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Assessment of selected adipocytokines in obese women 
with postmenopausal osteoporosis
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Abstract 
Introduction: Osteoporosis and obesity are considered civilisation diseases. Menopause is a time of increased bone resorption and increased 
mass of adipose tissue. Adipocytokines secreted by the adipose tissue are believed to be a potential factor in the pathogenesis of osteoporosis. 
Material and methods: The aim of this research was to assess leptin, adiponectin, and resistin secretion in obese postmenopausal women 
with osteoporosis and determine whether obesity might be a factor mitigating the risk of osteoporosis. The study involved 80 postmeno-
pausal women with osteoporosis divided into groups: I with BMI of 30.0–34.9, obese; and II with BMI of 18–24.9, normoweight. Leptin, 
adiponectin and resistin concentrations were assessed, and bone mineral density (BMD) was measured in the L1-L4 section of the spine 
using the DXA densitometric method. 
Results: The results of the comparison of the two groups indicate a statistically significant dependence in groups regarding leptin secre-
tion; the group of obese women demonstrated significantly higher concentrations. No differences between the groups were demonstrated 
for adiponectin or resistin secretion. 
Conclusions: Higher leptin concentration and a positive correlation with BMI was confirmed in obese postmenopausal women with os-
teoporosis. It was also demonstrated that BMD increases with growing BMI. No effect of obesity on the secretion of adiponectin or resistin 
in women with postmenopausal osteoporosis was found. From among the investigated adipocytokines, only leptin can be considered 
a bone tissue protective factor in postmenopausal women. (Endokrynol Pol 2019; 70 (6): 478–483)
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Introduction

The continuously increasing average length of life in 
modern societies and lifestyle changes bring about new 
problems and challenges to contemporary medicine. 
One of them is osteoporosis (OP) — the most com-
mon metabolic disease of bones [1–3] with a 40% risk 
of bone fracture in women over 50 years old, presently 
considered as a civilisation disease [4]. The hypoestro-
genism that accompanies menopause accelerates bone 
resorption, causing increased bone turnover, negative 
balance, and microarchitecture changes. The bones be-
come more brittle and susceptible to fractures [4, 5]; this 
mainly concerns cancellous bone. Approximately 25% 
of cancellous bone tissue and 15% of compact bone tis-
sue are lost [5], so the recommended densitometric test 
in the spine area in that group of women is the first to re-
veal osteoporosis. Post-menopausal hormonal changes 
may cause a fatty tissue weight gain. It is known that 
low body weight is an important risk factor of low bone 
mass and increased bone resorption [6]. Even though 
the fatty tissue and the bone tissue fulfil different 
functions, it is believed that excessive fatty tissue may 

protect bones and decrease the risk of osteoporosis 
[7–10]. A short time ago, fatty tissue was still viewed as 
an inactive energy reservoir [11], but nowadays it is seen 
as an endocrine organ [8]. The endocrine activity con-
sists of participation in the metabolism of sex steroids 
and secretion of biologically active protein substances 
called adipocytokines, the endocrine activity of which 
is both local and systemic [8, 11]. The fatty tissue also 
exerts a diverse influence on the bone tissue [7, 11, 12]. 
It is believed that adipocytokines belonging to peptides 
may play a role in the pathogenesis of osteoporosis [11] 
due to their common origin: the mesenchymal tissue [7]. 
Bone metabolism is influenced by body weight and the 
fatty tissue content in the body [2, 8, 9], and the growth 
of these two parameters may increase bone mass [7].

Recent discussions concern the possibility of apply-
ing cytokines in osteoporosis therapy [7] because leptin 
and adiponectin have a wide range of pathogenetic 
actions [11]. In post-menopausal women, adipocyto-
kine secretion and concentrations fluctuate [14]. The 
stimulating effect of leptin on bone tissue metabolism 
[15] is partially explained by discovering its receptors 
on osteoblasts and chondrocytes [16]. The increased 
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The conviction that obesity lowers the risk of os-
teoporosis is based on clinical observations showing 
that obese persons usually have normal or slightly el-
evated BMD in lumbar spine (L2–L4), proximal femoral 
epiphysis, and proximal radial epiphysis, in comparison 
with persons with normal or low body weight [8–10, 
12, 28–30]. Certain authors actually highlight that body 
weight is the main factor determining BMD and fracture 
risk, and that the fatty tissue plays the fundamental role 
in this relationship [8]. Researchers have demonstrated 
the existence of a correlation between BMI and BMD 
[10, 28], but not all of them agree on the presence of 
those relations.

The basis of diagnosing osteoporosis in post-meno-
pausal women is BMD evaluation. Dual-X-ray absorp-
tiometry (DXA) is a densitometric test constituting 
a recognised standard in this respect. It forms the basis 
for diagnostic and therapeutic decisions, depicts the 
fracture hazard, and allows one to assess treatment re-
sults and make a differential diagnosis. A test conducted 
in the lumbar section of the spine forecasts the risk of 
all osteoporotic fractures very effectively [31]. In recent 
years, we have witnessed an increasing social and eco-
nomic burden in the form of two significant problems: 
the enormous spread of obesity worldwide and a high 
percentage of persons suffering from osteoporosis due 
to society aging. The aim of this research was an assess-
ment of leptin, adiponectin, and resistin secretion in 
obese post-menopausal women with osteoporosis, and 
an attempt to explain whether obesity might be a fac-
tor decreasing the risk of osteoporosis development in 
post-menopausal women. 

Material and methods

The examinations covered 80 post-menopausal women diagnosed 
with osteoporosis after risk factor analysis and a densitometric test. 
The patients were divided into two study groups of 40 women each.
The first group included post-menopausal women with osteo-
porosis and a body mass index (BMI) of 30–34.9, which met the 
criterion of obesity.
The second group included post-menopausal women with osteo-
porosis and a body mass index (BMI) of 18–24.9, which fell within 
the normal range.
Every examined woman underwent anthropometric measure-
ments. The body weight was measured on medical scales with 
an accuracy of 100 g. The height was measured in a free-standing 
position using an anthropometer; the examined woman’s head 
was positioned in the eye-ear (Frankfurt) plane with an accuracy 
of 0.1 cm. Each measurement was carried out three times, and the 
obtained average was used in the study. The BMI (body mass index) 
was calculated using the following formula: BMI = body weight 
[kg]/height [m]2. Bone mineral density (BMD) was measured in the 
L1–L4 section of the spine using the DXA densitometric method. 
The criterion of diagnosing osteoporosis was the value of BMD  
[g/cm2] determined by the WHO, and the T-score measure was 
used. The tests were conducted using the Lunar DPX (GE, USA) 
device, which underwent routine standardisation according to 
ISCD recommendations. The measurement error (CV%) of BMD 
in the spine did not exceed 1.5% (confidence level: 80%).

bone mass in obesity may stem from hyperleptinaemia, 
which inhibits the differentiation of osteoclasts and 
stimulates that of osteoblasts [8], causing an increase 
of bone mass volume and density. Researchers point 
at the beneficial effect of leptin (depending on the BMI 
and the body fat mass) on bones in women of vari-
ous ages [16]. In obesity, there is central resistance to 
leptin as well as a beneficial peripheral effect of leptin 
on bones [17]. Osteoblasts synthesise leptin, and its 
concentrations fluctuate during the cell differentiation 
process. Leptin stimulates proliferation of osteoblasts, 
bone mineralisation, and collagen synthesis [18]. It 
also increases OPG concentration (which is beneficial 
to the bones) in relation to RANKL, inhibiting RANKL 
production and bone resorption [8], and it exerts an an-
ti-resorptive action in vivo [19]. The prevailing opinion 
is that leptin stimulates bone growth (an increase in 
length and thickness) via osteogenesis and angiogenesis 
only in the early period of life; in later years, it weakens 
bone turnover by activating the OPG-RANKL system 
[8]. It is indicated that leptin concentration in blood 
serum correlates with BMI and depends on the total 
mass of the fatty tissue and the percentage content of fat 
in the body [8]. Adiponectin increases tissue sensitivity 
to insulin, and plays a significant role in the metabolism 
of lipids and glucose. Its concentration in obese persons 
is lowered, and the body mass increase causes its fur-
ther drop [20, 21]. Reports concerning the influence of 
adiponectin on the bone tissue show that it promotes 
bone formation [8] via stimulation of osteoblasts, influ-
encing the proliferation and differentiation processes 
by increasing the expression of alkaline phosphatase, 
osteocalcin, and type I collagen [22]. It increases BMD by 
inhibiting the activity and differentiation of osteoclasts 
from CD14+ monocytes [23] and has a mitogenic ac-
tion on osteoblasts [8]. According to certain researchers 
[24], adiponectin influences BMD independently. It 
is suggested that adiponectin exerts an unfavourable 
influence on bone mass because it increases resorption 
by stimulating RANKL and inhibiting the expression 
of osteoprotegerin, which intensifies osteoclastogen-
esis [24]. The fatty tissue becomes the main source of 
oestrogens in menopause, so women with low BMD 
demonstrate hypoestrogenism and high adiponectin 
concentrations.

Certain literature data [11] reveal the correlation 
between resistin concentration, fatty tissue mass, and 
insulin resistance; on the other hand, they do not con-
firm that finding [25]. Few studies report the influence 
of resistin on bone tissue. In vitro tests have revealed 
stimulation and proliferation of osteoblasts and dif-
ferentiation of osteoclasts [26]. The role of resistin in 
humans is not fully known, and the research results are 
divergent and controversial [27].
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The peripheral blood for biochemical assays (5 mL) was drawn from 
the ulnar vein between 8:00 and 9:00 am, on an empty stomach, 
after a night rest of at least eight hours. The examined women 
were treated in the Rheumatological Clinic and the Osteoporosis 
Treatment Clinic. Serum samples after blood centrifugation with 
a speed corresponding to 1000 g for 15 minutes were put into test 
tubes and frozen at a temperature of –70°C until the assay day.
Adipocytokines in the blood were marked using the immunoen-
zymatic method ELISA using commercial assays. The within-run 
errors and the external errors did not exceed 10%. 
The statistical analysis was conducted using Statistica 10.0, StatSoft 
Inc. The analysed parameters were compared between the groups 
using parametric and non-parametric tests. The goodness of fit 
of the distribution of the studied variables in comparison with 
normal distribution was assessed using the Shapiro-Wilk test. The 
comparisons between the groups utilised the Mann-Whitney U test. 
The correlation analysis was carried out using the Spearman’s 
rank correlation coefficient. The assumed significance level was  
a = 0.05. The statistically significant results were those for which 
the calculated probability value was p < 0.05.

Results

The participating obese postmenopausal women with 
osteoporosis had an average leptin concentration of 
24.53 ± 17.29 ng/mL. (Tab. I) Leptin concentrations 
were lower in women with normal BMI and reached 
15.87 ± 15.96 ng/mL. (Tab. II) The groups exhibited 
a statistically significant difference in leptin concentra-
tion. (Tab. I) A multiple comparison procedure (Dunn’s 
post-hoc) demonstrated a statistically significant 
difference between the group with normal BMI and 
the group of obese women; the level for this pair was 
p = 0.0034. Leptin concentrations in blood decrease as 
the BMI decreases. The comparative analysis confirmed 

a positive, statistically significant relationship (r = 0.31; 
p = 0.0006) between leptin level and BMI in the whole 
investigated population of postmenopausal women 
with osteoporosis (Fig. 1).

The highest levels of adiponectin were found in the 
group with normal BMI, reaching 31.69 ± 27.91 µg/mL. 
(Tab. II) The group of obese women demonstrated 
a lower concentration of adiponectin compared to the 
group with normal BMI. The levels in the former group 
were 25.08 ± 19.37 µg/mL. No statistically significant 
difference between the groups was found (Tab. II).

The investigated groups of postmenopausal women 
with osteoporosis demonstrated similar levels of blood 
resistin. The lowest resistin concentrations were noted 
in the group of obese women. The average value was 
10.58 ± 4.63 ng/mL. The average level in the group 
with normal BMI was slightly higher and reached 
10.79 ± 4.71 ng/mL. Based on possible links between 
bone tissue and adipose tissue, the investigated adipo-
cytokines were analysed in terms of dependence on the 
BMI. No such relationship was identified (Tab. III, IV). 

The correlation analysis demonstrated a statistically 
significant (r = 0.18, p = 0.0498) positive relationship; 
increasing BMD entailed increasing BMI. 

Discussion

The issue of obesity is particularly noticeable in post-
menopausal women. The concentration of leptin in 
healthy people exhibits a positive correlation with the 
BMI and adipose tissue content. A higher leptin level 

Table I. Investigated parameters in the obese group

Variable N Mean Median Minimum Maximum SD

Leptin [ng/mL] 40 24.53 20.17 0.23 83.35 17.29

Adipo [µg/mL] 40 25.08 19.37 7.32 71.34 16.49

Resistin [ng/mL] 40 10.58 9.20 3.56 23.82 4.63

BMI [kg/m2] 40 31.48 30.79 30.02 34.68 1.52

BMD [g/cm2] 40 0.82 0.85 0.51 0.97 0.10

BMI — body mass index; BMD — bone mineral density; SD — standard deviation

Table II. Investigated parameters in the group with normal body mass index (BMI)

Variable N Mean Median Minimum Maximum SD

Leptin [ng/mL] 40 15.87 11.04 1.94 95.20 15.96

Adipo [µg/mL] 40 31.69 23.88 2.38 140.83 27.91

Resistin [ng/mL] 40 10.79 10.31 4.19 25.44 4.71

BMI [kg/m2] 40 22.01 22.31 18.13 23.83 1.51

BMD [g/cm2] 40 0.79 0.84 0.56 0.90 0.11

BMD — bone mineral density; SD — standard deviation
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in obese women compared to normoweight women 
was demonstrated [8, 32]. Lecke et al. suggested that 
the changes in leptin and/or adiponectin concentration 
may be an individual feature [33]. The study dem-
onstrated that the average leptin concentration was 
highest in the group of obese postmenopausal women 
and was statistically significant compared to the group 
of women with normal BMI, in which the level of 
this adipocytokine was lower. This paper has demon-
strated a positive, statistically significant relationship 
between leptin and the BMI for the whole population 
of the postmenopausal women with osteoporosis. The 

higher results for the whole group obtained in the 
study depend most probably on hormonal changes 
occurring after menopause [34]. It seems that body 
weight has the greatest influence on the secretion of 
leptin. The paper has also demonstrated a significant, 
positive relationship between obesity and BMD; as 
BMD increases in the population of the investigated 
postmenopausal women with osteoporosis, the BMI 
increases as well, which may contribute to the inten-
sification of osteoporosis.

The highest concentration of adiponectin among 
the groups was found in the group with normal BMI. 

Figure 1. Correlations between leptin levels and body mass index (BMI) in postmenopausal women with osteoporosis
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Table III. Analysis of correlation between adipocytokines, 
bone mineral density (BMD), and body mass index (BMI) 
in the obese group

Pair of variables N r-Spearman p

Leptin [ng/mL] & BMI 40 0.00 0.9899

Leptin [ng/mL] & BMD 40 –0.09 0.5852

Leptin [ng/mL] & adipo [µg/mL] 40 0.13 0.4129

Leptin [ng/mL] & resistin [ng/mL] 40 0.04 0.8244

Adipo [µg/mL] & BMI 40 0.25 0.1140

Adipo [µg/mL] & BMD 40 –0.26 0.1024

Adipo [µg/mL] & leptin [ng/mL] 40 0.13 0.4129

Adipo [µg/mL] & resistin [ng/mL] 40 –0.34 0.0325

Resistin [ng/mL] & BMI 40 0.04 0.8127

Resistin [ng/mL] & BMD 40 0.27 0.0926

Resistin [ng/mL] & leptin [ng/mL] 40 0.04 0.8244

Resistin [ng/mL] & adipo [µg/mL] 40 –0.34 0.0325

Table IV. Analysis of correlations between adipocytokines, 
(BMD), and body mass index (BMI) in the group with normal 
BMI

Pair of variables N r-Spearman p

Leptin [ng/mL] & adipo [µg/mL] 40 –0.46 0.0027

Leptin [ng/mL] & resistin [ng/mL] 40 0.24 0.1346

Leptin [ng/mL] & BMI 40 0.06 0.7064

Leptin [ng/mL] & BMD 40 0.13 0.4149

Adipo [µg/mL] & leptin [ng/mL] 40 –0.46 0.0027

Adipo [µg/mL] & resistin [ng/mL] 40 –0.33 0.0379

Adipo [µg/mL] & BMI 40 0.02 0.8912

Adipo [µg/mL] & BMD 40 0.11 0.4933

Resistin [ng/mL] & leptin [ng/mL] 40 0.24 0.1346

Resistin [ng/mL] & adipo [µg/mL] 40 –0.33 0.0379

Resistin [ng/mL] & BMI 40 0.06 0.7009

Resistin [ng/mL] & BMD 40 0.07 0.6668
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The group of obese women demonstrated lower 
concentrations, but no statistically significant differ-
ence was demonstrated. Not all studies demonstrated 
changes in adiponectin secretion in postmenopausal 
women [35]. It was probably because of non-homoge-
neous groups with differences in age, count, BMI, or 
distribution of the adipose tissue.  Some researchers 
reported a negative correlation between adiponectin 
and BMD. A meta-analysis confirmed a reverse correla-
tion, which may be due to the effect of race, abusive 
substances, and metabolic diseases on its concentra-
tion [7]. This would be in support of disparate results 
of studies by Sodi et al., who investigated a group of 
healthy women with osteoporosis. They identified 
a negative correlation between the concentration 
of adiponectin and BMI without any difference be-
tween groups with and without osteoporosis. The 
total concentration of adiponectin decreased in obese 
women with the normalisation of the BMI [36]. Zoico 
et al. demonstrated a negative correlation between 
body weight and BMD regarding the femoral neck 
in postmenopausal women as well, which suggest 
a possible effect of adiponectin on bone metabolism 
independently of the BMI [37]. According to Morcow, 
adiponectin was negatively correlated with the BMI 
and BMD, but the study group was not homogeneous 
because it included women before and after meno-
pause [10]. 

Some reports claim no relationship between adi-
ponectin and bone mineral density regardless of the 
site of measurement. [38]. A study by Liu et al. and an-
other one by Cnop demonstrated a lack of correlation 
of adiponectin with BMD in women before and after 
menopause [7, 39]. This analysis did not demonstrate 
any dependence between BMD and adiponectin in 
neither of the groups of postmenopausal women with 
osteoporosis. According to Jurime, there is a positive 
correlation between adiponectin and BMD in the L2–L4 
section of the spine and bone mineral content. The 
essence of the study was the finding that adiponectin 
may affect BMD through the BMI, WHR, and body 
weight. [40] A study by Wu confirmed a positive cor-
relation of adiponectin with bone formation markers 
only in postmenopausal women, which supported 
a proposal that it may take part in bone resorption 
and that menopause may affect the above-mentioned 
processes [41]. Not all researchers concur in these 
observations [36]. Tenta et al. demonstrated that adi-
ponectin may be an independent factor affecting bone 
metabolism and BMD. The study involved, however, 
non-homogeneous groups, the larger one involved 
patients with osteopaenia, and the smaller one, pa-
tients with osteoporosis. The authors did not assess 
the impact of the BMI [42]. According to Jurimae et al., 

adiponectin is responsible for bone mass density in 
humans in as much or as little as 3–12% [40]. 

The effect of age on the secretion of adiponectin was 
suggested because the adiponectin level was shown to 
increase with age [39, 43]. The mass of adipose tissue 
did not demonstrate any influence on the secretion of 
the substance [39]. A study by Ryan et al. on postmeno-
pausal women did not demonstrate any changes in 
adiponectin secretion with age in relation to the BMI 
[44]. The present study did not identify any impact of 
age on the secretion of adiponectin, which may be due 
to the homogeneity of the group of postmenopausal 
women with osteoporosis. 

Data on resistin are scarce. Its high concentrations 
may be a manifestation of insulin resistance [45]. Re-
sistin concentrations in all groups in the present paper 
were similar. The obese group demonstrated a lower 
concentration of resistin. The normoweight group 
had a slightly higher average concentration. Literature 
data indicate higher concentrations of resistin in obese 
people [11, 46], but the study involved people not suf-
fering from osteoporosis. This paper did not identify 
any correlation between BMD and resistin in either of 
the groups.

To sum up, the study confirmed higher leptin 
concentrations in obese postmenopausal women with 
osteoporosis. The secretion of leptin is positively cor-
related with the body mass index. It was also demon-
strated that BMD increases with growing BMI. No effect 
of obesity on the secretion of adiponectin or resistin in 
women with postmenopausal osteoporosis was found. 
From among the investigated adipocytokines, only 
leptin can be considered a bone tissue protective factor 
in postmenopausal women. 
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