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Objective
To analyze the influence of cyclosporine A (CYA) on bone using data from a large multicenter, cross-sectional study
on bone mineral density (BMD) in rheumatoid arthritis (RA)

Methods
We selected 558 female patients with RA and divided them into two groups on the basis of CYA use: those who had
never used CYA (n = 467) and CYA users (n = 91; users for < 24 months n = 50; users for > 24 months n = 41).
Demographic, disease and treatment-related variables were collected for each patient. BMD was measured at the
lumbar spine and proximal femur using dual x-ray absorptiometry. Data was analyzed by means of a univariate and
multivariate statistical procedure. Osteoporosis (OP) was defined as BMD < -2.5 T score.

Results
The frequency of OP among non-CYA users and CYA users was 28.2% and 33.3% (p=NS) for the lumbar spine, and
34.2% and 31.3% (p=NS) for the femoral neck, respectively. The prevalence of fragility fractures was not significantly
different between the two groups. Mean values for the T-score at either the lumbar spine or the femoral neck were
comparable in the two groups, even after adjustment for age, menopausal status, body mass index (BMI), Health
Assessment Questionnaire (HAQ) score and steroid use. The generalized linear model showed that age, BMI and
the HAQ score were significant independent predictors of BMD at the lumbar and femoral levels, whereas CYA use
was not. Logistic analysis showed that only age, the HAQ score and BMI were significantly associated with the risk
of OP. However, the duration of CYA therapy > 24 months was associated with an adjusted decreased lumbar BMD
and a significantly decreased femoral neck BMD (p = 0.01). The frequency of femoral neck OP in patients on CYA for
> 24 months was significantly higher than in patients on CYA for < 24 months: 46.4% vs. 19.44% (p=0.03), while the
prevalence of fragility fractures did not differ significantly: 23.1% vs. 16.6%, respectively (p=NS). Logistic analysis
showed that CYA use was an independent predictor of osteoporosis at the femoral site.

Conclusion
Long-term CYA therapy may have negative effects on BMD in female RA patients.
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Introduction

After the discovery of its immunosup-
pressive actions, which revolutionized
transplantation medicine, cyclosporine
A (CYA) was also widely investigated
for the treatment of various immuno-
logical and rheumatic diseases. CYA
has proved to be effective in both ad-
vanced and early rheumatoid arthritis
(RA) and to retard the radiological
progression of the disease (1-4). At the
doses commonly used for the treatment
of RA, the toxicity is considered to be
manageable, even though caution must
be exercised in the presence of renal
impairment and hypertension. Some
concern remains regarding the poten-
tial bone toxicity of CYA, however.
Osteoporosis and fractures are common
in allogeneic organ transplantation and
CYA may contribute to the pathogen-
esis of bone fragility (5). However, in
most transplant recipients CYA is co-
administered with other immunosup-
pressive drugs such as glucocorticoids,
which are known to adversely affect
bone, therefore making it difficult to
address the question of the skeletal
effects of CYA in clinical studies. In
vivo animal experiments demonstrate a
high turnover disease with loss of bone
volume (6-8). In transplant recipients,
some studies have indicated a delete-
rious effect of CYA on bone mass (9-
11), whereas other clinical trials have
suggested that monotherapy with CYA
may not be associated with bone loss
(12-16). Moreover, a study in kidney
transplant patients reported that CYA
may actually counterbalance the ad-
verse effects of GCs on the skeleton
(17). Thus, the risk of osteoporosis in
transplantation as a result of treatment
with CYA remains controversial.

With the exception of the study carried
out by Ferraccioli et al. (18) on patients
with early and aggressive erosive dis-
ease and a poor previous response to
treatment with MTX, there are no stud-
ies specifically addressing the effect of
CYA on bone metabolism in RA. Fer-
raccioli reported an average decline in
bone mineral density (BMD) of 4% in
the first 6 months of MTX treatment.
After adding CYA at a dose of 3 mg/kg
daily for 6 months, clinical variables
and acute phase reactants improved
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significantly and the BMD increased
by 3.9%.

The aim of the present study was to ana-
lyze the influence of CYA on bone based
on data from a large multicenter, cross-
sectional study on BMD in RA (19).

Materials and methods

Subjects

The data analyzed in the present study
were collected by 21 Italian rheuma-
tology centers during a large cross-
sectional survey on bone mass in 925
RA patients (19). The only inclusion
criteria were female sex and an estab-
lished diagnosis of RA in accordance
with the 1987 revised criteria of the
American College of Rheumatology
(ACR). Women who had undergone
a hysterectomy were excluded. Other
exclusion criteria were diabetes, severe
hepatic or renal disease, and diseases
of the thyroid gland. Patients who were
unable to walk without assistance and
those who had undergone total bilateral
hip replacement were also excluded.
In order to evaluate the effect of CYA
on bone mass in comparison to other
drugs not affecting bone, we excluded
from analysis 246 patients treated with
methotrexate, even though a nega-
tive effect of this drug on bone seems
unlikely (20, 21).

Predictive variables

At recruitment, data were collected
on age, body weight, height, and age
at surgical or natural menopause. Dis-
ease-related variables included disease
duration, oligo- versus polyarticular
involvement, involvement of weight-
bearing joints, presence of subchon-
dral erosions (hands or forefeet), pres-
ence of extraarticular manifestation,
number of swollen joints (where meta-
carpophalangeal, metatarsophalangeal,
and interphalangeal were considered as
3 single joints), and a history of major
(total hip replacements) or minor ortho-
pedic surgery related to RA. The func-
tional evaluation included staging of
the disease according to Steinbrocker’s
classification (22). The measure of self-
reported functional status was based on
the Health Assessment Questionnaire
(HAQ).

For each postmenopausal patient, any
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Table I. Demographic and clinical data (mean + SD or %) for the rheumatoid arthritis

previous history of fragility fractures
(femur, wrist, ribs, pelvis, humerus)
was obtained. In all cases, a lateral ra-
diograph of the dorsal and lumbar spine
was taken to check for previous verte-
bral fractures. A vertebral fracture was
defined as a reduction of at least 25% in
vertebral height.

Steroid usage was carefully evaluated.
Patients were subdivided into users and
non-users, and for each user the current
and cumulative dose and the treatment
duration were recorded.

Finally, patients were interviewed about
any past or current use of drugs that
might affect bone metabolism including
estrogens, bisphosphonates, calcium,
vitamin D, calcitonin, anabolic steroid,
fluoride, and thiazides. To examine the
effect of CYA on bone, patients were di-
vided into two groups: those who had
never been treated with CYA, and cur-
rent CYA users. Current CYA users were
further categorized into two subgroups
depending on the duration of CYA ther-
apy: less than 24 months or more than
24 months.

Bone mass measurements

BMD at the lumbar spine and proxi-
mal femur were measured at the time
of recruitment using Hologic, Lunar
or Norland scanners and applying the
dual x-ray absorptiometry (DXA) tech-
nique. T-scores were calculated by each
center after comparison with reference
values supplied by the manufacturer.
Osteoporosis was defined as a T-score
> -2.5 standard deviations, according
to the definition of the World Health
Organization (23).

Statistical analysis

The baseline characteristics were com-
pared in the two groups (non-CYA users
and current CYA users) using Student’s
t-test for unpaired data in the case of
continuous variables and the chi-
squared test for categorical variables.
Significance was reported at p < 0.05.
Adjusted means were also calculated
in the different groups to obviate the
effects of the main confounding vari-
ables using the analysis of covariance.
A generalized linear model was applied
to analyze the predictors of BMD in
RA. The relative risks associated with

patients grouped by CYA use.

Non-CYA users CYA users P
(n=467) (n=91)

Age (yrs.) 58.8+12.5 52.7+13.5 <0.0001
Body mass index (Kg/m?) 248 +4.1 25.1+4.0 NS
Post-menopausal (%) 76.5 61.5 0.003
Menopause duration (yrs.) 14.7+9.1 13.2 £8.7 NS
RA duration (yrs.) 9.0+ 8.0 6.0+5.6 0.02
Rheumatoid factor + (%) 66.3 75.8 0.02
ESR (mm) 3021 40 +20 <0.0001
CRP (mg/dl) 33+54 4.4 +10.6 NS
HAQ score 1.2+09 1.2+0.8 NS
N° of swollen joints 3.1+3.6 45+4.6 0.006
Presence of erosion (%) 65.5 76.7 0.03
Steinbrocker functional class
(% in class III or IV) 26.9 26.4 NS
Steroid use (%) 58.7 68.1 NS
Duration of steroid use (yrs.) 3.8+4.0 2.5+2.0 0.005
Mean daily steroid dose (mg) 52+4.4 54+45 NS
Cumulative steroid dose (g) 84+11.2 6.5+9.8 NS

osteoporosis were assessed by logistic
models in which the presence of oste-
oporosis in at least one region of inter-
est was the dependent variable. The
inclusion criteria for variables in the
multivariate analyses were: (i) statisti-
cal significance assessed by univariate
analysis, and (ii) the clinical relevance
of the given variable on the outcome
variable. All analyses were performed
usingh SAS software.

Results

Univariate analysis

The study cohort was comprised of 558
female RA patients. On the basis of
CYA use, two groups were identified:
non-CYA users (n = 467) and CYA
users (n = 91). Among CYA users, 50
patients had been treated for less than
24 months, and 41 for more than 24
months.

Table 1 shows the demographic and
clinical data (mean + SD or %) for the
patients, which differed significantly be-
tween the two groups. CYA users were
significantly younger (52.7 + 13.5 vs.
58.8 £ 12.5 years, p <0.0001) and fewer
were postmenopausal (61.5% vs. 76.5%,
p =0.003) than the non-CYA users. Fur-
thermore CYA users had a significantly
shorter disease duration (6.0 + 5.6 vs.
9.0 + 8.0 years, p = 0.02) and duration
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of steroid use (2.5 = 2.0 vs. 3.8 + 4.0
years, p = 0.005); they also exhibited a
higher ESR (40 = 20 mm vs 30 + 21,
p <0.0001), a higher number of swollen
joints (4.5 £ 4.6 vs. 3.1 £3.6, p = 0.006)
and a higher proportion of erosive dis-
ease (76.7% vs. 65.5%, p = 0.03).

True clinical remission according to
the ACR criteria (24) was diagnosed in
9/91 CYA-treated patients (9.9%) and
in 79/467 non-CYA treated patients
(15.9%); the difference was not statis-
tically significant (p = 0.14).

No difference was detected between
the two groups with regard to oligo-
versus polyarticular involvement, in-
volvement of weight-bearing joints,
the presence of extra-articular manifes-
tations, and a history of major or minor
orthopedic surgery related to RA.

At the time of recruitment, 50.2% of
postmenopausal patients (207 out of 413)
were on treatment with drugs affecting
bone metabolism: calcium, 9.3% (n =
52); vitamin D, 17.2% (n = 95); bisphos-
phonates, 12.4% (n = 69); and hormone
replacement therapy, 1.8% (n = 10); 19
women were being treated with drugs in
different combinations. No statistically
significant difference was observed be-
tween the two groups in this regard.

In postmenopausal women, we detect-
ed a total of 108 fragility fractures in
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68 patients (16.5%). Fractures were
detected in 57 (15.9%) postmenopau-
sal patients who had never used CYA
and in 11 (19.6%) who had used CYA

Table II. BMD (T-score, expressed as means + SD) in RA patients grouped according
to CYA use (never used vs. treated with), and the prevalence (%) of osteoporosis and
osteopenia in these patients.

( NS) Non-CYA users CYA users p
p= . (n=467) (n=91)

The mean unadjusted values for the T-

score (+ SD) at either the lumbar spine ~ -4mbar spine <165+ 1.40 -1.67+1.56 NS
or the femoral neck were comparable Femoral neck -1.97+1.17 -1.95+1.21 NS
in the two groups of patients (Table IT):  Lumbar spine, %

the lumbar spine T-score was 1.65 + Normal 29.1 318

1.40 among non-CYA users and -1.67 8:::2%?;;& g'; ;g'z NS
+ 1.56 among CYA users (p = NS); the ’ '

femoral neck T-score was -1.97 + 1.17 I emor;l neCkl’ % 104 156

and -1.95 + 1.21, respectively (p = NS). O:tr:,genic 46.4 3.1

The mean T-scores (= SE) at the two Osteoporotic 34.2 31.3 NS

sites, when adjusted for age, menopau-

sal status, BMI, HAQ score and steroid  papye 1. Demographic and clinical data (mean + SD or %) for the two groups of

use, were also comparable between the
two groups: the lumbar spine T-score
was -1.59 + 0.09 among non-CYA us-
ers and -1.69 = 0.17 among CYA users
(p = NS); the femoral neck T-score was
-1.95 + 0.07 and -2.08 + 0.09, respec-
tively (p = NS). The frequency of oste-
oporosis among non-CYA users and
CYA users was 28.2% and 33.3% (p =
NS) for the lumbar spine, and 34.2%
and 31.3% (p = NS) for the femoral
neck, respectively (Table II).

The CYA users, when subdivided based
on treatment duration, were compa-
rable for age and other demographic
and clinical characteristics (Table III).
Fragility fractures were detected in 5
(16.6%) postmenopausal patients on
CYA for < 24 months and in 6 (23.1%)
patients on CYA for > 24 months (p =
NS). BMD was different at both the
lumbar spine (-1.42 + 1.62 vs. -2.12
+ 1.37, p = 0.08) and femoral neck
(-1.62+1.16 vs. -2.37 £ 1.17; p=0.01)
in patients on CYA for < 24 months (n
= 50) compared to those on CYA for >
24 months (n = 41); at the femoral neck
the difference reached statistical signif-
icance. The significance level of these
differences remained unchanged after
adjustment for age, menopausal status,
BMI, the HAQ score and steroid use.
The frequency of osteoporosis among
patients who were on CYA for < 24
months compared to those on CYA for
> 24 months was 30.9% and 37.5% (p
= NS) for the lumbar spine and 19.4%
and 46.4% (p = 0.03) for the femoral
neck, respectively (Table IV). The re-
sults remained unchanged after the ex-

rheumatoid arthritis patients treated with CYA for < 24 months or > 24 months.

CYA < 24 months CYA > 24 months p
(n=50) (n=41)

Age (yrs.) 51.6+14.4 53.9+12.3 NS
Body mass index (Kg/m?) 245+40 25.8+3.9 NS
Post-menopausal (%) 60.0 63.4 NS
Menopause duration (yrs.) 12.4+£8.3 142 +9.1 NS
RA duration (yrs.) 6.0+£5.8 7.0+£6.0 NS
Rheumatoid factor + (%) 74.0 78.1 NS
ESR (mm) 38+ 18 43 +£20 NS
CRP (mg/dl) 52+11.5 35+93 NS
HAQ score 1.2+0.8 1.3+£0.7 NS
N° of swollen joints 45+5.0 45+4.0 NS
Presence of erosion (%) 72.0 82.5 NS
Steinbrocker functional class

(% in class III or I'V) 27.0 26.2 NS
Steroid use (%) 70.0 65.6 NS
Duration of steroid use (yrs.) 2.0+20 2.6+2.0 NS
Mean daily steroid dose (mg) 54+44 54+45 NS
Cumulative steroid dose (g) 6.8+12.2 6.1+£55 NS

clusion of patients on bisphosphonates
and those on hormone replacement
therapy.

Multivariate analysis

To analyze the independent effect of
different covariates that could influence
the course of/impact on osteoporosis in
RA, we performed a multivariate anal-
ysis of the data. The generalized linear
model at the lumbar and femoral sites
was applied to identify independent
predictors of BMD in our population.
Due to missing values, 430 observa-
tions were evaluated for the lumbar
spine and 387 for the femoral neck.
Age, BMI and HAQ score were signifi-
cant independent predictors of BMD at
the lumbar spine and femoral sites in
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this model, whereas CYA use was not,
even after the exclusion of patients on
bisphosphonates or hormone replace-
ment therapy (Table V). The general-
ized linear model was also applied in
the 91 patients taking CYA: age, BMI
and HAQ were significant independ-
ent predictors of osteoporosis at the
lumbar spine and femoral levels, while
CYA use was an independent predic-
tor of osteoporosis at the femoral level
(Table VI).

The logistic model was also applied
using the presence of osteoporosis in
at least one site (i.e., the lumbar spine
or femoral neck) as the dependent vari-
able. In this model (478 observations),
age (OR 1.06, 95% CI: 1.04 -1.07), the
HAQ score (OR 1.50, 95% CI: 1.20-
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Table IV. BMD (T-score, expressed as means + SD) in RA patients grouped according
to CYA use (< 24 months or > 24 months), and the prevalence (%) of osteoporosis and
osteopenia in these patients.

CYA < 24 months CYA > 24 months p
(n=51) (n =40)

Lumbar spine -1.42 +1.62 -2.12 £ 1.37 0.08
Femoral neck -1.62+1.16 237+ 1.17 0.01
Lumbar spine, %

Normal 35.7 25.0

Osteopenic 33.3 37.5

Osteoporotic 31.0 37.5 NS
Femoral neck, %

Normal 19.5 10.7

Osteopenic 61.1 429

Osteoporotic 19.4 46.4 0.03

Table V. Generalized linear model of lumbar and femoral BMD in 546 women with
rheumatoid arthritis.

Lumbar spine Femoral neck

Variable B coefficient P B coefficient P
Age -0.02 0.0001 -0.03 0.0001
Menopause 0.16 NS 0.14 NS
BMI 0.09 0.0001 0.09 0.0001
HAQ -0.30 0.004 -0.18 0.04
Disease duration 0.0009 NS -0.0004 NS
Steinbrocker stage -0.001 NS 0.17 NS
Use of steroids 0.20 NS 0.11 NS
Use of CYA™ 0.10 NS 0.14 NS

“When patients on bisphosphonates or hormone replacement therapy were excluded, the f coefficient
was 0.08 (p = NS) for lumbar spine BMD and —0.02 (p = NS) for femoral neck BMD.

Table VI. Generalized linear model of lumbar and femoral BMD in 91 women with
rheumatoid arthritis who were taking CYA.

Lumbar spine Femoral neck

Variable B coefficient P B coefficient P
Age -0.02 0.0001 -0.03 0.0001
Menopause 0.16 NS 0.14 NS
BMI 0.09 0.0001 0.09 0.0001
HAQ -0.29 0.004 -0.18 0.04
Disease duration -0.0001 NS 0.0004 NS
Steinbrocker’s stage -0.005 NS 0.07 NS
Use of steroids 0.20 NS 0.16 NS
Use of CyA* 0.12 NS 0.21 0.04

*After exclusion of the patients on bisphosphonates or hormone replacement therapy, the 3 coefficient
was 0.12 (p = NS) for lumbar spine BMD and 0.22 (p = 0.035) for femoral neck BMD.

1.88), and BMI (OR 0.88, 95% CI: celerating bone resorption. If this is

0.84-0.93) were significantly associated
with the risk of osteoporosis.

Discussion

To the best of our knowledge, the
present study is the first to assess the
effect of CYA on bone in RA patients.
CYA has been assumed to exert a nega-
tive effect on the bone, mainly by ac-

true, then careful attention must be
paid when treating RA patients, who
are known to be at risk of developing
osteoporosis and fractures by the action
of the disease itself. The effect of CYA
on bone could be clinically relevant in
this setting. Comparing patients who
were treated with CYA to those who
were not, we found that the mean ad-
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justed values for the T-score at the
lumbar spine and femoral neck were
comparable in the two groups of RA
patients, and that the proportion of pa-
tients with osteoporosis did not differ.
However, when examining BMD and
the prevalence of osteoporosis in pa-
tients treated with CYA for a longer or
shorter period, the results suggest that
CYA may cause bone loss when given
for more than two years. In fact, pa-
tients given CYA for more than 2 years
had a lower adjusted lumbar and femo-
ral (p <0.01) BMD, and a significantly
(p < 0.03) higher percentage of them
had osteoporosis compared to those
given CYA for a shorter period of time.
On the basis of this data, we conclude
that CYA has a negative effect on bone
in RA patients; further long-term longi-
tudinal studies should be undertaken to
confirm or negate this conclusion.

The present study has some limitations;
since it was not a longitudinal study it
may not have accurately assessed the
role of other factors causing bone loss
in RA, such as disease activity and func-
tional disability. A second drawback is
that when they were enrolled, the dura-
tion of current or past DMARD therapy
was assessed only semi-quantitatively
(i.e. < 24 months or > 24 months) in the
patients, and mean and cumulative dos-
es of each DMARD were not recorded.
As a consequence, we do not have in-
formation regarding the exact duration
of CYA treatment and the mean doses
of CYA in our patients. Based on ac-
cepted clinical practice, it is likely that
most of our patients were taking CYA at
a dose of 2-4 mg/Kg/day, and therefore
our results should not be extrapolated
to patients being treated with CYA at
other dosages.

On the other hand, at least two aspects
of this study lend strength to its results.
The first is the large number of patients
(n = 558) from various clinics across
Italy being studied (19), 91 of whom
were being treated with CYA. The sec-
ond is that the two subgroups of pa-
tients who were analyzed on the basis
of the length of their CYA treatment
were closely comparable in terms of
age and other demographic and clinical
characteristics (including GC therapy),
which limits the possibility that the
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differences found in BMD and oste-
oporosis were due to confounding fac-
tors. Moreover, multivariate analysis
showed that CYA use was a significant
independent predictor of osteoporosis
at the femoral level, along with age,
BMI and the HAQ score.

The mechanisms by which CYA can
induce bone loss are not fully under-
stood, but extensive reviews have been
dedicated to this issue in both rheumat-
ic and transplant patients (25-27). It has
been suggested that CYA may increase
bone resorption by increasing RANKL
and decreasing osteoprotegerin (28).
Future longitudinal studies should fo-
cus on bone turnover by measuring the
markers of bone resorption and for-
mation, as was recently done in renal
transplant patients (29); serum osteo-
calcin and urinary N-telopeptides were
measured over a one-year period in 115
patients who were receiving either CYA
or sirolimus as their primary therapy in
combination with azathioprine and glu-
cocorticoids or mycophenolate mofetil
and glucocorticoids. Urinary excre-
tion of N-telopeptides and the con-
centrations of serum osteocalcin were
consistently higher in CsA-treated pa-
tients, and were significantly different
at week 24 for N-telopeptides and at
weeks 12, 24, and 52 for osteocalcin.
These results provide further evidence
that CYA may increase bone turnover
in transplant patients, although the
overall effect of CYA on bone still re-
mains controversial.

In conclusion, long-sterm CYA therapy
may have a negative effect on BMD in
female RA patients.

Appendix

The members of the Study Group on Bone
Mass in Rhematoid Arthritis of the Italian
Society for Rheumatology are: S. Adami,
Valeggio Hospital, Valeggio sul Mincio;
S. Bartolone, University of Messina; G.
Bianchi and G. Girasole, La Colletta Hos-
pital, Arenzano; G. Rovetta, E. Bruzzone
Institute, University of Genoa; M. Broggini,
Del Ponte Hospital, Varese; M. Citi, Morelli
Hospital, Reggio Calabria; B. Canesi and
M. Meneghin, Niguarda-Ca Granda Hospi-
tal, Milan: F. Cantatore, University of Bari:
A. Ciocci, University of Rome; G. Consoli,
G. Di Matteo, University of Chieti; A. Del

Puente and P. Oriente, University of Naples;
O. Di Munno and M. Mazzantini, Univer-
sity of Pisa; M. Ferraris and P.G. Delvino,
S. Andrea Hospital, Vercelli; B. Frediani
and R. Marcolongo, University of Siena; M.
Fumagalli, Traumatologic Orthopedic Cent-
er, Milan; G. Gandolini, Don Gnocchi Insti-
tute, Milan; R. La Corte and F. Trotta, Fer-
rara Hospital, Ferrara; G. La Montagna and
G. Tirri, II University of Naples; Q. Mela
and G. Perpignano, University of Cagliari;
G. Minisola, Villa Betania Hospital, Rome;
M. Muratore, S. Cesareo Hospital, Lecce; A.
Nervetti, University of Parma; R. Pellerito,
Mauriziano Hospital, Turin; L. Sinigaglia,
M. Varenna, L. Binelli, D. Ghiringhelli and
F. Zucchi, University of Milan.
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