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Summary
Introduction: Patients with rheumatoid arthritis present a high prevalence of osteoporosis, partly due to
the use of glucocorticoids. However, there are other causal factors.
Material and methods: 122 women diagnosed with rheumatoid arthritis were studied. Serum hemoglobin
concentrations were determined and bone densitometry carried out by dual energy X-ray absorptiometry.
A multivariate logistic regression model was used to determine the association of the variables studied.
Results: 32.8% of the women studied presented hemoglobin <12 g/dL. The mean T-score in the lumbar
spine was -1.8±1.5; 36.9% had a low bone mass, 32.8% osteoporosis criteria and 30.3% normal T-score.
The mean of the femur T-score was -0.6±1.4; 63.9% was normal value, 23.8% presented low bone mass
and 12.3% criterion of osteoporosis. Hemoglobin ≥12 g/dL and a bone mineral density (BMD) of the normal femur (p=0.003), and between hemoglobin <12 g/dL and BMD of femur with osteoporosis (p<0.000).
There was an independent association between osteoporosis and body mass index <30 kg/m2 (OR=4.1,
95% CI: 1.4-11.4, p=0.009) and the presence of anemia (OR=8.9, 95% CI: 3.7-22.4, p=0.001).
Conclusions: In our study, we observed an association between anemia and low bone mineral density in
women with RA mainly in the region femoral, which indicates that adequate and timely management of
anemia is important in these patients.
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Introduction
Patients with rheumatoid arthritis (RA), may suffer
anemia associated with a chronic ailment, which
tends to be normocytic, normochromic or, less frequently, microcytic, aregenerative with normal
transferrin serum levels1. Given the lack of effective treatment, anemia is very prevalent. It may
range from 30 to 70%, according to different
reported series2.
Among the mechanisms involved in the development of anemia is the shortening of the useful
life of erythrocytes, inadequate erythropoiesis,
abnormalities in iron metabolism, as well as the
inflammatory effect of cytokines, with interleukin-6
affecting hepcidin, a hormone that plays a significant role in the development of anemia in patients
with RA. By decreasing iron levels, it regulates the
transport of iron through the membranes and inhibits its intestinal absorption and release of iron,
macrophages and hepatocytes1.
Patients with RA usually have a higher risk of
developing osteoporosis than the general population, increasing the risk of fractures and morbidity.
The incidence is usually around 12-20% in the hip
and spine3.
Osteoporosis in patients with RA may be due
to chronic inflammation, the activation and inhibition of bone cell function, modified body composition, the use of glucocorticoids, diet, low levels
of physical activity and to the presence of anemia4,5.
Researchers have linked the presence of anemia with osteoporosis. Excess effort of the
hematopoietic system secondary to constant
blood cell production in patients with anemia
plays a major role in osteoporotic development.
In support of this idea, hematological diseases
that present chronic anemia (as in the case of
beta thalassemia major, sickle cell anemia, chronic hemolytic anemia, pernicious anemia and
hemophilia) have been found to concomitantly
show osteoporosis5.
A study in murine models reported that chronic blood loss produced an increase in the hematopoietic microenvironment, relatively reducing
the amount of bone generated and activating its
resorption process6.
We carried out our study to determine the factors associated with osteoporosis of the femur
(OF) and particularly, if the low levels of Hb (Hb
<12 g/dL) are associated with OF in a female
population with RA.

Material and methods
A descriptive, observational, retrospective study
was carried out, in which patients older than 18
years were included with the diagnosis of RA,
according to the ACR/EULAR 2010 criteria, that
attended our Rheumatology outpatient service
during the period of January to June 2016. Clinical
records were reviewed and age, gender, history of
diabetes mellitus, systemic arterial hypertension
and smoking were recorded as variables; as well
as factors associated with RA, such as the duration

of the disease and the use of glucocorticoids or
disease-modifying antirheumatic drugs (DMARDs),
such as methotrexate, leflunomide, azathioprine;
no patient received biological treatment.
Anthropometric variables were also measured.
The participation in the study was authorized by
each patient signing an informed consent.
Measurement of anthropometric variables
The patients were weighed with a scale, previously calibrated, barefoot and with light clothing, expressing the results in kilograms. The
height was measured by means of a standard
height rod with the patient standing, expressing
the results in meters. With these results, the body
mass index (BMI) was calculated by means of the
weight/height2 formula (kg/m2), classifying the
results in the low weight ranges: <18.5 kg/m2; normal: 18.5-24.9 kg/m2; overweight: 25-29.9 kg/m2;
obesity: >30 kg/m2.
Determination of biochemical parameters
With a minimum fast of 8 hours, serum albumin
concentrations were determined (considering as
hypoalbuminemia <4 g/dL), ultrasensitive C-reactive protein (CRP-Us, considering as a cut-off
value ≥2 mg/dL due to its association with cardiovascular risk); and hemoglobin (Hb) <12 g/dL as
anemia, since it is the cut-off point set by the
World Health Organization (WHO) for non-pregnant women7. The positive rheumatoid factor (RF)
was considered with values above 15 IU/mL. Anticitrullinated cyclic peptide (APCC) antibody
values >5 IU/mL were considered positive.
Disease activity
Disease activity was assessed using the DAS-28
PCR tool (Disease Activity Score-28 C-Reactive
Protein), classifying as remission a score <2.3, mild
activity ≥2.3 to <3.8, moderate activity ≥3.8 to <4.9
and severe activity ≥4.9.
Determination of bone mineral density (BMD)
A G.E. Lunar (Madison, Wisconsin, USA) was used
to carry out a scan by dual-energy x-ray absorptiometry in the lumbar spine (L1-4) and in the right
and left hips (femoral neck, trochanter and Ward
triangle). The latter were added and the average of
both hips was determined as a result.
The results of the T-score were interpreted in
line with the WHO8: T-score ≥-1.0: normal bone
mass; T-score between -1.0 and -2.5: low bone
mass; T-score <-2.5: osteoporosis. In this study, a
T-score of <-2.5 was defined as osteoporosis in the
lumbar spine or in the total femur measurement.

Statistical analysis
A statistical analysis was carried out using the SPSS
22.0 package. A value of p≤0.05 was considered a
significant result.
The Kolmogorov-Smirnov test was used to
determine the normal distribution of variables.
The continuous ones were presented as mean and
standard deviation or median and interquartile
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range, depending on whether or not they had a
normal distribution, and were compared with the
Student's t test or the nonparametric MannWhitney test, respectively. The categorical variables were presented as frequencies and percentages and were compared with the Chi square test.
Finally, a multivariate logistic regression model
was used, using the Stepwise Forward regression
method to determine the association of the variables studied and the presence of osteoporosis.

Results
A total of 122 women diagnosed with RA were
studied. The average age of the studied population was 56.3±10.4 years, with an average disease
evolution time of 7.4±3.5 years. Table 1 shows the
characteristics of the study population distributed
according to the presence or not of osteoporosis.
29.5% had osteoporosis of the femoral or lumbar
head. With regard to comorbidities, 35.2% had diabetes mellitus and 18.8% systemic arterial hypertension. Also 8.2% of the population under study
were smokers.
Regarding disease activity, 63.1% of the
patients were in remission, 31.9% had mild activity, 3.3% had moderate activity and 1.7% had
severe activity.
The BMI that prevailed was indicative of obesity (59.8%), followed by overweight (23.7%) and
finally normal weight (16.5%). Mean BMI was
30.6±5.5 kg/m2.
It was found that 54.1% of the patients used
glucocorticoids with a minimum of three months;
78.7% used methotrexate and 18.9% used leflunomide.
The results of the evaluated biochemical parameters reported a mean Hb of 12.6±1.3 g/dL
32.8% of the patients presented anemia, the mean
of the CRP-Us was 3.4±9.1 mg/dL and that of
serum albumin of 4.05±2.5 g/dL. 69.7% presented
RF and 10.7% positive CCP.
The mean T-score in the lumbar spine was -1.8±1.5
and the mean BMD in this location was 0.88±0.19
g/cm2. Low bone mass predominated (36.9%),
followed by osteoporosis (32.8%) while 30.3%
presented normal bone mass. The mean femur Tscore was -0.6±1.4 and the mean BMD was
0.83±0.23. In this location, the criterion of normal
bone mass prevailed (63.9%), followed by low
bone mass (23.8%) and osteoporosis (12.3%). The
characteristics of the densitometric results and the
Hb concentrations are summarized in table 2.
A multivariate logistic regression was performed with the presence of osteoporosis as dependent variables, determining its relation with the
activity of the disease by DAS-28 CRP ≥2.3, BMI
<30 kg/m2, age >55 years and Hb <12 g/dL. The
results are summarized in table 3.

Discussion
We found that patients with RA and anemia ran a
higher risk presenting osteoporosis compared to
patients with normal Hb, mainly affecting the
femoral bone density.

The frequency of anemia found in our population coincides with that reported in the literature2.
It was found that women who presented a BMI
less than 30 kg/m2 were more at risk of developing osteoporosis. This has been observed in multiple studies, mainly due to the fact that a higher
body weight produces a greater mechanical load
on the bone tissue, which results in an increase in
bone mass. The effect of adipocytes and adipocytokines, such as leptin, waistband and amylin, has
also been observed, which can act directly or indirectly on osteoblastic and osteoblastic activity,
resulting in the formation of bone mass9. On the
other hand, adipose tissue indirectly protects
against bone loss by providing a source and reservoir of peripheral conversion of androstenedione,
which is the active metabolite of estrogen, whose
decrease is associated with greater bone loss due
to its regulatory effects on the immune system and
on the oxidative stages and direct effects on bone
cells10.
When we compared the patients with or
without osteoporosis and the presence of disease
activity from slight to severe activity, with a cutoff
of DAS-28 PCR ≥2.3 points, we found that women
with osteoporosis had higher disease activity. This
could be due to the impact brought on by inflammation in bone remodeling. The inflammation of
the synovial joint increases cytokine expression, as
is the case of tumor necrosis factor, IL-1 and IL-6,
as well as the stimulating factor of macrophage
colonies and the ligand of the nuclear factor activating receptor Kappa-β (RANK), which increase
osteoclastogenesis and bone destruction11. Based
on the principle that the activation of T cells is fundamental for the etiology of RA and the presence
of cytokine-like activity in media with activated T
cells observed in previous investigations, Rifas et
al.12 conducted a study to identify the factors secreted by T cells that induce IL-6 by osteoblasts, stimulating osteoclastogenesis and osteoclast production independently of RANK. A cytokine was
found which they termed SOFAT (secreted osteoclastogenic factor of activating T cells), which may
exacerbate inflammation and bone turnover in
inflammatory conditions, as is the case of RA.
However, although we found differences between the activity of the disease and the presence
of osteoporosis, no significance was found when
performing the logistic regression. This may be
due to the fact that more than half of the patients
were in remission and that most of the patients
with activity were of the mild type, with less than
2% being of severe activity.
We found an association between anemia and
the development of OF, as reported in the
inCHIANTI study13, which aimed to evaluate the
relationship between bone mass and density
measurements with anemia, finding that anemia
and low Hb levels they are negatively and independently associated with bone mass and density, bordering on trabecular bone density (lumbar T-score) and mainly on cortical bone (T-score
femoral).
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Table 1. Relationship between the general characteristics and the presence of osteoporosis in women with RA
Without osteoporosis
(N=86)

With osteoporosis
(N=36)

p

Age, median (RIQ)

54 (49.3-58)

60 (59-64.7)

0.000*

Mellitus diabetes, %

37.2

30.6

0.48

Systemic arterial hypertension, %

17.4

22.2

0.53

31.7 ± 5.3

27.9 ± 5.3

0.001*

6.9

11.1

0.44

PCR-Us, median (RIQ)

0.9 (0.2-2.5)

0.8 (0.4-1.07)

0.75

Hypoalbuminemia, %

81.4

75

0.42

7 (6-8.75)

7 (5-9)

0.66

26.7

50

0.038*

Use of glucocorticoid, %

50

63.9

0.16

Use of methotrexate, %

80.2

75

0.51

Use of leflonomide, %

17.5

22.2

0.53

APCC, %

10.4

11.1

0.91

Positive rheumatoid factor, %

69.7

69.4

0.97

12.9 ± 1.1

11.8 ± 1.5

0.000*

Variable

BMI, mean ± SD
Smoking, %

Time of evolution, median (RIQ)
DAS-28 PCR ≥2,3, %

Anemia, mean ± SD

RIQ: interquartile range; BMI: body mass index; SD: standard deviation; PCR-Us: ultrasensitive C-reactive protein;
DAS-28 PCR: Disease Activity Score; APCC: anti-citrullinated cyclic peptide antibodies.
*Significant result.

Table 2. Relationship between serum hemoglobin concentrations and values of lumbar and femur bone densitometry
Hb <12 g/dL (N=40)

Hb ≥12 g/dL (N=82)

p

Normal bone mass

25%

32.5%

0.44

Low bone mass

40%

37.3%

0.81

Osteoporosis

35%

30.2%

0.61

Normal bone mass

45%

71.9%

0.003*

Low bone mass

30%

24.4%

0.50

Osteoporosis

25%

3.7%

<0.000*

BMD lumbar

BMD femur

Hb: hemoglobin; BMD: bone mineral bone density.
*Significant result.

Table 3. Multivariate analysis between risk factors and the presence of osteoporosis in women with RA
OR

CI al 95%

P

DAS 28 PCR ≥2,3

1.8

0.3-2.1

0.65

BMI <30 kg/m

4.1

1.4-11.4

0.009*

Age >55 years

2.2

1.8-5.6-3.8

0.09

Hb <12 g/dL

8.9

3.7-22.4

0.001*

2

OR: odds ratio; CI: confidence interval; DAS-28 PCR: Disease Activity Score; BMI: body mass index; Hb: hemoglobin.
*Significant result.
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Díaz et al.14 carried out a study on Wistar rats,
finding that iron deficiency anemia had a significant impact at the bone level, affecting its mineralization, decreasing the formation of the matrix
and increasing its resorption, this associated to
the metabolism of the Collagen It has been
observed that iron participates in the enzymatic
processes involved in the synthesis of collagen,
which is an important component of bone tissue
since about 90% is composed of collagen type I15.
It has also been observed that iron is necessary
for the metabolism of vitamin D, since the
cytochromes that are related to vitamin D use
iron to carry out their actions16.
Another explanation of the relationship between anemia and osteoporosis in patients with
RA could be that observed in patients with sickle
cell anemia, where bone loss is attributed to
hyperplasia, to inflammation secondary to chronic anemia, to hypoxia and ischemia of the bone
marrow17.
Similarly, patients with anemia, regardless of
etiology, have a higher degree of hypoxia, which
is an important stimulator of bone resorption
inducing osteoclastogenesis and later osteoblastogenesis18.
A study by Rutten et al.19 in patients with
COPD found an association between low Hb
levels and the development of osteoporosis,
associating it with hypoxia and inflammation.
Among the limitations of our study is the failure to classify morphologically anemia, which
could help determine the etiology. Microcytic
anemia, for example, could be attributed to atrophic gastritis, which decreases acid secretion and
leads to poor absorption of calcium ion, which
may contribute to the development of osteoporosis. Furthermore, since this is a cross-sectional
study, it cannot ascertain whether osteoporosis
occurred before the development of anemia.
Another limitation is the lack of determinations
of vitamin D and parathormone levels. Finally,
the failure to collect the prevalence of fragility
fractures, which is the main clinical complication
of osteoporosis is a further limitation.

Conclusions
From this study, we may conclude that there is a
link between anemia and low bone mineral density in patients with RA mainly in the femoral
region, although we cannot infer a causal relationship. Chronic anemia can predispose to bone
loss, the development of osteoporosis and increase the risk of fractures. It is important to determine the hematological and bone parameters in
our patients with RA, in order to correct Hb
values and reduce the risk of fracture.
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