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ABSTRACT

Objectives: The purposes of the present study were to
clarify the effects on the structural strength of the femoral
neck bones in elderly RA patients being treated with
teriparatide.

Methods: Fifty female RA patients were enrolled. We
investigated the bone mineral density (BMD) of the lumbar
vertebrae and femoral neck, and performed a hip structure
analysis (HSA) using dual-energy X-ray absorptiometry
(DXA) during a 48-week treatment with teriparatide (20

png/day).

Results: The mean age was 74.5 years, and the mean
duration of RA was 23.0 years. The percent change in the
lumbar BMD was +5.8% (mean, 24 weeks, P<0.01) and
+8.0% (mean, 48 weeks, P<0.01). On the other hand, there
were no statistically significant differences in the femoral
neck BMD changes at either 24 or 48 weeks (P=0.729 and
P=0.567, respectively). The percentage change from
baseline in the buckling ratio of the femoral neck was -
16.8% (improve) at 48 weeks (P=0.004), because of
cortical thickening. There were no significant differences
in the section modulus (SM) or cross-sectional area (CSA).

Conclusions: The femoral neck bone strength increased
with teriparatide treatment in elderly female RA patients.
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1. INTRODUCTION

Patients with rheumatoid arthritis
(RA) often suffer from osteoporosis (OP).
OP is one of the extra-articular
complications of RA, and results in an
increased risk of fractures (Roux C 2011).
RA is a chronic, systemic, inflammatory
disease with polyarthritis, and multiple
factors (for example, immobility, cytokines,
inflammation around joints, and treatment
with corticosteroids, etc.) contribute to the
generalized osteoporosis in RA patients
(Roux C 2011, Vis M et al. 2013).
Longitudinal studies in RA patients have
shown reduced bone mineral density
(BMD) and several-fold increases in the
relative risk for spine and hip fractures

(Orstavik RE et al. 2004, Haugeberg G et
al. 2000, van Staa TP et al. 2006, Amin S,
et al. 2013). However, there have so far
been few controlled trials of anti-
osteoporotic drugs, including teriparatide,
in RA patients.

Teriparatide (the recombinant N-
terminal fragment of human parathyroid
hormone, rhPTH(1-34)) is a PTH analogue
with bone-anabolic actions. In
postmenopausal females with osteoporosis,
once-daily teriparatide increased BMD and
reduced the risk of vertebral and
nonvertebral fractures in a placebo control
study (Neer RM, et al. 2001). In another
placebo control study in male patients,
teriparatide improved BMD and reduced
the risk of vertebral fractures (Kaufman
JM, et al. 2005). Moreover, in a
randomized, controlled trial, patients with
glucocorticoid-induced osteoporosis (G1O)
treated with teriparatide had greater
increases in their lumbar spine BMD and
fewer new vertebral fractures than subjects
treated with alendronate (Saag KG, et al.
2007. Saag KG, et al. 2009). A prospective
observational study  revealed that
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teriparatide improved BMD in RA patients
(Ebina K, et al. 2014).

The purposes of the present study
were to clarify its effects on BMD and the
femoral neck bone strength treated for 48
weeks in RA patients with osteoporosis. In
this survey, we performed a dual energy X-
ray absorptiometry (DXA) based hip
structure analysis (HSA) to evaluate the
effects of the treatment on the bone strength
in RA patients. The DXA-based HSA
method was noninvasive, and was able to
measure the strength of bone governed by
structural dimensions and tissue mineral
properties (Beck TJ, et al. 1990). This
method was performed to evaluate the
effects of anti-osteoporotic drugs, for
example, alendronate, risedronate,
minodronate, raloxifene and teriparatide
(Bonnick SL, et al. 2009, Takada J, et al.
2010, Ito M, et al. 2010, Takada J, et al.
2011, Urusi-Rasi K, et al. 2005). DXA-
based HSA had already been used to
demonstrate that teriparatide treatment
increased the cortical thickness and stability
at the femoral neck region in primary
osteoporotic females (Urusi-Rasi K, et al.
2005).

2. MATERIALS AND METHODS
2.1 Study population and protocol

This study was a single center
observational study and was performed
from October 2010 through May 2013. This
study was approved by the clinical ethics
committees of Dohgo Spa Hospital. We
obtained informed consent from all 40 RA
patients before the treatment with 48-weeks
daily teriparatide, and collected their
clinical data. All patients with rheumatoid
arthritis fulfilled the classification criteria of
the ACR 1987 (Arnett FC, et al. 1988). The
exclusion criteria included the patients who
were male, those receiving corticosteroid
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pulse  therapy and
patients.

non-osteoporotic

When patients with osteoporosis
started treatment with percutaneous daily
teriparatide (20 pg/day), they discontinued
their previous treatment for osteoporosis
(for example, bone resorption inhibitors
(BRI) (e.g. bisphosphonates, selective
estrogen receptor modulators), the active
form of vitamin D3, etc.) and started to take
a calcium supplement (one gram, daily) as a
concomitant treatment. The background
data of the patients were collected from
each medical record, and included the
patient's age, body mass index (BMI),
retrospective disease history and duration,
retrospective  history of using anti-
osteoporotic drugs and history of anti-
rheumatic drugs. The following data were
also collected: 1) the serum creatinine (Cr),
serum albumin level, serum calcium level
and serum phosphate level, serum intact-
parathyroid hormone (intact-PTH) levels
and digitized thoracolumbar X-rays at
baseline (0 weeks, before treatment), 2) the
lumbar and femoral neck BMD and DXA-
based HSA at 0 weeks, 24 weeks and 48
weeks. The eGFR (estimated glomerular
filtration rate) was calculated using the
following formula devised by the Japanese
Society of Nephrology: eGFR
(mL/min/1.73m2) = 194 x Cr-1.094 x Age-
0.287 x 0.739. The corrected calcium value
was calculated using the following formula:
Corrected calcium (mg/dL) = serum
calcium (mg/dL) + (4 - serum albumin

(g/dL)).

2.2 Bone mineral density (BMD) and DXA-
based hip structure analysis (HSA)

DXA scans performed with the
Lunar DPX-BRAVO bone densitometer
(GE Healthcare Japan, Co., Ltd., Tokyo,
Japan). Hip scan image data were analyzed
using the “Advanced Hip Assessment
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(AHA)” software program (GE Healthcare
Japan, Co., Ltd., Tokyo, Japan) and were
conducted by the same technician (M.F.) at
Dohgo Spa Hospital. The AHA program
automatically calculates a number of bone
geometry variables from the scan image and
bone distribution variables derived from
information contained within the DXA X-
ray absorption curves. In this program, we
could not measure the intertrochanteric
structures, femoral shaft structures, outer
and inner diameters for narrow-neck. The
HSA geometry algorithm is based on a
principle first articulated by Martin and
Burr (Martin R and Burr D 1984). In this
study, we analyzed with buckling ratio
(BR), cortical thickness, section modulus
(SM) and cross-section area (CSA) of
femoral neck of the femoral narrow-neck.
The BR is a crude index of the
susceptibility to local buckling under
bending loads. The SM and CSA are
indexes of resistance to axial compressive
and bending loads.

2.3 Radiographic measurements
of vertebral fractures

To evaluate an existing fracture
(prevalent  fracture), we used a
semiquantitative (SQ) thoracolumbar X-
rays-based method (Genant HK, et al.
1993). If a vertebral bone (Th4-L4) has an
osteoporotic deformation with an SQ grade

>1, we concluded that the bone was
fractured.

2.4 Diagnosis of osteoporosis

Osteoporosis was defined by the
following: a T-score < -2.5 or an existing
osteoporotic fracture, referencing the World
Health Organization (WHQ) definition of
osteoporosis based on BMD (Kanis JA, et
al. 1994).
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2.5 RA disease activity

The RA disease activity was
calculated based on the DAS28-ESR
according to the formula on the DAS
(Disease  Activity Score) web site
(http://www.das-score.nl/index.html).

2.6 Statistical analysis

The normality of the data was
assessed using the chi-square test. The
Wilcoxon signed ranks test was applied for
continuous variables, and the Chi-square
test was applied for categorical variables.
The Spearman rank correlation test was
used to assess relationships between the
buckling ratio (femoral neck) change and
other factors. The data processing and
analyses were conducted using the
Microsoft Excel software program.

3. RESULTS
3.1 Baseline characteristics and tolerability
of daily teriparatide treatment in RA
patients

Forty RA patients with osteoporosis
were included in this study. Table 1 lists the
baseline characteristics and biochemical
parameters for these patients (Table 1). The
mean age (+standard deviation (SD)) was
74.5 + 7.6 years, and the mean duration was
23.0 £+ 12.8 years. The serum calcium level,
phosphorus level and intact-PTH level were
within the normal ranges in most cases.

3.2 Changes in the lumbar and femoral
neck BMD

The percentage changes from
baseline in the lumbar and femoral neck
BMD are noted in Table 2. After the 24 and
48 weeks of treatment with teriparatide, the
lumbar BMD showed significant increases
(24 weeks (mean), +5.8%; 48 weeks
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(mean), +8.0%) (24 weeks: P=0.0001; 48
weeks: P=0.0001). On the other, there were
no statistically significant differences in the
femoral neck BMD changes at 24 and 48
week (24 weeks (mean), +2.3%; 48 weeks
(mean), -0.1%) (24 weeks, P=0.729; 48
weeks, P=0.567).

3.3 Changes in indexes from DXA-based
HSA

We also performed a DXA-based
HSA to estimate the femoral neck bone
strength in the RA patients (Table 2). As a
result, we found that the percentage changes
from baseline in the buckling ratio (BR) and
cortical thickness were -16.8% (mean) and
+34.3% (mean) at 48 weeks (P=0.004,
P=0.039). There was no significant
different in the section modulus (SM) or
cross-section area (CSA) at 48 weeks
(P=0.899, P=0.797). Therefore, the
teriparatide treatment did not change the
femoral neck BMD in RA patients, but did
improve the femoral neck bone strength.

Moreover, the Spearman rank
correlation test was used to assess the
relationships between the buckling ratio
(femoral neck) change at 48 weeks and
other factors, including the age, BMI, RA
disease duration, DAS28-ESR,
prednisolone dose at baseline, prior use of
BRI and prevalent vertebral fractures (Table
3). Consequently, the daily prednisolone
dose at baseline positively correlated with
the buckling ratio (rs=0.402, P=0.049).
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Tablel. Baseline characteristics of RA patients treated with 48-weeks teriparatide
RA treated with 48-weeks TPTD

Characteristic (n=40)
Age, mean (SD), years 74.5 (7.6)
BMI, mean (SD), kg/m2 20.6 (3.7)
RA disease duration, mean (SD), years 23.0 (12.8)
Prednisolone dose, median (IQR), mg/day 5.0 (4.0-5.0)
Prior use of bone resorption inhibitors 27140 (67.5%)
DAS28-ESR, mean (SD) 2.43 (0.74)
Estimated GFR, mean (SD), mL/min/1.73m2 80.4 (29.8)
Corrected calcium level, mean (SD), mg/dL 9.2 (0.46)
Serum phosphorus level, mean (SD), mg/dL 3.5 (0.46)
BMD (lumbar spine (L2-4)), median (IQR), g/cm2 0.834 (0.717-0.966)
BMD (femoral neck), mean (SD), g/cm2 0.54 (0.15)
Cortical thickness (femoral neck), mean (SD), mm 2.1 (0.91)
Buckling ratio (femoral neck), median (IQR) 8.55 (6.48-11.50)
Section modulus (SM) (femoral neck), mean (SD), mm3 287 (81.0)
Cross-sectional area (CSA) (femoral neck), mean (SD), mm?2 78.3 (16.6)
SD, standard deviation; IQR, ESR, Erythrocyte sedimentation rate; GFR,
interquartile range; RA, rheumatoid Glomerular filtration rate.

arthritis; BMD, Bone Mineral Density;

Table 2. The percent changes from baseline for the BMD and DXA-based HSA

(Mean= SE) 24 weeks (%) 48 weeks (%)
Lumbar BMD (L2-4) 5.8+ 1.5 ** 8.0+£2.0 **
Femoral neck BMD 23+3.1 -0.1£1.9
Cortical thickness 13.4+9.7 343+ 16.5*
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Buckling ratio (BR) 14£80 168+ 5.9 % @
Section modulus (SM) 0.13+£2.2 1.3+33
Cross-sectional area (CSA) -1.8+1.7 -1.6+£23

BMD, Bone Mineral Density; SE, standard error.
(@) The buckling ratio was improved at 48 weeks.
Wilcoxon’s signed rank test, **P<0.01, *P<0.05.

Table 3. The results of the univariate analysis of vertebral fracture progression and a worsening
buckling ratio

Percent change of buckling ratio

Risk factor

rs P-value
Age 0.038 0.850
Body mass index 0.018 0.927
RA disease duration -0.053 0.775
DAS28-ESR 0.025 0.899
Prednisolone dose at 0-week 0.402 0.049*
Prior usage of bone resorption -0.082 0.067
inhibitors
Number of prevalent vertebral -0.027 0.849

fracture (Th4-L4)

RA, rheumatoid arthritis; BMD, Bone Mineral Density; ESR, Erythrocyte sedimentation rate;
rs, Spearman's rank correlation coefficient.

* P<0.05 based on the Spearman rank correlation test

4. DISCUSSION levels was not elevated in patients with RA.

In the EUROFORS study, the femoral neck

In the present study, we measured BMD did not increase after 12 months of

the response of teriparatide with BMD and teriparatide treatment in patients who had

DXA-based HSA. After 48 weeks of been pretreated with BRI (Boonen S, et al.

teriparatide treatment, the lumbar BMD 2008), so our results might not be
levels increased and the femoral neck BMD contradictory to this study, because 63.5%
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of the cases had prior BRI usage. However,
one of the problems with the use of the
BMD to monitor osteoporosis treatment is
that it does not completely capture the
mechanical factors that lead to fragility (Li
Z, et al. 2001, Cummings SR, et al. 2002,
Sarkar S, et al. 2002). One of the main
characteristics of teriparatide is that it has
an anabolic effect, which changes the
amount and distribution of bone material
within a bone, thereby altering the
geometrical structure. Therefore, we also
used the DXA-based HSA to assess the
femoral neck bone strength. As a result, the
HSA showed that treatment with
teriparatide improved the buckling ratio
(BR) at 48 weeks. The elevation of the BR
level caused by cortical thickening. Uusi-
Rasi et al. reported that the improvement of
BR was observed in patients with primary
osteoporosis after one year of treatment
with teriparatide (Uusi-Rasi K, et al. 2005),
which was in agreement with our present
findings. While, there were no significant
differences in the section modulus (SM) or
cross-section area (CSA) during the 48-
week treatment period. In AHA software
program, we were not able to analyze the
other parameters, including outer and inner
femoral diameters. Therefore, we could not
discuss the discrepancy.

The univariate analyses showed that
the daily prednisolone dose was associated
with the buckling ratio, with higher doses
being associated with less improvement.
Therefore, the glucocorticoid dose should
be kept as low as possible to maximize the
impact of the teriparatide treatment.

Limitations. In this study, we
cannot acquire the appropriate control
group. Therefore, further studies, such as
randomized trials, are needed to confirm
the effect of teriparatide treatment in RA
patients. And, we researched the effect of
teriparatide in 48 weeks. Recently, in our
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country,  teriparatide treatment  for
osteoporosis is able to continue in 96
weeks.

Conclusions. Treatment of
teriparatide in elderly female RA patients
with osteoporosis has the potential to
increase the femoral neck bone strength,
even if the femoral neck BMD is not
elevated.
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