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Abstract
Summary Decreasing the daily dose of glucocorticoids im-
proved bone metabolic marker levels in patients with rheuma-
toid arthritis. However, changes in disease activity did not
influence bone metabolism. Bone metabolism might thus re-
main uncontrolled even if disease activity is under good con-
trol. Decreasing glucocorticoid dosage appears important for
improving bone metabolism.
Introduction Patients with rheumatoid arthritis (RA) develop
osteoporosis more frequently than healthy individuals. Bone
resorption is increased and bone formation is inhibited in pa-
tients with RA, and glucocorticoid negatively affects bone
metabolism. We aimed to investigate factors influencing bone
metabolic markers in patients with RA.
Methods We started the 10-year prospective cohort Total Man-
agement of Risk Factors in Rheumatoid Arthritis Patients to
Lower Morbidity and Mortality (TOMORROW) study in
2010. We compared changes in urinary cross-linked N-
telopeptide of type I collagen (uNTx) and serum osteocalcin
(OC), as markers of bone resorption and formation, respectively,
in 202 RA patients and age- and sex-matched volunteers

between 2010 and 2011.We also investigated factors influencing
ΔuNTx andΔOC in the RA group using multivariate analysis.
Results Values of ΔuNTx were significantly lower in patients
w i t h RA th an i n he a l t hy con t r o l s (−0 . 51 v s .
7.41 nmol bone collagen equivalents(BCE)/mmol creatinine
(Cr); p=0.0013), whereas ΔOC values were significantly
higher in RA patients (0.94 vs. 0.37 ng/ml; p=0.0065). Chang-
es in prednisolone dosage correlated negatively withΔOC (β=
−0.229, p=0.001), whereas changes in disease activity score,
bisphosphonate therapy, and period of biologics therapy did not
correlate significantly with ΔOC. No significant correlation
was seen betweenΔuNTx and change in prednisolone dosage.
Conclusions Decreased glucocorticoid dosage improved
bone metabolic markers in RA, but disease activity, bisphos-
phonate therapy, and period of biologics therapy did not in-
fluence levels of bone metabolic markers. Decreasing gluco-
corticoid dosage appears important for improving bone meta-
bolic marker profiles in patients with RA.
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Introduction

Osteoporosis is one of the most important complications in
patients with rheumatoid arthritis (RA) [1], increasing the risk
of hip and vertebral fractures by about twofold to sixfold in
patients with RA compared to controls [2–4]. Hip and verte-
bral fracture leads to decreased activities of daily living, par-
ticularly in elderly patients [5]. Previous studies have shown
that the frequency of osteoporosis is 15–20 % at the hip and
spine in patients with RA [6, 7].

Bone metabolism in patients with RA is exposed to some
unexpected influences. Pro-inflammatory cytokines, such as
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tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6, and IL-
17, correlate strongly with bone loss induced by osteoclasto-
genesis and bring about peri-articular osteoporosis [8]. Disuse
following joint destruction leads to systemic osteoporosis. Oral
glucocorticoids are known to exert harmful effects on bone [9,
10] but are frequently used in the treatment of RA to suppress
inflammation. It is also necessary to consider osteoporosis with
increasing age. In particular, use of glucocorticoids has been
reported to increase the risk of fractures through secondary
osteoporosis [9]. In the case of using or planning to use oral
glucocorticoids (prednisolone (PSL) equivalents ≥5 mg/day)
for 3 months or longer, general guidance and drug treatment
have been recommended [11, 12]. Conversely, biological
disease-modifying anti-rheumatic-drugs (bDMARDs) not only
decrease disease activity and protect against joint destruction
but also improve bone metabolic marker profiles [13].

We have started a prospective cohort study to examine the
risk factors affecting osteoporosis in patients with RA. The
aim of this study was to investigate changes in bone metabolic
marker levels among patients with RA by comparison with
those in age- and sex-matched controls. We also clarified fac-
tors influencing bone metabolic markers in patients with RA.

Materials and methods

Study design and subjects

The current analysis is a part of a prospective 10-year cohort
study (Total Management of Risk Factors in Rheumatoid Ar-
thritis Patients to Lower Morbidity and Mortality, TOMOR-
ROW study) being conducted from 2010 to 2020. The study
was registered with the UMIN Clinical Trials Registry [http://
www.umin.ac.jp/ctr/] (UMIN000003876). The TOMORROW
study is designed to evaluate risk factors associated with
osteoporosis and metabolic syndrome in patients with RA.

This study included 208 patients with RA (177 women, 31
men) at the Osaka City University Hospital and 205 age- and
sex-matched healthy volunteers (172 women, 33men) recruit-
ed through mass media (total, 413 subjects). All patients with
RAwere between 20 and 79 years old and fulfilled the Amer-
ican College of Rheumatology (ACR) criteria (1987) for RA
[14]. Distributions of age and sex were matched with general
clinical practice. The ethics committee of Osaka City Univer-
sity Medical School approved the study protocol. Written in-
formed consent was obtained from all patients and volunteers
in accordance with the Declaration of Helsinki.

Clinical assessment

Clinical and laboratory data were collected in January to
March of 2010 at the first visit and in January to March
of 2011 as the second visit. During the observation period,

patients were treated according to clinical disease activity
by their rheumatologist. All participants completed a self-
administered questionnaire on general health status, all
past history of comorbidities, and present and past medi-
cations. RA activity was measured using the disease activ-
ity score (DAS) composite index using erythrocyte sedi-
mentation rate (ESR), applying a 28-joint score (DAS28-
ESR) [15]. This index included the number of swollen
and tender joints, patient’s global assessment of disease
activity by visual analogue scale, and ESR. Functional
status was also measured using the modified health assess-
ment questionnaire (mHAQ) scores in patients with RA
[16].

Bone metabolic markers

Levels of bone metabolic markers were measured in serum
and urine obtained from each participant at approximately the
same time in the morning after overnight fasting. We evaluat-
ed serum osteocalcin (OC) as the bone formation marker and
urinary cross-linked N-telopeptide of type I collagen (uNTx)
as the bone resorption marker. We compared data from pa-
tients with RA and healthy volunteers between 2010 and 2011
and defined the change in uNTx (ΔuNTx) as ΔuNTx=uNTx
value in 2011−uNTx value in 2010, and the change in OC
(ΔOC) as ΔOC=OC value in 2011−OC value in 2010.

Statistical analysis

Differences in demographic variables, clinical variables, OC,
and uNTx between patients with RA and healthy volunteers
were analyzed by applying the unpaired Student’s t test for
continuous variables or the chi-square test for categorical var-
iables. Values of ΔuNTx and ΔOC in patients with RA and
healthy volunteers were compared using the unpaired Stu-
dent’s t test. In RA patients, the changes in DAS28-ESR, C-
reactive protein (CRP), PSL usage rate, and PSL dosage were
compared using the paired Student’s t test. For patients with
RA, the influences of changes in PSL dosage (ΔPSL), disease
activity (ΔDAS28-ESR), use of bisphosphonates, and period
of bDMARDs on bone metabolic markers were examined
using Spearman correlation coefficients. Multivariate linear
regression analysis was used to investigate factors influencing
ΔuNTx and ΔOC. Variables entered comprised ΔPSL,
ΔDAS28-ESR, use of bisphosphonates, period of
bDMARDs, age, sex, disease duration, and Steinbrocker
class, as factors that might affect levels of bone metabolic
markers. All data are presented as mean±standard deviation
(SD). A value of p<0.05 was considered significant. All sta-
tistical analyses were performed using the StatView version
5.0 software package (SAS Institute Japan, Tokyo, Japan).
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Results

Among all subjects, six patients with RA dropped out based
on the wishes of the patient (four females) or due to a change
in hospitals (two females), and three healthy volunteers also
chose to drop out (one female, two males). This study includ-
ed 202 patients with RA (171 females, 31 males) and 202
healthy volunteers (170 females, 32 males). Baseline demo-
graphics and clinical characteristics of this study are shown in
Table 1. Demographic characteristics in the two study groups
were similar, because the control group subjects were recruit-
ed to match the age and sex of the RA group subjects. No
significant differences in bone mineral density (BMD) using
dual-energyX-ray absorptiometry were identified between the
RA and control groups. However, uNTx level was significant-
ly higher in the RA group than in the control group. The
prevalence of osteoporosis (defined as BMD <0.7 g/cm2 at
the lumbar spine) [17] was 10.9 % in the RA and 7.4 % in
the control group. No significant differences were apparent
between groups (p=0.301, Fisher’s exact test). Bisphospho-
nate and oral prednisolone were more frequently used for the
RA group. As characteristics of patients with RA, mean dis-
ease duration was 14.1±11.8 years, mean DAS28-ESR score
was 3.47±1.33, and mean mHAQ score was 0.46±0.44. The
use rate of biologic agents was 54.5 %, because we recruited
patients with RA using bDMARD treatment as half of the RA

subjects, to detect long-term effects of bDMARDs on bone
and lipid metabolism. Changes to disease activity and PSL
dosage in patients with RA are shown in Table 2. After 1 year,
DAS28-ESR and CRP were almost the same. On the other
hand, the rate of PSL use had decreased to 26.7 % and the
mean dosage of PSL was significantly less in 2011 than in
2010. The frequency of past fractures including fragile frac-
ture was significantly higher in the RA group than in the
control group at baseline (RA group, 40 %; control group,
24 %; p<0.001), whereas new fractures at 1 year were seen
in nine cases in the RA group (4.5 %) and in four cases in the
control group (2.0 %). The frequency of new fractures was
similar between groups (p=0.259, Fisher’s exact test).

The factors influencing bone metabolic markers were de-
tected by univariate analysis and multivariate regression anal-
ysis with a forward stepwise procedure. The factors influenc-
ing ΔuNTx wereΔOC and RA (ΔOC, β=0.328, p<0.0001;
RA, β=−0.203, p<0.0001), and those forΔOCwereΔuNTx
and RA (ΔuNTx, β=0.328, p<0.0001; RA, β=0.191,
p<0.0001). RA was thus revealed as an independent factor
influencing bone formation markers.

Changes in levels of bone formation markers are shown in
Fig. 1. The ΔuNTx was significantly lower in the RA group
than in the control group (−0.51±29.4 vs. 7.41±18.7 nmol
bone collagen equivalents (BCE)/mmol creatinine (Cr); p=
0.0013; Fig. 1a). Values of ΔOC increased in both groups

Table 1 Baseline demographics
and clinical characteristics Patients with RA (n=202) Healthy volunteers (n=202) pa

Age (years) 59.3±12.5 58.8±12.8 0.351

Female, n/N (%) 171/202 (84.7) 170/202 (84.2) 0.958

Height (cm) 155.5±9.0 157.7±7.8 0.106

Weight (kg) 54.8±10.4 56.3±10.5 0.262

BMI (kg/m2) 22.6±3.6 22.6±3.2 0.471

Osteoporosis, n (%) 22 (10.9) 15 (7.4) 0.301

Bisphosphonate user, n/N (%) 63/202 (31.2) 11/202 (5.4) <0.001

PSL user, n/N (%) 65/202 (32.2) 0/202 (0) <0.001

PSL dosage (mg/day) 3.9±1.9

OC (ng/ml) 7.28±2.71 7.27±2.23 0.960

uNTx (nmol BCE/mmol Cr) 58.3±37.5 44.1±22.1 0.001

BMD in lumbar (g/cm2) 0.916±0.221 0.930±0.164 0.483

Disease duration (years) 14.1±11.8

mHAQ 0.46±0.44

Use of biologics n (%) 110 (54.5)

Use of MTX, n (%) 168 (83.2)

MTX dosage (mg/week) 7.7±3.8

Mean±standard deviation (SD). n/N (%)=number of patients with measurements/ total number of patients (%)

RA rheumatoid arthritis, BMI body mass index, PSL prednisolone, OC serum osteocalcin, uNTx urinary cross-
linked N-telopeptide of type I collagen, BCE bone collagen equivalents, Cr creatinine, BMD bone mineral
density, mHAQ modified health assessment questionnaire, MTX methotrexate
a Unpaired Student’s t test and chi-square tests were performed for continuous variables and categorical variables,
respectively
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(RA, 0.94±2.47 ng/ml; control, 0.37±1.62 ng/ml). However,
ΔOC was significantly higher in the RA group than in the
control group (p=0.0065, Fig. 1b).

In patients with RA, ΔPSL did not correlate with ΔuNTx
(r=0.07, p=0.323, Fig. 2a) but showed a significant negative
correlation withΔOC (r=−0.227, p=0.011, Fig. 2b). Converse-
ly,ΔDAS28-ESR did not correlate withΔuNTx (r=0.099, p=
0.161, Fig 2c) and ΔOC (r=0.033, p=0.644, Fig. 2d) using
Spearman correlation coefficients. Finally, multivariate linear re-
gression analysis showed thatΔPSL dosage correlated negative-
ly withΔOC (β=−0.229, p=0.001), whereas change of disease
activity score (ΔDAS28-ESR), bisphosphonate therapy, and pe-
riod of biologics therapy did not significantly correlate with
ΔOC (Table 3). The analysis of factors influencing ΔuNTx
found no significant correlation between ΔuNTx and any of
ΔPSL dosage (r=0.073, p=0.312), ΔDAS28-ESR (r=−0.105,
p=0.144), bisphosphonate therapy (r=−0.035, p=0.645), or pe-
riod of biologics therapy (r=−0.064, p=0.381).

Discussion

This study demonstrated that bonemetabolic markers (uNTx as
a bone resorption marker and OC as a bone formation marker)

in patients with RAwere improved more than those of age- and
sex-matched healthy volunteers. In addition, a decrease in PSL
dosage decreased markers of bone resorption and increased
markers of bone formation among patients with RA. However,
disease activity, bisphosphonate therapy, and period of bio-
logics therapy did not influence bone metabolic markers.

Causes of osteoporosis in patients with RA are multifacto-
rial and could be associated with the disease itself or decreases
in physical activity [18], treatment with glucocorticoids [19],
or even common postmenopausal osteoporosis [18–20]. ACR
recommended bisphosphonate or teriparatide therapy and
monitoring for patients with glucocorticoid-induced osteopo-
rosis after taking glucocorticoids for over 3 months [11].
However, the effects of decreasing glucocorticoid dosage on
osteoporosis in patients with RA remain unclear.

Disease activity is important for improving osteoporosis in
patients with RA. Vis et al. reported that patients with good
response (low disease activity) showed a slight gain in BMD
of the lumbar spine and hips, whereas patients with poor re-
sponse (moderate or high disease activity) showed a loss of
BMD [21]. However, no significant correlation was apparent
between bone metabolic markers and change in disease activ-
ity score in the present study. Baseline disease activity scores
of patients with RA were relatively low (mean DAS28-ESR,
3.47) and the change of disease activity score during 1 year
was small (mean ΔDAS28-ESR, 0.04), probably due to the
stability of disease activity in our cohort. Bone metabolic
markers have been reported to improve with bDMARDs. A
previous report demonstrated that infliximab therapy in-
creased serum osteocalcin levels [22], and tocilizumab also
increased serum levels of N-terminal type I procollagen
propeptide as a marker of bone formation in RA patients
[23]. However, our results failed to show significant positive
correlation with increases of OC and uNTx, which may be
explained by the high rate of bDMARD usage (50 %) in this
study. No significant difference inΔuNTx was seen between
bDMARD users (0.51±29.7 nmol BCE/mmol Cr) and non-

Table 2 Change in disease activity and PSL dosage in patients with RA

Year 2010 Year 2011 pa

DAS28-ESR 3.47±1.33 3.43±1.34 0.596

CRP (mg/dl) 0.50±0.78 0.44±0.79 0.692

PSL usage rate (%) 32.2 26.7 0.275

PSL dosage (mg/day) 3.9±1.9 3.4±1.9 0.0035

Mean±standard deviation (SD)

RA rheumatoid arthritis, DAS disease activity score, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, PSL prednisolone
a Paired Student’s t test was performed for continuous variables
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Fig. 1 Changes in urinary cross-linked N-telopeptide of type I collagen (uNTx) (a) and serum osteocalcin (OC) (b) between 2010 and 2011 in RA and
control groups. Mean (±standard deviation) change between groups. RA rheumatoid arthritis
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users (−1.7±29.0 nmol BCE/mmol Cr; p=0.491). The same
tendency was seen for ΔOC (bDMARD users, 1.05±
2.43 ng/ml; non-bDMARD users, 0.81±2.51 ng/ml; p=
0.591). The use of bisphosphonates might be important for
osteoporosis treatment and prevention of fracture in patients
with RA [24]. The rate of oral bisphosphonate use remained
low in the TOMORROW study (RA, 31 %; healthy volun-
teers, 5 %; p<0.001). As a result, the present study could not
evaluate the efficacy of bisphosphonates in terms of bone
metabolic markers in patients with RA. Glucocorticoids have
been reported to inhibit the differentiation of osteoblasts,
while also inducing osteoblast and osteocyte apoptosis [25,
26]. In this study, the control of disease activity in patients

with RA was good and the dosage of PSL was able to be
decreased over the course of a year. This allowed an increase
in OC levels and improved bone metabolism in patients with
RA.

In patients with RA, only ΔPSL dosage was detected as a
factor influencing changes in serum OC by multivariate linear
regression analysis. However, changes in disease activity score,
bisphosphonate therapy, and period of biologics therapy did not
significantly correlate with changes in serum levels of OC. Van
Staa et al. reported osteoporotic fracture risk in RA as attribut-
able to a combination of disease activity and use of oral gluco-
corticoids [3]. In our study, bDMARD treatment was used for
about half of patients with RA and allowed good control of
disease activity in almost all patients during the study period.

Patients in whom the PSL dosage could be decreased might
have achieved good control and showed improved disease
activity in 1 year. We therefore investigated the correlation
betweenΔPSL dosage andΔDAS28-ESR but found no rela-
tionship (r=0.001, p=0.983). We reported that reducing the
glucocorticoid dosage and adding bisphosphonate was impor-
tant for osteoporosis in patients with RA, even if they had
been well controlled by biologic agents [17]. The results of a
previous report support the results of this study.

Some limitations to the present study must be considered.
First, the baseline disease activity score of patients with RA
was relatively low (mean DAS28-ESR, 3.47), and the usage
rate of bDMARDs in this study was 50 %. This rate is higher
than the general average use in the real world [27, 28] because
of our protocol. Second, the change in disease activity from
baseline to 1 year was small, so influences on bone metabolic

-6
-4
-2
0
2
4
6
8

10
12

-10 -8 -6 -4 -2 0 2 4 6 8

Δ
O

C
(n

g/
m

l)

ΔPSL

(mg)

-100

-50

0

50

100

150

-10 -8 -6 -4 -2 0 2 4 6 8

ΔPSL

(mg)

(A) (B)

(C) (D)

R=0.07  P=0.323 R=-0.227  P=0.011

R=0.099  P=0.161 R=0.033  P=0.644

-100

-50

0

50

100

150

43210-1-2-3-4-5

ΔDAS28-ESR ΔDAS28-ESR

-6
-4

-2
0
2

4
6
8

10
12

43210-1-2-3-4-5

Δ
u

N
T

x
(

E
C

Blo
mn

/
r

Clo
m

m
)

Δ
u

N
T

x
(

E
C

Blo
mn

/
r

Clo
m

m
)

Δ
O

C
(n

g/
m

l)

Fig. 2 Scatter plots for change in
PSL (ΔPSL) (a, b) and DAS28-
ESR (ΔDAS28-ESR) (c, d)
against changes in uNTx
(ΔuNTx) (a, c) and OC (ΔOC)
(b, d) among patients with RA
using Spearman correlation
coefficients. PSL prednisolone,
DAS disease activity score, ESR
erythrocyte sedimentation rate,
uNTx urinary cross-linked N-
telopeptide of type I collagen,OC
serum osteocalcin

Table 3 Factors influencingΔOC in patients with RA investigated by
multivariate linear regression analysis

β p

ΔPSL dosage (mg) −0.229 0.001

ΔDAS28-ESR −0.007 0.918

Bisphosphonate therapy −0.033 0.673

Period of biologics therapy (years) 0.018 0.802

Age (years) 0.155 0.054

Sex (female) 0.013 0.855

Disease duration (years) 0.037 0.601

Steinbrocker class −0.059 0.456

RA rheumatoid arthritis, OC serum osteocalcin, PSL prednisolone, DAS
disease activity score, ESR erythrocyte sedimentation rate, Δ change
from baseline to 1 year
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markers might have been underestimated. Third, the usage
rate and dosage of glucocorticoids were both relatively low
compared to the general situation [28]. However, precisely
because disease activity was under good control, the decrease
in glucocorticoids was important for improving bonemetabol-
ic markers. Third, we did not perform DXA after 1 year in this
study according to the original protocol and could not analyze
the influence of reducing glucocorticoid dosage on lumbar or
hip BMD in patients with RA. We also used whole-body
mode for DXA, allowing the simultaneous analysis of
BMD, lean body mass, and fat mass. The whole-body mode
of DXA did not provide data that could be used to determine
hip BMD. This study was not able to reveal whether the de-
crease in glucocorticoids correlated with risk of fragile frac-
ture or bone density of the hip and spine. With the full data
from the 10-year TOMORROW study, we believe that we will
be able to better evaluate those endpoints.

In conclusion, our study indicated that decreasing gluco-
corticoids increased bone formation markers among patients
with RA. That is, bone metabolic markers were improved.
However, disease activity did not influence bone metabolic
markers, which might thus degenerate even when disease ac-
tivity is under good control. Decreasing the dose of glucocor-
ticoids is important for improving bone metabolic markers in
patients with RA.
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