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Abstract

Thalassemia Major (TM) is a clinical entity with a high prevalence of low bone mass. The aim of the present study was
to perform a meta-analysis of all available data on the role of bisphosphonates (BPs) in the therapy of thalassemia
major-induced osteoporosis. The PRISMA recommendations for reporting systematic reviews and meta-analyses were
used to guide the present study. We searched PubMed and the Cochrane Central Register of Controlled Trials
(CENTRAL) through March 31, 2017 for articles related to thalassemia and BPs. To meta-analytically synthesize the
primary endpoint, we used the standardized mean difference (SMD) after Hedges’s g transformation under the scenario
of a random effects model. Heterogeneity across studies was examined using the I° statistic. Nine randomized con-
trolled trials (RCTs) containing original data were included in this review. Three studies were performed in Italy, one in
Australia, three in Greece, one in Cyprus, and one in China. The BPs investigated included zoledronate, alendronate,
pamidronate, clodronate, and neridronate. Zoledronate and alendronate showed a tendency to perform best as compared
to neridronate and the placebo effect with respect to femoral neck, lumbar spine, total hip, and total body in terms of
bone mass density (g/cm?®). BPs and in particular, zolendronate, were quite effective in the treatment of osteoporosis.
These findings suggested that bisphosphonates are still a front-line treatment of osteoporosis in TM. However, to draw
more meaningful and significant conclusions for the use and efficacy of BP in TM, larger and more complete RCTs
should be conducted.
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Introduction

Osteoporosis is a serious health problem not only because it
affects quality of life but also, importantly, because it is asso-
ciated with increased morbidity and mortality, while it addi-
tionally represents a significant economic burden for individ-
uals and society alike.

Thalassemia is a hereditary disease caused by defective
globin synthesis resulting not only in abnormal but also in
a decreased quantity of globin chains [1]. Thalassemia
intermedia (TI) is a term used to define a group of pa-
tients with (3-thalassemia in whom the clinical severity of
the disease is somewhere between the mild symptoms of
the [3-thalassemia trait and the severe manifestations of 3-
thalassemia major (TM). However, it has been reported
that TI progresses over time to TM. The diagnosis is a
clinical one that is based on the patient maintaining a
satisfactory hemoglobin (Hb) level of at least 6—7 g/dL
at the time of diagnosis without the need for regular blood
transfusions [2]. 3-thalassemia minor is characterized by
reduced 3-hemoglobin chain synthesis and sometimes
mild anemia, although carriers of {3-thalassemia minor
are usually clinically asymptomatic [3].

A clinical entity with high incidence of low bone mineral
density is thalassemia major (TM) is a clinical entity with high
incidence of low bone mineral density. TM is a clinical hered-
itary hemolytic anemia caused by a defect in the ability of
erythroblasts to synthesize the 3-chain of adult hemoglobin.
Several bone abnormalities beyond osteoporosis are pres-
ent in patients with TM, including an enlargement of the
cranial and facial bones, spinal deformities, scoliosis, spi-
nal nerve compression, spontaneous fractures, and bone
loss [4, 5]. The incidence of low bone mass in well-
treated TM patients is approximately 40—50%. Therefore,
osteoporosis represents a leading cause of morbidity in TM
patients of both genders [6]. The introduction of transfu-
sion therapy resulted in the reduction or prevention of bone
deformities; however, the detection of low bone mass in
many regularly transfused and well-chelated TM patients
over the last decade has been quite unexpected. There is
growing awareness that many transfusion-dependent adult
patients with TM and TI suffer from long-standing bone
pain, low bone mass, and fractures collectively referred to
as bone disease [5].

The pathogenesis of bone disease in TM is quite compli-
cated. Several genetic and acquired factors are implicated in
bone turnover changes and diminished bone mineral density
(BMD), such as delay in sexual maturation, endocrine dys-
function (diabetes mellitus, hypothyroidism, hypoparathy-
roidism, GH deficiency, etc.). In addition, iron chelation ther-
apy has been associated with growth failure and bone abnor-
malities, while high desferrioxamine dosage has been also
associated with cartilage alterations. With regular transfusion,
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most patients keep acceptable Hb levels, but even when within
the normal range, as well as when adequate hormone replace-
ment therapy is provided, these patients show increased bone
turnover and decreased BMD [7-9].

During the last decade, there has been significant progress
in our understanding of the pathogenesis of low BMD in TM
patients. The RANK/RANKL/OPG pathway is of great im-
portance for the activation and proliferation of osteoclast pre-
cursors and, hence, bone resorption. However, there is evi-
dence that in these patients there is also reduced osteoblast
activity, compounding the detrimental effect of TM on the
bone [10].

It appears that prevention and treatment of early bone loss
is the best strategy in TM. For the management of bone dis-
ease, many of the currently approved drugs employed primar-
ily in post-menopausal osteoporosis have been used, such as
sex hormone replacement therapy [11] and bisphosphonates
(BP) [12]. Of course, adequate calcium and vitamin D intake
as well as physical activity are encouraged in these patients
during their skeletal development, while early diagnosis and
treatment of comorbidities are a sine qua non [13].

Bisphosphonates, which are potent inhibitors of osteoclas-
tic bone resorption, have been used to manage bone abnor-
malities in TM patients, with encouraging results. This class
of drugs are the most commonly prescribed to treat osteopo-
rosis. They act by inhibiting both osteoclastic recruitment and
maturation, preventing the development of monocyte precur-
sors into osteoclasts, inducing osteoclast apoptosis, and
interrupting their attachment to the bone [14]. Even though
the data regarding the effects of bisphosphonates on differen-
tiation are limited, it is well established that their main effect is
at the osteoclasts. The aim of the present study is to perform a
meta-analysis of all available data concerning the role of BP in
thalassemia major-induced osteoporosis. Specifically, we sys-
tematically examined the possibly beneficial time-dependent
effect of BP on bone density and metabolism. The method of
meta-analysis was therefore used to examine this effect.

Material and methods
Search strategy

The PRISMA recommendations for reporting systematic re-
views and meta-analyses were used to guide the present study
(Supplementary File: Tsartsalis et al. 2017 PRISMA 2009
Checklist.docx). We searched PubMed and the Cochrane
Central Register of Controlled Trials (CENTRAL) through
March 31, 2017 for articles related to the specified disease
(thalassemia) and pharmacologic agents, i.c., bisphosphonates
(BPs), using these precise keywords. The search was limited
to studies carried out in humans, with no language restriction
and included articles ahead of publication. The reference lists
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ofthe publications identified were hand-searched for addition-
al relevant studies. Abstracts from International Meetings
were not considered unless published as original peer-
reviewed articles. A second reviewer (GIL) blinded to the
primary reviewer’s (A7) decisions checked the paper selec-
tion, data extraction, and risk of bias assessment stages of
the review. In each instance, the number of papers checked
was the larger of either ten studies or 10% of the studies to be
appraised. Any differences of opinion were discussed and a
third reviewer (CS) was available to arbitrate any issues that
remained unresolved.

Eligibility criteria

We focused on bisphosphonates (BP) randomized controlled
trials (RCTs) on thalassemia designed to evaluate the effect of
BP on all possible studied variables or surrogate anti-fracture
endpoints (BMD and markers of bone turnover) in patients
with thalassemia, with no age, race/ethnicity, gender, clinical,
or other restrictions. Both non-amino-BPs and amino-BPs
were considered. RCTs were excluded if they did not include
BP studies or did not provide data that could be analyzed.
Review of the selected RCTs was performed by a second
reviewer (GIL), blinded to the primary reviewer’s (A7) deci-
sions, checked the paper selection, data extraction, and risk of
bias assessment stages of the review. In each instance, the
number of papers checked was the larger of either ten studies
or 10% of the studies to be appraised. In the case of discrep-
ancies, a consensus was reached by discussing the issues with
a third investigator (CS).

Data extraction and handling

For each study identified and included in this review, we
aimed to collect the following information: (i) biochemical,
bone markers studied, and their respective units, (ii) authors of
the study, (iii) publication year, (iv) patient populations exam-
ined and type of clinical study design (e.g., placebo-con-
trolled, double-blind control group, placebo,
bisphosphonates), (v) BP dosage, (vi) duration of BP therapy
(in years, including eventual extensions), (vii) method of BP
administration (e.g., intravenously, per os), (viii) total study
duration, (ix) frequency of BP administration, (x) total BP
doses, (xi) number of participants per study population, (xii)
country where the study was performed, (xiii) the presence of
co-intervention (e.g., calcium, vitamin D), (xiv) type of co-
intervention, (xv) dosage of co-intervention, (xvi) gender,
(xvii) male/female ratio, (xviii) number of males and females,
(xix) chelation therapy or not, (xx) type of chelation therapy,
(xxi) dosage of chelation therapy, (xxii) patients maintained
on a regular transfusion program, and (xxiii) proportion of
patients presenting with hypogonadism. Continuous data were
summarized as the mean or median as provided by the

respective study. Data are provided as supplementary data
(file Supplementary Data.xlsx).

Assessment of risk of bias

Quality assessment and risk of bias (RoB) evaluations of in-
cluded RCTs were rated using the Cochrane Collaboration
assessment tool: [15], adequate generation of allocation se-
quence, concealment of allocation to conditions, the preven-
tion of knowledge of the allocated intervention (blinding of
assessors), and dealing with incomplete outcome data. Then
for each domain, the quality of each RCT was classified as
high (that is, low risk of bias), moderate (that is, unclear risk of
bias), and low (that is, high risk of bias). We also computed a
“risk of bias” score for each RCT by giving one point to each
domain for which a study could be rated as low RoB.

Statistical analyses

To meta-analytically synthesize the primary endpoint, we used
the standardized mean difference (SMD) after Hedges’s g
transformation under the scenario of a random effects model.
The latter transformation was necessary because the BMD
was reported using different units as T scores, Z scores, or
g/cmz. Further, BP effect over time has been taken into ac-
count by calculating SMDs with respect to time zero for the
respective drug [16, 17]. A SMD > 0 indicates positive effects
of the bisphosphonates over time, while a SMD < 0 indicates
negative effects (e.g., worsening) of the bisphosphonates over
time. Heterogeneity across studies was examined using the /2
statistic and an /* value above 50% was considered large. We
then examined whether there existed any significant publica-
tion bias by graphically using a funnel plot and statistically
using Egger’s test. Finally, we also summarized the reported
evidence on the potential beneficial effects on markers of bone
turnover and the reported adverse effects of bisphosphonate
therapy in thalassemia-induced osteoporosis (TIO). All statis-
tical analyses were conducted using Stata 10.0 (College
Station, TX, USA) software package and the Matlab ®
Simulation Environment (Mathworks, Inc., Natick, MA).

Data availability The data sets used and/or analyzed during the
current study are available from the corresponding author on
reasonable request.

Results

Literature search

The flow diagram of our literature search is presented in

Fig. 1. Our total search resulted in 50 entries, which after title
and abstract assessment rendered a final total of 38 eligible for
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Literature Search
(Pubmed, Cochrane
and References Lists)
n=50 articles

Articles
excluded based
»| on screening of
titles/abstracts

\ 4 n=12
Potentially
relevant articles

assessed for Articles excluded after
eligibility evaluation of the study:
n=38 Not RCT
> Duplicate publication
Review n=9
Not relevant to the topic n=15
Case Controls=5
\ 4 Zolendronic acid, n=4
RCTs included Clodronate, n=1
in the Pamidronate, n=1
systematic Aledronate/Clodronate, n=1
review n=9 Aledronate/Palmidronate=1
Neridronate, n=1

Fig. 1 Literature search process

further inclusion in the present meta-analysis. From these 38
studies, 29 were further excluded because they were either not
RCTs, or were not relevant to the topic, or were non-original
reviews, or were case control studies. The remaining nine
RCTs studies containing original data were included in this
review [12, 18-25].

Study characteristics and methods

The characteristics of the nine studies under consideration are
summarized in Table 1. Three studies were performed in Italy
[12,18,20], one in Australia [19], three in Greece [10, 21-27],
one in Cyprus [21], and one in China [28]. The samples con-
sidered were small (23—118 patients), with only one article
enrolling more than 100 patients [18]. The BPs investigated
included zoledronate (n =4) [19, 22, 23, 25], alendronate (n =
2) [12, 21], pamidronate (n=2) [21, 28], clodronate (n=2)
[12,20, 22], and neridronate (n = 1) [18]. From the aforemen-
tioned studies, five were not RCTs [1, 26, 27, 29, 30], while
nine were [12, 18-25]. Dosage applied for zoledronate had a
median of 4 mg (min = 1 mg, max = 4 mg); for alendronate the
sole dosage was 10 mg administered either daily (10 mg/day)
or weekly (70 mg/week); for pamidronate the median dosage
was 60 mg (min = 22.50, max =90 mg); for clodronate the
median dosage was 100 mg (min= 10 mg, max =300 mg),
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and for neridronate the median and sole dosage was 100 mg.
Of note, the dosage of zoledronate was not the one currently
used for osteoporosis treatment. The studies were comparable
with respect to demographic and clinical characteristics of the
study populations included. Subsequently, all patients re-
ceived complementary treatment, which included calcium
(median dosage 500 mcg/day, min=500 mcg, max =
1250 mcg) and Vitamin D (median and sole dosage 10 mcg/
day, min = 0.25 mcg/day, max =25 mcg/day). In addition, all
patients received chelation therapy, which included
desferrioxamine (75 mg/kg/day) and deferiprone (75 mg/kg/
day). Three studies did not report chelation therapy [19, 23,
27]. In all studies, patients were maintained on regular trans-
fusion programs to guarantee pre-transfusional hemoglobin
levels (9.0-9.5 g/dL), while subjects presenting with
hypogonadism received sex hormone replacement therapy.

Assessment of risk of bias

The results of the RoB assessment are presented in Table 2.
The median “risk of bias” score of the nine RCTs was 5 (in-
terquartile range [IQR] = 5-6), indicating a moderate quality
of the included studies.

The effect of biphosphonates on BMD

In the studies under consideration, it appeared that zoledronate
[22, 23] manifested a tendency for the best performance as
compared to neridronate [22] and the placebo effect, with
respect to femoral neck BMD in g/cm? units (Fig. 2a)
(Opp=1.02,df=3,p=0.24, P =0%) [19]". Atthe same time,
the total effect of treatment, which included both medications
(zoledronate and neridronate), was increased as compared to
placebo effect or the control group that received no treatment
(Fig. 28) (Opiacebo = 3.37, df=4, p=0.15, P =0%)*. At the
same time, total effect of treatment, with respect to the T score,
was higher in patients who received treatment as compared to
placebo (Fig. 2b) (Qgp=7.19, df=3, p=0.03, P =58.32%,
while Opiacebo = 17.37, df=1, p=1.61 x 107, F* = 94.24%).
Interestingly, in terms of T score, in the study of Morabito
et al. (2002), alendronate [12] demonstrated a better effect
than zoledronate [22].

Similar results were observed in the case of the lumbar
spine in terms of BMD in g/cmz. In particular, all studies
showed a stronger effect in patients treated with zoledronate
and alendronate than those treated with neridronate and pla-
cebo (Fig. 3a) (Ogp=100.31, df=4, p=4.13x 1072, P =
96.01%, while Opiacebo = 733.52, df=3, p=5.63x 10",

! Ogpp O value of Cochran’s heterogeneity statistic in samples treated with BP,
Oplacebo QO Value of Cochran’s heterogeneity statistic in samples received pla-
cebo, df degrees of freedom, /* percentage of total variation across studies

2 See footnote 1
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Fig. 2 Effect of bisphosphonate therapy on bone mineral density of the
Femoral Neck (BMD FN) expressed g/cm2 (a) as well as T score units
(b). A SMD <0 implies a negative effect with respect to time, whereas
SMD > 0 implies a positive effect with respect to time (SMD standardized
mean difference, BMD FN bone mineral density femoral neck, BP
biphosphonates. Each black box, with the respective error bars,

F =99.59%). Moreover, the mean effect of BP in all stud-
ies was higher as compared to the control or the placebo
groups. Additionally, in terms of T score, similar results
were obtained including the effect of pamidronate in the
study of Voskaridou et al. (2003) (Fig. 3b) [27] (Ogp=
0.199, df=4, p=0.04, I* =0%, while Opjacepo = 64.54,
df=3, p=3.1x10"" P =95.35%).

Finally, with respect to BMD, in the total hip
zoledronate showed a positive effect as compared to pla-
cebo in the study of Gilfillan et al. (2006) [19] (Fig. 4a).
Similar results were obtained with respect to total body
BMD, where zoledronate demonstrated a positive effect
as compared to placebo and control groups (Fig. 4b). It is
however worth mentioning that in the cases of total body
and hip BMD, the available data did not allow a more
extended comparison with respect to treatment effects.
All results regarding the effect of BP treatment on BMD
are summarized in Table 3.
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Fig. 3 Effect of bisphosphonate therapy on bone mineral density of the
lumbar spine (BMD LS) expressed as g/cm2 (a) as well as T score units
(b). A SMD <0 implies a negative effect with respect to time, whereas
SMD > 0 implies a positive effect with respect to time (SMD standardized
mean difference, BMD LS bone mineral density lumbar spine, BP
biphosphonates). Each black box, with the respective error bars,
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Total BPs = 5
Effect = - Total Placebo
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corresponds to a study. Close to the error bar we report the drug used
and in the superscript the respective study as reported in the “References”
section. In particular, the works of Gilfillan et al. [19], Voskaridou et. al.
[23], Voskaridou et al. [22], Morabito et al. [12], and Forni et al. [18] are
presented)

The effect of bisphosphonates on calcium
homeostasis and bone turnover markers

In the case of bone metabolic factors, there was no consistent
record in the studies under consideration. In the study of
Gilfillan et al. (2006), alkaline phosphatase (ALP) was not
different between treated patients with zoledronate (SMD =
0.00) and the placebo group (SMD =0.00) (Table 4). In the
case of bone alkaline phosphatase (bALP), data from the
available studies showed that treatment yielded a more pro-
nounced decreasing total effect (SMD =— 0.02), as anticipat-
ed, than in the placebo group (SMD =0.00) and a more pro-
nounced increasing effect than in the control group (SMD =—
0.03) (Table 4). Furthermore, C-telopeptide of collagen Type I
(CTX) was decreased in the treated group (SMD =—10.43)
compared to placebo (SMD =0.26) and control (SMD =
0.02) groups (Table 4). Notably, the effect reported was for
treatment with zoledronate only. With regard to parathyroid

B BMD LS (T-Score)
«Zoledronate?’
Zoledronate?% =
He Aledronate!
A « Placebo®
3 Placebo!Z = ll
2
n « Control2°

Total BPs Effect =
Total Control
,  Effect™

-5.00

«Total Placebo Effect

P TR
-

1.00
MD
corresponds to a study. Close to the error bar we report the drug used
and in the superscript the respective study as reported in the “References”
section. In particular, the works of Gilfillan et al. (2006) [19, 21],
Voskaridou et. al. (2008a) [23, 25], Voskaridou et al. (2006) [22, 24],
Morabito et al. (2002) [12, 14], Forni et al. (2012) [18, 20], and
Pennisi et al. (2003) [20, 22] are presented)

300 -1.00
S
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Fig. 4 Effect of bisphosphonate therapy on bone mineral density of the
total hip (BMD Total Hip) expressed as g/cm?, as well as T score (a) and
effect of bisphosphonate therapy on bone mineral density of total body
(BMD Total Body) expressed as g/cm? as well as T score units (b). SMD
<0 implies a negative effect with respect to time, whereas SMD >0
implies a positive effect with respect to time (SMD standardized mean

hormone (PTH),3 zoledronate (SMD = 0.00) had no effect on
its levels?, while clodronate had a positive effect on PTH
(SMD =0.37) [12] and, respectively, alendronate (SMD =—
0.40) had a negative effect on PTH compared to the placebo
effect (SMD =—1.35, Qgp=0.31, df=3, p=0.19, F =0%,
while Opiacebo = 1.19, df=2, p=0.27, F =0%) in the study
by Morabito et al. (2002) [12]. Phosphorus was affected by
BP treatment with lower levels in response to clodronate
(SMD =-10.45) [12], followed by alendronate (SMD =—
0.18) [12]. Compared to the placebo group, clodronate
had similar results (SMD=-0.44) [12], while
alendronate was associated with higher levels of phos-
phorus (SMD =-0.18) [12].

Discussion

In this study, we have reviewed the literature with regard to the
effects of bisphosphonates in the treatment of osteoporosis in
patients with thalassemia. We found that bisphosphonates are
effective over time and as compared to placebo and control
subjects. In particular, BPs, and especially zoledronate, are
effective in the treatment of osteoporosis, as they improve
the femoral neck (FN) BMD, although a significant difference
was not observed. The fact that we did not find a significant
difference in the treatment of FN BMD indicates that all BPs

3Tnall studies, patients and controls received calcium and vitamin D supple-
mentation. Also, in the studies under consideration, only in the study of
Morabito et al. (2002) were three patients mentioned with hypoparathyroid-
ism. In the other studies, there was no mention of the presence of hypopara-
thyroidism in the patient cohort. This is indeed an important aspect, since in the
case of parathyroid dysfunction, calcium and vitamin D supplementation is
mandatory [31]. Basha NK, Shetty B, Shenoy UV, 2014 Prevalence of
Hypoparathyroidism (HPT) in Beta Thalassemia Major. Journal of clinical
and diagnostic research: JCDR 8(2): 24-6.

@ Springer
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Clodronate (T—score)20
Control (T—score)20 b 1
i

-2.00 -1.00 0.00
SMD

difference, BMD LS bone mineral density lumbar spine, BP
biphosphonates). Each black box, with the respective error bars,
corresponds to a study. Close to the error bar we report the drug used
and in the superscript the respective study as reported in the “References”
section. In particular, the works of Gilfillan et al. (2006) [19, 21] and
Pennisi et al. (2003) [20, 22] are presented)

1.00 2.00

could be equally effective with respect to the BMD of this
region. Furthermore, the heterogeneity observed was very
low, indicating that the differences observed were related to
chance or were due to the wide range of interventions and
outcomes assessed in the analysis. BPs were effective in in-
creasing lumbar spine (LS) BMD. In particular, zoledronate
was more effective than neridronate or placebo. Interestingly,
LS BMD results were significant despite high heterogeneity,
with respect to g/cm?, though non-significant, when estimated
in terms of T score.

To our knowledge, this is the first study that has investigat-
ed the effects of bisphosphonates in such a systematic manner
over time and across different outcomes, while also quantify-
ing the magnitude of the observed effects.

Previous studies have demonstrated the effect of BPs in
BMD, T score, and bone turnover markers as compared to
placebo and control subjects. Our study attempted to demon-
strate the efficacy of therapy for osteoporosis in TM patients
over time. The main purpose was not to make a direct com-
parison among BPs, even though we found that zoledronate
was more effective, followed by alendronate, an observation
that is in agreement with previous studies. Through our obser-
vations, we were able to conclude that a medical pharmaceu-
tical treatment for osteoporosis had a positive effect as com-
pared to placebo, or to the absence of treatment. The more
positive effect of zoledronate, as mentioned above, is in agree-
ment with previous reports regarding the efficacy of the drug.
In addition, the better efficacy of zoledronate has been dem-
onstrated in other forms of osteoporosis in the general popu-
lation. The study of Byun et al. (2017) showed that
zoledronate was more effective in reducing vertebral fractures
and fracture risk than the other BPs [32].

It is well documented that thalassemia is closely associated
with increased risk of fracture, a risk that was particularly
severe before the advances in transfusion and chelation



161

Hormones (2018) 17:153-166

991 1T991 -
w691 Y691 —
£ 4! LTVl -
020 60—

€C0 9T0—
£5°0 LS0—
000 800 -
o LT0—
80°0 €00 -
€€°0 €0 -
1€0 ero—
S1°o €0—
feddn O JomoT D
NeN NeN
6L'8 wo—
S9°¢ or's—
AN 66'0—
S9'1 SE -
Ll (450 S
€0 ro—
fddn 1o JemoTID
9Lyl €Lyl —
0r°¢l STEl—
0961 LSST—
1T°0 wo—
1480 wo—
8C°0 ¥c0—
S00— Svo-
LT0 €C0—-
1740 €0 -
€0 10—
LEO LT0—
o 6C0—

pb&D D JoMOTID

12991
€691
6THl
020
$T0
$50
00
020
500
8T°0
o
$T0
A
NEN
00'6
£5°s
10
0S'T
s
LTO
A
9Ly
LTEl
65°S1
o
81°0
920
020
020
¥2'0
920
€0
920
Nie)

000
100—
200
000
100—
00—
¥0°0 -
00
00
S0'0
600
oro-

NEN
C0—
€ro
80—
Sro
00
910

100-
LO0—
00
100 -
00—
00
ST0—-
€0°0—
10°0
SO0
S0°0
00—
a

0818
¥9°8
6C’L
0ro
€ro
8C0
00
oro
€00
14N0)
[1°0
€ro

EN

NEN
65V
[4: %4
170
LLO
LLO
1440

das

CESL
L9
S6'L
[1°0
600
€ro
0ro
0ro
cro
ANV
910
ANV

EN

7991
SC0
o
020
10
€50

86°0—
£€C0
€0
SE0
6€°0
10°0

Addn 1D
NEN
180
81’1
09°0—
89°1
SS'1
99°0
Joddn 1D
10
o
0€0
170
90°0
620

S0
110
SC0
€0
6€°0
LT°0

Jddn 1D

127991 —
LTO0—
81°0—
61°0—
8CT0—
LS0—
L90—
91'0—

£€C0
00—
S00—
8¥'0—
JOMOT D
NEN
o1l -
SI'T—
-
€el —
8y’ —
[48]
AOMOT D
€C0—
0€0—
¥T0—
€C0—
1€0—
€C0—
£€6'0 —
8C0—
€C0—
81'0—
ST0—
ye0—
AOMOT D

12991
970
00
00
S0
¢s0
00
00
S0'0
8C0
o
cTo
o]
NEN
S6°0
LT'1
[h40)
0s'1
4!
LTO
e
o
1T0
LTO
(44
81°0
9C°0
00
00
¥To
970
(430
9C°0
ol

00°0
100
200
000
€00
200
€90
€00
8T°0
80°0
L1°0
€00
»aNS
NEN
SI0-
20°0
101 -
L1
€00
6€°0
NS
100
600~
€00
100—
70—
£0°0
€L0—
60°0—
100
80°0
L0°0
60°0—
NS

009
e
0591
009
0011
00°CI
008

00%S
00'6

00°CC
00°€C
00°CI

NEN
00°SI
0591
008
00°¢¢
00°¢e
00°6
plV
¥9
14!
SL'LT
¥9
Cl
[44
Il
I
145
[44
€
Cl

N

08'0
A
6T
080
0r'0
L6'0
90'0
€L0
80°0
99'0
€50
wo
»ds
NEN
0T
e
L§0
£5°¢
e
6£°0
»ds
88°0
STl
7o'l
88°0
1€0
190
£€0
€0
88°0
19°0
LLO
€70
»ds

Lo
80
S8°0
Lo
880
$8°0
8L°0
9L0
(440
¢80
€60
080
PUBIN
NEN
0TCc—
L9T—
S¢T—
S8 -
0L'T—
60'C—
PUBSIN
¥9°0
ILL
8L0
790
080
6L0
S¥'8C
080
990
8L°0
S8'0
80
PUBSIN

10°0
€e0
8¢0
10°0
10°0
100
000
10°0
000
10°0
100
10°0
SJBA
NEN
980
¥0°¢
€00
6¥°0
sTe
00
STeA
10°0
6¢°0
€50
10°0
100
100
10°0
10°0
00
100
€00
00
oA

0019
A
0591
00v9
00°1T
00°Cl
008
00%S
00°6
00°€T
00°€C
00° 11T

NEN
00°S1
0061
00"8

00°cc
00°¢€C
006

¥9
4!
8¢
¥9
4!
[44
I
I
123
€
€
4!

0ro
LSO
w90
01’0
cro
0r’o
€00
800
€00
cro
110
cro
-ds
NEN
€60
YLl
91°0
0L°0
0S°1
S1o
-ds
1o
w90
€L°0
I1°0
600
0ro
01°0
0ro
cro
cro
910
€ro
RN

Lo
£8°0
£8°0
Lo
060
L8°0
80
€L0
080
08°0
¥8°0
060
JUBSN
NEN
66’1 —
081 —
L6] —
00C—
061 —
SCT—
i)
S9°0
6L°L
9L0
$9'0
¥8°0
LLO
0L°8¢
€80
99°0
€L0
080
980
SUBIN

1091J0 [013U0D [10],
309p39 0qaoeld [e10],
10919 [e10],

10T [2 30 110

900€ [2 1 dD Ue[IH(ID
©800T [¢ 10 NOPLIEYSOA
00T 210 N O1qeIoN
ATALREREINE |

00T [2 10 N ONqeIoN
900C [2 12 NOPLIEYSOA
£800T [© 19 NOPLIBSOA
9002 [2 30 dD Ue[IH[ID

1JO9JJ0 [O1U0D [B)0],
309p39 0qaoeld [e10],
10919 [e10],

00T [8 32 N ONquIo]y
900C [€ 3 NOPLEYSOA
900 [© 3 NOPLIEYSOA
00T 8 32 N ONquIo

J09]J0 [ONU0D [B10],
109330 0qaoerd [el0].
1091d [BI0L

C10T & 30 w0

BB00C [ 30 NOPLIBYSOA
900¢ [® 12 NOPLIEYSOA
00T [e 19 N ONqeloN
900C T® 12 4D UB[IYIID
Cl10T & 3o TWIof

900¢ [® 12 NOPLIEYSOA
B800T [® 19 NOPLIBYSOA
900T 1€ 30 4D Ue[IYIID

1092 [01U0D [E)0],
10939 oqaoeld [e10],
1090 [B10L,

[onuo)

0qooe[d
9JeUOIPLION
9JeUOIPAY

9JeUOIPI[0Z
(;wo/3) STANA
1991J3 [01UOD [eI0],
10932 0qaoerd [e10T,
109JJ9 [B10],

0Qqaoe[d
91euoIpI[07Z
Q)BUOIPIIY

(21098 1) Nd ANd
109JJ9 [0NUOD [B10],
109JJ9 0QaIe[{ [©10],
109JJ9 [B10],

[onuo)

0gaoe]g
9JBUOIPLION

9)eUO0Ip3[0Z
(;uo/8) NA aNd

syurod owm [[e Jo UBSI

SYuOW () QU]

sjuowRINSBAW ((JINE) AJNSUSP [BISUIW dUOQ 0} J02dSAI YIIM SAIPIS PAJIS[[09 JO ATRWING

€9|qeL

pringer

Qs



Hormones (2018) 17:153-166

162

0 owmn 3deoxd syurod owm

[[e OpNJoUT pajetuso d[qeLIe |, *Aprys dAnoadsor oty Jo SuruuiSoq oy ST 1By} ‘SO () Jo POLdd duum & Pojetnso S[qeLIeA , “Sjurod Suin [e JO UBSUI 1) PUE SYIUOUI () J& UBI Ud2M1dq ((]) OUIJIP oY) JO
[EAIOIUL BOUSPYUOY) "SIUIOA U} [[E WOL UESW JY} JO [EAISIUL QOUSPLUOD) , “BOUSIIHIP (7 “JOLID PIEPUEIS 5§ “[EAISIUL QDUSPIUOD 1) “DIUSIDLIP UBSUI POZLIEPUEIS (JJAS' “OIUBLIEA 1 “UOLBIADD PIEPUBIS (]S

00 §T0-
910 970 -
Jddn o Jemo11d
980 el -
S0 Sv'0—
Jddn o Jemo1 1D
910 LT'0—
910 STo—
fddn 1o JemoTD
SS8 806 —
¥6'81 SL8I—
00711 0l —
(4! -
100 SeE0—
e LET -
1€°0 10—
86'C 8¢ —
(X4 €eC—

%Q&D D JOMoTID

€20
170
oD
60'T
70
oD
91°0
120
N}
88
881
99°01
L'
81°0
VL'l
120
81T
€€T
oD

00—
00—
a
£€C0—
000
a
000
S00—
a
LT0-
oro
¥e0
Sv'0—
LT0—
LEO
0ro
08°0
000
a

cro
I1°0
EN
9¢°0
€Co
EN
800
Iro
das
0sv
19°6
144
160
60°0
68°0
1o
Il
6l'1
EN

L1°0
L00
Soddn 1D
L60
S 40
Addn 1D
91°0
L00
Joddn 1D
6¢'1
10°1
98’1
€Sl
6v°0—
144
50
8¢'C
€T
Soddn 1D

8C0—
SE0—
JOMOT D
-
Sv0—
LAOMOT D
LT'0—
Pe€0—
JOMOT D
LL'T—
060 -
Yol -
wCc-
80—
el —
oro
L6'] -
€eC—
JOMOT D

€C0
1T°0
o]
601
940
o]
910
170
IO
851
960
S
LL'1
81°0
L1
10
81T
€eC
el

90°0—
P10
oS
Tro-
000
NS
000
€10
SAINS
610—
500
1€°0
§T0-
L90~
0+'0
1€0
020
000
»aINS

00 1T 9¢0  8L0
00Cl S€0 080
N pdS  pUBN
006l €I'T L6CT—
00SI  S80 8SCT—
N oS pUBIN
0011 LTO T0'L
00Cl S€0 001
N pdS  pUBN
0STl SL'T 10°€—
00 ST LI'C 8¥CT—
oSt II't  L¥'T—
00°sI I¥'e 9l'e—
008 €T0 ¢€8CT—
00cc II't €I't—
006 0€0 S9CT—
00CCc vI'S 0SCT—
0061 Sty 99C—
N pdS  pUBN

10°0
200
SBA
€ro
S00
SBA
100
100
STBA
L90
LT°0
650
L9°0
100
610
100
18°0
(43!
SBA

00°11
Cl
N
00°G1
00°G1
N
00°IT
cl
N
0sCl
00°S1
0991
00°S1
008
00°cc
006
00°€C
00°G1
N

110
9210
-ds
9¢°0
o
-ds
80°0
LITO
-ds
08°0
§40]
LLO
80
cro
0L°0
cro
060
SI'L
-ds

[8°0

9¥8°0
JUBS
YLC—
8SCT—
JUBSA
€0l

8701
RiL:)
YL'C—
86T —
18C—
I1LCT—
99C—
0s¢—
SL'T—
0ce—
99C—
JUBSA

900¢ [8 39 dD Ue[IYIID
900C e 19 dD Ue[[Y[D

0qaoe[d
9)BUOIPI[0Z

(;wo/3) diy [eso) QNG

€00 [& 32 IStuuod [onuoy)
£00¢ [& 39 IStutod SJeuoIpor)
(21095 1) Apoq [e10) QINFG

900C [& 12 dD UB[[Y[ID 0qade[d
900C e 1° dD Ue[IY[ID SJeloIpa[0Z

(;wo/3) Apoq 1e10) QN E
JOJJ9 [ONUOD [RJ0], IO [0NUOD [€)O],

1090 0qaoed [el0],  109)J9 ogeoeddelor,

1090 [810], 10919 810,
€00 [e 10 1S1UUad [onuo)
00T [2 32 N ONqeIo]y
900 [€ 39 NOPLIEYSOA 0qaoe[d
T00T [¢ 32 N ONqeIo]y ojeuoIpalY
900 [© 39 NOPLIEYSOA
€00 [® 10 ISIuudg 9)eU0IPo[0Z

(d100s 1) ST ANG

syurod awn [[e JO UBSA

Sypuow () SUIL],

(ponumuoo) ¢ J[qe],

pringer

Qs



163

Hormones (2018) 17:153-166

€9°C1 9¢°S1 —
6Ll 60'C—
Se'l Sve—
NeN NeN
L6°0 Ly'T—
&'C €81 -
foddn D gomoT 1D
6€0 SE€0-
vILT 91—
9I'LT 88'LI -
6€°0 SE0-
NEN NEN
NeN NeN
9¢'1 ¥6'0—
NEN NEN
NeN NEN
€00 [
Foddn 1D GomoTID
8011 — el -
1€9 s
86°¢l — 81°G1 -
NeN NeN
L6'L L6'L—
80°C1 8091 —
NEN NEN
NEN NEN
YL'LS yeov —
86 S9°¢—
NeN NeN
NeN NeN
NeN NeN
81 868C —
foddn 1D gomoTID
€r'19 'SL—
r'8c 98°6C1 —

%Q&D D fomoTID

0S'ST
b6l
0r'e
NEN
wi
€1e
oD
LEO
LL9T
L
LEO
NEN
NEN
ST'T
NEN
NEN
L9°0
Ak
01
50
09°0
NEeN
L6'L
85T
NEN
NEN
S'Es
€LL
NEN
NEN
NEN
861
AR
€789
PI'6L
A

1o
SI'0—
SO —
NEN
SLO—
0€0

00
LEO
9¢0—
00
NEN
NEN
170
NEN
NEN
r'0—

orer—
L8'S
8V —
NEN
000
00—
NEN
NEN
0Cy
80°C
NEN
NEN
NEN
09°€l —

00°L—
cL0S —
a

16°L
660
€Tl
NEN
88°0
601
EN
610
968
¥6'8
610
NEeN
NEN
860
NEeN
NEeN
€0
EN
0
€Co
€0
NEN
L0V
S6'L
NEeN
NEeN
LT
S6'¢
NEN
NEN
NEN
oL
EN
[6'7¢
8¢0Y
das

Ly'C €eT—
95°6 966 —
So'1 SL'E—
NeN NeN
el [ANAs
0S¢ LLT—
Addn 1D gemoT D
6€°0 9¢0—
7'l 88°0—
€0 101 —
6€°0 9¢0—
NeN NeN
NEN NEN
171 68°0—
NEeN NeN
NeN NeN
S0 or'l—
Addn 1D gemoT D
Y6'L 008 —
ySes PSS —
8¢8I 781 —
NEeN NeN
L6'L L6L—
86°G1 886Gl —
NeN NEeN
NeN NeN
12239 7SeS —
NeN NEeN
NeN NeN
NeN NeN
NeN NEeN
9671 00°ST —
Addn 1D gemoT D
£€7'89 €789 —
[ANYA Y1'6L—

Addn 1D gemoT D

ov'c
9¢°6
or'e
NEN
Ll
ele
M)
LEO
SI'L
L9°0
LEO
NEeN
NEN
SI'T
NeN
NEeN
L9°0
el
L6°L
14225
0¥'81
NEN
L6’L
865Gl
NEeN
NEeN
ySes
eLL
NEN
NEN
NEN
8671
el
£v'89
yleL
M)

L0°0
000
Sl -
NeN
00—
LEO
NS
200
920
€60 -
200
NEN
NEeN
920
NEN
NEN
€0
AN
000
000
200
NeN
000
000
NEN
NEN
000
NEeN
NeN
NeN
NeN
200
SANS
000
000
NS

00y
L9111
00'%
NEN
00°6
008
plV
00¢
00°CI
00°¢¢
00v¢
NEN
NEN
00°CI
NEeN
NEeN
00°€C
plV
00°0¢
00°CI
0081
NEN
00°0¢
00v¢
NeN
NeN
00°Cl
00°€l
NEN
NEN
NEN
00°€T
plV
00° 1T
00° 1T
pN

0T
w6'1S
0r'C
NEN
65T
00°€
,as
1
16'1
€51
1
NEN
NeN
16'1
NEN
NEN
€51
»as
16'1¢
6726
05'89
NEeN
16'1¢
90'9%
NEN
NEN
6726
€T11
NEN
NEN
NEN
16°€E
»as
89°011
91'811
,ds

SeT
70'€
SeT
NeN
Sre
09°¢
PUBIN
¥€0
20’1
050
€0
NEN
NeN
01
NEN
NEN
050

RS

0861
06°S€
£9°¢C
NEN
0861
0g6l
NEN
NEeN
06'S¢
£5°6C
NEN
NEN
NEN
06'61

RS

00°¢6
8T 0L
HUBRA

ST'0
8091
610
10°0
§T0
610
Tep
100
LTO
€0
100
700
S¥'0
870
1€°0
1€°0
Se0
STeA
05°97¢
8L'ELE
LO'6YE
1T189
0091
vO'LT
STl
$T°009
00°00%
(449!
STy
7881
19°1L1
1Te6l
STeA
009511
00°696¢
STeA

05°6
STsl
008
00° 11
006
008
N
00v¢
L9781
L9°TC
00v¢
00°ce
00°ce
00CI
00°€T
00T
00°€T
oN
00°LY
L9781
0S°LT
009
00°0¢
00v¢
00°ce
00°ce
00Tl
00'9C
00%S
007CC
00T
00°€T
oN
00° 11T
00° 1T
N

6¢£°0
10¥
0L°0
80°0
0s°0
0L°0
-ds
cro
0
LSO
cro
61°0
L90
690
9¢°0
9¢°0
6S°0
-ds
SoSl
eeol
89781
01'9¢
00y
0C¢
0S¢l
0SvC
00°0C
SeTl
0s'1¢
0TCl
orel
06°¢l
-ds
00v€
00°€9
>ds

17T
61°¢
or'e
€0l
06°¢
0g'e
JUBIIA
(430
$9°0
980
(43
(430
€8°0
18°0
18°0
€8°0
76'0
JUBIIA
06'1€
€0°0€
1T8¢
00%%
08'61
08'61
08’61
09'8¢
0L'TE
S¥'LT
00°6€
05°s¢€
SLYE
0s°€e
JUBIA|
007001
00°1CT
JUBSIA|

10914 0999e[d [EIOL
10354 [e10L,
700 [8 32 N ONqeIoN
900C [ 12 dD UB[IYID
00T e 32 N 03qeIon
00T I8 39 N O)nqeloN
0
193J [0[U0H [BIOL,
1997d 09998[d [BI0L
1021 [e30L
B800C [€ 3o NOPLIEYSOA
600 8 12 NOPLIBYSOA
9007 [© 32 NOPLIESOA
B800T [€ 3o NOPLIEYSOA
600T Te 19 NOPLIEYSOA
900 [® 12 NOPLIBYSOA
©300C [€ }0 NOPLIEYSOA
0
10914 [0nU0H [BIOL
19914 09998[d [EI0L
10214 [e30L
CI0T [® 10 Twio]
€00C [e 30 NOPLIBYSOA
©800C [® 32 NOPLIENSOA
600 ‘Te 19 NOPLIBYSOA
900T ‘Te 19 NOPLIBYSOA
©800T € 10 NOPLIBYSOA
€007 T 10 NOPLIEYSOA
T10T 18 19 1110
600C [€ 10 NOPLIEYSOA
9007 [& 30 NOPLIESOA
€800 [& }0 NOPLILYSOA
0
900C & 30 dD Ue[IYID

900T "Ie 39 dD UB[IYED

0

109 0qooe[d [eI0L,
10914 [e10L

0qaoed
JJRUOIPI[ Y
91eU0IPO[D)
Growd) H1d
109134 [0uU0)) [810],
10917 0Qa9e[{ [e10],
1094 [e10L
[onuo)
0qaoe[d
0Qqaoe[d
0Qqaoe[d
9)BUOIPI[0Z
9)eUOIPI[0Z
JJeUOIPI[0Z
(Juy3u) X1
10934 [01u0)) [B10],
103 0qade[d [B10],
1994 [e10L,
[onuo)
[onuo)
[onuo)
0Qqaoe[d
0Qade[J
0qaoe[d
dreuoIprued
9)RUOIPLION
JJeUOIPI[0Z
9JeUO0IPI[0Z
JJeUOIPI[0Z

Oy d1va
0qaoe[d
9JeUOIPI[0Z
v d1v

snioydsoyd pue ‘Hld XL dIvq ‘dTV Surpnjour sI0joej o1j0qeiow ouoq 03 30odsal yyim SaIpnis pajoo[[oo Jo Arewuung 4 djqe]

pringer

Qs



164 Hormones (2018) 17:153-166

% =32 L .. o .
éﬁ L7z %z v z E g % Heat@ents, but which is today declining. Thus, while in earlier
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administration. This means that results could be different
with the BPs dose, approved for postmenopausal
osteoporosis.

Study limitations

The number of RCTs is quite limited as well as the quality of
most studies. One of the main obstacles we faced was the fact
that the variables were not consistent in all studies or at all
time points. In particular, in many studies biochemical bone
metabolic factors were not evaluated at all time points or were
evaluated only at the time of study entry.

Conclusions

In this meta-analysis, we have provided significant evidence
that BPs, especially zoledronate, remain a front-line treatment
of osteoporosis in TM. However, larger, more complete RCTs
with the approved dosage for BPs should be conducted to
provide stronger and more complete evidence for the use
and efficacy of BP in TM.
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