.3 23.9 < 0.05

Insulin 0 (nmol/L) 27.3 56.1 15.0 47.0 NS

Insulin 2 (nmol/L) 112.0 69.2 51.3 64.1 < 0.05

AUC insulin (nmol/l × 120 min) 139.2 86.3 68.4 77.4 < 0.05

BMI – body mass index, WHR – waist-to-hip ratio, A/G ratio – android/gynoid ratio, LDL – low-density lipoprotein, HDL – high-density lipoprotein, AUC –
area under the curve, HOMA-IR – homeostatic model assessment insulin resistance
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and A/R ratio measured by DXA, we conclude that WHR 
might be a simple method for determining the indica-
tions for metformin treatment in obese premenopau-
sal women. This was confirmed by other workers. For 
instance, in Indian men anthropometric measurements 
are good predictors of glycemia and insulin resistance. 
DXA makes only a small addition to the prediction [27].

The efficacy of metformin for the treatment of obe-
sity has been evaluated in a few clinical trials with in-
conclusive results, but lately we can observe a  rising 
number of convincing facts indicating its advantageous 
action in simple obesity. For instance, in low birth weight 
girls, metformin therapy was followed by a  favorable 
adipokine profile and by a reduction of total, visceral, 
and hepatic adiposity beyond puberty [28]. Metformin 
is an effective drug to reduce weight in an outpatient 
setting in insulin sensitive and insulin resistant over-
weight and obese patients [29]. A meta-analysis of 14 
trials, two on women with polycystic ovary syndrome 
(PCOS), demonstrated that metformin treatment re-
duced BMI significantly compared with placebo. The 
authors emphasize the greater effect of high-dose met-
formin and longer duration of therapy [30]. 

Limitations: This is a pilot study. In future works we 
plan to determine the effects of pharmacological inter-
vention (including metformin) in obese premenopausal 
women.

Conclusions

In our study 67% of premenopausal obese women 
turned out to be insulin resistant on the basis of their 
HOMA-R indices. DXA measures of visceral fat deter-
mined by android fat percentage and android/gynoid 
ratio were the strongest determinants of insulin resist-
ance. Waist-to-hip ratio might be a simple method for 
determining the indications for metformin treatment.
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