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Abstract
Aim: To explore the risk factors for osteoporosis in Rheumatoid Arthritis (RA) patients.

Methods: A cross-sectional study was conducted on 93 patients
meeting the American College of Rheumatology – European League
Against Rheumatism classification criteria for RA 2010(ACR-EULAR).
Serum 25-OH vitamin D (25(OH) D levels was measured. In addition, the levels of erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP), rheumatoid factor (RhF), anticyclic - citrullinated protein/peptide antibodies (Anti-CCP) were assessed. Dual-energy X-ray
absorptiometry (DEXA) was also used to measure the bone mineral
density BMD of the left femur at the time of recruitment.

Results: The RA cohort was predominantly female (88.2%). The
average age of the participants was 46.5 ± 15.2 years. Osteoporosis was present in 25 (26.9%). Osteoporotic cases were significantly
older (p <0.001), female (p = 0.032) and had significantly more
frequencies of diabetes (p = 0.022) and hypertension (p = 0.018)
and had significantly lower calcium (p = 0.038). Logistic regression
model for factors affecting osteoporosis showed that Steroids intake,
increasing age and decreasing serum calcium were factors increasing
the likelihood of having osteoporosis. Vitamin D did not show any
relation with osteoporosis. Serum inflammatory markers like ESR,
CRP, R.F and anti- CCP were higher in osteoporotic group but not
significant.

Conclusions: The results of this analysis indicated that systemic factors like age and intake of steroids are culprit factors in rheumatoid
arthritis associated osteoporosis.
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory
multisystemic disease targeting the synovium [1].
The condition exists worldwide and affects all ethnic groups at a rate of approximately 0.5% to 1%
of the adult population [2].
RA is associated with reduced bone density [3, 4]
and an increased risk of fragility fractures [5]. The
pathophysiology of osteoporosis is complex, with
contributions from general risk factors such as age,
low body weight and postmenopausal status, along
with disease-specific risk factors such as decreased
mobility, corticosteroid use and production of proinflammatory cytokines [6, 7].
In fact, a lower dietary intake of vitamin D has
been linked to a higher risk of RA development in
a meta-analysis of several studies [9]; furthermore,
plasma 25 (OH) D concentrations has been reported to be lower in RA patients when compared to
healthy control [10] although these results were not
confirmed in other studies [11]. Vitamin D has also
been inversely correlated with disease activity [9,
12].
The importance of inflammatory disease as a
pathogenic factor is emphasized by the fact that
there is a positive correlation between disease activity and biochemical markers of bone resorption
in RA [6].
One other major factor in the pathogenesis of
osteoporosis in rheumatic diseases is the long term
use of corticosteroids. It is known that glucocorticoids can induce osteoporosis through different
mechanisms [13] in fact, the use of glucocorticoids reduces the number and the function of osteoblasts[14] and impairs their differentiation and
maturation [15] In the clinical setting glucocorticoid
treatment is an independent risk factor for bone
loss [16]; According to ACR guidelines, any patient
starting a long term (>3 months) steroid regimen
should receive calcium and vitamin D; furthermore,
bisphosphonates should be started according to the
assessed osteoporosis risk [17].
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It is increasingly recognized that comorbid conditions play a pivotal role in RA outcomes. Studies
reveal that patients suffering from RA carry two
or more comorbid conditions [18]. Linde and his
colleagues [19] demonstrated a 73% incidence of
comorbidities associated with RA.
The aim of the current study is to reveal the
association between osteoporosis and RA factors
associated with osteoporosis among RA patients.
This study targeted RA specific factors (corticosteroid use and inflammatory markers) and general risk
factors (comorbidities and vitamin D).

Methodology
Ethics
Each patient gave written informed consent and the
study was approved by the local ethics committee.

Study design
This is a cross-sectional study.

Patient Selection
From October 2013 to September 2014, 93 Participants were selected from known RA patients
referred to the rheumatology clinics of a tertiary
center. Patients were diagnosed with RA by a rheumatologist based on the American College of Rheumatology –European League against Rheumatism
(ACR-EULAR)
Classification criteria. Physical conditions and medical history of all the patients were obtained [20].

Sample size
The estimated sample size was, based on a 1%
prevalence of rheumatoid arthritis in the general
population, standard error of 1.5% and type 1 (α)
error of 0.05 [2]

Data Collection
Extensive demographic and clinical data were also
collected at this time including comorbidities. InforThis article is available at: www.intarchmed.com and www.medbrary.com
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mation was collected on the following co-morbidities: cardiovascular disease, respiratory disease, cerebrovascular diseases, neurological disease, chronic
renal and liver impairment, gastrointestinal disease,
diabetes, thyroid disease and cancer.
Dual-energy X-ray absorptiometry (DEXA, QDR4500; Hologic, Inc., Bedford, MA, USA) was used
to measure the BMD of the left femoral neck at
the time of recruitment. The patients with T scores
higher than –1.0 were considered to have normal
BMD, those with a T score lower than –2.5 were
considered to have osteoporosis [3].
Laboratory data includes; Serum 25-hydroxyvitamin D (25OHD) was measured using radioimmunoassay (Elecsys, Roche, Basel, Switzerland)/ with
a DiaSorin kit (DiaSorin Ltd., Dartford, UK)/ was
checked using Roch kits (Germany). Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)
were considered to be markers of inflammatory
activity. C-reactive protein (CRP: mg/dL) was assessed using a quantitative method called turbidimetry
and ESR (mm/h) was measured by the Westegren
method. Rheumatoid factor (RF immunoglobulin G
[IgG], IU/mL) was determined by the immunoturbidimetric method and RF > 14 IU/mL was defined
as positive. Anti-cyclic citrulinated peptide (anti-CCP
IgG, IU/mL) was determined by the enzyme-linked
immunosorbent assay (ELISA) method and anti-CCP
> 5 IU/mL was defined as positive. CA also was registered. (DADE Dimension Rx1 full-automatic biochemical analyzer).

Exclusion criteria
Patients with symptoms of RA that were overlapped
by other rheumatologic disnease (overlap syndrome), patients with abnormal calcium and phosphorus and end-stage renal disease. Current cancer,
endocrine abnormalities (hyperthyroidism, hyperparathyroidism), moderate-severe chronic kidney
disease (glomerular filtration rate <60 mL/min/1.73
m2).

© Under License of Creative Commons Attribution 3.0 License
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Comparison Groups
The RA cohort group was divided to osteoporotic
and non-osteoporotic group by measuring BMD.
Those with a T score lower than –2.5 were considered to have osteoporosis [21].

Statistical Methods
The collected data were coded, tabulated, and statistically analyzed using IBM SPSS statistics (Statistical Package for Social Sciences) software version
22.0, IBM Corp., Chicago, USA, 2013. Descriptive
statistics were done for quantitative data as minimum& maximum of the range as well as mean ±
SD (standard deviation) for quantitative parametric
data, while it was done for qualitative data as number and percentage. Inferential analyses were done
for quantitative variables using independent t-test in
cases of two independent groups with parametric
data and Chi square test for differences between
proportions. Logistic regression model was used to
find out independent factors affecting osteoporosis.
ROC curve was used to evaluate the performance
of different tests differentiate between osteoporotic and non-osteoporotic cases. The level of significance was taken at P value < 0.05 is significant,
otherwise is non-significant.

Results
The demographic and clinical characteristics (mean
± standard deviation) of the 93 patients are reported
in table 1. The mean age of the study population
was 46.5 ± 15.2 years. 82 (88.2%) were female.
Of the study group, 65.6% were rheumatoid factor
positive, 22.6% were taking steroids, 17.2% were
diabetics and 14.0% were hypertensive.
Osteoporotic cases were 26.9% of our study
group. Osteoporotic cases were significantly older
(60.6 years), (p <0.001), female (p = 0.032), had significantly more frequencies of diabetes (p = 0.022),
hypertension (p = 0.018) and had significantly lower
calcium (p = 0.038). Steroid intake was not signifi-
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Table 1. Distribution of the domains and facets of QoL. João Pessoa, PB, 2015.
All cases
(N=93)

Osteoporosis
(N=25)

No osteopor
(N=68)

P

OR
(95% CI)

25 (26.9%)

--

--

--

--

46.5 ± 15.2

60.6 ± 9.3

41.4 ± 13.6

Range

16.0-83.0

42.0-83.0

16.0-80.0

^
<0.001*

--

Male

11 (11.8%)

0 (0.0%)

11 (16.2%)

Female

82 (88.2%)

25 (100.0%)

57 (83.8%)

#
0.032*

--

Sero +ve

61 (65.6%)

19 (76.0%)

42 (61.8%)

Sero -ve

32 (34.4%)

6 (24.0%)

26 (38.2%)

#
0.200

1.96
(0.69-5.55)

DM

16 (17.2%)

8 (32.0%)

8 (11.8%)

#
0.022*

3.53
(1.54-10.8)

HTN

13 (14.0%)

7 (28.0%)

6 (8.8%)

#
0.018*

4.02
(1.19-13.5)

Thyroid disease

4 (4.3%)

1 (4.0%)

3 (4.4%)

#
0.931

0.90
(0.09-9.0)

Steroids intake

21 (22.6%)

9 (36.0%)

12 (17.6%)

#
0.061

2.61
(0.94-7.33)

Variables
Osteoporosis
Mean±SD

Age (years)
Sex
Diagnosis

^Independent t-test, #Chi square test, *Significant, OR: Odd ratio, CI: Confidence interval. DM = diabetes, HTN= hypertension

Table 2. Laboratory findings among the studied cases
All cases
(N=93)

Osteoporosis
(N=25)

No osteopor
(N=68)

P

OR
(95% CI)

Mean±SD

9.1±3.5

10.0 ± 2.9

8.8 ± 3.6

Range

3.1-15.0

4.5-14.6

3.1-15.0

^
0.149

--

2.23 ± 0.14

2.18±0.16

2.25 ± 0.13

Range

1.82-2.47

1.82-2.40

2.0-2.47

^
0.038

--

Hemoglobin
g/Dl

Mean±SD

12.5 ± 2.2

12.6±1.8

12.4 ± 2.3

9.0-27.0

9.0-15.6

9.2-27.0

^
0.698

--

ESR
mm/hr

Mean±SD

49.9 ± 26.1

56.8±31.3

47.1 ± 23.4

2.0-120.0

18.0-120.0

2.0-109.0

^
0.117

--

CRP
mg/dL

Mean±SD

15.3 ± 16.8

17.0±19.1

14.7 ± 16.1

^

--

0.0-81.7

0.7-72.8

0.0-81.7

0.573

Anti-CCP
IU/mL

Mean±SD

613.1 ± 1213.6

869.0 ± 1844.4

512.8 ± 855.9

--

0.0-7800.0

0.3-7800.0

0.0-3900.0

^
0.269

Positive ANA

10 (10.8%)

2 (8.0%)

8 (11.8%)

#
0.603

0.65
(0.13-3.30)

Positive RF

71 (76.3%)

19 (76.0%)

52 (76.5%)

#
0.962

0.37
(0.15-0.87)

Variables
Vitamin-D
ng/ml
Serum Ca
mg/dL

Mean±SD

Range
Range
Range
Range

^Independent t-test, #Chi square test, *Significant, OR: Odd ratio, CI: Confidence interval
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cant in univariate analysis between the osteoporotic
and none (P≥ 0.05).
Table 2 reveals that all rheumatoid patients have
low vitamin D (9.1 ± 3.5 mg/ml), normal calcium and
hemoglobin level (2.23 ± 0.14 and 12.5±2.2 respectively), high ESR (49.9 ± 26.1) and high CRP (15.3 ±
16.8). Anti CCP was high (613.1 ± 1213.6) also.
Among the biochemical parameters (table 2),
the mean serum ionized calcium was significantly
lower in the osteoporotic group than in the normal
group, despite remaining within the normal range
(P= 0.038).
Table 2 also shows that Inflammatory markers
were higher in osteoporotic group but did not reach
statistical significance between the osteoporotic and
non-osteoporotic (ESR, CRP, positive RF and antiCCP) (P≥ 0.5). No statistically significant differences
were found in mean vitamin D level between the
osteoporotic and none (P≥ 0.5).
Table 3 presents the multiple linear regression
models for factors affecting total femur BMD. Adjustments for possible interactions and potential
confounders were made for demographics, vitamin
D, calcium intake, inflammatory markers and corticosteroid use. It was found that the only independent predictors of osteoporosis were age (OR
1.164, 95% CI 1.084-1.249) and Steroids intake (OR
3.745, 95% CI 0.889-15.773). Low serum calcium
was also considered to be negative risk factors for
lower BMD (OR 0.016, 95% CI 0.003-0.101).
Table 3. L ogistic regression model for factors affecting osteoporosis.
Β

SE

P

95% CI

Age

0.152

0.036

<0.001*

1.164
(1.084-1.249)

Steroids

1.320

0.734

0.072

3.745
(0.889-15.773)

Serum Ca

-4.114

0.932

<0.001*

0.016
(0.003-0.101)

Factors

β: Regression coefficient, SE: Standard error, CI: Confidence interval

© Under License of Creative Commons Attribution 3.0 License
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Discussion
RA is associated with reduced bone density, [3],
and an increased risk of fragility fractures [5]. The
pathophysiology of osteoporosis is complex, with
contributions from general risk factors such as age,
gender along with disease-specific risk factors such
as decreased mobility, corticosteroid use and production of proinflammatory cytokines [22].
This cross sectional study of patients with RA has
shown that the overall prevalence of osteoporosis
was 26.9%, which is significantly higher than the
prevalence of osteoporosis in a gender- and agematched control cohort. These observations are in
keeping with previous reports that recorded a prevalence of osteoporosis ranging between 17% and
32% in the spine and 15% and 36% in the hip of
rheumatoid patients [23, 24].
This cross-sectional study examined 93 patients.
Similar to previous studies, the current study
showed that more women (88%) suffer from RA.
Ikuyama and his colleagues [25] conducted a study
involving RA patients. In their study, the prevalence
of women was significantly higher (84% women).
Similarly, Kuo et al [26] carried out a nationwide
study to examine the incidence and mortality of
RA in Taiwan and found that both the incidence
and mortality of RA was higher in women than
that in men.
In the current study, the average patient age was
46.5±15.2 years, which is similar to the average age
of patients with RA. Similarly, in a recent study by
Sineglazova and his colleagues [27] revealed that
the average age of patients with RA was 49 ± 7.4
years. In another study, McCoy and his colleagues
[28] found that the average age of patients with RA
was 55.5 years; thus, RA typically occurs in older
patients.
Also, RA factor was found to be positive in 65.6%
of patients. In a study by Suresh [29], RA factor was
positive in 70% of patients suffering from RA; hence, the presence of RA factor aids in the diagnosis
of RA.
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The five most common associated comorbidities
were HTN (14.0%) and DM (17.2%). Al-Bishri and
his colleagues 2013 found that associated comorbidities were HTN (36%), DM (31%). The higher
percentage in his study is due to larger sample size
(340 patients)[30]. The number of patients with
hypothyroidism and hyperthyroidism were 4.3%. A
literature review disclosed a geographical variation
of thyroid disease in RA ranging from 0.5% to 27%
[31].
The current study was trying to explore different factors affecting emergence of osteoporosis
in rheumatoid patients. It was focused on inflammatory markers of R.A, steroid use, vitamin D and
systemic factors.
We searched an association between the levels of
inflammatory markers and osteoporosis, However,
in our study, neither of these variables (ESR, CRP, RF
and anti- CCP) emerged as independent predictors
of bone density in the univariate or logistic regression analysis (p ≥ 0.5).
In contrast, Haugeberg and his colleagues, 2000
displayed that female RA patients showed lower
bone mineral density (BMD) values if they are positive for Rheumatoid Factor. they studied females
only and correlate with RF solely [23].Also Guler and
his colleagues 2008 found that seropositivity for
anti-cyclic citrullinated peptide antibody (anti-CCP)
and rheumatoid factor (RF) have been shown to be
associated with bone loss in RA [26].
However, others failed to find such a relation and
concluded that the contribution of RA associated
factors like anti-CCP, RF and disease activity in bone
mass loss and osteoporosis require longitudinal studies [32, 24].
The current study showed that steroid use was
22.6% in our study group. logistic regression analysis showed that Steroids intake was a factor increasing the likelihood of having osteoporosis (95% CI
= 3.745 (0.889-15.773)).
The relationship between steroid use and low
BMD is not described evenly between different
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studied. Van Staa, 2006 [32] found a relationship
between corticosteroid use and osteoporosis. Kroot
and his colleagues 2001[34] found the use of prednisone was significantly associated with increased
bone loss as well. Similarly, Haugeberg [3] showed
that one of Predictors of reduced BMD was current
use of corticosteroids.
Westhovens et al. [35], Akar et al. [36] and Engvall et al. [37] found no influence of glucocorticoid treatment on total "bone mineral density".
The authors concluded that it may be due to small
sample size. It is possible that better control of RA
by steroid use has improved bone mass in these
patients or the sample size may have influenced
this result.
As regard vitamin D, our study group was generally deficient in vitamin D level (9.1 ± 3.5 ng/mL).
Vitamin D was not significantly different between
osteoporotic and none.
Similar to this study, Rossini and his colleagues,
2011 [41] found vitamin D level to be very similar
among the erosive and nonerosive RA. Low BMD
level was only dependent on parathyroid hormone
(PTH) values. Likewise Piao and his colleagues, 2015
did not find any association between vitamin D level
and osteoporosis when they evaluated risk factors
of osteoporosis in rheumatoid Chinese men [45].
On the contrary, In a systematic review, vitamin
D concentration correlated positively with BMD and
inversely with the risk of falls [38], These data also
observed in a large population of postmenopausal
women [39], as well as in the community-dwelling
men and women aged at least 20 years who participated to the US NHANES III survey [40]. The difference may be due to large sample size and different
age groups in the previous two studies.
With respect to systemic factors, which were underestimated by many studies, age was found to
be significantly different between osteoporotic and
none (p = <0.001). This is Similar to what occurs universally. Riggs and Melton, 1986 and Wasnish, 1996
[42, 43] showed that BMD has inverse correlation
This article is available at: www.intarchmed.com and www.medbrary.com
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with age. Similar results were found by Mobini and
his colleagues, 2012 [44], in a study of 121 patients
with RA, with age of 55.7 ± 10.1 years. The data reported in this study indicated that only the age and
body mass index (BMI) were significant associated
factors of osteoporosis in RA and the contribution
of other factors of osteoporosis including disease
activity, disease duration, physical disability, and seropositivity for anti-CCP and RF in the development
of osteoporosis was not significant.
As in previous studies [13-16], female gender was
significantly prevalent in osteoporotic group. This
agrees with Hauser et al, 2014 who evaluate the
clinical predictors of osteoporosis in RA in a cohort
and found that women had significantly lower BMD
[46].
Regarding comorbidities, diabetes represents
32.0% of osteoporotic group versus 11.8% in nonosteoporotic group. Concerning hypertension, osteoporotic group have 28.0%, while none have
8.8%. This study shows significant association between comorbidities, diabetes and hypertension,
and presence of osteoporosis. In contrast Piao and
his colleagues, 2015 conducted a large-scale, community-based, cross-sectional study to investigate
the associations with osteoporosis in rheumatoid
arthritics Chinese men and did not show any correlation with diabetes and hypertension [45].
Surprisingly, this study found that serum ionized
calcium is significantly different between osteoporotic and none. When we further analyze that in
Logistic regression model, it is still found that decreasing serum ionized calcium was a factor increasing the likelihood of having osteoporotic (95% CI =
0.016 (0.003-0.101)). This result agreed with a single
study done to assess the extent of bone loss and
the influence of corticosteroid treatment and total
body calcium in 63 patients with rheumatoid arthritis. They compared with 40 normal controls. There
were significant reductions in mean total body calcium in the group treated with non-steroidal antiinflammatory drugs (5.3% in men; 6.8% in women)
© Under License of Creative Commons Attribution 3.0 License
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and greater reductions in the corticosteroid-treated
patients [47].Patients in this study did not have
DEXA and they conclude that increased bone loss in
patients with rheumatoid arthritis treated with corticosteroids is attributable to drug treatment rather
than disease activity.

Abbreviations
RA= Rheumatoid Arthritis
Vit D= Serum 25-OH vitamin D
ESR= erythrocyte sedimentation rate
CRP= C-reactive protein
RF= rheumatoid factor
Anti-CCP= anticyclic-citrullinated protein/peptide
antibodies
DEXA= Dual-energy X-ray absorptiometry
DM= Diabetes
HTN= Hypertension
PTH= parathyroid hormone
CI= Confidence interval
BMI= body mass index
BMD= bone mineral density
RA= Rheumatoid Arthritis
ACR-EULAR= 
American College of Rheumatology–European League against
Rheumatism
HB= hemoglobin level
CA= Calcium
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