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Abstract

Introduction: During menopause, when estrogen levels fall, inflammatory cytokines such are activated and predispose wo-

men to osteoporosis.

Objectives: This study aimed to compare inflammatory markers between 50-65-year-old postmenopausal women with os-

teoporosis and normal bone mineral density (BMD).

Materials and Methods: This was a cross-sectional study conducted in health centers of Tabriz, northwest Iran. Of 850 ran-

domly-selected eligible postmenopausal women, 100 women with normal BMD and 101 peers with osteoporosis (diagnosed
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based on dual-energy X-ray absorptiometry after ruling out other secondary causes) were included in the study. Data collec-

tion tools included questionnaires for gathering demographic, anthropometric, and physical activity data. Interleukin-6, TN-

F-α, and high sensitivity C-reactive protein (hs-CRP) were measured by biochemical methods. The data were analyzed by

SPSS-21 software using descriptive and analytical statistics, including the independent t-test, Chi-square test, Fisher’s exact

test, Mann-Whitney, and binary logistic regression.

Results: There were significant differences between the two groups in terms of age, menopausal age, body mass index, and

education level (p<0.005). Also, serum levels of TNF-α (p=0.026) and hs-CRP (p<0.001) were significantly different be-

tween the two groups. However, the results of logistic regression analysis adjusted for the confounders showed that the eleva-

tion of only hs-CRP could significantly increase the risk of osteoporosis (OR (95% CI)= 42.41 (12.66-142.3), p<0.001).

Conclusions: An elevated serum level of hs-CRP was a sensitive marker of increased risk of osteoporosis. Due to the fact

that hs-CRP provides an exact and cost-effective test, it can be used for timely screen and prevent osteoporosis in postmeno-

pausal women.
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Introduction

Osteoporosis is  a skeletal  disease characterized by

low bone mass and weakened and damaged tissue structure

[1]. Osteoporosis is also one of the most common metabolic

bone diseases, and it is characteristically associated with de-

creased bone strength, predisposing patients to fracture [2].

About 10% of the world’s population and 30% of postmeno-

pausal  women  suffer  from  osteoporosis.  This  rate  is  about

32% in Iran, presenting a prevalence close to the global aver-

age. It has been estimated that about 10 million Iranians suf-

fer  from this  disease,  and 34 million people in the country

show low bone density and are at a high risk of osteoporosis

[3].

Unlike many other chronic diseases that have mul-

tiple signs and symptoms, osteoporosis remains silent until

a fracture occurs [4]. The clinical significance of osteoporo-

sis lies in the risk of bone fractures. According to the Inter-

national  Osteoporosis  Association,  osteoporotic  fractures

will comprise more than 50% of all bone fractures occurring

in  East  and  Southeast  Asia  by  2050  [5].  Menopause  fol-

lowed  by  decreased  levels  of  sex  steroid  hormones  is  the

main cause of osteoporosis in women [6].

Also,  estrogen  levels  decline  during  menopause,

followed  by  the  activation  of  inflammatory  cytokines  such

as  IL-6  and  TNF-α,  which  lay  the  groundwork  for  osteo-

porosis  [7].  Cytokines  are  important  regulators  of  bone

metabolism. Interleukin-6 seems to be a potent osteoporot-

ic cytokine with important roles in increasing bone resorp-

tion  and  activation  of  osteoclasts.  This  cytokine,  which  is

produced by monocytes, is one of the most important medi-

ators associated with metabolic bone diseases, including os-

teoporosis. Tumor necrosis factor-α, a cytokine naturally in-

volved  in  inflammatory  and  immune  responses,  is  mainly

produced  by  innate  immune  cells  such  as  macrophages.

This mediator can promote osteoporosis by inducing the ex-

pansion and activation of osteoclasts [8]. C-reactive protein

is  also an acute phase protein that increases in response to

tissue damage, inflammation, and infections. This protein is

synthesized  in  the  liver  in  response  to  the  factors  released

by adipocytes. During the first 6 to 8 hours of infection, the

hs-CRP level rapidly rises, inducing the release of free radi-

cals  and augmenting the  activity  of  phagocytes,  paving the

way  for  osteoporosis  [9].  Inflammatory  mediators  shrink

bone mass by increasing the rate of apoptosis in osteocytes;

however,  further  studies  are  recommended  to  disclose  the

molecular  and cellular  mechanisms that  link inflammatory

factors to bone metabolism [10].

Despite the increase of inflammatory mediators af-

ter  menopause,  a  few studies  have  been  conducted  in  Iran

aiming  to  investigate  inflammatory  factors  in  postmeno-

pausal  women  with  osteoporosis.  So,  this  study  was  per-

formed  to  compare  inflammatory  factors  between  post-
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menopausal women with osteoporosis and women with nor-

mal bone density in Tabriz, northwest Iran. This study can

enrich  our  knowledge  about  the  relationship  between  in-

flammation and osteoporosis and help prevent and control

osteoporosis by modifying the lifestyle.

Materials and Methods

Study design and participants

This was a descriptive cross-sectional case-control

study.  The  study  population  included  all  postmenopausal

women  who  had  an  electronic  file  in  the  health  centers  of

Tabriz.  Among  850  eligible  postmenopausal  women  who

were randomly selected, 100 women with normal bone den-

sity and 101 women with osteoporosis (diagnosed based on

dual-energy X-ray absorptiometry after ruling out other se-

condary causes of osteoporosis) entered the study.

Inclusion  criteria:  Postmenopausal  women  aged

50  to  65  years  living  in  Tabriz,  having  no  menstrual  cycle

for at least 12 consecutive months, no history of pathologi-

cal fractures in the last 10 years, the ability to communicate

verbally to answer questions, receiving no hormone therapy

during  the  recent  last  year,  and  reaching  menopause  after

the age of 40 years were regarded as for inclusion criteria.

Exclusion criteria  were  the  diagnosis  of  bone dis-

eases other than osteoporosis diagnosed by an endocrinolo-

gist,  suffering  from  hereditary  diseases  (hemophilia,  tha-

lassemia,  and  hemochromatosis),  endocrine  disorders

(Cushing’s  syndrome,  hyperthyroidism,  renal  failure  and

diseases, type 1 diabetes, and primary hyperparathyroidism)

confirmed  by  an  endocrinologist,  hepato-gastrointestinal

diseases  (chronic  liver  diseases  such as  primary biliary  cir-

rhosis, celiac disease, Crohn’s disease, total or partial gastrec-

tomy), consuming drugs that affect bone metabolism (such

as  intravenous  bisphosphonate)  during  the  last  five  years,

taking oral bisphosphonate during the last six months, tak-

ing  oral  bisphosphonate  collectively  for  more  than  three

years  or  more  than one  month during  the  recent  six  to  12

months  prior  to  the  start  of  the  study,  the  use  of  parathy-

roid  hormone  analogues  or  Strontium  during  the  last  12

months, consuming hormonal drugs or corticosteroids dur-

ing  the  study,  excessive  use  of  thyroxine,  cytotoxic  drugs,

immunosuppressive  drugs  (such  as  cyclosporines),  pro-

longed use of some anticonvulsants (e.g. phenytoin), hypo-

calcemia,  D25 (OH) level  of  <20 ng/ml (i.e.,  secondary os-

teoporosis), and finally, body mass index <18.5 [11]. An en-

docrinologist, a member of the research team, examined all

the participants for the eligibility criteria and differentiating

between primary and secondary osteoporosis. Osteoporosis

was detected as a low bone density in the lumbar vertebrae

or femoral neck when the T-score was ≤ -2.5; a T-score be-

tween -1 and -2.5 was designated as osteopenia, and a T-s-

core ≥ -1 was marked as normal.

Sample Size

The sample  size  in  this  study was  determined us-

ing G-Power software and the formula designed for compar-

ing the mean difference in a variable (IL-6 was used as the

target  variable  in  this  study  considering  the  higher  sample

size estimated using this variable). Based on the standard de-

viation of IL-6 level in women with osteoporosis (SD = 9.3)

and considering α = 0.05 and d = 0.15 around the mean (m

=  12.1),  the  sample  size  was  determined  as  n  =  100  per

group  [12].

The study protocol  was  approved by  the  research

deputy  of  Tabriz  University  of  Medical  Sciences  and  re-

ceived an ethics  approval  code from the Ethics  Committee

of  Tabriz  University  of  Medical  Sciences  (IR.

TBZMED.REC.1397.733).  We  also  obtained  the  necessary

permits from health centers in Tabriz before starting to re-

cruit  participants.  The  city  of  Tabriz  has  87  health  centers

that include the details and contact information of all post-

menopausal  women.  We  initially  prepared  a  list  of  50-65-

year-old  postmenopausal  women  registered  in  all  of  these

87 health centers using the integrated health system. Out of

108778 people,  850 women (about twice the required sam-

ple  size)  were  selected  by  simple  random  sampling.  The

postmenopausal women selected were then telephoned and

briefly  explained the  objectives  and protocols  of  the  study.

If they agreed to participate in the study, we requested them

to refer to the health center at  a  specific  time.  Overall,  730

eligible women were interviewed via phone and asked to re-

fer to health centers on specific dates. Then the objectives of

the study were fully explained during face-to-face meetings,

and  the  inclusion/exclusion  criteria  were  reviewed  using  a

checklist. In this step, 194 people who did not fulfill the in-
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clusion  criteria  were  excluded  from  the  study.  Blood  sam-

ples (10 mL) were obtained from the remaining 536 individ-

uals  to  analyze  CBC/diff  and  the  serum  levels  of  calcium,

phosphorus,  ALP,  TSH,  creatinine,  FBS,  and  vitamin  D  to

differentiate  primary  osteoporosis  from  secondary  osteo-

porosis.  Blood  samples  were  analyzed  in  the  laboratory  of

the Nutrition Research Center of Tabriz University of Medi-

cal Sciences by an expert. The final diagnosis of osteoporo-

sis and differentiation of primary and secondary osteoporo-

sis  were  made  by  an  endocrinologist  (a  member  of  the  re-

search team). According to the results of these tests, 74 peo-

ple were diagnosed with secondary osteoporosis and exclud-

ed  from  the  study.  Seventeen  individuals  who  were  un-

willing  to  continue participation in  the  study were  exclud-

ed.

Finally, the demographic and midwifery question-

naires were completed for 445 individuals who were then re-

ferred  to  the  Sina  Hospital  of  Tabriz  for  determining  the

bone density of the lumbar vertebrae and femoral neck via

Dual-energy  X-ray  absorptiometry  (DEXA).  All  measure-

ments  were  performed  by  the  same  expert.  For  measuring

bone  density,  the  criteria  of  T  score  (the  number  of  stan-

dard deviations between the patient’s bone mass and the av-

erage bone mass in young adults) and Z score (the number

of standard deviations between the patient’s bone mass and

the average bone mass for the same age and weight) were de-

termined,  and  bone  mineral  density  (BMD) was  measured

as g/cm2. According to the instruction of the World Health

Organization (WHO), the T scores of ≥-1, between -1 and

-2.5, and ≤-2.5 are regarded as normal, osteopenia, and os-

teoporosis (i.e., a BMD lower than 2.5 SD of that of a 30-

year-old man or woman), respectively [13]. According to

the reports of densitometry analysis,  142 individuals had

normal BMD; 109 women were osteoporotic, and 194 indivi-

duals  were  diagnosed with  osteopenia.  Out  of  the  men-

tioned individuals, 100 women with normal BMD and 101

women with osteoporosis were assigned via simple random

sampling. These individuals were subjected to blood sam-

pling (5 mL) in the fasting condition to measure the inflam-

matory factors of TNF-α, hs-CRP, and IL-6. Blood samples

were collected in tubes containing serum separator gels and

centrifuged for 10 minutes at 3500. The sera were stored at

-80°C. The measurements were performed using biochemi-

cal assays by the researchers in the Nutrition Research Cen-

ter under the supervision of a laboratory specialist.

Measurement of Study Variables

The  demographic  questionnaire  included  queries

about the age, menopausal age, occupation, education level,

marital status, the adequacy of monthly income for living ex-

penses,  vacancy  status,  smoking,  hookah  use,  alcohol  con-

sumption, physical activity, sunlight exposure, using supple-

mentation,  family  history  of  bone  fractures  due  to  osteo-

porosis,  body  mass  index,  and finally,  history  of  hyperten-

sion & dyslipidemia.

The level  of  physical  activity was assessed using a

short  version  of  the  International  Physical  Activity  Ques-

tionnaires (IPAQ), whose validity and reliability have been

confirmed  in  Iran  [14].  This  tool  was  completed  by  inter-

viewing  the  participant,  and  the  level  of  physical  activity

was  calculated  as  either  light,  moderate,  or  intense.

First,  dietary  intake  was  evaluated using  a  three--

day  food  registration  questionnaire  (two  nonconsecutive

weekdays  and  one  weekend day).  In  terms  of  total  energy,

fiber, macronutrients, vitamins and minerals were analyzed

using Nutritionist IV software (First Databank, San Bruno,

CA) modified based on Iranian foods.

The  serum  levels  of  TNF-α  and  IL-6  were  deter-

mined  using  commercial  kits  purchased  from  Carmania

Pars Gene Co. (Iran) following the manufacturer’s instruc-

tions. The working and standard solutions were prepared us-

ing the reagents  provided by the distributor in packages at

indicated conditions and temperatures and in recommend-

ed dilutions. The optical absorption of the samples was read

at 450 nm using an ELISA reader (Bio Tek Instruments Inc.,

the USA), and the ODs were employed to determine the cy-

tokine’s  serum  concentration.  Also,  the  serum  level  of  hs-

CRP was measured using a commercial kit provided by Pars

Azmoun Co.  (Iran)  using an autoanalyzer.  The kit  worked

based on a reinforced turbidimetric method (i.e., photome-

try  two-point  measurement)  and  the  formation  of  a  com-

plex between hs-CRP and antiserum.

In  this  study,  the  content  validity  method  was

used  to  verify  the  scientific  validity  of  the  tools.  To  deter-

mine the reliability of the tests, the first 10 samples were as-



5

JScholar Publishers Eur J Med Res Clin Trials 2023 | Vol 5: 102

sayed  twice  (under  two  different  names)  by  each  test,  and

the reliability of the test results was calculated [15].

Statistical Analysis

The  data  obtained  from  the  questionnaires  and

densitometry analysis were first entered into SPSS software

(version  24).  The  Kolmogorov-Smirnov  test  was  used  to

evaluate  the  normality  of  quantitative  variables,  showing

the non-normal distribution of inflammatory biomarkers in

the  study  groups.  The  socio-demographic  and  midwifery

characteristics  were  presented  by  descriptive  statistics,  in-

cluding  frequency,  percentage,  mean,  and  standard  devia-

tion.  The  above-mentioned  characteristics  were  compared

between  the  study  groups  using  the  Chi-square  test  and

Fisher’s exact test (for qualitative data), as well as the t-test

(for quantitative data). The main variables of the study were

compared between the two study groups (osteoporotic wom-

en and those  with  normal  BMD) using  the  independent  t-

test  (for  normally  distributed  data)  or  Mann-Whitney  test

(for non-normally distributed data). Also, a logistic regres-

sion model was used to adjust for the effects of confounding

variables,  and  the  odds  of  osteoporosis  were  calculated  for

each of the study variables. The goodness of fit of the model

was checked by the Hosmer and Lemeshow test. The results

of the analyses were interpreted at a P value of less than 0.05

as the statistical significance level.

Results

In  this  study,  100  women with  normal  BMD and

101  women  with  osteoporosis  were  compared  in  terms  of

serum  inflammatory  biomarkers.  Figure  1  shows  the  flow

chart of participant selection, and Table 1 describes the par-

ticipants’ demographic data and it compares the daily food

intake in two groups. The results showed that there were sig-

nificant differences between the two groups in terms of age

(p<0.001), menopausal age (p= 0.034), BMI (P<0.001), and

education level (P=0.002). The mean age was higher but the

mean menopausal age, BMI, and education level were lower

in osteoporotic women than in their counterparts with nor-

mal  BMD. No significant  difference was  observed between

the two groups in terms of other demographic features. The

means  of  BMD,  T-score,  and  Z-score  in  lumbar  vertebrae

and femoral neck were significantly lower in the osteoporo-

sis group than in the normal BMD group.

Table 1: Socio-demographic characteristics of postmenopausal women by bone density

Variable Normal-BMD (n=100)n (%) Osteoporosis(n=101)n (%) P

Age Mean (SD) 55.3 (3.6) 58.3 (3.7) <0.001*

Menopausal age (year) Mean (SD) 49.3 (3.5) 48.2 (3.9) 0.034*

Job   0.140 ±

Housewife 84 (84.0%) 92 (91.1%)  

Employed 16 (16.0%) 9 (8.9%)  

Adequacy of family income   0.394ǂ

Adequate 24 (24.0%) 18 (17.8%)  

Somewhat adequate 66 (66.0 %) 68 (67.3%)  

Insufficient 101 (10.0%) 15 (14.9%)  

Marital status   0.079±

Single, divorced, widow 15 (15.0%) 26 (25.7%)  

Married 85 (85.0%) 75 (74.3%)  

Education   0.002ǂ

Illiterate 15 (15.0%) 33 (32.7%)  

Primary school 31 (31.0%) 40 (39.6%)  

Secondary school 15 (15.0%) 11 (10.9%)  
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High school/Diploma 27 (27.0%) 12 (11.9%)  

Academic 12 (12.0%) 5 (5.0%)  

Smoking status   0.683±

No smoking or history of use 98 (98.0%) 97 (96.0%)  

Current use or previous use 2 (2.0%) 4 (4.0%)  

Exposure to direct sunlight
 

(Yes) 42 (42.0%) 45 (44.6%) 0.776±

Number of exposed days/week Mean (SD) 4.4 (2.3) 4.2 (2.3) 0.687*

Number of exposed minutes/day Mean (SD) 33.2 (21.8) 33.0 (23.5) 0.957*

Supplement use: Ca, Vit D (Yes) 50 (50.0%) 59 (58.4%) 0.259±

Mild physical activity (Yes) 100 (100.0%) 100 (99.0%) 1.0±

Moderate physical activity (Yes) 23 (23.0%) 29 (28.7%) 0.421±

Vigorous physical activity (Yes) 14 (14.0%) 15 (14.9%) 1.0±

Fracture history in close relatives(Yes) 8 (8.0%) 17 (16.8%) 0.086±

Body Mass Index (kg/m2) Mean (SD) 31.3 (5.0) 28.4 (3.7) <0.001*

Hypertension 39 (39.0%) 39 (38.6%) 1.0±

Dyslipidemia 8 (8.0%) 10 (9.9%) 0.806±

BMD/ L.S (g/cm2) Mean (SD) 1.0 (0.2) 0.71 (0.07) <0.001*

T-score/ L.S Mean (SD) -0.11 (0.9) -3.09 (0.6) <0.001*

Z-score/ L.S Mean (SD) 0.97 (0.9) -1.7 (0.7) <0.001*

BMD/ F.N (g/cm2) Mean (SD) 0.97 (0.1) 0.75 (0.1) <0.001*

T-score/ F.N Mean (SD) 0.18 (0.8) -1.6 (0.7) <0.001*

Z-score/ F.N Mean (SD) 0.92 (0.8) -0.69 (0.8) <0.001*

Fat(g/d) 68.61(19.1) 71.62(26.43) 0.478*

Energy(Kcal/d) 1905.3(419.4) 1818.2(658.4) 0.392*

carbohydrate(g/d) 272.7(70.7) 255.5(108.1) 0.312*

protein(g/d) 58.8(17.2) 51.6(18.0) 0.029*

Vitamin D(µg/d) 1.8 (1.2) 1.6(1.3) 0.363*

Vitamin C(mg/d) 226.2(119.7) 203.6(126.8) 0.222*

Zinc(mg/d) 8.5(2.4) 8.3(3.0) 0.220*

Selenium(µg/d) 87.0(33.8) 84.0(32.1) 0.350*

BMD: Bone mineral density; L.S: Lumbar spine; F.N: Femoral neck

*Independent t test ǂ Linear by linear chi-square ±Fisher’s exact test
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Figure 1: The process of selecting study participants

Table  2  shows  that  the  median (IQR)  serum IL-6

level  was  19.26  (6.26)  pg/mL  in  the  group  with  normal

BMD and 19.42 (7.75) pg/mL in the osteoporosis group. Ac-

cording to the Mann-Whitney test,  this difference between

the two groups was not statistically significant (P=0.289).

Table 2: Serum inflammatory biomarkers among postmenopausal women with normal bone density and osteoporosis

Inflammatory biomarkers Normal-BMD (n=100) Osteoporosis (n=101) p*

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Interleukin-6 (pg/ml) 22.14 (17.03) 19.26 (6.26) 26.41 (26.76) 19.42 (7.75) 0.289

Tumor necrosis factors (pg/ml) 33.76 (27.29) 25.45 (13.03) 33.60 (31.39) 20.76 (16.84) 0.026

hs-CRP (mg/L) 0.28 (0.33) 0.25 (0.31) 0.96 (0.58) 0.95 (0.67) <0.001

BMD: bone mineral density

p* Mann-Whitney U

The  median  (IQR)  of  serum  TNF-α  was  20.76

(16.84) pg/mL in the osteoporosis group, which was signifi-

cantly  lower  than  that  of  the  control  group  (25.45  (13.03)

pg/mL P=0.026). The medians (IQRs) of hs-CRP were 0.95

(0.67) and 0.31 (0.67) mg/L in the osteoporosis and control

groups,  respectively,  showing a significantly higher level  in

the former (p<0.001).
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Table 3 shows the results of the binary logistic re-

gression model to predict the odds of developing osteoporo-

sis  in postmenopausal  women based on inflammatory bio-

markers  and  after  adjusting  for  the  age,  menopausal  age,

BMI, and education level. According to the results, the odds

of developing osteoporosis were not related to serum levels

of  IL-6 (p=0.628) and TNF-α (p=0.391).  However,  the risk

of  osteoporosis  increased  significantly  by  the  elevation  of

serum  hs-CRP  (OR  (95%  CI)  =  42.41  (12.66-142.3),

p<0.001).

Table 3: Binary logistic regression model for estimating the odds of primary osteoporosis based on serum inflammatory biomarkers in post-
menopausal women

Inflammatory biomarkers Normal-BMD (n=100) Osteoporosis (n=101) p*

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Interleukin-6 (pg/ml) 22.14 (17.03) 19.26 (6.26) 26.41 (26.76) 19.42 (7.75) 0.289

Tumor necrosis factors (pg/ml) 33.76 (27.29) 25.45 (13.03) 33.60 (31.39) 20.76 (16.84) 0.026

hs-CRP (mg/L) 0.28 (0.33) 0.25 (0.31) 0.96 (0.58) 0.95 (0.67) <0.001
* Adjusted for age, menopause age, BMI, and education. Reference group: Normal-BMD

Interleukin-6: Hosmer and Lemeshow p=0.182, Chi-square=11.36 ، df=8

Tumor necrosis factors: Hosmer and Lemeshow p=0.391 ،Chi-square=8.45 ، df=8

hs-CRP: Hosmer and Lemeshow p=0.551, Chi-square=6.86, df=8

Discussion

The  results  of  the  present  study  showed  that  in

comparison  with  women  who  had  a  normal  BMD,  osteo-

porotic  women  had  a  higher  mean  age  but  a  lower  mean

menopausal age, BMD, and education level. Although there

was  a  significant  difference  between  the  two  groups  in

terms of the serum levels of TNF-α and hs-CRP, after adjust-

ment for the effects of confounding variables, the risk of os-

teoporosis  significantly  increased  only  in  correlation  with

rising hs-CRP levels. In this regard, each unit increase in the

serum  hs-CRP  level  intensified  the  risk  of  osteoporosis  by

more than 40 times.

In parallel with the fall of estrogen levels (as an an-

tioxidant  agent  boosting  total  antioxidant  capacity,  i.e.,

TAC), inflammatory cytokines such as IL-6 and TNF-α are

activated during menopause, paving the path for osteoporo-

sis development (7). A novel molecular system belonging to

the  TNF  family,  comprising  RANKL  and  osteoprotegerin

(OPG),  has  been  identified  to  regulate  bone  degradation

(16). Along with RANKL, OPG glycoprotein regulates bone

metabolism via modulating osteoclasts. On the other hand,

RANKL  enhances  bone  resorption  by  binding  to  the  nu-

clear receptor activator of  nuclear factor kappa B (NF-kB).

The  binding  of  OPG  to  RANKL  suppresses  the  activity  of

the latter,  thereby inhibiting bone resorption and reducing

osteoclastogenesis  (17).  The  nuclear  factor  kappa  B  medi-

ates a key signaling pathway involved in the early stages of

RANKL-induced osteoclast differentiation and is known as

an  evolutionary  family  of  transcription  factors  promoting

protection  against  environmental  insults  (18).  One  of  the

consequences of menopause is an increase in the activity of

bone-eating cells due to a decrease in estrogen. This process

continues for 10 to 15 years so that at end of this time, there

will be 50% and 30% reductions in the mass of spongy and

dense bones, respectively, correlating with a boost in the in-

cidence of bone fractures in this period (i.e.,  60 to 75 years

old)  (19).  In  the  absence  of  estrogen,  osteoclasts  become

more active, leading to more bone loss and causing bones to

become  thinner.  Therefore,  the  rate  of  bone  loss  in  post-

menopausal  women  increases  2-3%  annually  due  to  de-

creased  estrogen  levels  (20).

In agreement with our findings, Benjamas et al., in
a cross-sectional study conducted on 102 men with COPD,

showed that BMI and hs-CRP were significantly associated

with osteoporosis (P = 0.001). In the recent study, patients

with osteoporosis had lower BMIs and higher hs-CRP levels

compared with peers  with normal  bone mass (21).  Sud-

jaroen et al., in a cross-sectional study on 105 adult men

and women over  the  age  of  60  years,  reported that  the
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serum level of hs-CRP was higher in osteoporotic individu-

als compared with those with normal BMD (22), which was

consistent with our study.

Pasco et al., in a 2006 study in Australia, evaluated

the association of hs-CRP with the risk of bone fractures in

older women. The baseline level of hs-CRP was assessed by

the  Roche  (latex)  method;  BMD  was  measured  by  the

DEXA technique,  and the  data  were  analyzed  by  Lunar

Dpx–L software (version 1.31).  The results  of  the recent

study showed that although there was no significant rela-

tionship between hs-CRP and BMD, elevated serum levels

of hs-CRP were associated with an increased risk of fracture

(23). The recent study differed from our study in terms of

the methods of  measuring inflammatory biomarkers,  the

sample size, as well as inclusion criteria, and the follow-up

period.

Safari et al., in a 2019 case-control study in Shiraz

(Iran), investigated the association of serum levels of circu-

lating amyloid A, hs-CRP, and vitamin D with osteoporosis

in postmenopausal women. Forty-four postmenopausal wo-

men with osteoporosis (the case group) and 44 postmeno-

pausal  women  without  osteoporosis  (the  control  group)

were compared, revealing no significant difference in hs-

CRP serum levels between the two groups (24). The results

of the recent study contradicted our observation, which can

be due to differences in the sample size, the age spectrums

of participants,  and the fact  that  we excluded secondary

causes of osteoporosis in our study.

Kimble et al. revealed that IL-6 and TNF-α were

regulated by estrogen, and therefore, contributed to the re-

duction of bone density secondary to estrogen deficiency

(25). This notion opposes our findings in the present study,

which can be attributed to differences in study designs (the

recent experimental research had been conducted on mice).

Besides, we should notice that after adjustment for the im-

pacts of confounding variables, the link between TNF-α and

osteoporosis disappeared.

Lizha et al. in a study in 2018 showed that TNF-α

could contribute to postmenopausal  osteoporosis  via  en-

hancing RANKL-induced osteoclastogenesis. They showed

that TNF-α levels were considerably higher in osteoporotic

postmenopausal women compared with counterparts with-

out osteoporosis (26). This report was inconsistent with our

observation. In explanation, we should reiterate that the se-

condary causes of osteoporosis were excluded in our study,

which was not the case in Lizha et al.'s study. Moreover, the

sample size of our study was smaller than theirs.

Zheng et al. showed that direct stimulation boost-

ed the blood levels of IL-1β, IL-6, TNF-α, IFN-γ, GM-CSF,

and LIF, among which the production of IL-6 and TNF-α

was significantly higher in women with osteoporosis than in

healthy controls subjects (27). The reason for the inconsis-

tency between our findings and that of Zheng et al. can be

different sample sizes and inclusion criteria.

In a study in Saudi Arabia in 2017, Al-Daghri et al.
aimed to investigate the link between pro-inflammatory me-

diators and bone turnover markers in postmenopausal wom-

en with or without osteoporosis. The results of the recent re-

search showed that IL-6 and TNF-α serum levels were signif-

icantly higher in osteoporotic women compared to control

subjects (28). The inconsistency between our observations

and that of the recent study can be justified by the different

age spectra of participants in the two studies (50-65-year-

old vs. over 50-year-old). In addition, the two studies em-

ployed  different  methods  to  measure  inflammatory  bio-

markers.

In  this  study,  the  random  sampling  method  was

used to avoid selection bias.  The participants were selected

among  postmenopausal  women  referring  to  health  centers

located in areas with different socioeconomic situations dis-

tributed across the city of Tabriz to allow generalization of

results  to  a  larger  population  of  postmenopausal  women.

Due to the lack of a relationship between secondary osteo-

porosis  and lifestyle,  women with this  type of  disease were

identified and excluded from the study. The age range was

chosen  at  50-65  years  due  to  the  importance  of  this  age

range for the loss of bone density following the sharp reduc-

tion of estrogen. Therefore, the results may not be generaliz-

able to postmenopausal women over the age of 65 years. Al-

so,  the  results  cannot  be  generalized  to  the  entire  popula-

tion (including men). Serum estrogen levels were not mea-

sured in this study.

Conclusion
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In  this  study,  higher  serum  levels  of  hs-CRP  and

TNF-α were associated with an increased risk of osteoporo-

sis.  However,  after  controlling  for  confounding  variables,

only  hs-CRP  increased  the  odds.  Considering  that  osteo-

porosis  is  one  of  the  important  problems  in  the  country's

health system, which will  take on wider dimensions due to

the change in the demographic pattern in the future and on

the other hand, the high prevalence and debilitating side ef-

fects  have  made  osteoporosis  one  of  the  most  important

health issues, the investigation of inflammatory biomarkers

and its increasing trend, and on the other hand, the cheap-

ness and cost-effectiveness of  hs-CRP measurement.  It  can

be used for prevention and timely screening of this disease

in postmenopausal women.
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