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ABSTRACT

Background. The infl uence of weight loss treatment on sex hormones profi le has been studied mainly in 
women with polycystic ovary syndrome (PCOS), but in obese premenopausal women without PCOS it still 
remains unclear. The aim of the study was to evaluate the eff ect of two approaches to obesity treatment on the 
serum level of sex hormones in obese women of child-bearing age without PCOS.
Material and methods. 77 obese Caucasian women (aged 31.2 ±8.3 years) were randomized into two 
groups: 39 women received a low-calorie diet (LC) and 38 received an isocaloric diet plus metformin (IM), 
for 12 weeks. Anthropometric parameters, body composition and serum concentrations of estradiol (E2), 
testosterone (T), follicle-stimulating hormone (FSH), luteinizing hormone (LH) and dehydroepiandrosterone 
(DHEA-S) sulfate were evaluated at baseline and after the study.
Results. Reductions in body weight, body mass index (BMI), waist and body fat content with an increase 
in lean body percent were signifi cant and comparable between the LC and IM group after the trial. The con-
centrations of serum FSH, LH, E2, DHEA and T did not change in either group after treatment. A tendency 
towards an increase in the E2 concentration in both groups and a decrease in the T level in the LC group 
was observed. The correlations between a change in BMI, fat content, waist-hip ratio and a change in T were 
documented in the LC group.
Conclusion. A 12-week low-calorie diet and an isocaloric diet combined with metformin produced comparable 
and signifi cant weight loss with improvements in body composition. Both interventions did not signifi cantly 
aff ect FSH, LH and DHEA sulfate serum concentrations, only a trend towards an E2 increase and a T decrease 
was observed, stronger in LC group. The signifi cant correlations shown between the changes in anthropometric 
and body composition parameters and T serum levels in women treated with a low-calorie diet alone show the 
benefi cial eff ect of a lifestyle intervention on the sex hormone in obese premenopausal women. 

Key words: obesity, sex hormones, metformin, low-calorie diet



Swora-Cwynar, E., Kujawska-Łuczak, M., Suliburska, J., Reguła, J., Kargulewicz, A., Kręgielska-Narożna, M., Marcinkowska, E., Ka-
nikowska, A., Bielas, M., Grzymisławski, M., Bogdański, P. (2016). The eff ects of a low-calorie diet or an isocaloric diet combined 
with metformin on sex hormones in obese women of child-bearing age. Acta Sci. Pol. Technol. Aliment., 15(2), 213–220. DOI: 
10.17306/J.AFS.2016.2.21

214 www.food.actapol.net/

INTRODUCTION

Obesity in women of childbearing age is becoming 
an increasingly frequent problem associated with 
metabolic complications, including the eff ect on the 
endocrine system and sex hormone concentrations. 
Adipose tissue and sex hormones play an active role in 
mutual regulation and metabolism. Elevated levels of 
androgens in women and decreased levels in men pre-
dispose to the accumulation of adipose tissue within 
the abdominal cavity and result in the higher risk of 
developing metabolic diseases. Androgens stimulate 
the reduction of adipose tissue and increase lean body 
mass in men. In women, estrogens promote the deposi-
tion of fat in the gluteofemoral region, which accounts 
for a signifi cantly lower risk of developing metabolic 
complications when compared to a more visceral lo-
calization of adipose tissue (Escobar-Moreale et al., 
2014). The relation between serum dehydroepian-
drosterone (DHEA) and the amount and distribution 
of adipose tissue is not fully defi ned. The concentra-
tion of DHEA decreases with age and depends on sex, 
degree of obesity, health status, and many other fac-
tors. Higher concentrations of DHEA were observed 
in women with lower body mass index (BMI) values. 
Negative correlations between serum DHEA concen-
tration and waist circumference and serum DHEA and 
waist-hip ratio (WHR) accompanied by a positive cor-
relation between serum DHEA and testosterone (T) 
levels were found in women with polycystic ovary 
syndrome (PCOS) (Chen et al., 2011). It was observed 
that women with a lower caloric intake had higher 
concentrations of DHEA; on the contrary, those with 
a higher caloric intake showed lower concentrations 
of DHEA, which may indicate that DHEA has an ef-
fect on appetite regulation (Michalakis et al., 2013). 
The study by Kurtz et al. showed that there was an 
increased turnover of DHEA in obese women. A sig-
nifi cant positive correlation was observed between ab-
dominal obesity and an increased clearance of DHEA 
and androstendione, which suggests that the andro-
genic eff ect of DHEA may infl uence the distribution 
of adipose tissue (Demissie and Milewicz 2003; Kurtz 
et al., 1987). Decreased concentrations of luteiniz-
ing hormone (LH) and follicle-stimulating hormone 
(FSH) were found in some studies in obese women 
compared to normal-weight women, although other 

authors did not describe such a correlation. Obese 
women also had a decreased concentration of circulat-
ing sex hormone-binding globulin (SHBG), and con-
sequently an increased fraction of circulating estradiol 
(E2). In postmenopausal women, estrogen levels (E1 
and E2) correlate with the degree of obesity and the 
amount of adipose tissue. Moreover, they inhibit the 
secretion of gonadotropins (Ivandic et al., 1998).

Depending on its serum concentration, testosterone 
has diff erent eff ects. Moderately increased concentra-
tions stimulate the synthesis of LH, while high con-
centrations have the opposite eff ect. Several studies 
have shown that women with abdominal obesity have 
higher levels of T and E2 compared to women with 
gluteofemoral obesity (Rosenfeld and Bordini, 2010). 

The main treatment for obesity involves the use of 
an optimal diet combined with regular exercise. Anti-
obesity medications including metformin may addi-
tionally correct concomitant hormonal and metabolic 
disturbances. The fact that obesity interferes with the 
endocrine system in women makes the treatment ca-
pable of bringing promising health benefi ts to the sex 
hormone profi le of obese women.

The aim of this study was to evaluate the eff ect of 
a low-calorie diet versus an isocaloric diet combined 
with metformin on sex hormone levels in obese pre-
menopausal women during a 12-week randomized 
prospective open-label trial.

MATERIAL AND METHODS

Study design and patients
The study was approved by the Ethics Committee 
of Poznan University of Medical Sciences, case no. 
688/09. The trial protocol met the requirements of the 
Declaration of Helsinki. Out of the registered patients 
screened at the outpatient clinic of the Department of 
Internal Medicine, Metabolism, and Dietetics and the 
Department of Internal Medicine, Metabolic Disor-
ders, and Hypertension of Poznan University of Medi-
cal Sciences, Poland a total of 77 obese women were 
enrolled. Informed consent was obtained from all indi-
vidual participants included in the study. 

The inclusion criteria were as follows: age – 18 
to 40 years, obesity – BMI ≥ 30 kg/m2; stable body 
weight for one month prior to the trial (acceptable de-
viation was ±1 kg), Caucasian race.
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To achieve the homogeneity of participants the 
following exclusion criteria were accepted: second-
ary obesity; diabetes mellitus; 2nd and 3rd stage of hy-
pertension; coronary artery disease; clinically signifi -
cant arrhythmias or conduction disorders; congestive 
heart failure; stroke; malignancy; history of use of 
any dietary supplements in the month prior to the 
study; abnormal kidney or thyroid gland function; 
clinically signifi cant acute or chronic infl ammatory 
processes; infection in the month prior to the study; 
nicotine, alcohol, or drug abuse; pregnancy or child-
birth at enrollment or in the 3 months prior to enroll-
ment; current lactation or lactation in the 3 months 
prior to enrollment; PCOS, menopause; and any oth-
er condition that, in the opinion of the researchers, 
would render participation against the subject’s best 
interests. 

The study was designed as a prospective rand-
omized open-label trial with comparison of a low-
calorie diet versus an isocaloric diet combined with 
metformin treatment. All women underwent a 12-
-week run-in period, which started with them re-
ceiving dietary advice from a qualifi ed dietician, 
where they were counselled to adhere to a weight-
maintenance diet. 25% of total energy comprised of 
fat, 20–25% protein and 50-55% carbohydrates (Ta-
ble 1). Dietary intake was monitored every 14 days 
until the end of the trial by a qualifi ed dietitian on the 
basis of dietary intake interviews and food diaries. 

The intake of nutrients, total calories, and caff eine 
was maintained at a constant level during the study. 
The selection of food was arranged individually with 
subjects. During the trial, consumption of dietary 
supplements was not permitted.

After the run-in period all women underwent a 12 
week-long intervention aimed at reducing their body 
weight. Participants (n = 77) aged 31.4 ±8.2 years 
were randomized into two study groups: LC (n = 39) 
received a low-calorie diet for 12 weeks and group IM 
(n = 38) received an individual isocaloric diet com-
bined with the administration of metformin at 500 mg 
twice a day for 12 weeks. All subjects were instructed 
to maintain their current physical activity at an un-
changed level. 

Anthropometric and body composition 
measurements
Anthropometric parameters. Anthropometric indi-
ces were measured while the subjects were barefoot 
and wearing light clothing. Height was measured to 
the nearest 0.5 cm and weight to the nearest 0.1 kg. 
BMI was calculated as weight in kilograms divided 
by height in meters squared [kg/m2]. Obesity was di-
agnosed with a BMI ≥ 30 kg/m2. Waist and hip cir-
cumferences were measured to the nearest 0.5 cm. Hip 
circumference was measured at the maximum pro-
tuberance of the buttocks. Waist circumference was 
measured at midway between the uppermost border of 
the iliac crest and the lower border of the costal margin 
at the end of normal expiration. The waist-hip ratio 
(WHR) was calculated as waist circumference divided 
by hip circumference.

Analysis of bio-impedance. Body composition was 
determined using bioelectrical impedance analysis 
with a Bodystat analyzer (1500 MDD; Bodystat, Isle 
of Man, UK). The analysis was performed under sta-
ble laboratory conditions after a night’s rest.

Sex hormone analyses. The subjects’ plasma were 
analysed. Samples of venous blood were drawn from 
a forearm vein after a 14-hour overnight fast (drinking 
of water was permitted) at the beginning and 12 weeks 
after the start of the trial. Biochemical parameters were 
estimated by electrochemiluminescent immunoassay: 
estradiol (E2) (ECLIA, Roche Diagnostic, Mannheim, 

Table 1. Diet composition

Diet component Percentage of total 
energy intake

Carbohydrate intake including: 50–55

– complex carbohydrates 45–50

– saccharose <10

Protein intake 20–25

Fat intake including: 25

– saturated fatty acids 7

– monounsaturated fatty acids 10

– polyunsaturated fatty acids 8

Cholesterol intake, mg/d <300
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Germany), testosterone (T) (ECLIA, Roche Diagnos-
tic, Mannheim, Germany), luteinizing hormone (LH) 
(ECLIA, Roche Diagnostic, Mannheim, Germany), 
follicle-stimulating hormone (FSH) (ECLIA, Roche 
Diagnostic, Mannheim, Germany), dehydroepiandros-
terone (DHEAS) sulfate (ECLIA, Roche Diagnostic, 
Mannheim, Germany). 

Statistical analysis. The data was presented as arith-
metic mean and standard deviation. All calculations and 
demographics were performed with STATISTICA 10 
software (StatSoft, 2011). Comparison between groups 
was performed using the Mann-Whitney U test. The 
Wilcoxon rank sum test was used to analyze the sta-
tistical signifi cance between variables before and after 
the 12-week intervention. Simple associations between 
variables were calculated with the Spearman coeffi  cient 
of correlation. A p-value of less than 0.05 was regarded 
as signifi cant. It was determined that a sample size of 
a minimum 30 subjects in each group would yield at 
least a 80% probability of detecting an eff ect statisti-
cally signifi cant at the 0.05 α level.

RESULTS 

There were no statistically signifi cant diff erences prior 
to the study between the two randomized groups re-
garding all parameters studied. 

The signifi cant weight reduction (p < 0.001) was 
observed in both the low-calorie diet (LC) and isoca-
loric diet + metformin (IM)-receiving groups after the 
study. BMI decreased in both groups after the treat-
ment, with values of high statistical signifi cance for 
the IM group (p < 0.001 for IM versus p < 0.01 for LC 
group). Waist reduction was statistically signifi cant to 
a high degree in the LC group (p < 0.001) and sta-
tistically signifi cant in the IM group (p < 0.05), with 
a comparison of change (∆) results between groups 
regarding the waist also being statistically signifi cant 
(p < 0.05).

Both types of intervention led to a signifi cant de-
crease in fat content and an increase in lean the tis-
sue percentage in obese women from the LC and IM 
groups, although the comparison of ∆ results between 
the groups did not reveal any statistical signifi cance.

Table 2. Anthropometric indices and body composition before and after treatment

Low-calorie diet (LC) 
group

Isocaloric diet + metformin (IM) 
group

Comparison of 
change (∆) results 
between groups 

before after p-value before after p-value p-value

Weight, kg 100.6 ±16.4 96.0 ±14.3 <0.001* 108.8 ±24.0 103.7 ±23.7 <0.001* NS

Body mass index 
– BMI, kg/m2

36.1 ±5.6 34.5 ±4.9 <0.01* 40.1 ±8.1 38.1 ±7.9 <0.001* NS

Waist, cm 104.5 ±12.9 96.3 ±10.6 <0.001* 109.6 ±16.0 105.1 ±16.6 <0.05* <0.05

Waist-hip ratio – WHR 0.82 ±0.07 0.81 ±0.07 NS 0.87 ±0.12 0.84 ±0.08 NS NS

Fat, % 46.6 ±5.6 44.8 ±5.3 <0.001* 46.6 ±6.2 44.3 ±5.8 <0.001* NS

Fat, kg 47.2 ±10.8 42.4 ±11.5 <0.01* 47.2 ±15.9 42.9 ±15.4 <0.001* NS

Lean, % 55.3 ±2.5 57.6 ±3,7 <0.01* 55.0 ±5.6 57.2 ±5.7 <0.01* NS

Lean, kg 56.8 ±9.7 56.3 ±7.0 NS 55.6 ±6.4 55.1 ±6.5 NS NS

Data are presented as arithmetic mean ±standard deviation.
*Refer to statistically signifi cant diff erences (p < 0.05) between initial and fi nal values. 
NS – not statistically signifi cant. 
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Detailed values of the anthropometric and body 
composition parameters in the womenstudied be-
fore and after treatment are summarized in Table 2.

Neither a low-calorie diet nor nor an isocaloric diet 
+ metformin treatment were able to aff ect E2, T, LH, 
FSH and DHEA sulfate serum hormone levels signifi -
cantly in obese women. However, a non-signifi cant 
tendency for an increase in E2 concentration in both 

groups and a decrease of T level in the LC group was 
noticed (Table 3).

Statistically signifi cant positive correlations be-
tween the ΔT serum level and ΔBMI (r = 0.55), 
ΔWHR (r = 0.57) and Δ fat content (r = 0.64) were 
only documented in women from the LC group. Cor-
relations between Δ in anthropometric parameters and 
Δ sex hormone levels in population studied are pre-
sented in Table 4. 

Table 3. Results of hormonal tests, before and after treatment

Low-calorie diet (LC) group Isocaloric diet + metformin (IM) group
Comparison of 

change (∆) results 
between groups

before after p-value before after p-value p-value

Estradiol – E2, pg/ml 89.0 ±64.8 111.1 ±116.3 NS 52.7 ±52.1 92.0 ±152.4 NS NS

Testosterone – T 
nmol/l

1.45 ±0.48 1.15 ±0.56 NS 1.36 ±0.92 1.40 ±0.90 NS NS

Luteinizing hor-
mone – LH, mlU/ml

7.05 ±4.53 7.01 ±4.13 NS 6.98 ±8.92 5.77 ±4.31 NS NS

Follicle-stimulating 
hormone – FSH 
mlU/ml

4.74 ±1.90 5.66 ±2.38 NS 4.68 ±2.73 4.76 ±2.58 NS NS

Dehydroepiandros-
terone sulfate 
– DHEAS, μg/dl

296.3 ±123.4 249.6 ±133.8 NS 259.4 ±117.6 262.2 ±88.7 NS NS

Data are presented as arithmetic mean ±standard deviation.
NS – not statistically signifi cant.

Table 4. Correlation between changes (Δ) in serum sex hormone concentrations and changes (Δ) in anthropometric param-
eters in groups

Low-calorie diet (LC) group Isocaloric diet + metformin (IM) group 

ΔBMI
kg/m2 ΔWHR ∆Fat

%
∆Fat
kg

ΔBMI
kg/m2 ΔWHR ∆Fat

%
∆Fat
kg

Δ E2, pg/ml 0.24 –0.30 0.02 0.16 0.37 –0.10 0.22 0.36

Δ T, nmol/l 0.55* 0.57* 0.21 0.64* 0.09 0.10 –0.04 0.02

Δ LH, mlU/ml 0.31 0.02 –0.09 0.16 –0.23 –0.18 –0.04 0.01

Δ FSH, mlU/ml 0.52 0.26 –0.02 0.47 –0.17 0.30 0.05 0.08

Δ DHEAS, μg/dl –0.14 0.33 0.35 0.21 –0.01 0.43 0.14 0.16

*Refer to statistically signifi cant correlations (p < 0.05).
BMI – body mass index, WHR – waist-hip ratio, FSH – follicle-stimulating hormone, LH – luteinizing hormone, E2 – estradiol, 
DHEAS – dehydroepiandrosterone sulfate, T – testosterone.
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DISCUSSION 

A low-calorie diet and physical activity are standard 
approaches recommended for the treatment of obesity. 
Metformin, used increasingly in obesity treatment, is 
believed to exert a benefi cial eff ect on comorbid meta-
bolic and hormonal disturbances. 

Our study showed that regardless of the type of 
intervention: a low-calorie diet or an isocaloric diet 
combined with metformin, the levels of sex hormones 
including E2, DHEA, LH, FSH and T in obese wom-
en of childbearing age remained almost unchanged. 
Women from both the LC and IM group achieved 
a signifi cant reduction in body weight, waist circum-
ference and body fat content and an increase in lean 
body mass. There was a positive correlation between 
ΔBMI, ΔWHR and Δfat content and a change in T lev-
els in the group treated with the low-calorie diet alone. 

Animal studies showed that weight gain and in-
creased abdominal adipose tissue observed in rats af-
ter ovariectomy can be reduced by treatment with es-
trogens or phytoestrogens (Rachoń and Teede, 2010). 
In our study, both the LC and IM group of obese wom-
en revealed a nonsignifi cant tendency for an increase 
in E2 concentration after the 12-week intervention pe-
riod. In the study by Al-Nozha et al. (2013) performed 
on overweight PCOS women, after a weight reduction 
was achieved, an analogous tendency for an increase 
in E2 concentrations was detected. In the other study, 
a similar trend or statically signifi cant diff erence in E2 
concertation was documented after 7 months of a hy-
pocaloric diet + metformin treatment, in obese PCOS 
and obese women, respectively (Pasquali et al., 2000). 
An inverse relation between estradiol and body mass 
(and BMI) was documented by others with respect to 
postmenopausal women (Jones et al., 2013). Estradiol 
production in menopausal women is closely associat-
ed with adipose tissue. It has been shown that changes 
in BMI in postmenopausal overweight women were 
related to a signifi cant decrease in the level of estrogen 
(Jones et al., 2013).

The signifi cant reduction in weight was observed 
in both LC and IM groups. BMI decreased in LC and 
IM women with values with high statistical signifi -
cance for the IM group. Pasquali et al. (2000) also re-
ported changes in body weight and BMI in premeno-
pausal obese women and women with PCOS, during 

hypocaloric dieting and after 6 months of pharmaco-
logical treatment with metformin.

The association between reduction in BMI and 
a decrease in the serum T level in obese postmeno-
pausal or PCOS women receiving a reduced-calorie 
diet was observed in several studies (Campbell et al., 
2012; Eid et al., 2014; Gemert et al., 2015; Jones et 
al., 2013). The positive eff ect of metformin on the re-
duction in T and androstenedione concentrations in 
women with BMI > 25 kg/m2 was detected at a dose 
of 1000-1700 mg/day, as compared with a low-calorie 
diet (1500 kcal) used alone (Ghandi et al., 2011; Jay-
agopal et al., 2005).

In our study, a positive correlation between weight 
reduction (a decrease in BMI, WHR and fat con-
tent) and the concentration of T in serum was found 
in premenopausal women on a low-calorie diet. Fur-
thermore, a statistically non-signifi cant trend towards 
a decrease in the T concentration in the LC group 
was noticed. However, we did not observe any in-
fl uence of metformin combined with an isocaloric 
diet on the T concentration in the women studied. In 
contrast to our results, Pasquali et al. (2000) demon-
strated an association between a reduction in body 
weight and abdominal adipose tissue with a decrease 
in the T serum level in women after 6 months’ treat-
ment with 1700 mg metformin/day, combined with 
a low-calorie diet of 1200-1400 kcal/day. The authors 
demonstrated a lower level of T in obese women and 
obese women with PCOS after a low calorie diet + 
metformin or a low calorie diet + placebo treatment. 
Weight loss combined with the use of metformin did 
not aff ect the concentrations of DHEAS, LH or FSH 
in this study, which was similar to our results. In an-
other study, women with PCOS treated with hormonal 
therapy using clomiphene citrate were divided into 
three groups: those with no additional intervention, 
those treated with a low-calorie diet, and those treated 
with metformin. After 6 months, all groups showed 
a statistically signifi cant decrease in lipid, insulin, T, 
FSH/LH, SHBG and PRL levels. There was a positive 
correlation between abdominal obesity, increased arm 
circumference and serum T levels. The greatest reduc-
tion in body weight was observed in the group treated 
with a low-calorie diet, a slightly lower reduction in 
the group treated with metformin and the smallest re-
duction in body weight was observed in the group of 
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patients only receiving hormonal therapy. The andro-
gen-reducing eff ect may be caused by a reduction in 
body weight and metformin may have a slight addi-
tive eff ect on it when compared to the eff ect resulting 
from diet treatment on the reduction in body weight 
(Al-Nozha et al., 2013).

Unquestionably, this study has some limita-
tions: fi rstly, in our study we did not have a group of 
women treated with only metformin. We tested only 
dietary weight loss vs. one dose of metformin. Sec-
ondly, our study was designed as a relatively short one 
(12 weeks) with a low dose of metformin (1000 mg). 
Thirdly, we did not analyze the impact of other fac-
tors aff ecting the levels of sex hormones, e.g. distribu-
tion of adipose tissue, duration of obesity, duration of 
intervention. 

In conclusion, in obese women of child-bearing 
age both interventions: a 12-week low-calorie diet 
and an isocaloric diet combined with metformin pro-
duce comparable and signifi cant weight loss with 
improvements in body composition. However, both 
interventions do not signifi cantly aff ect FSH, LH and 
DHEA sulfate serum concentrations. The relationship 
between a reduction in body weight, fat content and 
a reduction in T serum level in the participants stud-
ied who were receiving a low-calorie diet alone sug-
gests the benefi cial infl uence of a dietary intervention 
approach on the regulation of sex hormone levels in 
obese women of child-bearing age without PCOS. 
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