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ABSTRACT
Objectives: Previous studies of bone tissue in rheumatoid arthritis (RA) using dual X-ray absorpti-

ometry (DXA) concentrated on regions of interest that were used to diagnose osteoporosis. This study 
aimed to compare the whole body bone tissue (wbBT) of RA patients with healthy subjects and to identify 
the RA variables which significantly predict wbBT.
Methods: The study was cross-sectionally designed to include postmenopausal RA patients and age-

matched healthy female controls. All 107 RA patients and all 104 controls underwent clinical examina-
tion, laboratory tests and whole body DXA composition, which recorded total and regional bone indices. 
Non-parametric standard statistical test and regression models after data normalization were used to 
assess correlations, associations and differences.
Results: Compared to controls, RA patients had significantly lower whole body and regional bone 

mass (14.9 kg compared to 15.5 kg; p = 0.031). Disease duration (r = -0.402 ; p < 0.001), C-reactive pro-
tein (r = -0.279; p = 0.015) and inflammation (2.5% wbBT compared to 2.9%; p = 0.043), radiographic 
damage (14.3 kg compared to 16.2 kg; p < 0.001), disease activity scores (r = -0.275 ; p = 0.018 for HAQ) 
are significantly correlated/associated with lower wbBT. Clinical structural damage is associated with 
lower wbBT and it can significantly predict them (R2 = 0.014; p = 0.001), while glucocorticoid treat-
ment, even in low doses, was associated with lower wbBT percent (2.6% compared to 2.8%; p = 0.045). 
Treatment with biologics was associated with a lower rate of whole body osteoporosis (0% compared to 
22.2%; p = 0.013).
Conclusions: The main associated factors with the generalized bone loss in female RA patients are 

disease duration and disease activity. Clinical structural damage is the most powerful predictor of the 
whole body bone loss. These results suggest a general disturbance of skeletal bone metabolism in RA and 
could explain a greater risk of fragility fractures of non-central sites (e.g. ribs, tibia, ankles etc.) com-
pared to post-menopause osteoporosis.
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INTRODUCTION 

Rheumatoid arthritis (RA) is a progres-
sive auto-immune disease character-
ized by chronic inflammation which 
can lead to permanent joint defor-
mity, disability, distress and socio-

economic costs. Its clinical consequences in-
clude erosive chronic arthritis, extra-articular 
manifestations, increased rate and severity of 
atherosclerosis and profound modifications of 
body composition (1), even in the early stages 
of the disease (2-4). The RA-bone tissue inter-
action leads to erosions, osteoporosis and fra-
gility fractures (5,6), which are associated with 
low quality of life and adverse outcomes (7). 
Osteoporosis appears early in the disease 
course, two times more prevalent than in the 
general population (8,9). Aside from the gen-
eral risk factor of primary osteoporosis, bone 
loss in RA is specifically associated with disabi-
lity, autoantibody positivity (8), glucocorticoids 
and disease activity (RANK-mediated activation 
of osteoclasts) (10). The previous studies of 
bone tissue in RA using dual X-ray absorptio-
metry (DXA) techniques concentrated on the 
regions of interest used to diagnose osteoporo-
sis (spine, hip, forearm), but bone loss seems to 
affect the whole skeleton. There are few data 
regarding DXA-estimated whole body bone tis-
sue in RA (11-13) and its relationship with RA-
specific variables, which would be important 
pathologically (the influence of chronic inflam-
mation on bone tissue) and clinically (fragility 
fractures in other sites than those used to diag-
nose osteoporosis). In this context, this study 
aimed to compare the whole body bone tissue 
of RA patients with the one of healthy subjects 
and to identify the RA variables which signifi-
cantly predict the whole body bone tissue indi-
ces. 

METHODS

Patients and criteria

The study was cross-sectionally designed to 
include all the patients admitted to our Rheu-
matology Department (Research Centre of the 
Pathology and Treatment of Systemic Rheuma-
tic Diseases - RCRD, Bucharest) in the random 
order of presentation between May and August 
2013. The inclusion criteria were: female sex 
(since RA is more frequent in women and since 
men have largely different body composition 

phenotypes from women), Caucasian race, 
postmenopausal status, 2010 ACR/EULAR clas-
sification criteria for RA(14), and more than 6 
months disease duration. Age-matched healthy 
Caucasian post-menopausal female subjects 
from the same geographic area were randomly 
selected and invited to participate in the study 
using the records of general practitioners asso-
ciated with RCRD. The following exclusion cri-
teria were applied: age under 18 years; preg-
nancy; weight >150 kg (DXA table weight 
limit); current cancer; digestive pathology (gas-
trectomy, bariatric or intestinal surgery, primary 
biliary cirrhosis, celiac disease); chronic ob-
structive lung disease; severe heart failure (New 
York Heart Association classification ≥3); en-
docrine abnormalities (hyperthyroidism, hy-
perparathyroidism, hypogonadism); bone di-
sease (osteogenesis imperfecta, Paget’s disease, 
osteomalacia; arthroplasty and bone prosthe-
sis); moderate-severe chronic kidney disease 
(glomerular filtration rate <60 mL/min/1.73 
m2); psychiatric eating disorder and therapy 
with any of the following drugs in the last 6 
months: estrogen-replacement therapy, lithi-
um, cyclosporine, aluminium, glucocorticoids 
exceeding 7.5 mg/day prednisone equivalent, 
antipsychotics, anticonvulsants, heparin, orli-
stat, lorcaserin, exogenous insulin. Each patient 
gave written informed consent and the study 
was approved by the local ethics committee. 
The clinical examination, laboratory tests and 
DXA body composition analysis were done in 
the same day for each patient and the data 
were collected using formalized questionnaires 
and sheets.

Clinical examination

A clinical interview and a review of the 
medical history allowed the recording of the 
following variables: age, smoking status, di-
sease duration, duration of morning stiffness, 
patient self-assessment of general health and 
disease activity (visual analog scale), treatment 
regimens and extra-articular manifestations 
(rheumatoid nodules, vasculitis, neurologic, 
pulmonary, cardiac, renal or ophthalmologic 
involvement). Patients were given a modified 
health assessment questionnaire (MHAQ) (15). 
A single senior author rheumatologist (DO) 
performed systematical clinical examinations, 
which focused on anthropometrics and RA 
variables. The classic anthropometric indices 
such as height and weight were measured in 
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upright anatomical position, light clothing, 
without shoes, using a mechanical scale (0.1 kg 
maximal error) and a stadiometer (0.3 cm 
maxi mal error). Body mass index (BMI) was 
calculated dividing weight by the square of 
height. The clinical examination recorded the 
number of painful and swollen joints (bilateral 
proximal interphalangeal, metacarpophalan-
geal, wrist, elbow, shoulder, knee joints) and 
identified patients with RA joint deformities of 
their hands (henceforth designated “clinical 
structural damage”): fixed flexion contracture, 
ulnar deviation, “swan neck”, “boutonniere”, 
“Z” thumb, other luxations and subluxations, 
impaired range of motion, arthritis mutilans. A 
visual analog scale indication of the global di-
sease activity was recorded by the evaluator. A 
single senior author rheumatologist (VB) identi-
fied radiological damage (henceforth designa-
ted “radiological structural damage”) on stan-
dard postero-anterior X-ray images of the hands 
and feet: peri-articular osteoporosis, marginal 
erosions, cysts, subluxations and ankylosis. The 
Simple Erosion Narrowing Score (SENS) was 
calculated using the method proposed by van 
der Heijde et al (16).

Laboratory measures

All the included patients underwent morn-
ing venipuncture and blood samples were test-
ed with commercial kits for routine blood 
chemistry, complete blood count, serum tri-
glycerides, high and low density cholesterol 
fractions, fasting plasma glucose, erythrocyte 
sedimentation rate (ESR; Westergren method), 
C-reactive protein (CRP; nephelometric meth-
od), IgM rheumatoid factor (RF) and anti-citrul-
linated peptide antibodies (ACPA; enzyme-
linked immunosorbent assay). Using the clinical 
and laboratory measures, RA activity was as-
sessed using two composite tools: disease ac-
tivity score (DAS28; remission ≤ 2.6; low dis-
ease activity – LDA 2.6-3.2; moderate disease 
activity – MDA 3.2-5.1; high disease activity – 
HAD > 5.1)(17) and clinical disease activity 
index (CDAI) (18).

DXA: whole body composition and 
osteoporosis

A whole body scan and an osteoporosis re-
gion of interest scan were performed consecu-
tively for each patient. Body composition was 
evaluated using whole body less head DXA 

with a Lexxos C05LX223 densitometer. All the 
scans were performed by a single certified clin-
ical densitometrist (CP; <0.5% coefficient of 
variation during the study period). Daily cali-
bration and quality control tests were per-
formed according to the manufacturer’s rec-
ommendations and different regions of interest 
were manually checked for maximal reliability 
(19). The patients were required to wear light 
clothing, without metal or plastic, and were 
scanned in the morning, after nocturnal fast, 
micturition and 5-10 minutes of supine rest on 
the examination table, in the absence of preg-
nancy and radioactive or radiocontrast investi-
gations in the last week. Data records included 
whole body and regional (arms, legs, ribs) vari-
ables such as bone tissue density/mass/area/
percent (wbBTD/M/A/P), whole body T- and 
Z-scores (wbT/Z). Appendicular bone mass 
(ABM) and rib bone mass (RBM) were calcu-
lated as the sum of BTM of all members respec-
tively ribs, while appendicular bone density 
(ABD) and rib bone density (RBD) were calcu-
lated as the arithmetic mean of BTD of all 
members, respectively ribs. Since wbBTM was 
highly correlated with height (Pearson r = 
0.681; p <0.001), bone tissue mass index 
(BTMI) was calculated by dividing wbBTM to 
the square of height. Since there are no esta-
blished cutoffs for the low whole body bone 
indices, we categorized our patients as having 
low bone indices under the respective 25th 
per cen tile of wbBTP (<2.45%), wbBTM 
(<13.07 kg), ABM (<6.53 kg) and BTMI 
(<0.522 kg/m2). Osteoporosis was defined if 
the patient was previously diagnosed by a 
rheu ma to lo gist or endocrinologist and if the 
pa tient had cu rrent treatment with anti-osteo-
po rotic agents (bis phosphonate, calcitonin, de-
nosumab, stron tium ranelate). All the patients 
with no such his tory underwent a lumbar and 
hip DXA scan and osteoporosis was defined by 
a central T-score ≤ -2.5.

Statistics

Data distribution normality was assessed us-
ing descriptive statistics, normality, stem-and-
leaf plots and the Lilliefors corrected Kol-
mogorov-Smirnov test. Non-normally distri  -
buted data were reported as “median (mini-
mum-maximum)” and were tested using non-
pa ra metric tests adjusted for age and smoking 
status: correlations were assessed using bivari-
ate Spearman coefficients; differences between 
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subgroups were assessed with Mann-Whitney 
U and Kruskal-Wallis tests; cross-tab associa-
tions were evaluated using Fisher or 2 tests. 
Simple and multiple regression models were 
created using bone tissue indices as depen-
dents and RA variables as independents, both 
of which were normalized by computing 
square roots and natural logarithms. Qualita-
tive data were expressed as absolute and per-
centage frequency. All tests were considered 
significant if p <0.05 and were done using Sta-
tistical Package for the Social Sciences v.17 
(SPSS Inc., Chicago, U.S.A., 2008) for Win-
dows. 

RESULTS

General characteristics

A total of 107 RA women met the inclusion 
criteria (Table 1). Using the ESR-DAS28 cut-
offs, 11 (10.3%) patients were in remission, 13 
(12.1%) had LDA, 54 (50.5%) had MDA and 
29 (27.1%) had HDA. The 49 (45.8%) patients 
on low-dose glucocorticoids were taking <7.5 
mg/day prednisone for a median period of 9 
months (3-15 months). The control group con-
tained 104 healthy women.

Comparison between RA patients and 
controls

There were two main differences between 
the study groups. Firstly, related to classical an-
thropometrics, controls had a significantly hi-
gher rate of obesity than RA patients (Table 1). 
Secondly, related to body composition, RA pa-
tients had significantly lower whole body, ribs 
and appendicular bone indices than controls 
(Figure 1).

Correlations in RA group

Generally, longer disease duration was cor-
related with lower whole body bone tissue in-
dices (Table 2). Similarly, inflammatory mea-
sures (CRP), radiologic damage indices (SENS) 
and quality of life indices (MHAQ) were nega-
tively and significantly correlated with the 
whole body bone tissue indices. No other RA 
variable was correlated significantly with the 
whole body bone tissue indices. Using stan-
dard simple and multiple regressions, only 4 
independent variables (age, disease duration, 
SENS, clinical structural damage) predicted sig-
nificantly bone tissue indices (wbBTD, wbBTM, 
wbT-score, mABD, ABM, BTMI). Combining 
these 4 significant predictors in stepwise multi-
ple regression models allowed us to identify the 
significant model for each of the bone tissue 
indices (Table 3).

Differences among RA subgroups

Patients with clinical structural damage 
seemed to be the subgroup with the lowest 
whole body and appendicular bone indices 
(Table 4). Interestingly, these patients were also 
taller and heavier than the RA patients without 
clinical structural damage. Unlike the biologic 
treatments, the inflammation and glucocorti-

FIGURE 1. Two results of DXA whole body bone analysis: an RA 
case (left) and a control (right).
Abbreviations: ABD/M – appendicular bone density/mass; BTD/M – bone 
tissue density/mass; BTMI – bone tissue mass index; RBD/M – rib bone 
density/mass; SD – standard deviation; wb – whole body.

age (years) 55 55
wbBTD (g/cm2) 0.62 1.01

wbBTM (kg) 11.73 20.58
BTMI (kg/m2) 0.45 0.61

wbT-score (SD) -3.2 +1.2
wbZ-score (SD) -2.9 +1.5

ABD (g/cm2) 0.55 0.92
ABM (kg) 5.96 10.19

RBD (g/cm2) 0.49 0.87
RBM (kg) 1.57 3.46



BONE TISSUE IN RHEUMATOID ARTHRITIS

23Maedica   A Journal of Clinical Medicine, Volume 10 No.1 2015

coids treatment, even in low doses, were asso-
ciated with lower whole body bone tissue indi-
ces. Surprisingly, ACPA negative patients had 
significantly lower whole body bone tissue in-
dices than ACPA positive patients. As the di-
sease activity intensified (measured by ESR-
DAS28), the wbBTP decreased: for example, 
patients in remission (n = 11) had a median 
wbBTP of 3% (2-3%), compared to patients 
with MDA (n = 11) who had a median wbBTP 
of 3% (2-4%; p = 0.029; Kruskal Wallis test). 
Similarly, as disease activity intensified (mea-
sured by CDAI), the BTD of right ribs (rrBTD) 
decreased: for example, patients in remission 
(n = 6) had a median rrBTD of 0.67 g/cm2 
(0.53-0.84 g/cm2), compared to patients with 
MDA (n = 60) who had a median rrBTD of 
0.62 g/cm2 (0.37-1.31g/cm2; p = 0.023; Krus-
kal Wallis test). 

DISCUSSION 

Main and unique study findings

Compared to controls, RA patients had sig-
nificantly lower whole body and regional (ap-
pendicular, ribs) bone indices. Disease dura-
tion, CRP and inflammation, radiographic 
damage (SENS), ESR-DAS28 disease activity 
and MHAQ were significantly correlated or as-
sociated with lower whole body bone tissue 
indices. Clinical structural damage is associated 
with lower bone tissue indices and it can sig-
nificantly predict them, while glucocorticoids 
treatment, even in low doses, was associated 
with lower whole body bone tissue percent. 
Treatment with biologics was associated with a 
lower rate of whole body osteoporosis and AC-
PA-negative patients had a higher rate of low 
quartile whole body bone indices.

ACPA’s influence on the whole body bone 
tissue is arguable in this study setting, consider-
ing the small ACPA-negative subgroup (8 pa-
tients; 7.5% of the study sample). Knowing that 
ACPA are associated with higher erosive dis-
ease burden in RA (20), and that ACPA predict 
the 10-year radiographic outcome in early RA 
(21), we would have expected ACPA-positive 
patients to have lower whole body bone tissue 
indices. Mann-Whitney test using ACPA as 
grouping variable and bone tissue indices as 
test variables did not show these significant dif-
ferences, instead we noted in the ACPA-nega-
tive group a higher rate of patients with whole 
body bone indices in the lowest quartile and a 

TABLE 1. Characteristics of the study groups.
Notes:* p values represent the significance of Mann-Whitney  tests (scale 
variables) or 2 tests (nominal variables); ** defined as history of osteoporosis 
with current pharmacological treatment or central T-score  -2.5 SD; *** 
bisphosphonate, strontium ranelate, denosumab, calcitonin; ‡ defined by 
wbT-score  -2.5 SD; § defined as either ESR or CRP above the upper limit of 
normal; # joint luxation and sub-luxation; & osteopenia, typical erosions, 
sub-luxation; ‡‡ methotrexate, leflunomide, sulfasalazine, 
hydroxychloroquine, azathioprine, cyclosporine; ¶ infliximab, etanercept, 
adalimumab, golimumab, certolizumab, rituximab, abatacept, tocilizumab.

Abbreviations: ABD – mean appendicular bone density; ABM – appendicular 
bone mass; ACPA – anti–citrullinated protein antibodies; BMI – body mass 
index; BT D/M/A/P – bone tissue density/mass/area/percent; BTMI – bone 
tissue mass index; CRP – C reactive protein; C/SDAI – clinical/simplified 
disease activity index; DAS – disease activity score; DMARD – disease-
modifying antirheumatic drugs; EAM – extra-articular manifestations; ESR – 
erythrocyte sedimentation rate; HAQ – health assessment questionnaire; HC 
– hip circumference; n – number; RBD – mean rib bone density; RBM – rib 
bone mass; RF – rheumatoid factor; SENS – Simple Erosion Narrowing Score; 
SD – standard deviation; wb – whole body; WC – waist circumference; WHR 
– waist-to-hip ratio.

variable
non-RA
(n = 104)

RA
(n = 107)

p*

age (years) 56 (48-78) 56 (46-76) 0.718
smoking (n) 21 (20.2%) 18 (16.8%) 0.298
height (cm) 158 (146-172) 160 (145-175) 0.086
weight (kg) 72 (53-110) 69 (43-121) 0.108
WC (cm) 95 (64-124) 93 (69-123) 0.494
HC (cm) 106 (81-129) 106 (84-136) 0.739
WHR (cm) 0.89 (0.64-0.98) 0.88 (0.79-1) 0.254
BMI (kg/m2) 28.6 (20.1-44.6) 26.7 (18.5-42.5) 0.007
BMI-overweight (n) 41 (39.4%) 48 (44.8%) 0.491
BMI-obesity (n) 46 (44.2%) 25 (23.3%) 0.007
wbBTD (g/cm2) 0.79 (0.57-1.01) 0.76 (0.45-0.93) 0.165
wbBTM (kg) 15.5 (8.7-21.4) 14.9 (8.2-20.3) 0.031
wbBTA (m2) 0.19 (0.16-0.24) 0.19 (0.14-0.26) 0.342
wbBTP (%) 2.8 (1.8-3.7) 2.7 (2.1-3.7) 0.525
wbT-score (SD) -1.1 (-3.6-1.2) -1.4 (-4.9-0.7) 0.041
wbZ-score (SD) -0.7 (-2.9-1.5) -0.9 (-3.8-0.9) 0.035
ABD (g/cm2) 0.74 (0.52-1.11) 0.71 (0.41-0.85) 0.042
ABM (kg) 8.02 (5.48-10.91) 7.35 (4.21-9.96) 0.001
BTMI (kg/m2) 0.62 (0.36-0.86) 0.58 (0.37-0.72) 0.001
RBD (g/cm2) 0.66 (0.37-0.93) 0.59 (0.35-1.03) 0.010
RBM (kg) 2.69 (1.32-3.91) 2.44 (1.28-4.42) 0.003
osteoporosis** (n) 21 (20.2%) 39 (36.5%) 0.022
anti-osteoporotics*** (n) 11 (10.6%) 35 (32.7%) 0.015
calcium/vitamin D (n) 15 (14.4%) 42 (39.3%) 0.008
wb-osteoporosis‡ (n) 9 (8.7%) 16 (14.9%) 0.491
ESR (mm/h) 30 (5-136)
CRP (mg/L) 6.8 (0.4-183.3)
inflammation§ (n) 70 (65.4%)
disease duration (years) 10 (0.5-45)
morning stiffness (min) 30 (0-240)
clinical damage# (n) 77 (71.9%)
radiological damage& 
(n)

104 (97.2%)

EAM (n) 24 (22.4%)
rheumatoid nodules (n) 21 (19.6%)
positive RF (n) 93 (86.9%)
positive ACPA (n) 94 (87.8%)
DMARD‡‡ (n) 96 (89.7%)
biologics¶ (n) 35 (32.7%)
glucocorticoids (n) 49 (45.8%)
ESR-DAS28 4.38 (1.44-6.61)
CRP-DAS28 3.94 (1.39-6.25)
CDAI 13.5 (2.5-31.5) 
SDAI 55 (13-249)
HAQ 0.625 (0-2.125)
SENS 22 (5-83)
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higher BTM in the right ribs (Table 4). This ob-
servation might be explained by the fact that 
the small ACPA-negative group, compared to 
the ACPA-positive group, tended to have a 
higher median age (61 years compared to 52 
years; p = 0.075) and a higher median disease 
duration (13 years compared to 7 years; p = 
0.155), both significant predictors of the whole 
body bone content.

It seems that the loss of the whole body 
bone tissue is linked to the regional effects of 
RA on articular bone (SENS and clinical struc-
tural damage), suggesting a general disturbance 
in bone metabolism. The determinism behind 
this observation is complex and the clinical and 
cross-sectional study design did now allow for 

pathogenic observations. Both erosions and re-
gional bone loss occur early in the disease 
course, so it is hard to distinguish the patho-
genic sequence of bone injury in the context of 
systemic inflammation.

CDAI, as opposed to ESR-DAS28, did not 
correlate with the whole body bone indices, 
nor did it produce significant differences be-
tween subgroups divided according to disease 
activity classes (excepting rrBTD). The explana-
tion relies on discerning the degree of objec-
tiveness of ESR and physician global assessment 
in the two composite scores. Since inflamma-
tion is a key pathogenic factor which influences 
bone metabolism, its measure seems to be 
more appropriate to identify patients with ac-
tive disease and whole body bone loss.

Comparing with other studies

There are few studies in which the DXA 
technology was used to assess the whole body 
bone tissue in postmenopausal women with 
RA. Westhovens et al. (11) noted, just as we 
have, that postmenopausal female RA patients 
had lower “total body bone mineral density” 
than age- and sex-matched controls, but the 
authors did not find any correlation of “bone 
mineral density” with RA disease activity mea-
sures (Steinbrocker’s functional index (22), 
number of hospitalizations for RA, number of 
orthopaedic interventions, number of previous 
second-line drugs, rheumatoid factor positivi-
ty). On one hand, the cited authors did not cor-
relate disease duration with bone tissue indi-
ces, a correlation which was found significant 
in our data set. On the other hand, the cited 

TABLE 2. Significant Spearman correlations of scale bone tissue 
variables and RA variables.
Note: * adjusted for age, smoking status and glucocorticoid use

Abbreviations: ABM – appendicular bone mass; BT D/M/P – bone tissue 
density/mass/percent; BTMI – bone tissue mass index; CRP – C-reactive 
protein; HAQ – health assessment questionnaire; ABD – mean appendicular 
bone density; RA – rheumatoid arthritis; SENS – simple Erosion Narrowing 
Score; wb – whole body.

RA variable
bone tissue 

variable
rho p*

disease duration wbBTD -0.313 0.006
disease duration wbBTM -0.292 0.010
disease duration wbT-score -0.306 0.007
disease duration mABD -0.402 < 0.001
disease duration ABM -0.403 < 0.001
disease duration BTMI -0.282 0.014
SENS wbBTD -0.298 0.009
SENS wbBTM -0.258 0.025
SENS wbT-score -0.298 0.009
SENS mABD -0.376 0.001
SENS ABM -0.352 0.002
SENS BTMI -0.254 0.027
HAQ wbBTP -0.275 0.018
CRP wbBTP -0.279 0.015

TABLE 3. Regression models of whole body bone tissue indices using RA variables.
Notes:
- multiple stepwise regression models of dependent variables using 4 independent variables: age, DD, SENS, CDS (only those that entered 
the regression model are listed);
- the tests were adjusted with the following confounders: age, smoking status, glucocorticoid use;
- “age” and “DD” are coded in “years”; “CSD” is coded “0” for “no” and “1” for “yes”.

Abbreviations: ABM – appendicular bone mass; BT D/M/P – bone tissue density/mass/percent; BTMI – bone tissue mass index; CSD – 
clinical structural damage; DD – disease duration; df – degrees of freedom; mABD – mean appendicular bone density; RA – rheumatoid 
arthritis; SD – standard deviation; SENS - Simple Erosion Narrowing Score; wb – whole body.

variables regression model

dependent independent R2 df F p equation

wbBTD (g/cm2) age; CSD 0.187 2;105 8.4 0.001 0.945-0.003*age-0.045*CSD
wbBTM (kg) CSD 0.140 1;106 12.1 0.001 16.23-1.96*CSD
wbT-score (SD) age 0.136 1;106 11.6 0.001 0.389-0.033*age
wbBTP (%) age 0.277 1;106 28.4 0.000 3.7-0.017*age
mABD (g/cm2) age; SENS 0.267 2;105 13.3 0.000 0.903-0.003*age-0.001*SENS
ABM (kg) DD, CSD 0.216 2;105 10.1 0.000 8.25-3.49*DD-0.7*CSD
BTMI (kg/cm2) CSD 0.117 1;106 9.8 0.003 0.617-0.054*CSD
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authors did not use patient-physician compos-
ite measures to assess disease activity, measures 
which were correlated with bone data in our 
study (SENS, ESR-DAS28, HAQ, CRP). Just as 
in the study by Westhovens et al., RF did not 
produce significant differences in bone con-
tent, but ACPA did, taking into account the 
above comments.

More recently, Akar et al. (12) reported a 
lower total “bone mineral content” of female 
RA patients compared to controls and noted 
that, among indices of disease activity, only 
CRP was correlated with total “bone mineral 
content”. In our study, CRP was negatively and 
significantly correlated not with the direct esti-
mation of the whole body bone tissue (wbBTM, 
wbBTD), but with an indirect one (wbBTP), 
which can be influenced by the relative pro-
portions of the other two whole body tissue 
components: lean and adipose tissues. Indeed, 
using partial bivariate correlations controlling 
for whole body lean and adipose tissue per-
centages, the CRP-wbBTP correlation becomes 
non-significant. Since CRP levels can vary 
widely and abruptly in the disease course, the 
duration of inflammation, i.e. the time period 
in which CRP and/or ESR levels remain above 
the upper limit of normal, could be a more reli-
able variable of inflammation burden on the 
whole body bone tissue.

Westhovens et al. (11), Akar et al. (12) and 
Engvall et al. (13) found no influence of gluco-
corticoid treatment on total “bone mineral 
density” and “bone mineral content” respec-
tively. Although Akar et al. studied a group of 
RA patients with similar glucocorticoid treat-
ment rate and dose to ours, the authors inclu-
ded both pre-menopause and post-menopause 
women and did not publish the data regarding 
the comparison between the glucocorticoid 
subgroups. To observe the lack of influence, 
Engvall et al. thoroughly compared predniso-
lone and non-prednisolone subgroups, but 
without differentiating the analysis on genders, 
which does not allow us to compare the data. 
Westhovens et al. studied a group of female RA 
patients with similar glucocorticoid treatment 
rate and dose to ours, but with much higher 
treatment duration, and divided it into ever 
steroid-treated and never-steroid-treated (as 
opposed to our approach of not taking into ac-
count the history of glucocorticoid treatment). 
The authors concluded that there were no sta-
tistically significant differences between the 

steroid-treated and never-steroid-treated fe-
male patients using parametric tests (t tests), 
when maybe due to small sample size non-
parametric tests would have been indicated. In 
our study, patients treated with low dose gluco-
corticoids had a lower wbBTP, while the direct 
estimates of the whole body bone tissue did 
not differ significantly. To interpret this result, 
one must take into account on one hand that 
the relative fraction of body composition of 
one tissue (bone) is influenced arithmetically 
by the other fractions (lean, adipose tissues), 
and on the other hand that antiresorptive ther-
apy may influence the whole body bone tissue 
(a variable which was not taken into account in 
the cited studies).

TABLE 4. Differences of body indices among RA subgroups.
Notes: * defined as either ESR or CRP above the upper limit of normal;
& clinical luxations and sub-luxations; # defined by a whole body T score 2.5 
SD; ¶ defined if below the 25th percentile of wbBTM (<1.307 kg), ABM (<6.53 
kg) and BTMI (<0.522 kg/m2); ‡ p values represent the significance of Mann 
Whitney U test (scale variables) or 2 (nominal variables); ‡‡ infliximab, 
etanercept, adalimumab, golimumab, certolizumab, rituximab, abatacept, 
tocilizumab.

Abbreviations: ABM – appendicular bone mass; ACPA – anti–citrullinated 
protein antibodies; BMI – body mass index; BT D/M/P – bone tissue density/
mass/percent; BTMI – bone tissue mass index; ABD – mean appendicular 
bone density; RA – rheumatoid arthritis; rr – right ribs; SD – standard 
deviation; wb – whole body.

clinical structural damage& p‡

no (n = 30) yes (n = 77)
height (cm) 162 (151-172) 159 (145-175) 0.044
weight (kg) 76 (43-121) 66 (44-105) 0.015
BMI (kg/m2) 29.8 (18.8-42.3) 26.2 (18.5-42.5) 0.044
wbBTD (g/cm2) 0.81 (0.71-0.91) 0.76 (0.45-0.93) 0.015
wbBTM (kg) 16.2 (10.4-20.3) 14.3 (8.2-19.4) <0.001
wbT-score (SD) -1.0 (-2.2-0.0) -1.5 (-4.9-0.7) 0.021
ABD (g/cm2) 0.76 (0.65-0.85) 0.69 (0.41-0.85) 0.012
ABM (kg) 8.19 (5.16-9.32) 7.05 (4.21-10.46) <0.001
BTMI (kg/m2) 0.61 (0.46-0.72) 0.56 (0.37-0.71) 0.002
wb-osteoporosis# (n) 0 (0%) 16 (14.9%) 0.029
low wbBTM¶ (n) 2 (6.7%) 25 (32.5%) 0.012
low BTMI¶ (n) 2 (6.7%) 25 (32.5%) 0.012

ACPA

negative (n = 8) positive (n = 94)
low wbBTM¶ (n) 6 (75.0%) 14 (14.9%) 0.044
low ABM¶ (n) 6 (75.0%) 13 (12.1%) 0.033
low BTMI¶ (n) 6 (75.0%) 14 (14.9%) 0.044
rrBTM (kg) 0.95 (0.79-1.12) 1.26 (0.47-2.21) 0.016

inflammation*

no (n = 37) yes (n = 70)
wbBTP (%) 2.9 (2-4) 2.5 (2-4) 0.043

biologics‡‡

no (n = 72) yes (n = 35)
wb-osteoporosis# (n) 16 (22.2%) 0 (0%) 0.013

glucocorticoids 7.5 mg/day

no (n = 58) yes (n = 49)
wbBTP (%) 2.8 (2.2-3.6) 2.6 (2.1-3.8) 0.045
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Study limitations

The cross-sectional design of the study did 
not allow follow-up of patients and dynamic 
observations of the whole body bone tissue. 
Data regarding fragility fractures (history, risk), 
physical activity and diet were not included in 
the study design. For a thorough comparison 
between RA patients and controls regarding 
bone tissue indices, a BMI-match would have 
increased the objectivity of the observation. 

CONCLUSION

Female patients with RA have significantly 
lower whole body and regional (appendicu-

lar, ribs) bone content compared to age-mat-
ched controls. The main associated factors with 
this generalized bone loss are disease duration 

and disease activity assessed clinically (ESR-
DAS28, HAQ) and radiographically (SENS). 
Clinical structural damage is the most powerful 
predictor of the whole body bone loss. These 
results suggest a general disturbance of the 
skeletal bone metabolism in RA and could ex-
plain a greater risk of fragility fractures at non-
central sites (e.g. ribs, tibia, ankles etc.) com-
pared to post-menopause osteoporosis.
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