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Abstract

Leptin is an adipocytokine that has an important role in energy homeostasis and therefore in the patho-
physiology of obesity. Leptin levels are influenced by many factors such as gender, race, energy intake, fat
mass, etc.

The aim of our study is to investigate the relationship of circulating leptin levels to anthropometric parameters
and to the subcutaneous and visceral fat tissue determined by ultrasonography in healthy overweight and obese
women.

The study included 50 healthy women, with body mass index (BMI) above 25 kg/m’. Measurements of
anthropometric parameters were performed with a standardized technique. The subcutaneous and visceral fat
tissue was measured with ultrasound 1 cm above the umbilicus. Leptin was determined by radioimmunoassay.
The serum leptin levels presented a positive correlation between the levels of leptin and BMI (r-0.73, p < 0.05)
waist circumference (1-0.73, p < 0.05) hip circumference (r-0.74, p < 0.05), thigh circumference (r-0.56, p < 0.05)
and abdominal subcutaneous fat tissue (r- 0.46, p < 0.05). There was no correlation between leptin and visceral
fat tissue, waist to hip and waist to thigh ratio.

The results of our study confirmed the correlation between leptin and BMI. The correlation between leptin and
all measured circumferences cannot be attributed to a particular fat depot, but rather reflect the correlation
between this adipocytokine and the total body fat. The subcutaneous fat depot determined by ultrasound
showed a correlation with leptin, while this kind of connection was not established for the visceral fat tissue.
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Introduction
Leptin is an adipocytokine secreted by the

leptin [8]. In addition to the energy intake, body
mass index (BMI) and the amount of fat in the

white fat tissue that plays a very important role in
energy homeostasis by regulating both energy int-
ake and energy expenditure. Therefore this adipoc-
ytokine has a very important role in the developm-
ent of obesity, but has also proved to be very imp-
ortant in the pathophysiology of conditions such as
diabetes, hypertension and cardiovascular diseases
[1-3]. The serum concentration of leptin is influ-
enced by many factors. Leptin is gender depen-
dent, with values in the higher range reported in
women [4-6]. Also some investigators report dif-
ferent leptin values related to race and ethnic ori-
gin [7]. Acute changes in the energy intake influ-
ence the variations in the concentrations of serum

body are reported as determinants of the serum
leptin concentrations in most studies [9-11]. The
pattern of body fat distribution is also important.
The majority of studies recognize the subcutaneous
fat tissue as a leptin production site in lean and
obese subjects, although there are studies that re-
port correlation of leptin with both fat depots, the
subcutaneous and the visceral fat depot [12, 13].

The aim of this study is to evaluate the cor-
relation between serum leptin and anthropometric
parameters, subcutaneous abdominal fat tissue (SFT)
and visceral fat tissue (VFT) in overweight and
obese women.
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Material and methods

The study included 50 overweight and obese
women, aged 20—60 years. The study group was
selected from the participants in the MONODIET
project at the Institute of Pathophysiology and
Nuclear Medicine at the medical faculty in Skopje.
The presence of endocrinological disorder, preg-
nancy, lactation, hormonal or antilipidemic drugs
were exclusion criteria.

The weight of the participants was obtained
with a digital scale with a precision of 0.1 kg, with
light indoor clothes, without shoes. The height was
measured with a stadiometer to the nearest 0.5 cm.
Waist circumference was measured with a none-
lastic plastic band over the umbilicus with subjects
in a standing position. Hip circumference was
measured between the anterior iliac spine and the
major trochanters. The thigh circumference was
measured at the proximal end at the level that
showed the largest circumference. The circumfere-
nces were measured to the nearest 0.5 cm. Waist to
hip ratio (W/H ratio) and waist to thigh ratio (W/T
ratio) were calculated from the results of the
measured circumferences, and body mass index
(BMI ) from the height and weight.

The ultrasound measurements were per-
formed at the University Gastroenterohepathology
Clinic at the Medical Faculty in Skopje. The mea-
surements were performed with a 3.5 MHz ultra-
sound probe one centimetre above the umbilicus
without applying pressure to the abdominal wall.
The distance between the aorta and the interior
wall of the musculus rectus abdominis was defined
as representative of the amount of VFT, while the

Table 1
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distance from the skin to the exterior wall of the m.
rectis abdominis was defined as SFT.

According to the BMI, the subjects were di-
vided into two groups. Group A consisted of
women with a BMI below 30 kg/m* and Group B
of women with a BMI greater than 30 kg/m*

Considering the circadian variations of
leptin levels, blood samples were collected in the
morning in the fasting state for the assessment of
leptin levels. Leptin was determined by competi-
tive radioimmunoassay in duplicate samples with a
commercially available kit (Mediagnost, Germany)
with inter- and intra-assay variance < 8%.

The statistical analysis of the data was perf-
ormed using the Spearman rank correlation and the
Mann Whitney U test. The probability level < 0.05
was considered statistically significant.

The study was approved by the ethical
committee of the Medical Faculty at the SS Cyril
and Methodius University in Skopje.

Results

The analysed group consisted of 50 women
aged from 20 to 60 years (mean 42 + 9.78). The
mean value for BMI ranged from 25.3 to 52.6
kg/m* (mean 33.3 + 6.2 kg/m?). The values of the
anthropometric parameters are presented in Table 1.

Leptin levels ranged from 8.37 ng/ml to 58.8
ng/ml (mean 24.7 + 11.2 ng/ml). The mean value
of leptin in group A was 15.9 &+ 8.37 ng/ml, and in
group B it was 30.1 £ 15.38. The Mann Whitney U
test showed a significant difference between the
groups A and B in regard to the leptin values (p <
0.01).

Mean values for age, anthropometric parameters
and abdominal fat depots

Mean Minimum Maximum Std. Dev.
Age 42.0800 20.0 60.0 9.78512
Weight 88.2429 65.0 128.0 16.21166
BMI 33.3108 253 52.6 6.20924
Waist circumference 103.3571 82.0 133.0 11.10931
Hip circumference 116.0816 98.0 142.0 11.68927
Thigh circumference 66.5918 53.0 87.0 7.85856
W/H ratio 0.8901 0.78 1.04 0.05282
W/T ratio 1.5626 1.24 2.04 0.16578
SFT 2.6571 0.8 5.8 1.14661
VFT 5.2214 2.2 9.7 1.83377
SFT/VFT 0.6286 0.13 2.64 0.46795

Spearman rank order correlation analysis
was performed to assess the correlations between
leptin and various anthropometric indices. A signi-
ficant correlation was found between the levels of

leptin and BMI, waist circumference, hip circum-
ference, thigh circumference and abdominal subcu-
taneous fat tissue. The values for Spearman r are
presented in Table 2.
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Table 2

Spearman Rank Order Correlations for leptin
with anthropometric parameters.
Marked correlations are significant at p < 0,05

Leptin
Weight 0.733609
BMI 0.733943
Waist circumference 0.748820
Hip circumference 0.759051
Thigh circumference 0.564957
W/H ratio -0.070676
W/T ratio 0.047675
SFT 0.465328
VFT 0.300073
SFT/VFT ratio 0.087549

The scatterplots for the correlation between
leptin and BMI and SFT are presented in Graphsl
and 2 respectively.

Scatterplot of BMI against leptin
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Graph 1 — Soatterplot of BMI against leptin
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Graph 2 — Soatterplot of SFT against leptin

Discussion

The influence of different factors on the
level of circulating leptin has been investigated in
many studies during the past years. Almost all stu-

dies report a high correlation between BMI and
leptin levels [14-16, 6, 17]. Our study confirmed
the results of other investigators. The BMI showed
a high correlation with leptin levels (r- 0.73, p <
0.01).

Waist circumference, hip and thigh circum-
ference also presented with a statistically signi-
ficant correlation with leptin levels. Our results are
in concordance with the results from a NHANES
survey conducted in the USA. This study exam-
ined the leptin concentrations in a sample of USA
population consisting of 6,303 men and women in
relation to anthropometric and demographic para-
meters. In this study both waist and hip circumfe-
rence were correlated with leptin concentrations.
This study also reported a very high correlation of
leptin with triceps skinfold thickness [16]. The
study by Bennett et al. that included 375 subjects
did not report a correlation between leptin and
waist circumference. This study reports a signifi-
cant correlation only with hip circumference [18].
There are other studies that also confirm the asso-
ciation of leptin with hip circumference in women
[10, 19].

Waist circumference is usually perceived as
an estimation of abdominal visceral fat, while hip
circumference in women is an estimation of peri-
pheral fat tissue. In our study both circumferences
correlated with leptin concentrations. Few studies
have investigated the association between thigh
circumference and leptin. The study by Garaulet et
al. conducted on 84 obese subjects did not find any
correlation between thigh circumference, or W/T
ratio and leptin [12]. According to our knowledge
our study is the first that reports a correlation bet-
ween thigh circumference and leptin levels. Our
assumption is that the positive correlation with all
measured circumferences in our subjects repre-
sents an estimation of total adiposity, rather than
an association with particular fat depots. There is a
possibility, though, that these findings reflect the
association of leptin with peripheral subcutaneous
fat tissue. This observation is further confirmed
with the absence of correlation between leptin and
W/H ratio and W/T ratio. These ratios are used for
estimation of visceral fat tissue. Also our study did
not find any correlation between leptin and vis-
ceral fat tissue measured by ultrasonography. Our
study confirms the reports of other investigators
[5]. However, there are reports that report an
association between leptin and both fat depots. The
study by Mahabir et al. that included 51 post-
menopausal women reports a high correlation for
subcutaneous and visceral fat tissue measured by
DEXA and leptin concentrations [13]. The dif-
ference in results might be explained by the selec-
tion of the study group. Most of our subjects were
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women in the reproductive period while the sub-
jects in the study of Mahabir et al. were postmeno-
pausal women. Other investigators report an in-
verse correlation of W/H ratio with leptin levels.
The study by Liuzzi et al. that included 400 sub-
jects reports an inverse correlation between vis-
ceral fat tissue and leptin levels, a relation that was
observed by the authors as a metabolic profile with
an increased cardiovascular risk [6].

The peripheral fat tissue in our study was
estimated by abdominal subcutaneous fat tissue
measured by ultrasonography. The abdominal SFT
showed a statistically significant correlation with
leptin. Our results are in agreement with the results
of many studies that report the correlation between
leptin and peripheral fat depots [12, 5, 13, 20].
These results are explained with studies that report
a greater expression of ob mRNA in subcutaneous
than in omental adipose tissue [21, 22]. These re-
sults point to the subcutaneous fat tissue as a main
site of leptin synthesis.

Conclusion

The results of our study showed that leptin
levels in overweight and obese women are influ-
enced by BMI, waist, hip and thigh circumference
and the amount of abdominal subcutaneous fat tis-
sue. The measures of central obesity W/H ratio,
W/T ratio and visceral fat tissue did not correlate
with leptin levels in our study.
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Pesume

KOPEJIAIIMJA HA CEPYMCKHUOT JIEIITHH
CO AHTPOIIOMETPUCKHUTE TAPAMETPHU
N ABIOMHMHAJIHUTE MACHHU JEIIOA
OAPEJEHMU CO YJITPA3BYK

KAJ HATXPAHETH 1 OBE3HM )KEHHA

Yrpuncka A.', Muiaaunosa I[.l, TpajkoBcka M.Z,
3apaBkoBeka M., Kysmamoscka C.', Tpunynocku
T.!, Backora O.!
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P. Makenonuja

JlenTUHOT € AJUNOLUTOKMH KOj MMa 3HayajHa
yJiora BO €HepreTckara XOMeocTasa, 3apajd IITO urpa
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Ba)kHa yJora BO MaToQu3HONIOTHjaTa Ha aeOeHaTa.
HuBoTO Ha J1enTHH € yCI0BEHO 01 MHOTY (haKTopH Mery
KOH U II0JI, paca, eHepreTCKU BHEC, MACHHTE JIeTIoa U p.

IenTa Ha Hamara CTyAdja € 1a ja IPOYy4H BpC-
KaTa MmoMery HHBOTO Ha IMPKYJIMPAYKHOT JIEITHH CO
AQHTPOIIOMETPUCKUTE IapaMeTpH U CyOKyTaHOTO M BHC-
[IEPaTHOTO MAacHO TKHMBO OJPEIEHO CO YITPa3BYK Kaj
3[paBH HATXPAHETH U 00E3HH KEHH.

Bo crynujata Gea BkiayueHu 50 3apaBuU XKEHU €O
teneceH MaceH uHaekc (TMU) nvan 25 kg/. Cranpapau-
3UpaHH TeXHHKH Oea yHoTpeOeHH NpH MEpemeTo Ha
aHTpoOIIOMeTpUCKHTe MapameTpd. CyOKyTaHOTO M BHC-
LEepaTHOTO MacHO TKHBO 0ea MEpeHH CO yITpas3ByK 1|
CM Haj nanokoT. JlenTuHOT Oelle oxpeAeH CO paauo-
HMYHOECE].

HuBoTO Ha NENTHHOT BO CEPyMOT IMOKaXKa MO3H-
TUBHA Kopenaiuja co TMU (r-0,73, p < 0,05), obemor
Ha ctoMakoT (r-0,73, p < 0,05), 06eMOT Ha KOJKOBHUTE
(r-0,74, p < 0,05), obemor Ha HaTkonenunara (r-0,56, p
< 0,05) u cybkyTaHoTo MacHo TkuBO (r-0,46, p < 0,05).
He Oemie HajaeHa CTaTHCTUYKU CUTHU(HKAHTHA KOpe-
Jangja TOMery JISNITHHOT CO BHCIEPATHOTO MAacHO
TKHBO, COOIHOCOT CTOMAK/KOJKOBH M COOJHOCOT CTO-
MaK/HaTKOJICHHULIA.

Pesynrarute on HamaTa CTynWja ja HOTBpIHja
noBp3aHocta nomery nentuHoT 1 TMU. Kopenauujara
moMery JIITHHOT M CHTe MEPEH! 00eMH He MOXe Jia ce
IPUIMHUILE HA MOBP3aHOCT CO OJPENICHO JENO Ha MAacHO
TKUBO, TyKy Ipel c€ Kako Kopeialuja IoMery JIeNnTH-
HOT W BKyIIHaTa Maca Ha MacTu Bo opraHusmot. CyOky-
TAaHOTO MAacCHO TKHUBO OJPENEHO CO YJITPa3ByK MOKaKa
Koperaluja co JIENTHHOT. BakBa NOBP3aHOCT He ce
YTBP/IY 3@ BUCLIEPATHOTO MACHO TKHUBO.

Kayunu 300poBu: nentuH, abJIoOMHUHAITHO CyO0-
KyTaHO MacCHO TKHBO, a0JIOMHUHATHO BUCLIEPAITHO MACHO
TKHBO.



