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during adolescence, when bone mineral mass accrual 
is a major determinant of peak bone mass [1–9]. It has 
been well-established that adult women and adolescent 
girls with AN differ in patterns of biochemical markers 
of bone turnover [1, 2, 7, 8, 10]. Women with AN show 
a decrease in bone formation and an increase in bone 
resorption markers, consistent with an uncoupling of 
bone turnover leading to impaired bone metabolism 
[7, 8, 10]. Adolescent girls with AN, on the other hand, 
have low turnover rates with decreases in bone forma-
tion and resorption markers [7, 8, 10, 11, 18, 19, 21–24]. 
It has also been found that the receptor activator of 

Introduction

Anorexia nervosa (AN) leads to low bone mineral den-
sity (BMD), impaired bone quality, and increased risk 
of fractures [1–6]. Important determinants contributing 
to decreased BMD are, first of all, low lean mass, hypo-
gonadism, IGF-1 deficiency, and hormonal imbalances 
(including hormones secreted by adipose tissue — adi-
pokines) that affect bone health. Weight gain, especially 
of lean body mass, and menses restoration are critical 
for improving bone outcomes in patients with AN 
[2–21]. AN can have effects on bone health, particularly 
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Abstract 
Introduction: Based on recent studies in humans, chemerin has been classified as an adipokine that might be associated with osteopo-
rosis and BMD. Bone loss is common in adolescents with anorexia nervosa (AN). Moreover, dysfunction in the production of chemerin 
has also been shown. Therefore, we carried out a comparative analysis between chemerin, bone metabolism, the RANKL/RANK/OPG 
system, and BMD in girls with AN.
Material and methods: Plasma chemerin, OC, CTx, OPG, and sRANKL were determined by ELISA in 75 girls with AN aged 12.6-17.8 
years. BMD was assessed by DXA and expressed as Z-score according to the lumbar spine (s) and total body (TB) sites. According to the 
s-BMD- and TB-BMD Z-score, girls with AN were divided into two subgroups with parallel analyses used: normal (Z-score > –2.0) and 
low (Z-score ≤ –2.0) s-BMD, and normal (Z-score > –2.0) and low (Z-score ≤ –2.0) TB-BMD. 
Results: Mean OC and the OPG/sRANKL ratio were markedly lower in the low s-BMD subgroup compared to the normal s-BMD sub-
group. The s-Z-score values (both low and normal) correlated significantly and positively with the OPG/sRANKL ratio. Only in the low 
s-BMD subgroup did chemerin correlate significantly and positively with all nutritional indices and the OPG/sRANKL ratio. In the low 
TB-BMD subgroup the mean OC and the OPG/sRANKL ratio were lower than in the normal TB-BMD subgroup. The TB-Z-score values 
(both normal and low) correlated significantly and positively with all nutritional indices and the OPG/sRANKL ratio. The low TB-Z-score 
values correlated significantly and positively also with chemerin. In the low TB-BMD subgroup chemerin correlated significantly and 
positively with weight and BMI (expressed as absolute values), Cole index, the duration of the disease, and OPG/sRANKL ratio while its 
correlation with age was negative.
Conclusions: Undernutrition and associated deficit of adipose tissue may result in inadequate chemerin production and skeletal disorders 
in girls with AN. Chemerin acts as a coordinator of the dynamic balance between bone metabolism and the OPG/RANK/RANKL system 
and, in turn, may contribute to the loss of bone mass in girls with AN. The cortical bone site seems to be more severely responsive to 
chemerin actions than the trabecular bone site. (Endokrynol Pol 2022; 73 (1): 26–34)
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carried out a comparative analysis between adolescents 
with normal and low s- and TB-BMD. 

Material and methods

The study comprised 75 adolescent girls aged 12.6–17.8 years 
with the restrictive type of AN according to the DSM-5 diagnostic 
criteria [24, 49, 50], hospitalized at the Paediatric Endocrinol-
ogy Ward, Independent Public Clinical Hospital No. 1 in Zabrze, 
Medical University of Silesia in Katowice (Poland). The average 
disease duration was 3–51 months. All examined patients were at 
IV–V Tanner puberty stage and had secondary amenorrhoea of 
4–28 months’ duration. The initial results of additional laboratory 
tests excluded those with hepatic and renal dysfunction. Girls with 
any organic or other psychiatric disorders that could cause cachexia 
were excluded from the study. On recruitment, no patients were 
taking medications known to affect the nutritional and bone status 
(e.g. glucocorticoids, oestrogens, thyroid hormone, or calcium-
containing drugs). During hospitalization, patients were placed 
on bed rest, which is the standard care. On the day of examination 
none of the girls presented symptoms of acute infection. The control 
group comprised 42 age-matched, healthy, regularly menstruating 
adolescent girls with no endocrine or other disorders that might 
influence adipose and bone tissue metabolism. 
The study was approved by the Bioethics Committee at the 
Medical University of Silesia in Katowice (No. L.dz. Nr KNW/0022/
KB1/10/I/16); written informed consent was obtained from all 
examined participants and their parents or legal guardians before 
participation. 

Anthropometric measurements
The height [m] of all participants was measured using a single sta-
diometer, weight [kg] was assessed on a standing electronic scale, 
and body mass index (BMI) was calculated as weight divided by 
squared height [kg/m2]. Weight and BMI were expressed as absolute 
values and in the form of standard deviation score (SDS) [51]. The 
Cole index was also calculated.

Biochemical analysis
All blood samples were collected after a 12-hour overnight fast, 
between 8.00 and 9.00 a.m. on the first day of hospital stay. Plasma 
samples were frozen at –70º until the time of assay. Determination 
of chemerin, osteocalcin (OC), C-terminal telopeptide of type I col-
lagen a1 chain (CTx), OPG, and sRANKL were performed by ELISA 
using the following kits: chemerin — BioVendor (Czech Republic), 
OC — MicroVue (USA), CTx — Immunodiagnostic System (IDs) Inc. 
(USA), OPG and sRANKL — Biomedica GmbH & Co KG (Austria). 
The respective intra-assay and inter-assay coefficients of variability 
were as follows: chemerin: 0.1 µg/L, 6.1% and 7.5%; OC: 0.08 µmol/L, 
7.6% and 7.4%; CTx: 0.14 nmol//L, 2.5% and 6.7%; OPG: 0.07 pmol/L, 
2.5% and 4%; sRANKL: 0.09 pmol/L, 5% and 7%.  

Bone mineral density
In girls with AN BMD was assessed by dual-energy X-ray absorpti-
ometry in the first two weeks of hospital stay. Measured sites were 
lumbar spine and total body, and measurements were performed 
with Hologic Explorer (USA), compared to the reference popula-
tion, and expressed as Z-scores. The coefficient of variation (%CV 
= [SD/mean] × 100) for BMD measurements was 1.1% for lumbar 
spine (s) and 0.6% for total body (TB). Patients were divided into 
two subgroups with parallel analyses — according to the TB-BMD 
criterion and the s-BMD criterion: normal (Z-score > –2.0, n = 63) 
and low (Z-score ≤ –2.0, n=12) s-BMD subgroups as well as 
normal (Z-score > –2.0, n=45) and low (Z-score ≤ –2.0, n = 28) 
TB-BMD subgroups. The lack of BMD results in the control group 
is due to the fact that the parents of healthy girls did not agree 
for a DXA examination because of radiation.

nuclear factor-kB ligand/receptor activator of the nu-
clear factor-kB/osteoprotegerin (RANKL/RANK/OPG) 
system might play an important role in the regulation 
of bone metabolism [18, 19, 22–27]. Both cortical and 
trabecular bone sites become affected in girls with AN 
[28–34]. However, the results regarding each of these 
compartments are not always unequivocal.

Adipokines (e.g. leptin, adiponectin, and chemerin) 
are biochemical components involved in the modula-
tion of bone remodelling, marrow adipogenesis, and 
energy metabolism. Metabolic and nutritional diseases 
such as diabetes mellitus and AN greatly affect marrow 
adipose tissue quality and quantity as well as bone 
strength [35]. According to some authors, impaired 
production, release, and action of adipokines, such as 
leptin, adiponectin, resistin, visfatin, apelin, vaspin, 
omentin [5, 8, 10–18, 23, 24, 27], and maybe chemerin 
[36], may lead to BMD decrease or, alternatively, a lack 
of the BMD increase expected in adolescence. It is 
highly probable that the above-mentioned adipokines 
have an adverse effect on bone tissue via a shift in 
the OPG/RANKL ratio toward a functional excess of 
RANKL [18, 22–24, 27]. 

Experimental data showed that chemerin and its 
natural receptor CMKLR1 may play an important 
role in osteoblastogenesis, bone mineralization, and 
inhibition of osteoclastogenesis [36–39]. Several stud-
ies in humans have investigated the relationship 
between chemerin and bone status [40–46]. However, 
study populations differed considerably, which makes 
a comparison of the results difficult. Chemerin levels 
were found to be higher [40–42, 44–46] or lower [43] in 
patients with osteoporosis than in the control group. 
All the above-mentioned authors indicated an inverse 
association between chemerin and BMD [40–42, 44–46]. 

Leoni et al. [47] suggest that plasma chemerin levels 
can represent a sensitivity parameter of nutritional 
status that reflects changes in the level of body fat in 
children and adolescents with obesity and anorexia ner-
vosa. Oświęcimska et al. [48] found that adolescent girls 
suffering from AN revealed significantly lower levels 
of chemerin compared to healthy and obese individu-
als. It is also known that one of the consequence of AN 
is a decrease in BMD or lack of an adequate bone mass 
accrual [3–6, 8–13, 28–30]. To the best of our knowledge, 
the association between chemerin and bone health has 
not been evaluated in adolescent girls with AN. There-
fore, we hypothesized that in girls with AN there would 
be an adverse relationship between chemerin, bone 
metabolism (especially via the RANKL/RANK/OPG 
system), and BMD. To examine this hypothesis, we 
examined the association between chemerin and bio-
chemical markers of bone turnover in girls with AN and 
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Statistical analysis
The database was prepared using Excel 2016 (Microsoft corpora-
tion). Statistical analysis was carried out with Statistica 13.3 for 
Windows (StatSoft Inc., USA). The results were provided as mean ± 
standard deviation (mean ± SD). The normality of the distribution 
of the study sample was assessed by the Shapiro-Wilk test; homo-
geneity of variance was computed using Leven’s test. In the case of 
normal distribution of variables, the significance between groups 
and individual AN subgroups was tested by Student’s t-test. In the 
case of non-normal distribution of variables, the significance was 
tested using the Mann-Whitney U test. Osteocalcin, sRANKL, and 
the OPG/sRANKL ratio distribution were not normal, and the low 

number of patients (especially in Z-score ≤ –2.0 s-BMD subgroup) 
was noted, so Spearman’s correlation test was used to assess the 
relationships between BMD at various skeletal sites, clinical and 
anthropometric parameters, biochemical markers of bone turnover, 
and chemerin. Statistical significance was set at p < 0.05. 

Results

Table 1 shows the baseline characteristics, mean plasma 
chemerin, and biochemical markers of bone turnover 
levels in individual subgroups of girls with AN and the 

Table 1. Clinical characteristic, mean plasma levels of chemerin, and biochemical markers of bone turnover in subgroups of 
girls with anorexia nervosa (AN) and normal (Z-score > –2.0) and low (Z-score ≤ –2.0) bone mineral density of lumbar spine 
(s-BMD) and bone mineral density of total body (TB-BMD)

Variables

s-BMD p TB-BMD p

Control 
group 

(C)  
(n = 42)

Normal 
Z-score 
> –2.0 

(n = 63) 

Low 
Z-score  
≤ –2.0

(n = 12)

N
or

m
al

/C
on

tr
ol

Lo
w

/C
on

tr
ol

Lo
w

/N
or

m
al Normal 

Z-score 
> –2.0  

(n = 47)

Low 
Z-score 
≤ –2.0 

(n = 28)

N
or

m
al

/C
on

tr
ol

Lo
w

/C
on

tr
ol

N
or

m
al

/L
ow

Age [years] 15.07 ± 
1.33

15.30 ± 
1.49 0.048 0.282 0.571 15.16 ± 

1.34
15.05 ± 

1.36 0.054 0.066 0.637 15.87 
±1.02

Heigh [m] 1.63 ± 
0.06

1.59 ± 
0.05 0.444 0.055 0.053 1.63 ± 

0.06
1.60 ± 

0,06 0.473 0.056 0.057 1.64 ± 
0.07

Weight [kg] 39.96 ± 
5.39*

34.42 ± 
6.81*^ <  0.001 <  0.001 0.002 39.90 ± 

5.52*
37.81 ± 

6.74* <  0.001 <  0.001 0.158 56.68 ± 
8.35

Weight–SDS –2.38 ± 
1.00*

–3.40 ± 
0.90*^ <  0.001 <  0.001 0.001 –2.35 ± 

1.06*
–2.72 ± 

1.07* <  0.001 <  0.001 0.155 0.34 ± 
1.49

BMI [kg/m2] 15.01 ± 
1.59*

13.62 ± 
2.20* <  0.001 <  0.001 0.058 14.89 ± 

1.54*
14.62 ± 

2.03* <  0.001 <  0.001 0.523 21.08 ± 
2.66

BMI-SDS –2.81 ± 
0.92*

–3.68 ± 
1.06*^ <  0.001 <  0.001 0.003 –2.80 ± 

0.95*
–3.55 ± 
1.04*# <  0.001 <  0.001 0.002 0.34 ± 

1.52

Cole index 
(%)

75.19 ±

8.37*

65.73 ±

6.27*^
< 0.001 < 0.001 < 0.001

74.77 ±

8.80*
61.91 ± 
10.17*# < 0.001 < 0.001 < 0.001 102.91 

± 13.98

Disease 
duration 
[months]

12.16 ±

8.65
22.00 ± 
16.03*^ – – 0.003

11.78 ±

8.75
16.33 ± 
10.30*# – – 0.043 –

Amenorrhoea 
[months]

7.66 ± 
3.67

11.29 ± 
4.08^ – – 0.002 7.69 ± 

6.12
8.09 ± 

7.06 – – 0.799 –

Chemerin 
[µg/L]

137.5 ± 
15.88*

119.26± 
20.02* < 0.001 < 0.001 0.056

141.76 
± 

17.16*

112.62 
± 

16.84*
< 0.001 < 0.001 0.059

180.02 
±

17.73

OC [µmol/L] 3.52 ± 
0.65*^

3.04 ± 
0.32*^ < 0.001 < 0.001 0.010 3.60 ± 

0.69*
3.18 ± 
0.53*# < 0.001 < 0.001 0.008 6.37 ± 

0.90

CTx [nmol/L] 6.06 ± 
1.17*

6.18 ± 
0.62*^ < 0.001 < 0.001 0.716 6.03 ± 

1.18*
6.15 ± 
1.02* < 0.001 < 0.001 0.669 8.94 ± 

1.33

OPG 
[pmol/L]

4.57 ± 
0.43*

4.67 ± 
0.56* < 0.001 < 0.001 0.462 4.56 ± 

0.42*
4.58 ± 
0.46* < 0.001 < 0.001 0.846 3.64 ± 

0.38

sRANKL 
[pmol/L]

0.70 ± 
0.08*

0.67 ± 
0.06* < 0.001 < 0.001 0.198 0.68 ± 

0.12*
0.69 ± 
0.08* < 0.001 < 0.001 0.693 0.54 ± 

0.07

OPG/ 
sRANKL

6.90 ± 
0.93*

6.00 ± 
0.91*^ < 0.001 < 0.001 0.002 6.95 ± 

0.93*
6.01 ± 
0.81*# < 0.001 < 0.001 < 0.001 9.28 ± 

1.36

Z-score — the number of SD from age-matched subjects; SD — standard deviation; SDS — standard deviation score; BMI — body mass index; OC — osteocalcin; 
CTx — C-terminal telopeptide of type I collagen a1 chain; OPG — osteoprotegerin; sRANKL — soluble receptor activator of nuclear factor-kB ligand; *p < 0.05 
vs. control group; ^p < 0.05 vs. normal s-BMD subgroup; # p < 0.05 vs. normal TB-BMD subgroup  
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control participants. Mean weight and BMI (expressed 
as absolute values and SDS), Cole index, OC, CTx, 
and the OPG/sRANKL ratio were significantly lower 
(p < 0.001) in the subgroups of girls with AN and nor-
mal and low s- and TB-BMD compared to the control 
group, while OPG and sRANKL were significantly 
higher (p < 0.001). Mean weight expressed as absolute 
values and SDS (p = 0.002 and p = 0.001, respectively), 
BMI-SDS (p = 0.003), Cole index (p < 0.001), OC 
(p = 0.010), and the OPG/sRANKL ratio (p = 0.002) were 
markedly lower in the low s-BMD subgroup compared 
to the normal s-BMD subgroup, while the duration of 
the disease was significantly longer (p = 0.043). In the 
low TB-BMD subgroup the mean BMI-SDS (p = 0.002), 
Cole index (p = 0.001), OC (p = 0.008), and the 
OPG/sRANKL ratio (p < 0.001) were lower compared 
to the normal TB-BMD subgroup, while the duration 
of the disease was longer (p = 0.043).

Table 2 shows correlations between the normal and 
low s- and TB-Z-score values, and clinical and anthro-
pometric parameters, plasma levels of chemerin, and 
biochemical markers of bone turnover in the subgroup 

of girls with AN according to the DXA results. The 
normal s-Z-score values correlated significantly and 
positively with weight and BMI expressed as absolute 
values (R = 0.251, p = 0.047 and R = 0.261, p = 0.039, 
respectively), Cole index (R = 0.261, p = 0.039), and the 
OPG/sRANKL ratio (R = 0.273, p = 0.030), while low 
s-Z-score values correlated significantly and positively 
only with the OPG/sRANKL ratio (R = 0.780, p = 0.008). 
In turn, the normal TB-Z-score values correlated signifi-
cantly and positively with weight and BMI expressed 
as absolute values and SDS (R = 0.296, p = 0.043 and 
R = 0.347, p = 0.017 as well as R = 0.374, p = 0.010 
and R = 0.351, p = 0.016, respectively), Cole index 
(R = 0.297, p = 0.043), and the OPG/sRANKL ratio 
(R = 0.298, p = 0.042). Similar results were observed 
in the relationship with the low TB-Z-score values: 
significant correlation was observed with weight and 
BMI expressed as absolute values and SDS (R = 0.437, 
p = 0.020 and R = 0.392, p = 0.039 as well as R = 0.451, 
p = 0.016 and R = 0.399, p = 0.035, respectively), Cole 
index (R = 0.402, p = 0.034), and the OPG/sRANKL 
ratio (R = 0.398, p = 0.036). The duration of amenor-

Table 2. Correlation between values of bone mineral density of lumbar spine (s-BMD) and bone mineral density of total body 
(TB-BMD) expressed as Z-score and clinical and anthropometric parameters, plasma levels of chemerin, and biochemical 
markers of bone turnover in patients with anorexia nervosa (AN) according to the DXA result 

Variables

s-BMD TB-BMD

Normal Z-score > –2.0 
(n = 63) (86.0%)

Low Z-score ≤ –2.0
(n = 12) (16.0%)

Normal Z-score > –2.0 
(n = 47) (62.7%

Low Z-score ≤ –2.0
(n = 28) (37.3%)

R p R p R p R p

Age [years] –0.087 0.498 –0.591 0.043 –0.275 0.061 –0.297 0.125

Heigh [m] 0.170 0.183 0.252 0.429 0.260 0.078 0.257 0.187

Weight [kg] 0.251* 0.047 0.394 0.205 0.296* 0.043 0.437* 0.020

Weight-SDS 0.201 0.114 0.240 0.452 0.347* 0.017 0.392* 0.039

BMI [kg/m2] 0.261* 0.039 0.406 0.190 0.374* 0.010 0.451* 0.016

BMI-SDS 0.211 0.097 0.480 0.114 0.351* 0.016 0.399* 0.035

Cole’s index (%) 0.270* 0.032 0.406 0.190 0.297* 0.043 0.402* 0.034

Disease duration 
[months] –0.092 0.473 –0.094 0.771 –0.258 0.080 –0.242 0.215

Amenorrhoea [months] –0.232 0.067 –0.288 0.364 –0.183 0.218 –0.222 0.256

Amenorrhoea [months]/ 
/disease duration 
[months]

0.514* < 0.001 0.519 0.165 0.423* 0.003 0.681* < 0.001

Chemerin [ng/mL] 0.040 0.756 0.079 0.807 0.186 0.211 0.395* 0.038

OC [µg/L] 0.043 0.738 0.296 0.350 0.047 0.754 0.047 0.812

CTx [ng/L] 0.225 0.076 0.278 0.382 0.009 0.952 0.054 0.785

OPG [ng/L] –0.242 0.056 –0.474 0.120 –0.220 0.137 –0.015 0.940

sRANKL [ng/L] –0.163 0.202 –0.066 0.838 –0.045 0.764 –0.103 0.602

OPG/sRANKL 0.273* 0.030 0.780* 0.008 0.298* 0.042  0.398* 0.036

Z-score — the number of SD from age-matched subjects; SD — standard deviation; SDS — standard deviation score; BMI — body mass index; OC — osteocalcin; 
CTx — C-terminal telopeptide of type I collagen a1 chain; OPG — osteoprotegerin; sRANKL — soluble receptor activator of nuclear factor-kB ligand; 
*p < 0.05 — statistically significant correlation coefficients 
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rhoea was statistically different between normal and 
low BMD groups along with duration of illness (s-
BMD subgroups: R = 0.514, p < 0.001 and R = 0.519, 
p = 0.165; TB-BMD subgroups: R = 0.423, p = 0.003 
and 0.681, p < 0.001, respectively). Although values 
of correlation coefficients for the relationship between 
the normal and low s-BMD subgroups were similar, the 
relationship between them was significant due to the 
low number of patients in the low s-BMD subgroup 
(n = 12) compared to the normal s-BMD subgroup 
(n = 63). The low TB-BMD subgroup was the only one 
in which low TB-BMD values correlated significantly 
and positively with chemerin (R = 0.395, p = 0.036). 

Table 3 presents correlations between plasma levels 
of chemerin and clinical and anthropometric param-
eters as well as plasma levels of biochemical markers 
of bone turnover in subgroups of patients with AN 
according to DXA results. No significant correlations 
were observed between chemerin, clinical, and an-
thropometric parameters and biochemical markers 
of bone turnover in the normal s- and TB-BMD sub-
groups. In the low s-BMD subgroup chemerin levels 
correlated significantly and positively with weight and 
BMI expressed as absolute values and SDS (R = 0.717, 
p = 0.009 and R = 0.710, p = 0.010 as well as R = 0.850, 
p = 0.001 and R = 0.817, p < 0.001, respectively), Cole 
index (R = 0.849, p = 0.001), and the OPG/sRANKL 

ratio (R = 0.713, p = 0.009). In the low TB-BMD sub-
group chemerin levels correlated significantly and 
positively with weight and BMI expressed as absolute 
values (R = 0.488, p = 0.008 and R = 0.498, p = 0.007, 
respectively), Cole index (R = 0.397, p = 0.036), the 
duration of the disease (R = 0.395, p = 0.038), and 
the OPG/sRANKL ratio (R = 0.399, p = 0.035), while 
its correlation with age was significant and negative 
(R = –0.489, p = 0.008).

Discussion

As compared with normal-weight adolescents, girls 
with AN have lower levels of bone formation and 
resorption markers [4, 7, 8, 10, 16, 18, 19, 21–24, 52], 
suggestive of overall decreased bone accrual and a low 
remodelling state. In the present study, significant 
suppression of bone metabolism markers (OC, CTx) 
was associated with alterations in the levels of OPG, 
sRANKL, and/or the OPG/sRANKL ratio. Similarly to 
our previous investigations [18, 19, 22–24, 26, 27], the 
mean plasma sRANKL and OPG levels were significant-
ly higher in patients with AN while the OPG/sRANKL 
ratio was markedly lower compared to healthy partici-
pants. These changes might, in turn, impair the mecha-
nism compensating for bone remodelling disturbances 
and, in consequence, lead to loss of bone mass.

Table 3. Correlation between plasma chemerin, clinical and anthropometric parameters, and biochemical markers of bone 
turnover in subgroups of girls with anorexia nervosa (AN) and normal (Z-score > –2.0) and low (Z-score ≤ –2.0) bone mineral 
density of lumbar spine (s-BMD) and bone mineral density of total body (TB-BMD)

Variables
s-BMD TB-BMD

Normal Z-score > –2.0 
(n = 63) (84.0%)

Low Z-score ≤ –2.0
(n = 12) (16.0%)

Normal Z-score > –2.0 
(n = 47) (62.7%)

Low Z-score ≤ –2.0
(n = 28) (37.3%)

R p R p R p R p

Age [years] –0.056 0.663 0.467 0.126 –0.136 0.362 –0.489* 0.008

Heigh [m] –0.174 0.173 0.466 0.127 –0.255 0.084 0.340 0.077

Weight [kg] 0.022 0.864 0.717* 0.009 0.123 0.410 0.488* 0.008

Weight-SDS 0.159 0.213 0.710* 0.010 0.059 0.694 0.256 0.189

BMI [kg/m2] 0.120 0.349 0.850* 0.001 0.016 0.915 0.498* 0.007

BMI-SDS 0.183 0.151 0.817* < 0.001 0.125 0.402 0.318 0.099

Cole index (%) 0.128 0.317 0.849* 0.001 0.041 0.784 0.397* 0.036

Disease duration [months] 0.239 0.059 0.143 0.657 0.175 0.239 0.395* 0.038

Amenorrhoea [months] 0.100 0.436 0.029 0.929 0.079 0.598 0.083 0.675

OC [µmol/L] 0.119 0.353 –0.218 0.496 0.136 0.362 0.061 0.758

CTx [nmol/L] 0.076 0.554 0.450 0.142 0.079 0.598 0.154 0.434

OPG [pmol/L] 0.022 0.864 –0.217 0.498 –0.178 0.231 –0.029 0.883

sRANKL [pmol/L] 0.074 0.564 –0.183 0.569 –0.220 0.137 0.110 0.577

OPG/sRANKL 0.087 0.498  0.713* 0.009 0.032 0.831  0.399* 0.035

Z-score —number the of SD from age-matched subjects; SD — standard deviation; BMI — body mass index; SDS — standard deviation score; OC — osteocalcin; 
CTx — C-terminal telopeptide of type I collagen a1 chain; OPG — osteoprotegerin; sRANKL — soluble receptor activator of nuclear factor-kB ligand; 
*p < 0.05 — statistically significant correlation coefficients 
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Studies of bone status in adolescents with AN dem-
onstrated low BMD in about 6–32% of the patients [4–6, 
28–30]. The authors [5, 6, 9, 28–31, 33, 34, 52–54] are 
consistent that AN affects both trabecular and cortical 
bone compartments. However, some authors suggest 
that adolescent females with AN exhibit preferential 
loss of trabecular bone, which is more metabolically 
active and has a higher turnover rate. They conclude 
that the lumbar spine, which has a greater proportion 
of trabecular bone, tends to be more affected than 
the hip or total body. Conversely, other investigators 
suggest that cortical bone is more severely affected in 
adolescent girls with AN than trabecular bone [55, 56]. 
Oświęcimska et al. [57] concluded that cortical bone 
is more sensitive to undernutrition during puberty 
than trabecular bone. The presented results demon-
strate also that changes (D — between baseline and 
19.4 ± 5.6 months of follow-up) in s- and TB-BMD 
correlated significantly and positively with changes in 
weight, height, and bone specific alkaline phosphatase. 

In the present study in girls with AN, the mean BMD 
Z-score for lumbar spine was higher than for TB (–0.82 
and –1.63, respectively). Baseline low s- and TB-BMD Z-
scores were observed in 12/75 (16.0%) and 28/75 (37.3%) 
of the patients, respectively. Similar results were ob-
served in our earlier research [34]. Moreover, nutritional 
indices, OC, and the OPG/sRANKL ratio were lower 
while the duration of the disease was longer in low s- 
and TB-BMD. The Z-score values in the low TB-BMD 
subgroup and normal s- and TB-BMD subgroups cor-
related significantly and positively with nutritional 
indices. Major differences between examined variables 
and more pronounced correlations were generally ob-
served in low BMD than in the normal BMD subgroups, 
and in TB-BMD than in s-BMD subgroups. However, in 
the low BMD subgroups these dependencies were not 
always significant due to the low number of patients 
(especially in the low s-BMD subgroup). The obtained 
results confirm previous observations [18, 19, 21–24, 52, 
57] that undernutrition-related deficit of adipose tissue 
may result in inadequate values of biochemical markers 
of bone turnover (especially OC) in AN patients and 
indicates that the OPG/RANKL ratio is an important 
determinant of these alteration. Consequently, it may 
contribute to loss of bone mass. It should also be em-
phasized that the presented results confirm our earlier 
observation [34] that BMD differs depending on the 
examined skeletal area in adolescent girls with AN. 
Cortical bone is more severely affected than trabecular 
bone. It is consistent with other reports, which indi-
cated that AN onset at a younger age mostly affects the 
development or maintenance of cortical bone [31, 33]. 
Other authors [58, 59] also observed that in girls with 
AN, cortical bone was more often affected. Seeman et 

al. [60] observed that patients with prepubertal onset 
of AN had bone deficits in vertebral and femoral areas 
whereas patients with adult onset showed bone loss 
mostly in vertebral areas. Therefore, AN affects differ-
ent regions at different ages depending on the stage 
of bone growth and development; before puberty ap-
pendicular growth is more rapid than axial, whereas 
during puberty appendicular growth slows and axial 
growth accelerates. 

Several human studies, including especially studies 
in adolescents with AN, have suggested that a majority 
of adipokines [14–18, 23, 24, 27, 36–38, 40–46], and may-
be also chemerin [16, 36, 38, 40, 42, 44], have a relation-
ship with osteoporosis and BMD. In vitro data provide 
evidence that chemerin is negatively associated with 
bone metabolism; knockdown of the chemerin gene 
in bone stromal cells resulted in an increase in osteo-
blast marker gene expression and mineralization [36]. 
Neutralization of chemerin resulted in a near-complete 
loss of osteoclastogenesis, shown by reduced osteoclast 
marker gene expression, and resorption [38]. The rela-
tionship between chemerin and BMD or broadband ul-
trasound attenuation (BUA) was also studied in humans 
[40–46], but the results are not always unequivocal. In 
a study by He et al. [40], patients with osteoporosis had 
higher serum levels of chemerin compared to healthy 
controls. Furthermore, chemerin had a negative effect 
on femoral and lumbar spine BMD assessed by DXA in 
patients with osteoporosis and healthy controls. How-
ever, after adjustment for age and BMI, the correlation 
between osteoporosis and chemerin disappeared. Shi 
et al. [44] reported an inverse association between 
chemerin and s-BMD in obese women with postmeno-
pausal osteoporosis. However, contrary to the study by 
He et al. [40], the correlation between serum chemerin 
and bone-related parameters remained significant even 
after adjustment for age, BMI, and fat mass parameters 
[44]. Terzoudis et al. [45] observed that chemerin levels 
were increased in patients with bowel disease compared 
to healthy participants, and they were positively as-
sociated with the development of osteoporosis. Li et 
al. [46] showed that chemerin levels were increased 
while BMD was decreased in patients with newly 
diagnosed Graves’ disease (GD) compared with the 
control group. Furthermore, chemerin was positively 
correlated with CTx and negatively with fat mass and 
fat mass index. A negative correlation was also revealed 
between chemerin and BMD. After adjusting for age, 
fat mass, or BMI, the correlation of chemerin with BMD 
remained significant, which indicates that the decrease 
of BMD in patients with GD is not only related to the 
direct or indirect effect of excessive thyroid hormones 
but also to the negative regulation of bone metabolism 
due to the elevated chemerin level. Other authors [42] 
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presented an inverse association between chemerin and 
bone quality assessed by BUA in peri/premenopausal 
women. The authors suggest that high chemerin levels 
may minimize the peak bone mass and thereby promote 
age-related bone loss. Kadric et al. [41] revealed an in-
verse association between chemerin levels and bone 
quality assessed by BUA in adults from the general pop-
ulation. This association, only seen in obese participants, 
was dependent on the subjects’ BMI, and might have 
been due to a chemerin-induced negative effect on bone 
metabolism. Contrary to above-mentioned authors, 
Engin-Ustum et al. [43] showed that chemerin levels 
were decreased in patients with osteoporosis compared 
to the control participants. Although these data were 
partly conflicting, they generally indicated that, along 
with other adipokines [14–18, 23, 24, 27], chemerin may 
also act as a regulator of bone mass [36–46]. 

Only a few studies have investigated serum 
chemerin levels in patients with AN, the disease be-
ing recognized as a good biological model of chronic 
adipose tissue atrophy and a disorder of energy me-
tabolism. Plasma chemerin levels present opposite 
changes in children and adolescents with obesity and 
anorexia nervosa, suggesting that chemerin is a good 
marker of nutritional status [47]. Our previous study 
[48] demonstrated a decrease in serum chemerin levels 
in adolescent girls with AN compared to age-matched 
healthy and obese subjects. However, after adjusting 
for BMI, serum chemerin levels in the AN group were 
significantly lower than those of healthy controls but 
statistically higher than in the obese group. Significant 
positive correlations were observed between serum 
chemerin and body weight, BMI, and Cole’s index in 
all examined participants, while no such correlations 
were revealed in individual groups. A significant posi-
tive relationship between serum chemerin and insulin 
levels was also found in all examined subjects. These 
findings indicate that chemerin is strongly associated 
with nutritional status in adolescent girls with AN. 
After adjustment for BMI, lower chemerin levels may 
result from the loss of body weight caused by nutrition 
restrictions and/or intensive physical effort in AN and 
compensatory mechanisms preventing further adipose 
tissue expansion, metabolic dysfunction, and insulin 
resistance in obesity [48]. 

To the best of our knowledge, there are no reports 
on the relationship between chemerin and skeletal 
status in girls with AN; therefore, we carried out 
a comparative analysis between chemerin, clinical and 
anthropometric parameters, as well as biochemical 
markers of bone turnover in girls with AN and normal 
s- and TB-BMD Z-score with those in girls with AN 
and low s- and TB-BMD Z-score values. The present 
study confirms earlier observations [48] that the mean 

chemerin level was lower in girls with AN compared 
to that in the control group. The obtained results also 
confirm the previously formulated hypothesis that 
undernutrition may affect chemerin production in 
patients with AN [48]. Our results have also shown 
that chemerin acts as a coordinator of the dynamic 
balance between bone formation and resorption 
processes. Moreover, desynchronization between 
bone remodelling and the RANKL/RANK/OPG 
system was observed, which can lead to changes in 
bone mass during adolescence. Higher values of cor-
relation coefficients between the above-mentioned 
relationships were generally observed in subgroups 
of patients with low BMD, compared to those with 
normal BMD. Furthermore, cortical bone sites were 
more severely responsive to chemerin than sites of 
trabecular bone. Therefore, we concluded that the 
effect of chemerin on skeletal status depends not only 
on the degree of undernutrition and adipose tissue 
deficit but also on the sensitivity of the DXA-scanned 
area to this adipokine. 

Certain differences in the obtained results regarding 
the relationship between chemerin and skeletal status 
in humans (children, adolescents, and adult subjects 
suffering from AN) might be associated with some in-
terference from endogenous factors the levels of which 
are severely altered in patients with AN (including oes-
trogens, glucocorticoids, parathyroid hormone, thyroid 
hormones, vitamin D, adipokines other than chemerin, 
as well as cytokines) [2–6, 11–14, 16, 18–20, 23, 24, 27, 
61–71]. Some of these can modulate chemerin produc-
tion or are modulated by chemerin [15–20, 61–71]. 
They may also have a direct or RANKL/RANK/OPG 
system-mediated effect on the balance between bone 
formation and resorption processes. An indirect influ-
ence of chemerin on bone metabolism should be taken 
into consideration, e.g. via its effect on the secretion of 
several osteotropic factors including proinflammatory 
cytokines, such as IL-1, IL-6, TNF-a, IL-11, IL-15 [19, 20, 
68–65, 70], or adipokines [15–17, 61, 67, 69, 71].  

The limitations of our study must be mentioned. 
First, due to the absence of a control group, we could 
not compare the BMD of the AN group with that of 
healthy participants. It is because parents or caregivers 
of the control group did not agree for a DXA examina-
tion. Second, the low number of participants in the 
low s-BMD subgroup hindered some of the statistical 
analysis. However, because the impact of chemerin 
on bone health of adolescent girls suffering from AN 
has not been explored previously, we believe that our 
study will serve as a basis for future investigation in this 
field. Confirmation by other population-based studies 
is necessary to prove the accuracy and the strength of 
our results.
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Conclusions

Undernutrition may result in inadequate chemerin 
production and skeletal disorders in girls with AN.

Chemerin acts as a coordinator of the dynamic bal-
ance between bone remodelling and the OPG/RANKL 
ratio in adolescent girls with AN; consequently, it may 
contribute to bone mass loss.

Cortical bone sites seem to be more severely respon-
sive to chemerin actions than trabecular bone sites.
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