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ORIGINAL ARTICLES

Osteoporosis is associated with 
a lower prevalence of 

body mass index-defined obesity in 
rheumatoid arthritis

ABSTRACT
Objective. The objective of this initial phase of the study is to retrospectively screen rheumatoid arthritis (RA) 
phenotype characteristics associated with osteoporosis.
Methods. The study included all RA patients who randomly came to the university rheumatology department 
between January and July 2018. Demographic data, anthropometric data, RA-specific variables, osteoporosis 
data and comorbidities were collected retrospectively and cross-sectionally from the first (and most frequently the 
only) observation sheet of each patient within the study timeframe. Correlations and comparison were analyzed 
using appropriate non-parametric tests, all of the reported being significant (p<0.05).
Results. The sample included 149 RA patients (60.8 years mean age; 81.2% women), 40 (26.8%) of which had 
osteoporosis and 31 (20.8%) were obese. Compared to RA patients without osteoporosis, RA patients with oste-
oporosis were significantly older (56.0 respectively 71.0 years) and had: lower body mass index (BMI; 23.8 kg/m2 
respectively 29.6 kg/m2), longer disease duration (11.0 respectively 17.0 years), higher prevalence of rural dwell-
ing (prevalence ratio – PR=2.46), smoking (PR=3.71), inflammation (PR=1.35), anti-citrullinated protein antibody 
positivity (PR=1.51), glucocorticoids (PR=1.85) and carotid artery disease (PR=3.01), but a lower prevalence of 
obesity (PR=3.43). Lumbar bone mineral density was significantly correlated with BMI (rho=0.294) and with rheu-
matoid factor titers (rho=0.311), controlling for age, gender and disease duration.
Conclusions. BMI-defined obesity seems to be associated with a lower prevalence of osteoporosis among RA 
patients, while disease severity (treatment with glucocorticoids, inflammation and ACPA positivity) is associated 
with a higher prevalence of osteoporosis. Gain of adipose tissue and loss of bone tissue seem to be antagonistic 
and parallel body composition alterations in RA.
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IntROduCtIOn
Rheumatoid arthritis (RA) is a chronic inflamma-

tory disease which can lead to permanent disability 
because of periarticular bone destruction. Modern 
management principles (1) include early detection 
and treatment, shared therapeutic decisions, treating 
to target (aiming for persistent remission) and im-
proving symptoms (e.g. pain) and quality of life. 
Glucocorticoids are widely used to control RA 
symptoms, especially at diagnosis, when conven-
tional synthetic disease-modifying anti-rheumatic 
drugs (csDMARDs) are started, but also whenever 
the clinical situation calls for their anti-inflammato-
ry effect (e.g. switching DMARDs, disease flares). 

For this purpose, rheumatologists most often use low 
doses of glucocorticoids (less than 7.5 mg/day pred-
nison equivalent) for short periods of time and taper 
these drugs as soon as the symptoms are controlled 
by DMARDs. Unfortunately, glucocorticoids are as-
sociated with prevalent osteoporosis and fragility 
fracture risk, since they stimulate bone resorption 
and inhibit new bone formation (2). This impact of 
glucocorticoids on bone metabolism is potentially 
reversible if the exposure ceases and if proper treat-
ment is started early (3). Depending on the clinical 
case, pharmacological prophylaxis and treatment of 
glucocorticoid-induced osteoporosis makes use of 
all available therapeutic principles (optimal calcium 
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and vitamin D intake, bisphosphonates, teriparatide, 
raloxifen, denosumab) (4). Aside from the need of 
glucocorticoids, RA clusters several other signifi-
cant factors associated with osteoporosis, such as 
persistent systemic inflammation of non-responsive 
or untreated disease (5), prevalent menopause and 
premature menopause (6), smoking (7), depression 
(8,9), disability caused by joint damage and chronic 
pain, fall risk (10) and body composition alterations: 
on one hand, RA-induced low body mass index 
(BMI) (11,12) and sarcopenia (13,14), and on the 
other hand increased prevalence of obesity (15). In 
fact, two parallel pathogenic processes of bone loss 
take place during RA course: a local, periarticular 
bone loss, which is an early radiological sign of RA, 
and a general (whole body) bone loss (16), leading 
to osteoporosis and subsequent fragility fractures. 
The result is that both women and men with RA 
present a higher prevalence of osteoporosis (17,18), 
a significantly higher bone loss rate compared to 
age-matched controls (19), especially in patients 
with positive rheumatoid factor (RF) and anti-citrul-
linated protein antibodies (ACPA) (20), higher dis-
ease duration (17), low quality of life (17) and expo-
sure to glucocorticoids (21). Since preventing 
osteoporosis and fragility fractures is one of the 
main goals in RA management in real world medical 
environments, we aim to identify clinical RA charac-
teristics which can predict the development of these 

conditions, in order to guide early therapeutic inter-
vention. For this purpose, the objective of this cur-
rent initial phase of the study is to retrospectively 
screen RA phenotype characteristics associated with 
osteoporosis, which will be prospectively studied for 
prediction in a subsequent second phase of the study.

METHODS
Patients

The study included patients diagnosed with RA 
by their attending rheumatologists, who also ful-
filled the 2010 American College of Rheumatology 
and European League Against Rheumatism classifi-
cation criteria (22). All RA patients who came to the 
rheumatology department in the random order of 
presentation between January and July 2018 were 
retrospectively screened for the following exclusion 
criteria: age under 18 years; overlap syndromes of 
RA; secondary causes of osteoporosis (cancer, celiac 
disease, chronic liver disease, chronic pancreatitis, 
chronic renal disease, chronic obstructive pulmo-
nary disease, Cushing’s disease, cystic fibrosis, dia-
betes mellitus, hemoglobinopathies, heparin treat-
ment, hypogonadism, hyperthyroidism, inflammatory 
bowel disease, immobility, malabsorption); lack of 
data regarding osteoporosis status. Written informed 
consent for medical procedures and scientific use of 
data is given each time a patient visits the clinic. The 

FIGURE 1. Comparison of rheumatoid arthritis patients with and without osteoporosis: the median body mass index 
difference (left pane: 23.8 kg/m2 compared to 29.6 kg/m2; p = 0.041, Mann Whitney test) and the difference of obesity 
prevalence (right pane: 7.5% compared to 25.7%; p = 0.001, χ2 test; prevalence ratio = 3.43).
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protocol was approved by the local ethics commit-
tee. 

Variables

Demographic data (age, gender, dwelling, educa-
tion level, smoking), anthropometric data (weight, 
height), RA-specific data (disease duration, disease 
activity score – DAS28, health assessment question-
naire – HAQ (23), treatment), serology (RF, ACPA), 
acute phase reactants (erythrocyte sedimentation 
rate – ESR; C-reactive protein – CRP), hematology 
tests (hemoglobin, hematocrit), osteoporosis data 
(diagnosis, lumbar and T scores, anti-osteoporosis 
treatment, total serum calcium) and comorbidities 
(arterial hypertension – AHT; type 2 diabetes melli-
tus – T2DM; dyslipidemia; carotid artery disease – 
CAD) were collected retrospectively and cross-sec-
tionally from the first (and most frequently the only) 
observation sheet of each patient within the study 
timeframe. BMI was either transcribed or calculated 
by dividing weight to square height. Obesity was de-
fined as a BMI equal to or above 30 kg/m2 (24). 
DAS28 was either collected from the observation 
sheets or calculated using four variables (25): num-
ber of tender joints, number of swollen joints, pa-
tient global assessment on a visual analogue scale 
and CRP. Based on DAS28 values, the following 
disease activity categories were defined: remission 
(DAS28 < 2.6); low disease activity (LDA; 2.6 ≤ 
DAS28 < 3.2); moderate disease activity (MDA; 3.2 
≤ DAS28 < 5.1) and high disease activity (HDA; 
DAS28 ≥ 5.1). Positive serology was defined if RF 
and ACPA were above the laboratory’s upper limit of 
normal (ULN): 15 U/mL (turbidimetry method) and 
respectively 20 U/mL (enzyme-linked immuno-
sorbent assay method). Inflammation was defined if 
either ESR (ULN: 30 mm/h; Westergren method) or 
CRP (ULN: 5 mg/L; turbidimetry method) were 
above the laboratory’s ULN. Anemia was defined as 
hemoglobin levels below the gender-specific labora-
tory lower limit of normal (LLN), respectively 11 g/
dL for women and 12 g/dL for men (flow cytometry 
with fluorescence method). Hypocalcemia was de-
fined for values bellow the laboratory’s LLN, name-
ly 8.8 mg/dL (spectrophotometry method). Osteopo-
rosis was defined in four non-conflicting instances: 
the patient had a diagnosis of osteoporosis according 
to the attending physician, without mention of T 
scores and treatment; the patient had active anti-os-
teoporosis treatment (bisphosphonates, denosumab, 

teriparatide, calcitonin, estrogens, raloxifen); the pa-
tient had a recorded lumbar or hip T score of -2.5 
standard deviations (SD) or less (26); the patient had 
a history of fragility fracture. All the dual energy 
x-ray absorptiometry scans were performed by a sin-
gle certified clinical densitometrist (< 0.5% coeffi-
cient of variation) using a Lexxos C05LX223 ma-
chine, which was calibrated daily according to the
manufacturer’s indications. AHT was defined if: the
patient had a diagnosis of AHT according to the at-
tending physician; the patient had recorded antihy-
pertensive treatment; the patient has at least two re-
corded blood pressure measurements of at least
140/90 mmHg (27). T2DM was defined if: the pa-
tient had a diagnosis of T2DM according to the at-
tending physician; the patient had recorded antidia-
betic treatment; the patient has at least two recorded
fasting plasma glucose levels of 126 mg/dL or more
or one recorded value of 200 mg/dL or more (28).
Dyslipidemia was defined if: the patient had a diag-
nosis of dyslipidemia according to the attending
physician; the patient had recorded cholesterol-low-
ering treatment; the patient had a recorded fasting
total cholesterol of 200 mg/dL or above, serum
low-density lipoproteins of 100 mg/dL or above or
serum triglycerides of 150 mg/dL or more (29). CAD
was defied if the patient had a diagnosis of CAD ac-
cording to the attending physician or if the patient
had a recorded imaging study of the extra-cranial in-
ternal carotid artery with 50% stenosis or more (30).

Statistics

Distribution normality was assessed using de-
scriptive statistics, normality plots and Lillefors cor-
rected Kolmogorov-Smirnov tests. Normally dis-
tributed continuous variables were reported as 
“mean (SD)”, while non-normally distributed varia-
bles were expressed as “median (interquartile 
range)”. Qualitative variables were expressed as 
“absolute frequency (percentage of subgroup)”. The 
differences of continuous variables between RA pa-
tients with and without osteoporosis were assessed 
by Mann Whitney tests, while the differences of 
nominal variables between these subgroups were as-
sessed with χ2 or Fisher’s exact tests. The correla-
tions of continuous variables were studied using bi-
variate Spearman tests and partial correlation 
controlling for recorded confounders. Prevalence 
ratio was calculated by dividing the prevalence of 
obesity among patients with or without osteoporosis. 
All tests were considered significant if p < 0.05 and 
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were done using IBM SPSS v.20 (IBM Inc., Ar-
monk, New York, 2010) for Windows.

RESULTS
General characteristics

The sample included 149 RA patients, 40 of 
which had osteoporosis (26.8%; Table 1). Exactly 84 
patients (56.4%) were on glucocorticoids for a medi-
an of 2.0 (2.4) years with a median dose of 5.0 (5.0) 
mg prednisone equivalent. All RA patients were re-
ceiving csDMARDs: 89 (59.7%) were taking meth-
otrexate; 32 (21.5%) had leflunomide; 30 (20.1%) 
were receiving hydroxychloroquine and 20 (13.4%) 
had sulfasalazine. Most of the patients (117, 78.5%) 
had csDMARD monotherapy, while 27 patients 
(18.1%) had double therapy and 5 patients (3.4%) 
had triple therapy. Only 11 patients (7.4%) were re-
ceiving biologic agents: 4 (36.4%) with rituximab, 3 
(27.3%) with etanercept, 3 (27.3%) with infliximab 
and 1 patient (9.1%) with adalimumab.

Even though there were only 40 patients with os-
teoporosis in the whole sample, 83 patients (55.7%) 
were recommended calcium and vitamin D supple-
ments. Of the 40 patients with osteoporosis, only 33 
patients (82.5% of the osteoporosis subgroup) were 
receiving active pharmacological treatment: 26 pa-
tients (78.8% of the treated patients) on bisphospho-
nates, 4 patients (12.1%) on denosumab, 2 patients 
(6.1%) on strontium ranelate and 1 patient (3.0%) on 
teriparatide.

Comparison of RA patients with and without 
osteoporosis

Compared to RA patients without osteoporosis 
(patients with osteopenia or normal bone mineral 
density – BMD), RA patients with osteoporosis were 
significantly older, with lower BMI and longer dis-
ease duration (Table 2).

TABLE 2. Differences of continuous variables between 
RA patients with and without osteoporosis (n = 149)

Osteoporosis
no (n = 109) yes (n = 40) p

age (years) 56.0 (7.0) 71.0 (11.0) 0.001
BMI (kg/m2) 29.6 (6.1) 23.8 (4.9) 0.041
RA dura� on (years) 11.0 (17.0) 17.0 (7.5) 0.035
ESR (mm/h) 34.0 (39.0) 42.0 (42.0) 0.852
CRP (mg/L) 4.7 (6.4) 6.1 (19.2) 0.636
RF (U/mL) 129.6 (397.3) 56.8 (87.5) 0.647
ACPA (U/mL) 104.1 (141.5) 69.2 (93.6) 0.566
hemoglobin (g/dL) 14.2 (1.0) 12.7 (2.1) 0.111
hematocrit (%) 42.8 (3.7) 39.5 (4.2) 0.163
HAQ 1.5 (1.4) 1.0 (0.8) 0.533
DAS28 4.1 (2.1) 3.9 (1.7) 0.687
TSCa2+ (mg/dL) 9.4 (0.9) 9.1 (0.7) 0.846

Notes: non-normally distributed data are reported as “median (inter-
quartile range)”; p values represent the significance level of Mann 
Whitney tests; see Methods section of specific definitions of reported 
items; abbreviations: ACPA – anti-citrullinated protein antibodies; BMI 
– body mass index; CRP – C-reactive protein; DAS – disease activity
score; ESR – erythrocyte sedimentation rate; HAQ – health assessment 
questionnaire; RA – rheumatoid arthritis; RF – rheumatoid factor;
TSCa2+ – total serum calcium.

Similarly, compared to RA patients without oste-
oporosis, RA patients with osteoporosis had a higher 

TABLE 1. General characteristics of the sample (n = 149)
age (years) 60.8 ± 12.9 RA durati on (years) 7.0 (11.0)
women (n, %) 121 (81.2%) HAQ 1.4 ± 0.7
urban dwelling (n, %) 90 (60.4%) DAS28 4.1 ± 1.2
college (n, %) 21 (14.1%) remission (n, %) 12 (8.1%)
smoking (n, %) 27 (18.1%) LDA (n, %) 6 (4.1%)
BMI (kg/m2) 25.9 ± 4.8 MDA (n, %) 47 (31.5%)
obesity (n, %) 31 (20.8%) HDA (n, %) 14 (9.4%)
TSCa2+ (mg/dL) 9.2 ± 0.4 RF (U/mL) 58.8 (146.3)
hypocalcemia (n, %) 7 (4.7%) posi� ve RF (n, %) 107 (71.8%)
lumbar BMD (g/m2) 0.81 ± 0.14 ACPA (U/mL) 101.9 (152.1)
lumbar T score (SD) -1.8 ± 0.9 posi� ve ACPA (n, %) 101 (67.8%)
hip T score (SD) -1.8 ± 1.0 ESR (mm/h) 40.0 (48.0)
osteoporosis (n, %) 40 (26.8%) CRP (mg/L) 11.0 (23.3)
AHT (n, %) 79 (53.1%) infl amma� on (n, %) 120 (80.5%)
T2DM (n, %) 8 (5.4%) hemoglobin (g/dL) 12.8 ± 1.5
dyslipidemia (n, %) 62 (41.6%) hematocrit (%) 38.8 ± 4.2
CAD (n, %) 19 (12.8%) anemia (n, %) 18 (12.1%)

Notes: normally-distributed data are reported as “mean ± SD”; non-normally distributed data are reported as “median (interquartile range)”; see 
Methods section of specific definitions of reported items; abbreviations: ACPA – anti-citrullinated protein antibodies; AHT – arterial hypertension; 
BMD – bone mineral density; BMI – body mass index; CAD – carotid artery disease; CRP – C-reactive protein; DAS – disease activity score; ESR – eryth-
rocyte sedimentation rate; HAQ – health assessment questionnaire; HDA – high disease activity; LDA – low disease activity; MDA – moderate disease 
activity; RA – rheumatoid arthritis; RF – rheumatoid factor; SD – standard deviation; T2DM – type 2 diabetes mellitus; TSCa2+ – total serum calcium.
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prevalence of rural dwelling, smoking, inflamma-
tion, ACPA positivity, glucocorticoid treatment and 
CAD, but a lower prevalence of obesity (Table 3).

TABLE 3. Differences of nominal variables between RA 
patients with and without osteoporosis (n = 149)

Osteoporosis
no (n = 109) yes (n = 40) p

men (n, %) 23 (21.1%) 5 (12.5%) 0.336
rural dwelling (n, %) 31 (28.4%) 28 (70.0%) 0.012
college (n, %) 13 (11.9%) 8 (20.0%) 0.691
smoking (n, %) 11 (10.1%) 16 (37.5%) 0.030
obesity (n, %) 28 (25.7%) 3 (7.5%) 0.001
inflammation (n, %) 81 (74.3%) 40 (100.0%) 0.039
RF positive (n, %) 76 (69.7%) 31 (77.5%) 0.372
ACPA positive (n, %) 65 (59.6%) 36 (90.0%) 0.033
glucocorticoids (n, %) 50 (45.9%) 34 (85.0%) 0.044
methotrexate (n, %) 66 (60.6%) 23 (57.5%) 0.400
leflunomide (n, %) 22 (20.2%) 9 (22.5%) 0.929
sulfasalazine (n, %) 14 (12.8%) 6 (15.0%) 0.600
hydroxychloroquine 
(n, %)

22 (20.2%) 8 (20.0%) 0.970

csDMARD monotherapy 
(n, %)

84 (77.1%) 33 (82.5%) 0.543

csDMARD dual therapy 
(n, %)

22 (20.2%) 5 (12.5%) 0.408

csDMARD triple therapy 
(n, %)

3 (2.8%) 2 (5.0%) 0.579

biologic DMARDs (n, %) 8 (7.3%) 3 (7.5%) 0.923
anemia (n, %) 12 (11.0%) 6 (15.0%) 0.679
HDA (n, %) 8 (7.3%) 6 (15.0%) 0.135
hypocalcemia (n, %) 5 (4.6%) 2 (5.0%) 0.655
AHT (n, %) 55 (50.4%) 24 (60.0%) 0.478
T2DM (n, %) 6 (5.5%) 2 (5.0%) 0.272
dyslipidemia (n, %) 42 (38.5%) 20 (50.0%) 0.242
CAD (n, %) 9 (8.3%) 10 (25.0%) 0.038

Notes: nominal variables are reported as “absolute frequency (percent 
of subgroup)”; p values represent the significance level of χ2 tests; see 
Methods section of specific definitions of reported items; abbrevia-
tions: ACPA – anti-citrullinated protein antibodies; AHT – arterial hyper-
tension; CAD – carotid artery disease; csDMARDs – conventional syn-
thetic disease-modifying anti-rheumatic drugs; HDA – high disease 
activity; RA – rheumatoid arthritis; RF – rheumatoid factor; T2DM – 
type 2 diabetes mellitus.

Compared with RA patients with normal acute 
phase reactants, patients with inflammation had a 
significantly lower median lumbar BMD (0.73 g/
cm2 compared to 0.83 g/cm2; p = 0.046). Lumbar 
BMD was significantly and positively correlated 
with BMI (r = 0.294, p = 0.045) and with the titer of 
RF (r = 0.311, p = 0.033), correlations with remained 
significant after controlling for age, gender and dis-
ease duration. Lumbar T scores were significantly 
correlated with age (r = -0.272; p = 0.010) and hema-
tocrit (r = 0.240; p = 0.025), while hip T scores were 
significantly correlated with age (r = -0.337; 

p = 0.001), hematocrit (r = 0.216; p = 0.044) and 
hemoglobin (r = 0.298; p = 0.005). However, partial 
correlations of these variables, controlling for age, 
gender and disease duration, rendered insignificant 
correlations (p > 0.08).

DISCUSSION
Three main associations of osteoporosis we ob-

served among RA patients: osteoporosis showed a 
negative association with obesity and positive asso-
ciations with glucocorticoids, inflammation, ACPA 
positivity and cardiovascular disease (as represented 
by CAD).

More specifically, our RA patients with osteopo-
rosis had significantly lower BMI, while RA patients 
without osteoporosis had more than 3 times the 
prevalence of obesity among RA patients with oste-
oporosis. It is known that low BMI represents an in-
dependent and significant risk factor for osteoporo-
sis (31,32), therefore one can suppose a protective 
effect of body fat on BMD. This hypothesis was 
proven: for example, Mazocco et al. (33) reported, 
as we observed, that the prevalence of osteoporosis 
among obese subjects is significantly lower than that 
of normal-weight and overweight subjects, while 
Barrera et al. (34), studying femoral neck BMD, re-
ported that obesity incurs a three-fold reduction in 
the risk for osteoporosis compared to persons with 
normal weight. Further elaborating the link between 
obesity and osteoporosis and thus strengthening, in 
the limits of epidemiological observation, the proba-
bility of a protective effect of obesity on BMD, Old-
royd et al. (35) reported that it is limited by an upper 
threshold of 40 kg/m2, above which the prevalence 
of osteoporosis increases even among obese sub-
jects, proposing a mechanical explanation of failing 
weight bearing in the morbidly obese to explain fra-
gility fractures among these patients. Another clue to 
the deterministic relationship of obesity and osteo-
porosis is the report of Compston et al. (11), which 
observed that the influence of obesity on BMD var-
ies according to site: obesity protects against verte-
bral, hip and radius fragility fractures, but it is asso-
ciated with an increased risk of ankle fragility 
fractures. All these results suggest a causal relation-
ship between osteoporosis risk reduction in obesity 
(36): the conditions are significantly and negatively 
correlated; the effect is consistently reported in dif-
ferent geographical areas and in genetically different 
human populations; the relationship is specific, in 
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the sense that there are no other diseases known to 
reduce the risk of osteoporosis; the different risk of 
osteoporosis along the BMI scale clearly indicates a 
biological gradient and is coherent with most of the 
available knowledge; biological plausibility can be 
invoked by citing estrogen synthesis by adipose tis-
sue (37). However, there is insufficient data regard-
ing experimentation (for example, the observation of 
increasing risk of osteoporosis in formerly obese 
persons who lost weight) and temporality (whether 
obesity increases the risk for osteoporosis of former-
ly normal-weight persons who became obese). Nota-
ble doubts about the causal protective effect of obe-
sity on osteoporosis have been raised during the last 
decade. For example, completely opposite of what 
we discussed so far, Greco et al. (38) reported that 
obesity was positively associated with osteoporosis 
in their sample of subjects, while Neglia et al. (39) 
reported a 1.46 adjusted odds ratio for osteoporosis 
in their obese subjects. Recent genetic research lead 
to the identification of genes and genetic polymor-
phisms which are associated both with osteoporosis 
and obesity (40,41). Therefore, it seems that the rela-
tionship between the two conditions has two ways 
and hints at the hypothesis that not all fat is protec-
tive against osteoporosis. Indeed, there are reports 
which prove that abdominal obesity is inversely cor-
related with BMD and it increases the risk of fragil-
ity fractures (42-44). These observations are plausi-
ble if the exocrine capacity of excess adipose tissue 
is taken into consideration: high levels of adipokines, 
such as leptin (45), and of pro-inflammatory cy-
tokines, such as tumor necrosis factor α (46), are 
known to decrease BMD and to be associated with 
abdominal obesity. The same abdominal obesity is 
linked not only to osteoporosis, but more thoroughly 
to negative cardiovascular outcomes (47), as we ob-
served in our sample the higher prevalence of CAD 
among osteoporosis patients, and it may represent 
the confounding element of our previously observed 
correlation of bone density and cardiovascular risk 
(48). In order to elucidate the link between osteopo-
rosis and obesity, which cannot be ultimately done 
epidemiologically, fundamental research should 
concentrate on the identification and description of 
adipose tissue exocrine products and their effects on 
bone tissue and endothelia. RA may not be the opti-
mal medium to investigate this connection, since it is 
a condition which by itself or through its treatment 
influences adipose tissue, cardiovascular risk and 
bone metabolism in the same time, making it hard to 

differentiate the individual deterministic relation-
ships between these states. Therefore, the second 
phase of this study is planned to prospectively ob-
serve the influence of trunk adiposity and BMI vari-
ation on BMD variation and osteoporosis develop-
ment, both in RA patients and healthy controls.

Another discussion point is the positive associa-
tion of osteoporosis with ACPA positivity in our 
study: ACPA positivity was 1.5 times more frequent 
among patients with osteoporosis compared to RA 
patients without osteoporosis (Table 3). The litera-
ture confirms our findings: systematically, ACPA 
positive RA patients have lower BMD of regular re-
gions of interest (spine, hip, forearm) compared to 
ACPA negative RA patients (49,50), translating in a 
higher fracture risk for these ACPA positive patients 
independently of ACPA titers (51). However, the ef-
fect of ACPA on osteoporosis in RA seems to be de-
pendent on ACPA titers (52,53), following a linear 
relationship (54), which determined some authors to 
hypothesize that RA-specific autoimmunity causally 
determines systemic bone loss (49,50) and that low-
ering ACPA titers would improve bone mass (52). 
We consider that the evidence supporting such a di-
rect causal relationship is not compelling. Rather, a 
confounding RA-specific process determines both 
ACPA positivity and systemic bone loss, as Wysham 
et al. recently suggested (54). Fundamental research 
seems to support this view, proving that ACPA posi-
tivity and osteoporosis in RA have common bio-
chemical (such as interleukin 6 (55) and receptor 
activator of nuclear factor κ-Β ligand (56)) or even 
genetic determinants (such as vitamin D receptor 
polymorphisms (57)). A more plausible explanation 
for this epidemiologic association of osteoporosis 
and ACPA in RA should be sought in the field of 
osteoimmunology: osteoclasts respond to the same 
pro-inflammatory signals which drive disease activ-
ity in RA.

The relevance of our results could be influence 
by a series of study limitations: the retrospective and 
uncontrolled design; the relatively low sample num-
ber which may be further biased for selection, since 
all of the patients were included in the study upon 
their request of medical services; the lack of infor-
mation regarding significant confounding variables 
(such as physical activity and diet); to inability to 
establish whether the significantly lower BMI of our 
RA patients with osteoporosis is random or partially 
caused by RA itself. 
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CONCLUSION
Osteoporosis among RA patients seems to be as-

sociated with a lower prevalence of BMI-defined 
obesity, but with a higher prevalence of disease se-

verity markers (treatment with glucocorticoids, in-
flammation and ACPA positivity). Gain of adipose 
tissue and loss of bone tissue seem to be antagonistic 
and parallel body composition alterations in RA.
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