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Background: Human parathyroid hormone (PTH) (1-34) or teriparatide (TPTD) is an anabolic agent for osteoporosis. This
recombinant protein stimulates positive bone formation balance and bone remodeling. However, when con-
comitantly used with antiresorptive (AR) agents, previous studies reported conflicting results in their poten-
tial additive and synergistic effects on bone metabolism and bone mineral density (BMD). This study aimed to
integrate previous evidence to assess the effect of TPTD monotherapy and the additive effect of TPTD on AR
agents in postmenopausal women with osteoporosis.

Material/Methods: This meta-analysis identified 9 RCTs from databases. To assess the therapeutic effect on osteoporosis, the
weighted mean differences (WMDs) were used to pool the percentage change of BMD along with the 95%
confidence intervals (Cls). BMD of 3 skeletal sites, including lumbar spine, total hip, and femoral neck were
assessed.

Results: TPTD alone could significantly improve BMD of all 3 skeletal sites compared with placebo, although the effect
on the femoral neck was less conclusive. The additive effect of TPTD over hormone replacement therapy (HRT)
and denosumab (DEN) agents is evident in all 3 skeletal sites. But TPTD plus Alendronate (ALN) did not dem-
onstrate additive effect in total hip and femoral neck.

Conclusions: TPTD alone could significantly improve BMD of lumbar spine, total hip, and femoral neck. BMD outcomes of
concomitant use of TPTD and AR agents are site-dependent and vary depending on the specific AR agent used
and the timing of AR therapy initiation.
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Background

Osteoporosis is characterized as microarchitectural deterioration
of bone tissue and decreased bone mass [1]. Postmenopausal
woman are more vulnerable to osteoporosis, partly due to es-
trogen deficiency and rapid loss of calcium [2,3]. Estrogen de-
ficiency can directly result in excessive bone resorption and
inadequate bone formation [4,5]. Therefore, postmenopausal
women are a population with high risk of fracture. Although
the option for osteoporosis treatment has expanded greatly
due to the emerging agents during the past decade, none of
them could restore skeletal integrity in most patients with es-
tablished osteoporosis [6,7]. Development of effective therapy
is thus quite meaningful for this group of patients.

Currently, the medications approved for postmenopausal os-
teoporosis mainly include 2 categories. The first category is
the antiresorptive (AR) agents, including nitrogen-contain-
ing bisphosphonates (such as Alendronate (ALN)), hormone
replacement therapy (HRT), denosumab (DEN), raloxifene
(RAL), and calcitonin. Bisphosphonates are established as the
first-line treatment options for postmenopausal osteoporo-
sis [4]. Although these agents differ in cellular and molecu-
lar mechanisms, they have the same ability to inhibit osteo-
clastic bone resorption. The second category is the anabolic
agents such as human parathyroid hormone (PTH) (1-84) and
teriparatide [(PTH) 1-34 (TPTD)]. These recombinant proteins
stimulate positive bone formation balance and subsequent
bone remodeling [8]. An animal study and subsequent ran-
domized controlled studies (RCTs) generally found that dai-
ly injection of TPTD contributed to restoration of bone mass
and strength [9-11]. Previous attempts to combine 2 or more
antiresorptive agents failed to demonstrate significant addi-
tive effects [12]. However, the various mechanisms of antire-
sorptive and anabolic agents suggest that their combination
might lead to additive bone formation and bone resorption
inhibition effect, which is better than the use of either alone
[6]. However, previous studies concerning this combination re-
ported conflicting results in their potential additive and syn-
ergistic effects on bone metabolism and bone mineral densi-
ty (BMD) [6]. Therefore, effects of this combination therapy
are still not quite clear. This study aimed to integrate previ-
ous evidence to assess the effect of TPTD monotherapy and
the additive effect of TPTD on antiresorptive agents in post-
menopausal women with osteoporosis.

Material and Methods

Search strategy

Relevant trials were searched in the electronic databases, includ-
ing PubMed, Medline, the Cochrane Central Register of Controlled
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Trials (CENTRAL), and ClinicalTrial.gov from January 1990 to June
2014. The following keywords and strategy were used for search-
ing: (“osteoporosis”) AND (“parathyroid hormone” OR “teripa-
ratide” OR “PTH”) AND (“random” OR “randomized” OR “ran-
domly”). After a preliminary search, reference lists of qualified
trials were searched manually to ensure all relevant and quali-
fied studies were included. If updated or duplicated studies were
found, only the studies include all participants and with the lat-
est outcomes were included. No language restriction was set
during searching. Qualified trials were included regardless of
publication status. Therefore, both published and unpublished
studies were included as long as they met the inclusion criteria.

Inclusion criteria

The following criteria were set for screening eligible studies for
this meta-analysis: (1) randomized controlled trials (RCTs); (2)
participants were postmenopausal woman with primary osteo-
porosis; (3) participants were randomly assigned to daily subcu-
taneous injection of TPTD or a combination of daily TPTD with
antiresorptive agents in experimental arm, with placebo or an-
tiresorptive agent alone in control arm; (4) treatment lasted at
least 6 months; (5) detailed data of percentage change of BMD
from baseline to the end of follow-up of the experiment and
control group could be extracted. Studies with TPTD plus antire-
sorptive agent in the experiment arm, but only with TPTD alone
in the control arm were excluded. Two authors independently
performed the search process and screened the trials according
to the criteria. Disagreements were resolved by group discussion.

Quality assessment of the included trials was based on the
methodological quality item of RCT according to the Cochrane
Handbook for Systematic Reviews of Interventions. The 6 qual-
ity items include random sequence generation, allocation con-
cealment, blinding of patient and personnel, blinding of outcome
assessment, incomplete outcome data, and selective reporting
risk. Publication bias was assessed by visual inspection of funnel
plots. The risk of publication bias is revealed if the plots are asym-
metrical about the pooled WMD of percentage change of BMD.

Data extraction and analysis

Two authors (JS and ZJ) independently performed data extrac-
tion. Crosschecking was performed by a third author (FC) to
ensure accuracy of the data. Original data extracted included
first author, year of publication, place in which the study was
conducted, number of participants and medication strategies
in experiment and control arm, duration of study, BMD sites
measured, and methods to measure BMD at the end of follow-
up. The primary outcome assessed was the percentage change
of BMD in 3 skeletal sites, including lumbar spine, total hip,
and femoral neck. All data synthesis and analysis in this study
were performed using RevMan 5.2 (Cochrane Collaboration).
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The weighted mean differences (WMDs) were used to pool the
percentage change of BMD along with the 95% confidence in-
tervals (Cls). If a study had more than 1 TPTD dosage group,
the different dose group was treated as a different experiment
arm. To assess the additive effect of combined TPTD and AR
agents and to minimize possible heterogeneity, subgroup anal-
ysis was performed by stratifying AR agents.

Between-studies heterogeneity was assessed with Chi square-
based Q test and I2. P<0.1 or 12>50% was considered as signif-
icant heterogeneity. A primary analysis was performed with a
fixed-effects model. If ’<50% and p>0.1, a fixed-effects mod-
el with Mantel-Haenszel method was used to make estimates.
However, if significant heterogeneity was observed, the sources
of heterogeneity were further analyzed. If there was no signifi-
cant clinical heterogeneity, a random-effects model was used. The
significance of pooled estimates was assessed with Z test and
p<0.05 was considered as significant. Sensitivity analyses were
then conducted to test the robustness of the results by excluding
the trial with the largest weight that might dominant the finding.

Results

Searching and screening of eligible trials

A total of 121 studies were obtained from the primary search
in the databases and the reference list of relevant studies. The

detailed screening process is given in Figure 1. Finally, 9 RCTs
were included in this meta-analysis [10,11,13-19].

Characteristics and quality of trials included

These 9 RCTs involved a total of 2447 participants, with 1536
in the experimental group and 911 in the control group. Four
studies compared TPTD alone vs. placebo [10,11,13,14] and 5
studies compared TPTD plus AR agents vs. AR agents alone
[15-19] (Table 1). Particularly, 2 studies had multi-intervention
arms [10,11]. In the following forest plot figures, Neer 2001a
and 2001b represented 20 and 40 pg hPTH (1-34)/d group,
while Miyauchi 2008a, 2008b, and 2008c represented 10, 20,
and 40 pg hPTH (1-34)/d group, respectively. Among the 5 tri-
als with TPTD plus AR agents as experiment arm, 2 assessed
TPTD plus ALN [17,18], 2 assessed TPTD plus HRT [15,16], and
1 assessed TPTD plus DEN [19]. The dose of TPTD ranged from
10 to 40 pg/d in the 9 trials. Duration varied from 6 months
to 24 months. Lumbar spine, total hip, and femoral neck were
the most common sites with BMD measured. In all studies in-
volved, BMD was measured by dual-energy x-ray absorpti-
ometry (DXA) (Table 1). The quality of the included studies is
summarized in Table 2.

The effect of TPTD on BMD of lumbar spine

Four studies reported the effect of TPTD alone vs. placebo and
5 studies reported TPTD+AR agents vs. AR agents on BMD of
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Table 1. Characteristics of trials included.

No patients :
Delivery Intervention Control Concomitant therapy Duration s lof BMD i
measured assessment

Neer 541/552 544 S| 20/40 pg hPTH  Placebo  Calcium: 1000 mg/d; 21 m LS, total hip, femoral DXA
2001 (1-34)/d Vitamin D: 400- neck, trochanter,

1200 IU/d intertrochanter,

distal radius, radius
shaft, TB

Sethi 41 41 Sl 20 pg hPTH Placebo  Calcium: 1000 mg/d; 6 m LS, femoral neck DXA
2008 (1-34)/d Vitamin D: 500 IU/d
Miyauchi 39/39/38 38 S| 10/20/40 pg Placebo  Calcium: 610 mg/d; 6 m LS, total hip, femoral DXA
2008 hPTH (1-34)/d Vitamin D: 400 IU/d neck
Cosman 33 33 Sl 20 pg hPTH Placebo  Calcium: 500 mg/d; 24 m LS, total hip, femoral DXA
2010 (1-34)/d Vitamin D: 1000 neck, distal forearm

U/d
Cosman 27 25 Sl 25 pg hPTH HRT Calcium: 1200-1500 36 m LS, total hip, TB DXA
2001 (1-34)/d + HRT mg/d; Vitamin D:

400 IU/d
Ste-Marie 122 125 Sl 20 pg hPTH HRT Calcium: 1000 mg/d; 13.8 m LS, total hip, femoral DXA
2006 (1-34)/d + HRT Vitamin D: 400— neck, distal radius,

1200 Iu/d B
Cosman 43 43 Sl 25 pg hPTH ALN Calcium: 1200-1500 15 m LS, total hip DXA
2005 (1-34)/d +ALN mg/d; Vitamin D:

maintain at least 20
ng/ml at serum level

Finkelstein 31 31 Sl 40 pg hPTH ALN/TPTD Calcium: 1000-1200 6 m LS, total hip, femoral DXA

2010 (1-34)/d +ALN mg/d; Vitamin D: neck, radius shaft,

400 1U/d TB, spinal trabecular
Tsai 30 31 Sl 25 pg hPTH DEN/TPTD Calcium: 1200 mg/d; 12 m LS, total hip, femoral DXA
2013 (1-34)/d + DEN Vitamin D: maintain neck, radius shaft

at least 50 nmol/L at
serum level

HRT — hormone replacement therapy; ALN — alendronate; BMD — bone mineral density; SI — subcutaneous injection; LS — lumbar spine;
TB — total body; hPTH — human parathyroid hormone; DEN — Denosumab; DXA — dual-energy x-ray absorptiometry.

Table 2. Quality assessments of RCTs included.

Adequate random Adequate method Blm.d !ng i Blinding of Incomplete .
Study/ y participants Selective
; sequence of allocation outcome outcome A
quality . and personnel reporting
o iand generation concealment e e assessment data et eI Bla5)
P (selection bias) (selection bias) P bias) (detection bias) (attrition bias) P 8
Neer 2001 ? ? ? ? ? Y
Sethi 2008 ? ? N ? Y Y
Miyauchi 2008 ? ? Y ? ? Y
Cosman 2010 Y ? ? Y ? Y
Cosman 2001 Y ? ? Y ? Y
Ste-Marie 2006 ? ? Y ? ? Y
Cosman 2005 Y ? N Y Y Y
Finkelstein 2010 Y ? N Y ? Y
Tsai 2013 Y Y ? ? Y Y

‘Y’ — indicating low risk of bias; ‘N’ — indicating high risk of bias; ‘?’ — indicating insufficient data for judgment.
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A TPTD Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total  Weight IV, random, 95% CI IV, random, 95% CI
Cosman 2010 3.55 37 33 033 55 33 13.9% 3.22[0.96, 5.48] "
Miyauchi 2008a 6.13 409 38 095 271 13 14.3% 5.18[3.22,7.14] =
Miyauchi 2008b 654 472 39 095 271 13 14.1% 5.59[3.50, 7.68] o
Miyauchi 2008¢ 1206 575 39 095 271 12 13.8% 11.11[8.74,13.48] -
Neer 2001a 9.7 74 498 1.1 55 25 15.2% 8.60[7.66,9.54] =
Neer 2001h 13.7 9.7 497 1.1 55 25 15.1% 12.60[11.51, 13.69] *
Sethi 2008 6.58 65 4 1.06 481 4 13.6% 5.52[3.04, 8.00] "
Total (95% CI) 1185 616 100.0% 7.47[4.89,10.05] )
Heterogeneity: Tau’=11.13; Chi*=102.73, df=6 (P<0.00001); *=94% " ' ; |
Test for overall effect: Z=5.68 (P<0.00001) ~100 ~50 0 50 100
Favours placebo Favours TPTD
TPTD+AR agents AR agents Mean difference Mean difference
B Study or subgroup Mean SD Total Mean SD Total  Weight 1V, random, 95% (I IV, random, 95% Cl
1.4.1TPTD+ALN .
Cosman 2005 6.1 89 38 08 55 36 15.8% 5.30[1.95,8.65] I
Finkelstein 2010 1.9 92 20 68 42 29 12.7% 5.10[0.79,9.41] N
Subtotal (95% Cl) 58 65 28.6% 5.22[2.58,7.87]
Heterogeneity: Tau?=0.00; Chi>=0.01, df=1 (P=0.94); ’=0%
Test for overall effect: Z=3.87 (P=0.0001)
1.4.2TPTD+HRT u
Cosman 2001 13.4 14 27 1.7 13 25 24.6% 11.70[10.97, 12.43] -
Ste-Marie 2006 1401 087 114 3.03 036 116 25.2% 10.98[10.81,11.51]
Subtotal (95% Cl) M 41 49.8% 11.25[10.57,11.93]
Heterogeneity: Tau?=0.19; Chi?>=3.50, df=1 (P=0.06); ’=7%
Test for overall effect: Z=32.32 (P<0.00001)
1.4.3 TPTD-+DEN n
Tsai 2013 9.1 39 30 55 33 33 21.6% 3.60[1.81,5.39] )
Subtotal (95% Cl) 30 33 21.6% 3.60[1.81,5.39]
Heterogeneity: Not applicable
Test for overall effect: Z=3.93 (P<0.0001)
Total (95% Cl) 229 239 100.0% 7.91[5.73,10.10] [}
Heterogeneity: Tau’=4.92; Chi’=86.60, df=4 (P<0.00001); ’=95% . t t 1
Test for overall effect: Z=7.10 (P<0.00001) -100  -50 0 50 100
Test for subgroup differences: Chi*=74.30, df=2 (P<0.00001); ’=97.3% Favours AR Favours TPTD+AR

Figure 2. The effect of single and combined use of TPTD on BMD of lumbar spine. (A) Single of use TPTD; (B) Combined use of TPTD
with antiresorptive agents.

the lumbar spine. Generally, TPTD alone could significantly im-
prove BMD of the lumbar spine (WMD: 7.47%, 95% Cl 4.89%
to 10.05%, p<0.00001). Significant between-study heteroge-
neity was observed (p<0.00001, 12=94%) (Figure 2A). However,
these studies reported consistent findings of the benefits of
TPTD over placebo. The major cause of the heterogeneity is
the various dose-related therapeutic effects. Sensitivity anal-
ysis showed that exclusion of the Neer et al. study and the
40 pg/d group of Miyauchi et al. (Miyauchi 2008c) could sig-
nificantly reduce heterogeneity, while the overall benefits of
TPTD did not change (WMD: 4.90%, 95% Cl 3.82% to 5.99%,
p<0.00001, 12=0%).

When TPTD was combined with AR agents, although the gen-
eral analysis showed that the combination contributed to bet-
ter BMD improvement than AR agents alone (WMD: 7.91%,
95% Cl 5.73% to 10.10%, p<0.00001), significant between-
study heterogeneity (12=95%, P<0.00001) and subgroup dif-
ference (12=97.3%, P<0.000001) was observed. Subgroup anal-
ysis showed that the additive effect was significant in all 3

subgroups: TPTD+ALN group (WMD: 5.22%, 95% Cl 2.58% to
7.87%, p=0.0001, 1>=0%), TPTD+HRT group (WMD: 11.25%, 95%
C110.57% to 11.93%, p<0.00001, 1>=71%), and TPTD+DEN group
(WMD: 3.60%, 95% Cl 1.81% to 5.39%, p<0.0001) (Figure 2B).

The effect of TPTD on BMD of total hip

Three studies reported the effect of TPTD alone vs. place-
bo and 5 studies reported TPTD+AR agents vs. AR agents on
BMD of total hip. Generally, TPTD alone could significantly im-
prove BMD of total hip (WMD: 2.53%, 95% Cl 1.06% to 3.99%,
p=0.0007). However, significant heterogeneity was observed
(p<0.00001, 12=84%) (Figure 3A). Subsequent sensitivity anal-
ysis showed that exclusion of Neer et al. study, which had the
largest sample size that might dominate the pooled result, did
not change TPTD’s benefits, but significantly reduced heteroge-
neity (WMD: 1.26%, 95% Cl 0.36% to 2.15%, p=0.006, 1?=9%).

When TPTD was combined with AR agents, although the gener-
al analysis showed that the combination contributed to better
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A
TPTD Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total  Weight 1V, random, 95% Cl IV, random, 95% (I

Cosman 2010 0.09 26 33 —0.63 2 33 18.7% 0.72[-0.40, 1.84]

Miyauchi 2008a 165 294 38 032 316 13 15.3% 1.33[-0.63,3.29] "

Miyauchi 2008b 1.7 349 39 032 316 13 14.9% 1.38[-0.66, 3.42] r

Miyauchi 2008¢ 358 572 39 032 316 12 12.9% 3.26[0.73,5.79] "

Neer 2001a 26 49 222 -1 43 115 19.1% 3.60[2.58,4.62] "

Neer 2001h 3.6 54 232 -1 43 115 19.0% 4.60[3.55, 5.65] -

Total (95% Cl) , , 603 , 301 100.0% 2.53[1.06, 3.99] |

Heterogeneity: Tau?=2.65; Chi>=31.11, df=>5 (P<0.00001); ’=84% I f y 1
Test for overall effect: Z=3.39 (P=0.0007) 100 -50 0 50 100

Favours placebo Favours TPTD
B TPTD+AR agents AR agents Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total  Weight IV, random, 95% CI IV, random, 95% Cl
1.2.1 TPTD+ALN
Cosman 2005 11 52 38 1.1 43 110 13.2% 0.00 [-1.84, 1.84]
Finkelstein 2010 29 48 20 31 46 09 7.9% -0.20[-2.89, 2.49]
Subtotal (95% Cl) 58 139 21.0% -0.06 [-1.58, 1.45]

Heterogeneity: Tau’=0.00; Chi’=0.01, df=1 (P=0.90); ’=0%
Test for overall effect: Z=0.08 (P=0.93)

1.2.2TPTD+HRT
Cosman 2001 44 1 2 1 08 25 29.1% 3.4012.91,3.89] o
Ste-Marie 2006 522 045 114 1.56 028 110 32.0% 3.66 [3.56, 3.76] =
Subtotal (95% Cl) 141 135 61.1% 3.65[3.53,3.76]

Heterogeneity: Tau?=0.00; Chi>=1.04, df=1 (P=0.31); ’=4%
Test for overall effect: Z=61.44 (P<0.00001)

1.2.3TPTD+DEN
Tsai 2013 49 29 30 25 26 33 17.9% 2.40[1.03,3.77] o
Subtotal (95% Cl) 30 33 17.9% 2.40[1.03,3.77] )

Heterogeneity: Not applicable

Test for overall effect: Z=3.45 (P=0.0006)
Total (95% Cl) 229 307 100.0% 2.57[1.71,3.44] 1

Heterogeneity: Tau’=0.61; Chi’=27.10, df=4 (P<0.0001); ’=85% , : . .
Test for overall effect: Z=5.81 (P<0.00001) -100 -50 0 50 100
Test for subgroup differences: Chi>=25.89, df=2 (P<0.00001); ’=92.3% Favours AR Favours TPTD-AR

Figure 3. The effect of single and combined use of TPTD on BMD of total hip. (A) Single of use TPTD; (B) Combined use of TPTD with
antiresorptive agents.

BMD improvement than AR agents alone (WMD: 2.57%, 95% Cl
1.71% to 3.44%, p<0.00001), significant between-study hetero-
geneity (12=85%, P<0.0001) and subgroup difference (12=92.3%,
P<0.00001) was observed. Subgroup analysis showed that the
additive effect were significant in TPTD+HRT (WMD: 3.65%, 95%
Cl 3.53% to 3.76%, p<0.00001, 1>=4%) and TPTD+DEN group
(WMD: 2.40%, 95% Cl 1.03% to 3.77%, p<0.0006), but not in
TPTD+ALN group (WMD: —0.06%, 95% Cl -1.58% to 1.45%,
p=0.93, 1?=0%) (Figure 3B).

The effect of TPTD on BMD of the femoral neck

Three studies reported the effect of TPTD alone vs. placebo and
3 studies reported TPTD+AR agents vs. AR agents on BMD of
the femoral neck. Generally, TPTD alone could significantly im-
prove BMD of the femoral neck (WMD: 2.98%, 95% Cl 1.16% to
4.81%, p=0.001). Significant between-study heterogeneity was
observed (p<0.00001, 12=85%) (Figure 4A). Subsequent sensi-
tivity analysis showed that exclusion of Neer et al. study (with
the largest weight) significantly reduced heterogeneity, but the

overall benefits of TPTD also changed to a non-significant lev-
el (WMD: 1.55%, 95% Cl —0.19% to 3.29%, p=0.08, 12=31%).

When TPTD was combined with AR agents, although the gener-
al analysis showed that the combination contributed to better
BMD improvement than AR agents alone (WMD: 2.01%, 95%
C1 0.18% to 3.84%, p=0.03), significant heterogeneity in sub-
group difference (1>=79%, p=0.008) was observed. Subgroup
analysis showed that the additive effects were significant in the
TPTD+HRT (WMD: 3.25%, 95% Cl 3.14% to 3.36%, p<0.00001)
and TPTD+DEN group (WMD: 2.10%, 95% Cl 0.42% to 3.78%,
p=0.01), but not in the TPTD+ALN group (WMD: —0.40%, 95%
Cl -2.94% to 2.14%, p=0.76) (Figure 4B).

Publication bias

Funnel plots for studies reporting the BMD change of the lum-
bar spine in TPTD vs. placebo (Figure 5A) and TPTD+AR agents
vs. AR agents alone (Figure 5B) were used to assess publica-
tion bias. The 2 plots demonstrate mild asymmetry, suggesting
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A
TPTD Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total  Weight 1V, random, 95% Cl IV, random, 95% Cl

Miyauchi 2008a 118 478 38 -0.71 468 13 14.2% 1.89[-1.07,4.85] i

Miyauchi 2008b 096 48 39 -071 468 13 14.2% 1.67 [-1.30, 4.64] i
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Figure 4. The effect of single and combined use of TPTD on BMD of femoral neck. (A) Single of use TPTD; (B) Combined use of TPTD
with antiresorptive agents.
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Figure 5. Funnel plot analysis of publication bias. (A) BMD change of the lumbar spine in TPTD group vs. placebo group. (B) MD change
of the lumbar spine in TPTD+AR agents group vs. AR agents alone group.

potential publication bias. However, due to the small number Discussion

of studies involved in this meta-analysis, it is difficult to esti-

mate the publication bias accurately. This study generally confirmed that TPTD alone could signif-
icantly improve BMD at the 3 skeletal sites compared with
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placebo for postmenopausal women with osteoporosis, al-
though the effect on the femoral neck was less conclusive. The
additive effect of TPTD over AR agents was clearly evident in
most of the skeletal sites, except TPTD plus ALN in the site of
total hip and femoral neck. This finding is consistent with pre-
vious studies that showed PTH treatment alone could improve
BMD significantly [20,21]. Although Schwarz et al. observed an
age-dependent therapeutic effect of PTH on BMD of spine [20],
according to Boonen et al. large RCT, this treatment-by-age in-
teraction might be caused by increase in BMD in the control
group. In addition, there is no treatment-by-age interaction in
hip and femoral neck [20,21], suggesting the therapeutic ef-
fect of TPTD was consistent in the older and younger women.

When used as monotherapy, TPTD showed consistent effects
over placebo in all 3 skeletal sites, including lumbar spine, to-
tal hip, and femoral neck. In all treatment groups, bone for-
mation marker, and serum procollagen type I N-terminal pro-
peptide (P1NP) levels increased significantly, suggesting the
positive effects of TPTD on bone formation. When TPTD is
concomitantly used with AR agents, the additive effects were
significantly affected by the specific AR agents used and the
timing of introduction of AR agents. Muschitz’s recent study
showed that addition of ALN 9 months after TPTD treatment
could significantly improve BMD of both lumbar spine and hip
region compared with TPTD monotherapy [22]. However, tri-
als by Finkelstein and Cosman included in this meta-analysis
all had ALN administration long before (6 months and 1 year
respectively) TPTD therapy. The distinct BMD results of these
trials could be partly explained by the different time point of
initiation of ALN treatment, which might affect the balance
between bone formation and resorption. In Finkelstein’s study,
although TPTD plus ALN contributed to slightly increased bone
formation marker P1NP, the increase was significantly small-
er than that of TPTD monotherapy. At 1-year measurement
after initiation of TPTD monotherapy or concomitant use of
TPTD and ALN, PINP level in the TPTD plus ALN group was
only approximately 1/3 that of the TPTD alone group. However,
Muschitz observed that at the end of combination therapy
(9 months), PINP level of the TPTD plus ALN group was still
more than half that of the TPTD alone group. Therefore, add-
ing ALN after long-term TPTD administration seemed have
less influence on P1NP level compared with adding TPTD af-
ter long-term ALN administration. In other studies that com-
bined TPTD and bisphosphonates for postmenopausal wom-
en with osteoporosis, the results were also far from satisfying.
Cosman et al. studied the effect of adding TPTD to ongoing
RAL therapy compared with switching to TPTD monotherapy
for 18 months and did not find any significant difference in
BMD between these groups [23]. In another study exploring
combined intravenous zoledronic acid and TPTD as the initial
treatment for bisphosphonate-naive patients over 1 year, the
BMD increase in the combination group and in the zoledronic
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acid monotherapy group had no significant difference [24].
These results suggest that bisphosphonates might negatively
affect the balance between bone formation and resorption of
anabolic treatment [18], but its effect might be significantly re-
lated to the time point of treatment initiation. TPTD plus ALN
might not be beneficial when applied after long-term treat-
ment with ALN alone. However, this combination might gener-
ate some additive effects when used after anabolic therapies
through facilitating mineralization of the newly formed bone.

For postmenopausal women with osteoporosis, hormone defi-
ciency is definitely a cause of osteoporosis [7]. With the long-
term HRT, the addition of TPTD helped to generate excessive
increases in BMD. Findings of this study showed consistent ad-
ditive effects of TPTD over HRT. One early study, but with accu-
rate data unavailable, also showed that the combination of PTH
(1-34) with HRT was beneficial to improve BMD of vertebral and
total-body bone [25]. The combination of TPTD with DEN has
little influence on TPTD-induced modeling-based bone. Thus,
this combination also has an additive effect over monotherapy
[26]. Currently, the pharmacological mechanism for the lack of
additive effects in the combination of TPTD and selective AR
agents remain largely unknown. Thus, more pharmacological
studies are required to explore the underlying mechanisms.

This study also has several limitations. First, significant hetero-
geneity was observed when pooling BMD in the monotherapy
and combined therapy groups. However, with subgroup and
sensitivity analysis, the sources of heterogeneity was identi-
fied and solved. The heterogeneity was mainly related to spe-
cific agents and the dose used. Second, although heterogene-
ity was significantly reduced through subgroup analysis, the
number of trials in each subgroup is relatively small. This might
lead to risk of bias in reporting results. Thus, more large RCTs
are required to confirm findings of this study. Third, although
BMD is an important indicator of osteoporosis, it cannot di-
rectly reflect the risk of fracture. Only 2 trials in a monother-
apy group and 1 study in a combined therapy group report-
ed fracture results. Thus, it was impossible to make a pooled
analysis to assess the risk of fracture in the current study.

Conclusions

TPTD alone could significantly improve BMD of the lumbar
spine, total hip, and femoral neck. BMD outcomes of concom-
itant use of TPTD and AR agents are site-dependent and vary
depending on the specific AR agent used and the timing of
AR therapy initiation.
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