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Serum undercarboxylated osteocalcin level increases with
48 weeks of teriparatide treatment in pre-treated elderly
rheumatoid arthritis patients who use anti-resorptive drugs

ABSTRACT. Aim: The serum undercarboxylated osteocalcin (ucOC) level, a biochemical bone marker of vitamin K insufficien-
cy, is often affected by anti-osteoporosis drugs. There have been no reports regarding the relationship between ucOC and teri-
paratide. Subjects and methods: We conducted a prospective observational study of 26 female rheumatoid arthritis (RA) pa-
tients. The patients were divided into 3 groups: those who underwent a direct switch from anti-resorptive drugs to teriparatide
(12 cases), those who started teriparatide without pre-treatment (5 cases), and the control patients (9 cases). The median age
(interquartile range) of the patients in each group was 75 (67-77), 82 (78-84), and 69 (62-80) yr, respectively. All patients, ex-
cept controls, received 48-week treatments of teriparatide. We analyzed the median 48-week changes from baseline of the
serum ucOC levels with the Steel-Dwass method. Results: The median change from baseline in the direct switch group was high-
er than that in other groups (p<0.05). Conclusions: The serum ucOC levels increased with treatment of teriparatide in elderly
RA patients, especially when the patients received pre-treatment.
(J. Endocrinol. Invest. 35: 796-799, 2012)
©2012, Editrice Kurtis

INTRODUCTION

A relationship between vitamin K intake and the inci-
dence of proximal femur fractures has been reported by
some authors (1-3). The key role of vitamin K is to facili-
tate the binding of osteocalcin (OC) to the bone matrix
(4). When vitamin K deficiencies exist, OC binds less well
to the bone matrix and enters the bloodstream as un-
dercarboxylated OC (ucOC).
Serum ucOC is a biochemical bone marker of vitamin K
insufficiency. The serum ucOC level can be used to pre-
dict the possibility for proximal femur fractures in elder-
ly females (5). However, we should keep in mind when
interpreting ucOC values that bone resorption inhibitors,
such as bisphosphonates, tend to decrease serum ucOC
levels (6-8). We have also reported this phenomenon in
rheumatoid arthritis (RA) patients (9). Moreover, we have
previously reported that serum ucOC levels decrease
with glucocorticoid use (9). Schafer et al. has reported
that serum ucOC levels increase with PTH(1-84) use (8).
We have found no previous reports regarding the rela-
tionship between serum ucOC levels and the bone for-
mation stimulator PTH(1-34), teriparatide (TPTD). In the
present study, we measured the serum ucOC levels in
RA patients who received 48-week treatments of TPTD.

SUBJECTS AND METHODS
Design and study population
We conducted a single-institute-based non-randomized
prospective observational study of female RA patients
with osteoporosis who were treated at Dohgo Spa Hos-
pital. The aim of this study was to investigate whether
serum ucOC levels are affected by TPTD. Twenty-six fe-
male RA patients were treated with TPTD (20 μg per day)
at Dohgo Spa Hospital for 48 weeks. All of the patients
were over 59 yr of age and fulfilled the classification cri-
teria of American college of Rheumatology (ACR) 1987
(10). All of the patients received TPTD and calcium com-
pounds (≥1000 mg per day) together. We excluded pa-
tients with the following factors: hospital transfer, dis-
continuation of TPTD, use of warfarin, use of vitamin K
preparations (for example, menatetrenone), use of active
vitamin D preparations and use of anti-resorptive (AR)
drugs such as bisphosphonates or selective estrogen re-
ceptor modulators that were concomitant with TPTD. The
remaining 17 elderly RA patients were divided into 2
groups: those who underwent a direct switch from AR
drugs (over 6 months) to TPTD (Group A) and those who
started TPTD de novo (Group B, these patients had not
been treated with AR drugs during the previous 6
months). Moreover, the RA patients who were unable to
use anti-osteoporotic drugs for any reason were includ-
ed in the control RA group (Group C), which consisted
of the patients who did not receive AR drugs, TPTD, war-
farin or vitamin K preparations over a period of 1 yr.

Data collection
Informed consent was obtained from all of the patients
and the following data were collected: 1) the serum ucOC
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levels were measured with an electrochemiluminescence
immunoassay (Picolumi; Sanko Junyaku Co., Ltd., Tokyo,
Japan). We measured the serum ucOC levels at 0 weeks,
24 weeks, and 48 weeks in Group A and Group B and at
0 weeks and >48 weeks in Group C; 2) the serum amino-
terminal propeptide of type I procollagen (PINP) levels
were measured with radioimmunoassay. We measured
the serum PINP levels at 0 weeks, 24 weeks, and 48
weeks in Group A and Group B; 3) hip dual-emission X-
ray absorptiometry scans were performed with the DPX-
BRAVO densitometer (GE Healthcare Japan, Co., Ltd.,
Tokyo, Japan); 4) information about each patient ob-
tained from the medical records, including the patient’s
age, retrospective disease history, and duration and ret-
rospective history of AR drug use. Each oral glucocorti-
coid was recorded as the dose of prednisolone (PSL) per
day at 0 weeks and 48 weeks. Most patients took oral
PSL once or twice a day.
RA disease activity was calculated as DAS 28-CRP ac-
cording to the formula on the Disease Activity Score
(DAS) web site (http://www.das-score.nl/index.html). The
estimated glomerular filtration rates (eGFR) were calcu-
lated using the following formula devised by the Japa-
nese Society of Nephrology: eGFR (ml/min/1.73 m2) =
194 × Cr–1.094 × Age–0.287 × 0.739.

Statistical analyses
The significance of the differences between 2 groups was
determined using the Mann-Whitney U test or Wilcoxon
signed rank’s test. The differences between 3 groups
were estimated using the Kruskal-Wallis test followed by
the Steel-Dwass method. To evaluate the relationships
between the serum ucOC levels and the corticosteroids,
the Spearman rank correlation was used. Data processing
and analyses were conducted using Microsoft Excel soft-
ware.

RESULTS
Characteristics of the patients
Group A (direct switch from AR drugs to TPTD) included
12 patients. Group B (initiation of TPTD de novo) includ-
ed 5 patients. The control group (Group C) included 9
patients. Pretreatment in Group A was as follows: 8 pa-
tients received alendronate at a dose of 35 mg per week,
1 patient received minodronate at a dose of 1 mg per

day, and 3 patients received raloxifene at a dose of 60
mg per day. Table 1 lists the baseline characteristics of
these 3 groups. None of the items had statistical signifi-
cance among the three groups. The median age [in-
terquartile range (IQR)] of Group A, Group B, and Group
C was 75 (67-77), 82 (78-84), and 69 (62-80) yr, respec-
tively. The median duration of RA (IQR) of Group A,
Group B, and Group C was 15 (12-31), 27 (25-30), and
19 (12-21) yr, respectively. The median glucocorticoid
dose (IQR) (PSL) at 0-weeks was 5.0 (3.0-5.0), 4.0 (3.0-
5.0), and 5.0 (4.0-5.0) mg per day, respectively. The me-
dian glucocorticoid dose (IQR) (PRL) at 48-weeks was 4.5
(3.0-5.0), 3.0 (3.0-5.0), and 5.0 (4.0-5.0) mg per day, re-
spectively. Wilcoxon signed rank’s test revealed that the
doses of corticosteroids recorded at 0 weeks and 48
weeks were not statistically significant for any group
(p=0.11, 0.32 and 1.0, respectively).

Comparison of the serum ucOC and PINP levels
among the three groups
Table 2 shows the mean serum levels of bone formation
markers in the 3 groups. In Group A, statistically signifi-
cant differences were observed the ucOC levels between
measured at 0 weeks and those measured at 24 and 48
weeks (p=0.002, 0.003). Moreover, statistically significant
differences were observed between the ucOC levels
measured at 0 weeks and those measured at only 24
weeks (p=0.043) in Group B. No statistically significant
differences were observed between the ucOC levels
measured at 0 weeks and those measured at 48 weeks
(p=0.441) in Group C. We measured the median serum
PINP levels at the same time in Group A and B. In the
Group A, no statistically significant differences were ob-
served between the PINP levels measured at 0 weeks
and those measured at 24 weeks or 48 weeks (p=0.051,
0.092, respectively). In the Group B, no statistically sig-
nificant differences were also observed between the PINP
levels measured at 0 weeks and those measured at 24
weeks or 48 weeks (p=0.080, 0.893, respectively).
When we compared the serum ucOC levels and the me-
dian percent change from baseline, a statistically signifi-
cant difference were observed between Groups A and B at
24 weeks (p=0.035) (Fig. 1A). The serum ucOC levels were
elevated at 24 weeks and the change ratio of Group A was
higher than that of Group B. Additionally, the Kruskal-Wal-
lis test showed that a statistically significant difference ex-

Table 1 - Patients’ characteristics.

Direct switch from AR drugs to TPTD TPTD without pre-treatment Control K-W
(Group A) (no.=12) (Group B) (no.=5) (Group C) (no.=9) p

Age 75 (67-77) 82 (78-84) 69 (62-80) 0.175

Duration of RA (yr) 15 (12-31) 27 (25-30) 19 (12-21) 0.590

eGFR (ml/min/1.73 m2) 77.6 (67.4-102.3) 100.8 (90.4-109.5) 68.8 (56.6-80.0) 0.052

DAS28-CRP 2.67 (2.12-2.95) 2.36 (2.21-2.54) 1.84 (1.51-2.43) 0.129

Glucocorticoid (prednisolone) (mg/day) (at 0-week) 5.0 (3.0-5.0) 4.0 (3.0-5.0) 5.0 (4.0-5.0) 0.679

Glucocorticoid (prednisolone) (mg/day) (at 48-week) 4.5 (3.0-5.0) 3.0 (3.0-5.0) 5.0 (4.0-5.0) 0.773

Bone density in neck of femur (g/cm2) 0.605 (0.480-0.648) 0.472 (0.379-0.529) 0.661 (0.522-0.807) 0.148

No statistically significant differences were observed between the 3 groups, as estimated with the Kruskal-Wallis test. Median (interquartile range). AR:
anti-resorptive; TPTD: teriparatide; K-W: the Kruskal-Wallis test; RA: rheumatoid arthritis; eGFR: estimated glomerular filtration rate; CRP: C-reactive
protein; DAS: disease activity score.
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isted among 3 groups (p=0.007). According to the results
of the Steel-Dwass method, the change ratio of Group A
was higher than that of Groups B and C at 48 weeks
(p<0.05 and <0.05, respectively). The serum ucOC levels
at 48 weeks was elevated only in the group A. Serum
ucOC levels might be elevated by TPTD, especially in pre-
treated patients, since there were no differences in the
doses of glucocorticoids at 0 weeks and 48 weeks.
On the other hand, when we compared the serum PINP
levels and the median percent change from baseline, no
differences between Groups A and B were observed at
24 weeks and 48 weeks (p=0.234, 0.282, respectively)
(Fig. 1B).

The relationship between the serum ucOC levels and
the doses of glucocorticoids during the use of TPTD
We have previously reported that glucocorticoids affect
serum ucOC levels (9). In this study, we examined the ef-
fects of glucocorticoids during the use of TPTD. We col-
lected data for patients in Groups A and B (no.=17) at
48 weeks. The Spearman rank correlation test showed
that the serum ucOC levels and the glucocorticoid dos-
es were inversely correlated with a correlation coefficient
of –0.541 (p=0.031).

DISCUSSION

Many authors have previously reported a relationship be-
tween more than 12 months of TPTD use and several
bone formation markers, including markers of glucocor-
ticoid-induced osteoporosis (11-18) such as PINP, total
OC, bone alkaline phosphatase, etc. No authors have re-
ported a relationship between the serum ucOC levels
and TPTD. The serum ucOC as level is often used as a
biochemical bone marker of vitamin K insufficiency. How-
ever, Hozuki et al. have reported that ucOC and OC, a
bone formation marker, move in parallel under corticos-
teroid therapy (7). We previously reported that the serum
ucOC levels were affected by glucocorticoids, bisphos-
phonates and selective estrogen receptor modulators (9).
Shiraki et al. reported that the serum ucOC level, a pre-
dictive factor of fracture events in primary osteoporotic
patients, is lower in those who receive bisphosphonates,
than in non-treated patients (19). Teriparatide is a bone
formation stimulator and elevates serum OC levels (13,
14, 16). Therefore, we had assumed that serum ucOC
levels might increase with TPTD.
RA is a risk factor for osteoporosis. Elderly female RA
patients often suffer from severe osteoporosis due to
glucocorticoid use, due to the effects of cytokines and
inflammation, which are uncontrolled with AR drugs. We
experienced that elderly female RA patients require
TPTD to treat vertebral fractures. In our study, we dis-
cussed that age, sex, disease activity, eGFR, dose of glu-
cocorticoids, etc. were not statistically significantly dif-
ferent between the 3 RA groups. The median serum
ucOC level in the pre-treated group was elevated at 24
weeks and 48 weeks, and the change ratio was higher
in the pre-treated group than in the non-pre-treated
group or the control group at 48 weeks. No statistical
differences between 0 weeks and 48 weeks glucocorti-
coid doses were observed. Therefore, there might be
few effects of glucocorticoids on serum ucOC levels. We

Fig. 1 - Serum undercarboxylated osteocalcin (ucOC) and serum
aminoterminal propeptide of type I procollagen (PINP) levels
with the median percent change from the baseline. A) Serum
ucOC levels. Difference at 48 weeks among group A (black sol-
id line), group B (black dashed line), and group C (black dotted
line) were determined with the Kruskal-Wallis test (p=0.006). The
results of the Steel-Dwass method showed that the serum ucOC
levels of Group A were higher than those of Groups B or Group
C (p<0.05, p<0.05). B) Serum PINP levels. No differences be-
tween Group A (black solid line) and Group B (gray dashed line)
at 48 weeks were observed. *Mann-Whitney U test (p<0.05).
**Steel-Dwass method (p<0.05).

Table 2 - Bone formation markers at 0, 24, and 48 weeks.

0 weeks 24 weeks p 48 weeks p
(0 vs 24 weeks) (0 vs 48 weeks)

Group A ucOC (ng/ml) 0.89 (0.56-1.79) 3.00 (2.40-7.46) 0.002a 2.52 (1.33-6.85) 0.003a

PINP (ng/ml) 45.1 (28.4-66.4) 117.0 (79.7-153.0) 0.051 73.5 (57.0-122.0) 0.092

Group B ucOC (ng/ml) 2.49 (1.42-3.58) 8.56 (3.46-9.67) 0.043a 3.25 (1.65-3.95) 0.225

PINP (ng/ml) 99.4 (43.9-114) 89.4 (77.8-178) 0.080 63.7 (57.9-79.3) 0.893

Group C ucOC (ng/ml) 5.23 (3.04-6.95) - - 4.59 (2.84-6.63) 0.441

Median (interquartile range). aThe significance of the difference between the two groups was determined by the Wilcoxon signed rank’s test. ucOC: un-
dercarboxylated osteocalcin; PINP: serum aminoterminal propeptide of type I procollagen.
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also measured the serum PINP levels in the 2 groups.
PINP is known to be a predictive marker of bone miner-
al density during TPTD treatment (20). In our data, the
PINP levels were not affected by pre-treatment with AR
drugs, which differ from ucOC. This phenomenon has
already been reported by several authors (16, 20).
We have discussed the relationship between glucocorti-
coids and serum ucOC levels. We previously reported
that there is an inverse correlation between the dose of
PSL and the serum ucOC level (9). This inverse correlation
is maintained under treatment with TPTD. When we mea-
sure the serum ucOC level in a patient taking PSL, the
ucOC level decreases. Elderly RA patients often take glu-
cocorticoids, AR drugs, and TPTD. Therefore, we must
keep in mind that many drugs affect the serum ucOC lev-
els.
In our preliminary data and unpublished observations, the
serum ucOC levels did not increase in patients taking vi-
tamin K2 and teriparatide. However, since we were un-
able to measure the blood vitamin K concentrations in the
present study, we could not describe the relationship be-
tween ucOC and vitamin K concentrations. Other limita-
tions included the following: the number of cases was min-
imal for statistical analysis, we were unable to use a mul-
tiple regression analysis since the number of cases was
small, and we were not able to measure total OC levels.
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