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ABSTRACT
Aims: Osteoporosis is a common disease that affects mostly women and has been associated with the immune system. The aims of this study 
were to evaluate the serum levels of inflammatory cytokines in women with postmenopausal osteoporosis and to investigate their relationship 
with clinical and laboratory parameters.
Methods: This study recruited patients with postmenopausal osteoporosis (osteoporosis group) and non-osteoporotic postmenopausal women 
(control group) matched for age. All patients and controls had their bone mineral density measured for the diagnosis of osteoporosis and 
answered a clinical questionnaire. Blood samples were collected for cytokine measurements. Cytokines IFN-γ, IL-1β, IL-6, IL-8, IL-9, IL-10, 
IL-17A, IL-22, IL-27, IL-29, IL-35, and TNF-α were measured by an enzyme-linked immunosorbent assay.
Results: Twenty-nine out of the 52 (55.8%) postmenopausal osteoporosis patients showed high levels of IL-8, while no patients from the control 
group (n=21) showed IL-8 values above the detection limit (p<0.0001). Higher levels of IFN-γ and IL-35 were associated with the control group, 
with p values of 0.0053 and 0.0214, respectively. In the osteoporosis group, IFN-γ was correlated with longer duration of smoking (p=0.003), 
IFN-γ and IL-6 were correlated with higher age at menarche (p=0.0454 and p=0.0380), IL-22 was correlated with duration of menopause 
(p=0.0289) and IL-9 with calcium intake (p=0.019). The other cytokines showed no association or correlation with clinical parameters. 
Conclusions: IL-8 was elevated in the serum of patients with postmenopausal osteoporosis, perhaps because it may trigger osteoclast activation 
and bone wear in osteoporosis. Higher levels of IFN-γ, IL-6, IL-9, IL-22, IL-27, and IL-35 were also associated with the osteoporosis group 
patients and showed significant correlation with clinical parameters in postmenopausal osteoporosis.
KEY WORDS: interleukins; age-related osteoporosis; osteoporosis, postmenopausal; vitamin D; bone density.

RESUMO
Objetivos: A osteoporose é uma doença comum, que afeta principalmente as mulheres e tem sido associada com o sistema imune. Este estudo 
objetivou avaliar níveis séricos de citocinas inflamatórias em mulheres pós-menopáusicas com osteoporose, assim como investigar as suas 
relações com parâmetros clínicos e laboratoriais. 
Métodos: Este estudo recrutou pacientes com osteoporose pós-menopausa e voluntárias sem a doença, pareadas por idade. Todas as pacientes 
do grupo com osteoporose e as integrantes do grupo controle passaram pelo exame de mensuração de densidade óssea para diagnosticar a 
doença e todas responderam a um questionário clínico. Amostras de sangue foram coletadas para as dosagens séricas. As citocinas IFN-γ, 
IL-1β, IL-6, IL-8, IL-9, IL-10, IL-17A, IL-22, IL-27, IL-29, IL-35 e TNF-α foram dosadas por ensaio imunoenzimático.
Resultados: Vinte e nove entre as 52 (55,8%) pacientes com osteoporose pós-menopausa mostraram altos níveis de IL-8, enquanto nenhuma 
integrante do grupo controle teve valores de IL-8 acima do nível de detecção do kit (p<0,0001). Altos níveis de IFN-γ and IL-35 foram 
associados ao grupo controle, com valores de p de 0,0053 and 0,0214 respectivamente. No grupo osteoporose, IFN-γ mostrou correlação com o 
tempo de duração do tabagismo (p=0,003). IFN-γ e IL-6 foram correlacionadas com a idade de ocorrência da menarca (p=0,0454 e p=0,0380). 
A citocina IL-22 correlacionou-se com a duração da menopausa (p=0,0289), e a IL-9 com a ingestão de mais cálcio na dieta (p=0,019). As 
outras citocinas dosadas não mostraram associações ou correlações com os parâmetros clínicos.
Conclusões: A IL-8 mostrou-se elevada no soro das pacientes com osteoporose pós-menopausa, talvez por atuar como um gatilho para a 
ativação dos osteoclastos e desgaste ósseo que ocorre na osteoporose. Níveis mais altos de IFN-γ, IL-6, IL-9, IL-22, IL-27 e IL-35 também 
estiveram presentes no soro das pacientes do grupo osteoporose e mostraram associações significativas com os parâmetros clínicos na 
osteoporose pós-menopausa. 
DESCRITORES: interleucinas; osteoporose relacionada à idade; osteoporose pós-menopausa; vitamina D; densidade óssea.
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Abbreviations: CG, control group; OG, osteoporosis group; 
IL, interleukin; OPG, osteoprotegerin; RANK, receptor activator 
of nuclear factor κ B; RANKL, receptor activator of nuclear 
factor κ B ligand; TNF, tumor necrosis factor; IFN, interferon; 
DEXA, dual-energy x-ray absorptiometry.

INTRODUCTION

Osteoporosis is a skeletal condition that affects 
millions of people around the world. It is characterized 
by low bone mass, which is associated with reduced 
bone strength and with an increased risk of fractures [1]. 
Osteoporosis remains an underdiagnosed disease 
in many countries, and about nine million people 
worldwide are diagnosed with it each year after 
suffering osteoporotic fractures [2]. Fractures can 
result in poor quality of life, long hospital stays, and 
higher mortality, thus being costly both to the patient 
and to the healthcare system [3].

Recent studies have linked osteoporosis to the 
immune system, and osteoimmunology is now 
recognized as a new area of study. Studies show 
that bone wear can be worsened by the activation of 
T cells at the site of excavation [4]. This action can 
be consolidated with the role of receptor activator 
of nuclear factor kappa B (RANK) and interferon-
gamma (IFN-γ) in the increase of bone destruction 
and/or activation of other cells, such as fibroblasts, that 
secrete RANK [5]. However, osteoclasts, influenced by 
pro-inflammatory cytokines and anti-osteoclastogenic 
cytokines, can suppress such activity. This regulation is 
important in pathological control of the immune system 
once the production of pro-inflammatory cytokines 
is exacerbated [6]. In addition, transcription factors, 
signaling molecules, and receptors are involved in this 
microenvironment [7]. 

Epidemiological studies have identified a higher 
incidence of osteoporosis in some inflammatory 
conditions, and cytokines and molecular mediators, 
such as receptor activator of nuclear factor kappa B 
ligand (RANKL), osteoprotegerin (OPG), interleukin 
(IL)-1, IL-6, tumor necrosis factor (TNF)-α, interferon 
(IFN)-γ and macrophage colony-stimulating factor 
(M-CSF), have been implicated in bone remodeling and, 
consequently, in the pathogenesis of osteoporosis [8]. 
They have been described as the main factors involved 
in bone wear [8].

Studies on involvement of osteoporosis with the 
immune system could shed further light upon this 
condition. The present study aimed to evaluate the 
serum levels of IFN-γ, IL-1β, IL-6, IL-8, IL-9, IL-10, 

IL-17A, IL-22, IL-27, IL-29, IL-35, and TNF-α in 
postmenopausal Brazilian women diagnosed with 
osteoporosis and to investigate their relationships with 
clinical and laboratory parameters.

METHODS

Study population

Postmenopausal volunteers were recruited by 
convenience sampling from the Rheumatology Division 
of the Clinical Hospital of the Federal University of 
Pernambuco (Recife, Brazil). The osteoporosis group 
(OG) included patients whose diagnosis was confirmed 
by dual-energy X-ray absorptiometry (DEXA). The 
control group (CG), however, included postmenopausal 
volunteers in the same age range, but not diagnosed 
with osteoporosis.

The following exclusion criteria were used: 
hysterectomy; presence of immune-mediated disease; 
immunodeficiency; use of immunosuppressive drugs; 
bone metabolic diseases; and cancer. Those patients 
with bone mineral density below 18 were also 
excluded as very low densities are usually due to other 
pathological processes. 

All subjects signed a consent form, which clarified 
the participation in this study. The study protocol 
(no. 31631/12) was approved by the Research Ethics 
Committee of the Federal University of Pernambuco. 

Diagnosis of osteoporosis

Radiographs of the spine and hip detected any 
fracture risk. Bone mineral density measured by DEXA 
was used to diagnose osteoporosis, following the 
World Health Organization criteria [9]. Patients were 
assigned to the OG or CG based on DEXA results. 
Lumbar spine, proximal femur, and distal radius were 
examined.

Study sample

After clinical evaluation, blood samples were 
collected (6 mL) and centrifuged, and the serum 
was stored at -80 ºC until it could be tested. The 
clinical parameters of postmenopausal patients with 
osteoporosis are summarized in Table 1.

Cytokine measurement

Serum cytokines were analyzed using an enzyme-
linked immunosorbent assay (ELISA) sandwich 
kit (Ebioscience, San Diego, CA, USA, and BD 
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Biosciences, San Diego, CA, USA), according to the 
manufacturer’s instructions. First, ELISA plates were 
sensitized with a capture antibody and blocked with 
2% bovine serum albumin. The samples were placed in 
the ELISA’s plate after the standard curve. Afterwards,  
the detection antibody was added (jointly or not 
with peroxidase, depending on the manufacturer’s 
kit). The substrate solution was added and the stop 
solution blocked the reaction in the end. ELISA plates 
were read at 450 nm and 570 nm (EL808, Biotek, 
Winooski, VT, USA). The lower limit of detection for 
the ELISA was 62.5 pg/mL for IL-27; 15.62 pg/mL for 
IL-22 and TNF-α; 7.81 pg/mL for IL-29; 4.68 pg/mL 
for IL-6, IL-10, and IFN-γ; 3.9 pg/mL for IL-1β and 
IL-17A; 1.95 pg/mL for IL-8; 0.78 pg/mL for IL-9 and 
IL-35.

Measurement of 25-hydroxyvitamin D3 
(vitamin D) serum levels

Vitamin D levels were determined by chemi- 
luminescent immunoassay (CLIA) (LIAISON, 

DiaSorin Inc., Atlanta, GA, USA). Normal vitamin D 
serum levels were defined as >30 ng/mL, whereas 
values equal to 10-30 ng/mL and <10 ng/mL were 
regarded as insufficient and deficient, respectively. 
Values above 100 ng/mL were considered to be  
toxic [10].

Statistical analysis

The median, maximum, and minimum were 
calculated for nonparametric data analysis, and the 
mean and standard error of the mean were used for 
normal distribution. The D’Agostino K-squared test 
was used to assess normal distribution. Cytokine 
measurements are presented as median, maximum, 
and minimum. The Mann-Whitney U test was used to 
compare nonparametric data (ordinal and unpaired) 
between two groups. The Kruskal-Wallis test was 
employed for the comparison of three or more groups. 
The chi-square test was used for nominal variables 
with three or more unpaired groups. Pearson’s 
correlation coefficient and linear regression were 
used to assess the association and/or correlation of 
cytokines and clinical parameters in parametric data. 
Spearman’s rank correlation coefficient was used for 
nonparametric data, and its strength (R²) was as follows: 
0 < R² ≤ 0.35 = weak correlation; 0.35 <R² ≤ 0.67 = 
moderate correlation; 0.67 < R² ≤1 = strong correlation. 
Sensitivity and specificity tests were performed, using 
DEXA results as gold standard.

All statistical analyses were made using the 
GraphPad Prism 6.01 software and a significance level 
of 5%.

RESULTS

The sample consisted of 73 volunteers, 52 with 
postmenopausal osteoporosis (OG) and 21 age-
matched postmenopausal women without osteoporosis 
(CG). The median age was 59 years (minimum 52, 
maximum 68 years) in the OG and 58 years (minimum 
50, maximum 66 years) in the CG.

Thirty-one patients in the OG had low levels 
of vitamin D. Insufficient levels were found in 17 
patients and 14 had vitamin D deficiency. Only 
five patients had serum calcium levels below the 
reference values. Parathyroid hormone levels were 
elevated in six patients, but had no correlation with 
hypocalcemia. The levels of vitamin D, parathormone, 
and calcium were classified as normal, insufficient, 
or overexpressed according to test references 
(Table 1). 

Table 1. Demographic, clinical, and laboratory parameters 
of 52 women with postmenopausal osteoporosis included in 
the osteoporosis group. 

Clinical Parameters Mean (minimum and maximum)

Age at menarche, years 14 (9-18)

Years since menopause, years 13 (3-31)

Body mass index 26.5 (18-34.4)

Obesity (n) 12

Smoking (n) 19

Smoking duration, years 8.28 (0.1-45)

Bone mineral density, g/cm2

Femoral neck 
Lumbar spine 

0.765 (0.596-0.989)
0.796 (0.553-0.953)

Site of osteoporosis
Femoral neck (n)
Lumbar spine (n)

6
48

Osteoporotic fractures 1

Treatment 
Vitamin D supplementation (n)
Calcium supplementation (n)
Bisphosphonates (n)

27
30
31

Laboratory parameters Median (minimum and maximum)

Vitamin D (ng/mL) 28.1 (13.1-49.9)

Calcium (mg/dL) 9.7 (7.5-11.7)

Parathormone (pg/mL) 58.6 (17.9-126.0)

Treatment 
Vitamin D supplementation n (%)
Calcium supplementation n (%)
Bisphosphonates n (%)

27 (51.9%)
30 (57.6%)
31 (59.6%)



Sci Med. 2016;26(3):ID23399 4/7

Original article Cardoso  PRG et al. – Cytokine measurements in Brazilian postmenopausal ...

IL-8 had significantly higher levels in the OG, 
a specificity of 100%, and a sensitivity of 56% for 
the presence of osteoporosis. Twenty-nine out of 
52 (55.8%) postmenopausal osteoporosis patients 
showed positive levels of IL-8. No patients from the 
CG showed IL-8 values above the detection limit 
(p<0.0001) (Figure 1).

Higher levels of IFN-γ and IL-35 were associated 
with the CG, with p values of 0.0053 and 0.0214, 
respectively (Figures 2 and 3). IL-1β, IL-6, IL-9, 
IL-10, IL-17A, IL-22, IL-27, IL-29, and TNF-α were 
not associated with osteoporosis.

In addition, the relationships between the values   
obtained from serum cytokine and clinical parameters 
present in the OG were analyzed. IFN-γ and IL-6 were 
higher in patients with delayed menarche. IFN-γ was 
also correlated with smoking duration. Patients with 
longer smoking history had higher levels of IFN-γ. 
IL-27 was lower in patients with early menarche. 
Levels of IL-22 were inversely correlated with the 
duration of menopause (higher in patients who had a 
brief menopause). Daily calcium intake was correlated 
with IL-9. IL-1β, IL-10, IL-17A, IL-29, and TNF-α 
were not associated or correlated with the analyzed 
parameters (Table 2).

DISCUSSION

This study aimed to detect circulating cytokine 
levels in the serum of postmenopausal osteoporosis 
patients. High levels of IL-8 were found in 
postmenopausal osteoporosis patients. This is new 
and important information since, to our knowledge, 
no studies have shown an association of this cytokine 
with postmenopausal osteoporosis.

IL-8 has been described as being responsible for 
neutrophil chemotaxis and degranulation [14]. IL-8 
has also already been reported in many diseases such 
as cancer and rheumatoid arthritis [15]. Yet, there are 
no studies on the association of IL-8 with bone wear 
in osteoporosis.

There is still no serum biomarker for postmenopausal 
osteoporosis that could identify it or even prevent 
it. The diagnosis is made primarily by bone density 
measurements or by the presence of bone fracture [12]. 
About 20 years ago, the association of the T-score 
obtained by bone density represented a landmark in 
the diagnosis of osteoporotic damage. Therefore, in 
the past, if there was any risk of fractures because of 
bone fragility, bisphosphonate therapy was initiated 
immediately in premenopausal or postmenopausal 
osteoporosis patients [13].

Figure 1. Interleukin (IL)-8 serum levels in the postmenopausal 
osteoporosis group (OG) and in the control group (CG). IL-8 
levels were significantly higher in the OG (Mann-Whitney test).

Figure 2. Interferon-γ (IFN-γ) serum levels in the postmenopausal 
osteoporosis group (OG) and in the control group (CG). IFN-γ 
levels were significantly higher in the CG (Mann-Whitney test).

Figure 3. Interleukin (IL)-35 serum levels in the postmenopausal 
osteoporosis group (OG) and in the control group (CG). IL-35 
levels were significantly higher in the CG (Mann-Whitney test).
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There are many current studies linking osteoporosis 
to vitamin D and estrogen. Nevertheless, few studies 
have been conducted to elucidate the relationships 
of the immune system with the clinical parameters 
of osteoporosis [4]. Some factors encourage the 
uncoupling of osteoblastic and osteoclastic activities, 
such as RANK/RANKL/OPG, but little is known 
about inflammatory factors involved in this process. 
In inflammatory rheumatic diseases, the situation is 
worsened by the production of inflammatory cytokines 
such as TNF-α, IL-17A, IL-6 and, more recently, 
IL-22 [11]. The present study aimed to investigate 
serum levels of cytokines and to correlate them with 
clinical and laboratory parameters of postmenopausal 
osteoporosis.

Delayed menarche is a risk factor for the 
development of osteoporosis. Some studies indicate 
that the onset of menarche after the age of 13 years is 
an aggravating factor for osteoporosis [17]. Our study 
shows that 23 patients had their menarche before or up 
to 13 years. On the other hand, 29 patients had their 
menarche after 14 years of age. This factor may be the 
major reason for the elevated cytokine levels. Patients 
with delayed menarche showed high levels of IFN-γ 
and IL-6 and low levels of IL-27. 

IL-27 belongs to the IL-12 family [18] and is 
associated with osteosarcoma. By contrast, a recent 
study found that IL-27 could be beneficial by inhibiting 
osteoclastogenesis [19]. This study corroborates the 
findings of other ones that consider IL-27 to be an 
anti-inflammatory factor [20] and a possible positive 

inflammatory regulator in arthritis [21], multiple 
sclerosis [22], and even cancer [23]. IL-27 is a cytokine 
that probably acts in the regulation of bone homeostasis. 
This cytokine is responsible for decreasing bone 
degradation by suppressing the expression of RANK 
precursors (e.g., NFATc1) [24]. Therefore, it is possible 
to suggest that IL-27 makes an important contribution, 
with a positive balance regarding cytokine-mediated 
inflammatory diseases (e.g., osteoporosis). Thus, 
further research is needed to clarify the role of this 
cytokine. 

The results of this study revealed some interesting 
correlations and associations between serum levels of 
cytokines and the clinical criteria for postmenopausal 
osteoporosis. There were correlation of IFN-γ and 
IL-6 with delayed menarche and of IL-27 with early 
menarche. 

The results have also shown an inverse correlation 
of IL-22 with the duration of menopause. IL-22 was 
higher in patients with a brief duration of menopause. 
Academic data on similar correlations were not 
found. IL-22 serum levels have been correlated with 
rheumatoid arthritis [25], squamous cell lesions [26], 
and systemic lupus erythematosus [27]. IL-22 is a 
pleiotropic cytokine of the IL-10 family and therefore 
acts as an anti-inflammatory or pro-inflammatory 
cytokine [28]. It has been reported that the greater 
the duration of menopause, the more estrogen is 
produced, with a gradual, but not abrupt, decline [29]. 
The production of IL-22 could be an escape from 
the gradual decay of this hormone. Thus, IL-22 

Cytokine

Clinical Parameters – p values

Age Age at 
menarche

Peri- 
menopause

Duration of 
menopause

Cigarettes/ 
day

Smoking 
duration

Physical 
activity

Calcium 
supplement BMI

DEXA by site
Serum 

calcium PTH Vitamin 
DLumbar 

spine Femur

Statistical Test PC PC PC SC PC PC PC PC PC MT KT PC PC PC

IFN-γ 0.750   0.045* 0.161 0.171 0.718   0.003* 0.555 0.984 0.155 0.960 0.960 0.679 0.326 0.883

IL-1β 0.494 0.336 0.419 0.828 0.283 0.492 0.950 0.260 0.623 0.999 0.613 0.694 0.979 0.915

IL-6 0.602   0.038* 0.858 0.860 0.576 0.970 0.541 0.278 0.832 0.063 0.626 0.131 0.730 0.882

IL-8 0.812 0.683 0.050 0.175 0.470 0.523 0.488 0.264 0.728 0.222 0.520 0.274 0.727 0.680

IL-9 0.391 0.324 0.298 0.171 0.865 0.234 0.555   0.019* 0.291 0.999 0.629 0.976 0.513 0.356

IL-10 0.632 0.744 0.657 0.796 0.572 0.117 0.181 0.356 0.351 0.675 0.330 0.882 0.311 0.366

IL-22 0.240 0.453 0.268   0.028† 0.621 0.354 0.278 0.895 0.316 0.220 0.813 0.803 0.592 0.954

IL-27 0.779   0.006† 0.983 0.859 0.444 0.742 0.167 0.325 0.875 0.562 0.140 0.753 0.722 0.651

IL-29 0.822 0.857 0.777 0.765 0.719 0.176 0.446 0.179 0.246 0.671 0.902 0.810 0.668 0.502

TNF-α 0.879 0.366 0.627 0.812 0.387 0.614 0.641 0.908 0.485 0.367 0.460 0.730 0.527 0.148

Table 2. Relationships (correlations or associations) between serum cytokine levels and clinical and laboratory parameters in 
52 patients with postmenopausal osteoporosis (osteoporosis group).

BMI, body mass index; PTH, parathormone; IL, interleukin; IFN, interferon; TNF, tumor necrosis factor.
Statistical tests: PC, Pearson’s correlation; SC, Spearman’s correlation; MT, Mann-Whitney test, KT: Kruskal-Wallis test.
* Positive correlation;  † Negative correlation.
IL-17A and IL-35 had no correlation or association with clinical parameters.
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can regulate the bone system in the presence of low 
estrogen levels in menopausal women. There was 
no other association or correlation of IL-22 with 
postmenopausal osteoporosis. 

In conclusion, patients with postmenopausal 
osteoporosis had significantly high levels of IL-8 
when compared to the CG, among whom none had 
IL-8 levels above the detection limit. Higher levels 

of IFN-γ and IL-35 were associated with the CG. In 
the OG, IFN-γ and IL-6 were correlated with delayed 
menarche and IL-27 was higher in patients who had 
an early menarche. IL-22 was higher in patients who 
had a brief menopause. Further studies are needed to 
elucidate how important these circulating cytokines 
are, particularly IL-8, and to clarify their relationship 
with postmenopausal osteoporosis.
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