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Featured Application: This article was conducted to systematically analyze the correlation
between BTMs and BMD and identify potential BTMs that show promising correlations with
BMD changes in patients treated for osteoporosis, providing a clinical reference for the physicians
in evaluating the long-term effect of the intervention on BMD changes and further on the future
risk of fragility fracture.

Abstract: This systematic review and meta-analysis aimed to evaluate the correlations between
the bone turnover markers (BTMs) and the bone mineral density (BMD) in patients treated for
primary osteoporosis and to identify promising BTMs for the prediction of future BMD changes.
The PubMed, EMBASE, Cochrane Library, and Web of Science databases were searched for relevant
studies that investigated the relationship between the BTMs and the BMD changes in patients
treated for osteoporosis. All significant correlation coefficients of the baseline BTMs or changes in
BTMs from baseline with the BMD changes from baseline under different interventions from eligible
studies were used for systematic review and the subgroup analyses. The correlations were analyzed
in terms of bone sites, intervention, time duration of BTMs measurements, and time duration of
BMD measurements. Twenty-two records reporting correlation coefficients and the corresponding
p-values were included, 13 of which were enrolled in the further subgroup analyses. The combined
results from the systematic review and meta-analyses indicated that the changes in osteocalcin (OC),
procollagen type I N propeptide (PINP), and urine N-terminal crosslinking telopeptide of type I
collagen (U-NTX), or the PINP at baseline tended to be useful in evaluating the long-term BMD
changes after drug intervention.

Keywords: bone turnover markers; bone mineral density; correlation; osteoporosis; systematic review
and meta-analysis

1. Introduction

Osteoporosis is a systemic skeletal disorder that is characterized by low bone mass, decreased
bone strength, and the microarchitectural deterioration of bone tissue. Osteoporosis often develops
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asymptomatically, and it is generally found at a first occurrence of fragility fracture. Due to the serious
consequences of osteoporosis, fractures often cause a heavy economic burden, severely impact patients’
quality of life, and increase disability and mortality, especially when a fracture occurs at the hip [1].

Clinical therapies for the treatment of primary osteoporosis (i.e., menopause- and aging-related
osteoporosis) are mainly classified as antiresorptive and anabolic. The anti-osteoporosis drugs
approved by the United States Food and Drug Administration (FDA) include bisphosphonates (BPs)
(i.e., alendronate, risedronate, ibandronate, and zoledronic acid, etc.), hormone replacement therapy
(HRT), raloxifene, denosumab, and calcitonin as antiresorptive, and teriparatide as anabolic [2].

Decreasing the risk of fracture and prevention of future fragility fractures are the primary goals for
the clinical treatment of osteoporosis. Therefore, the prediction of fracture risk is an important subject
and worthy of in-depth research. The relationship between bone mineral density (BMD) measurement
and fracture risk has been clearly established, and BMD remains the best test for assessing fracture risk.
However, BMD (bone mineral density) cannot identify individuals who will develop a fracture in the
future [3]. Due to a general overlap in the bone densities of patients who tend to develop a fracture
and those who do not, a high ratio of bone turnover over time has been considered an additional
factor that contributes to future fracture [4]. Bone turnover markers (BTMs) are a series of proteins
and peptides that are released during the metabolic process of bone remodeling and include markers
of bone formation and bone resorption [5]. They provide a noninvasive approach for studying bone
turnover and are easily and precisely measured, especially by automated analyzers. In most studies,
high levels of BTMs were associated with an increased fracture risk of spine and hip in women [3,4,6].

Clinically, BTMs and BMD are independent predictors of fracture risk for clinicians. However,
fracture risk increases with the combined consideration of alterations in both factors rather than each
factor individually. Nevertheless, BTMs seem a better choice for physicians in the monitoring of early
responses to anti-osteoporosis therapy because of the delayed response of BMD to clinical treatment.
Since both predictors are independent and essential, many researchers studied the relationship between
the changes in biochemical bone markers and BMD in treated and untreated osteoporotic patients to
evaluate the value of bone markers in predicting long-term BMD changes. However, the results of
these studies are sometimes controversial and generally exhibit significant disparity across studies. The
present study performed a systematic review and meta-analysis on the correlations between clinically
used markers of bone turnover and BMD at various bone sites in patients treated for osteoporosis to
examine the potential use of biochemical markers of bone turnover in predicting long-term treated
BMD changes and to identify some promising biochemical markers.

2. Materials and Methods

This systematic review and meta-analysis was conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) statement [7].

2.1. Search Strategy

The PubMed, EMBASE, Cochrane Library, and Web of Science databases were searched from
inception through March 2018 using the combination of following key words: bone mineral density/bone
mass, biochemical marker of bone turnover, osteoporosis, anti-osteoporosis therapy, and/or fracture.
During the search process, each keyword was searched using all of its synonyms or subitems, if
they existed. For example, when we searched for “osteoporosis”-related items, “osteoporosis”,
“primary osteoporosis”, “postmenopausal osteoporosis”, “postmenopausal osteoporosis [MeSH
Terms]”, “osteoporosis [MeSH Terms]”, “OP”, and “PMO” were also included. We manually searched
the corresponding references linked to relevant reviews and manually updated our search results for
the latest research relevant to our subject during the whole process of this systematic review. The
detailed search strategy is provided in online Supplementary Data 1.
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2.2. Eligibility and Exclusion Criteria

Two reviewers (L.Y.H. and D.L.) examined each study, and discrepancies were resolved through
further discussion (L.Y.H., D.L., and F.W.). Studies were eligible for inclusion if they met the following
criteria: (1) controlled clinical trials or observational studies, except extension studies; (2) correlation
coefficients with p-values between biochemical markers of bone turnover and BMD were reported as
effect size; and (3) patients enrolled and treated for primary osteoporosis. Studies were excluded if they
were (1) irrelevant studies; (2) reviews; case reports, abstracts, or letters to editor; (3) animal models or
cell lines as research subject; (4) female patients with unnatural menopause caused by ovariectomy or
ovariohysterectomy; or (5) patients with a history of any illness affecting bone and mineral metabolism
or pretreated with any medications known to affect bone metabolism.

2.3. Data Abstraction

The characteristics of eligible studies, the characteristics of the included outcomes, and the
correlation coefficients with corresponding p-values were extracted from the eligible studies. The
characteristics of the eligible studies included study, age, sex, sample size, ethnicity/region, study
design, fasting, intervention, treatment duration, and supplementation. The characteristics of the
outcomes included bone markers, bone markers assessments, BMD measurements time points, and
BMD measurements. All of the above data were independently extracted by L.Y.H. and D.L.

2.4. Quality Assessment and Potential Bias

All of the enrolled RCTs were evaluated for the risk of bias according to the following six aspects [8]:
random sequence generation, allocation concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, and selective reporting. Each item was assessed as
low risk, unclear risk, or high risk.

Similarly, the risk of bias of all the enrolled nonrandomized studies were evaluated using a tool
of ROBINs (i.e. Risk of Bias In Non-randomized Studies of Interventions) according to following
items [9]: representativeness of study patients, assessment of outcome, whether follow-up duration
was sufficient for outcomes to occur, adequacy of follow-up, and source of study funding. Each item
was assessed as low risk, unclear risk, or high risk, except for the source of study funding, which
was assessed as for profit, not for profit, or not reported. The quality assessment results of RCTs and
nonrandomized studies were gathered in the risk of bias tables.

2.5. Statistical Analysis

Subgroup analyses were performed to calculate the summary correlations by group of bone sites
(femoral neck, lumbar spine, total hip, trochanter, and total body), intervention, time duration of the
BTMs measurements, and time duration of the BMD measurements in patients treated for osteoporosis.
We use the correlation coefficient itself as the effect size. All the original correlation coefficients were
transformed by using a Fisher’ z-transformation; after the analysis, the summary value of Fisher’s z
was back-transformed into the summary correlation coefficient r (COR) with a corresponding 95% CI
(i.e., confidence interval) [10]. All the subgroup analyses were calculated by groups of different time
points of the measurements of the biochemical markers. Considering the different mechanisms behind
various therapies for osteoporotic patients, we first classified the included drugs into groups of the
antiresorptive therapy or anabolic therapy according to their primary effects on bone turnover; then,
we conducted these subgroup analyses under antiresorptive therapy and anabolic therapy, respectively.
The heterogeneity of the studies was estimated by Cochran’s Q test and Higgin’s I2 statistic. The effect
model was determined according to the specific situation that a fixed model is suitable with regard to the
nonsignificant heterogeneity (p > 0.1 and I2 < 50%); otherwise, a random-effect model should be used [11].
All the calculating process of meta-analyses were performed by using RStudio software (Version 1.1.456,
Rstudio, Inc., Boston, MA, USA). All the significant correlation coefficients between the BTMs and BMD
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changes and the collected results of subgroup analyses were plotted by using MATLAB (MATLAB and
Statistics Toolbox Release 2018a, The MathWorks, Inc., Natick, MA, USA). In addition, the correlation
coefficient values were defined as follows: very strong correlation (≥0.8), moderately strong correlation
(0.4–0.8), and poor correlation (≤0.4). p-values lower than 0.05 were considered statistically significant. In
this study, only the candidates with an absolute correlation higher than 0.4 were considered meaningful.

3. Results

3.1. Search Results

A total of 21,166 records were identified through the literature search. After the removal of
8042 duplicates, 12,764 papers remained, and 10,191 articles underwent further exclusion based on the
titles and abstracts. The remaining 859 articles underwent full-text screening, and another 837 studies
were excluded. Among the excluded 837 records, nine records were reviews, 803 records did not report
the outcome of interest, 11 records had major deficiencies on the study design in terms of the enrolled
patients and the measurements of the BTMs, and another 14 records were extension studies. Finally,
22 records were eligible for this systematic review, among which 13 records were included in the further
meta-analysis. A flow chart of the literature search and study selection process is presented in Figure 1.

3.2. Study Characteristics

The characteristics of the eligible studies were given in Table 1, and the characteristics of the
outcomes in eligible studies are given in Supplementary Data 2 (Table S1).

A total of 6666 osteoporotic patients from various countries such as China, America, Japan,
Denmark, Finland, Italy, Australia, England, and Korea were recruited, and their average ages ranged
from 50 to 74 years. Of the 22 eligible studies, 20 studies were performed on females, one study was
performed on males, and the remaining one study was performed on both sexes. Twelve randomized
controlled trials and 10 nonrandomized trials were included. Whether patients underwent fasting
before sample collection was reported in 20 studies, with the remaining two not reporting such details.
Drugs used for the intervention group included alendronate, ibandronate, risedronate, calcitonin,
denosumab, HRT, raloxifene, and teriparatide. The assessments of BTMs varied across the different
studies, among which bone alkaline phosphatase (ALP) was assessed by immunoassay (IA), ELISA,
or immunoradiometric assay (IRMA); osteocalcin (OC) was assessed by ELISA, IA, IRMA, HPLC,
or radioimmunoassay (RIA); procollagen type I N propeptide (PINP) was assessed by IA or RIA;
procollagen type I C propeptide (PICP) was assessed by RIA; tartrate-resistant acid phosphatase
5b (TRACP-5b) was assessed by ELISA or IA; serum C-terminal crosslinking telopeptide of type I
collagen (S-CTX), urine CTX serum C-terminal crosslinking telopeptide of type I collagen (U-CTX),
and urine N-terminal crosslinking telopeptide of type I collagen (U-NTX) were assessed by ELISA,
electrochemiluminescence (ECL), or IA; deoxypyridinoline (DPD) was assessed by HPLC, IA, or ELISA;
and pyridinoline (PYD) was assessed by HPLC. BMD was tested at different sites (mainly femoral neck,
lumbar spine, total hip, total body, and trochanter) all by dual energy X-ray absorptiometry (DXA),
except in one study that used dual photon absorptiometry (DPA).

3.3. Quality Assessment of the Eligible Studies

The quality assessment results of the random controlled trials and nonrandom trials are presented
in Figure 2. Among the 12 RCTs (Figure 2a), two studies were evaluated as high risk, and three studies
were evaluated as unclear risk, with the remaining seven studies evaluated as low risk. Four of the 10
nonrandomized trials were assessed as high risk, four studies were evaluated as unclear risk, and the
remaining two were evaluated as low risk (Figure 2b).
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3.4. Findings from the Systematic Review

3.4.1. Pretreatment BTMs and BMD Changes after Drug Intervention

The statistically significant correlations between the baseline BTMs and the BMD changes are
shown in Figure 3. In a placebo-controlled, randomized clinical trial, pretreatment bone ALP was
moderately and positively associated with the lumbar spine BMD changes after 12-month teriparatide
intervention (r = 0.43, p < 0.01) [12] (Figure 3a). Baseline PINP was positively and moderately associated
with changes in lumbar spine BMD at 12 and 18 months under teriparatide intervention (r = 0.5 at
12 months, p < 0.01; r = 0.41 at 18 months, p < 0.05) [12].

Kim et al. showed that the pretreatment U-NTX positively and moderately correlated with the
femoral neck BMD changes after 12 months of HRT treatment (r = 0.451, p < 0.001) [13]. Chen et al.
showed that the correlation of U-NTX at baseline was also positive and moderate with lumbar spine
BMD changes after 18 months of teriparatide intervention (r = 0.4, p < 0.05) [14] (Figure 3b).

3.4.2. Changes in Markers of Bone Formation and Changes in BMD after Drug Intervention

In the study conducted under the combination intervention of 10 mg/d alendronate and HRT,
the changes of the bone ALP levels between baseline and the sixth month after drug initiation were
negatively and moderately associated with the total hip or trochanter BMD changes from baseline
to the 36th month (r = −0.607 at total hip, p < 0.001; r = −0.523 at trochanter, p < 0.001), as were the
correlations under the 10 mg/d alendronate intervention alone (r = −0.411, p < 0.001) [15] (Figure 4a).

Ravn et al. showed the changes of serum OC levels between baseline and the 12th month correlated
moderately and negatively with spine, total body, and hip BMD changes after 48 months of 5 mg/d
alendronate intervention (r = −0.63 at spine, p < 0.001; r = −0.49 at total body, p < 0.001; r = −0.42 at
hip, p < 0.001) [16] (Figure 4b).

The six-month changes of PINP from baseline were negatively and moderately correlated with
lumbar spine or total hip BMD changes after 36 months of denosumab intervention (r = −0.42 at
lumbar spine, p < 0.001; r = −0.47 at total hip, p < 0.001) [17] (Figure 4c). In several studies, the changes
of PICP after drug initiation were poorly associated with the BMD changes in patients under the
anti-osteoporosis therapy, and their absolute correlation values were lower than 0.3 [14] (Figure 4d).

3.4.3. Changes in Markers of Bone Resorption and Changes in BMD after Drug Intervention

Kim et al. and Ravn et al. also showed that the sixth and 12th month U-NTX changes from baseline
were negatively and moderately associated with hip, total body, and spine BMD changes after 48
months of treatment with 5 mg/d alendronate (r between −0.63 and −0.49, p < 0.001) [13,16] (Figure 5a).

In the study conducted by Ravn et al., under the 5 mg/d alendronate intervention, the six and
12-month U-CTX changes from baseline were moderately and negatively associated with the spine,
hip, and total body BMD changes after 48 months of drug initiation (r = −0.49 to −0.67, p < 0.001) [16]
(Figure 5b). Eastell et al. showed that the serum CTX changes between baseline and the sixth month
were also negatively and moderately correlated with the total hip BMD changes after 36 months of
denosumab treatment (r = −0.44, p < 0.001) [17] (Figure 5c). In a study conducted by Okabe et al.,
the changes of urine DPD levels between baseline and the third or sixth month were moderately and
negatively associated with lumbar spine BMD changes after six months of HRT intervention (r = −0.547
after three months, p < 0.01; r = −0.535 after six months, p < 0.05) [18].

In several studies, the changes of serum NTX and TRACP5b after drug initiation were poorly
associated with the BMD changes in patients under the anti-osteoporosis therapy, and their absolute
correlation values were lower than 0.3 [19,20]. No helpful information was found from the limited
data of the correlations between urine PYD/HPR and BMD changes.
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3.5. Findings from the Subgroup Analyses

All data of the subgroup analyses results are collected in Supplementary Data 2 (Tables S2–S5).
All the original forests of the subgroup analyses are shown in Supplementary Data 3.

The correlations between the baseline BTMs and BMD changes underwent a subgroup analysis
by a group of BTMs. According to the results of the subgroup analyses, we found that the baseline
procollagen type I N propeptide (PINP) values were moderately and positively correlated with the
BMD changes (CORPINP = 0.42, 95% CI: 0.34–0.50, heterogeneity: I2 = 0%, p = 0.4), while the correlations
between other BTMs and BMD changes were lower than 0.4, indicating that the other baseline BTMs
and the BMD changes were poorly correlated.

The results of the subgroup analyses on the correlation between the changes in BTMs and
BMD were collected in Figure 6 and grouped by bone sites, intervention, the time duration of BTMs
measurements, and the time duration of BMD measurements, respectively. Figure 6a shows the results
of subgroup analyses by a group of bone sites, in which the biomarker of U-NTX was moderately
correlated with total body BMD changes (COR = −0.44, 95% CI: −0.58 to −0.29; heterogeneity: I2 = 43%,
p = 0.18). Figure 6b showed the subgroup results by group of intervention. In Figure 6b, the changes in
PINP and BMD under denosumab intervention were moderately correlated (COR = −0.44, 95% CI:
−0.57 to −0.31; heterogeneity: I2 = 0%, p = 0.71). Figure 6c presented the results of subgroup analyses
grouped according to the time duration of BTMs measurement, from which we could conclude that
the changes of OC and UNTX from baseline to the 12th month after drug intervention were moderately
associated with the BMD changes (COROC = −0.46, 95% CI: −0.59 to −0.30, heterogeneity: I2 = 0%,
p = 0.73; CORUNTX = −0.43, 95% CI: −0.61 to −0.21, heterogeneity: I2 = 57%, p = 0.13, respectively).
Finally, Figure 6d showed the results of subgroup analyses grouped according to the time duration
of the BMD measurement; in Figure 6d, we could see that the changes of U-NTX were moderately
correlated with the BMD changes from baseline to the 48th month after drug initiation (COR = −0.52,
95% CI: −0.64 to −0.21, heterogeneity: I2 = 0%, p = 0.82).
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Figure 5. Significant correlations between the changes in BRMs and BMD at different bone sites under
different drug interventions over time. (a) Correlations between the changes in urine N-terminal
crosslinking telopeptide of type I collagen (U-NTX) and BMD from baseline at different bone sites
under different drug interventions over time. (b) Correlations between the changes in U-CTX and BMD
under different drug interventions over time. (c) Correlations between the changes in S-CTX and BMD
under different drug interventions over time. (d) Correlations between the changes in S-NTX and BMD
under different drug interventions over time. ALN alendronate, ALN5 5 mg/d ALN, ALN10 10 mg/d
ALN, ALN10+HRT, combination of 10 mg/d ALN and HRT, BRM bone resorption marker, CTX serum
C-terminal crosslinking telopeptide of type I collagen, DMAB denosumab, HRT hormone replacement
therapy, RLX raloxifene, TPTD teriparatide, FN femoral neck, LS lumbar spine, S-CTX serum CTX,
U-CTX urine CTX, TB total body, TH total hip, TR trochanter.

Appl. Sci. 2020, 10, x FOR PEER REVIEW 10 of 17 

 
(d) 

Figure 5. Significant correlations between the changes in BRMs and BMD at different bone sites under 
different drug interventions over time. (a) Correlations between the changes in urine N-terminal 
crosslinking telopeptide of type I collagen (U-NTX) and BMD from baseline at different bone sites 
under different drug interventions over time. (b) Correlations between the changes in U-CTX and 
BMD under different drug interventions over time. (c) Correlations between the changes in S-CTX 
and BMD under different drug interventions over time. (d) Correlations between the changes in S-
NTX and BMD under different drug interventions over time. ALN alendronate, ALN5 5 mg/d ALN, 
ALN10 10 mg/d ALN, ALN10+HRT, combination of 10 mg/d ALN and HRT, BRM bone resorption 
marker, CTX serum C-terminal crosslinking telopeptide of type I collagen, DMAB denosumab, HRT 
hormone replacement therapy, RLX raloxifene, TPTD teriparatide, FN femoral neck, LS lumbar spine, 
S-CTX serum CTX, U-CTX urine CTX, TB total body, TH total hip, TR trochanter. 

  
(a) (b) 

  
(c) (d) 

Figure 6. Assembled results of the subgroup analyses. (a) Assembled CORs between the changes in 
BTMs and BMD from baseline by group of bone sites. (b) Assembled CORs between the changes in 
BTMs and BMD from baseline by group of drug intervention. (c) Assembled CORs between the 
changes in BTMs and BMD from baseline by group of the time duration of BTMs measurements. (d) 
Assembled CORs between the changes in BTMs and BMD from baseline by group of the time duration 
of BMD measurements. ALN alendronate, ALN5 5 mg/d ALN, ALN10 10 mg/d ALN, ALN10+HRT, 
combination of 10 mg/d ALN and HRT, CCT calcitonin, COR summary correlation coefficient r, 

Figure 6. Assembled results of the subgroup analyses. (a) Assembled CORs between the changes
in BTMs and BMD from baseline by group of bone sites. (b) Assembled CORs between the changes
in BTMs and BMD from baseline by group of drug intervention. (c) Assembled CORs between the
changes in BTMs and BMD from baseline by group of the time duration of BTMs measurements. (d)
Assembled CORs between the changes in BTMs and BMD from baseline by group of the time duration
of BMD measurements. ALN alendronate, ALN5 5 mg/d ALN, ALN10 10 mg/d ALN, ALN10+HRT,
combination of 10 mg/d ALN and HRT, CCT calcitonin, COR summary correlation coefficient r, DMAB
denosumab, HRT hormone replacement therapy, RLX raloxifene, TPTD teriparatide, FN femoral neck,
LS lumbar spine, TB total body, TH total hip, TR trochanter.
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Table 1. Characteristics of the eligible studies.

Study Age Sex Sample Size Ethnicity
/Region Disease Study Design Intervention Duration

(Years) Supplementation Reference

Tsujimoto 2011 70 (≥55) F/M 193/14 Japanese PMW RCTs 20 µg/d TPTD; PBO 1 All subjects received 610 mg calcium and 400
IU vitamin D supplementation daily [12]

Kim 2005 56.4 ± 5.8 F 88 Korean PMO Prospective study 0.625 mg CEE +
(2.5–10 mg)/d MPA 1 All subjects also received 500 mg/day of

elemental calcium and 400 IU of vitamin D3. [13]

Chen 2005 69.0 ± 6.9 F 1085 multi-center PMO RCTs 20 µg/d TPTP; PBO 1.75 Daily calcium (1000 mg) and vitamin D
(400–1200 IU) supplementation. [14]

Greenspan 2005 71 ± 4 F 93 Boston PMO Double-blinded
RCTs

10 mg/d ALN; HRT;
10 mg/d ALN+HRT;

PBO
3

All received daily multivitamin containing
400 IU per tablet so that their daily vitamin D
intake was 400–800 IU

[15]

Ravn 2003 45–59 F 122
Denmark,
England,

America, Poland
PMW Single-blinded RCTs 5 mg/d ALN; 2.5 mg/d

ALN; PBO 4 NR [16]

Eastell 2011 69.0 ± 6.9 F 96 International PMO RCTs 60 mg/(6 months)
Denosumab; PBO 3

Daily calcium intake >1000 mg, patient with
12–20 ng/mL, take vitamin D >800 IU/d,
others vitamin D intake >400 IU/d

[17]

Okabe 2004 57.2 ± 5.9 F 22 Japanese PMO Prospective study 1 mg/d estradiol +50
µg/d norethisterone 1 NR [18]

Majima 2008 71.2 ± 9.1 F 73 Japanese PMO Prospective study 60 mg/d RLX 1 NR [19]

Nenonen 2005 50–56 F 75 Finland PMO Double-blinded
RCTs

5 mg/d ALN; 10 mg/d
ALN; PBO 1 All subjects took 630 mg calcium carbonate

and 400 IU vitamin D daily [20]

Greenspan 1998 69.7 ± 4.4 F 60 America PMW Double-blinded
RCTs

5 mg/d ALN + 10
mg/d ALN; PBO 2.5 Ca + vitamin D [21]

Garnero 1999 64.0 ± 7 F 307 France PMO Double-blinded
RCTs 10 mg/d ALN; PBO 2 500 mg/d Ca tablet [22]

Watts 2001 45–84 F 134 Caucasian PMO Multicenter, RCTs 10 mg/d ALN; PBO ≥1 500 mg/d calcium carbonate tablet [23]

Drake 2003 31–87 M 120 Caucasian (97%) OP Double-blinded
RCTs 10 mg/d ALN; PBO; 2 500 mg/day elemental calcium, and vitamin D

(dose not report) [24]

Eastell 2003 69 ± 7 F 358
European,
Australian,

north American
PMO Double-blinded

RCTs 5 mg/d RIS; PBO 3
All subjects received 1000 mg/day elemental
calcium, and up to 500 IU vitamin D if
baseline levels were low

[25]

Iwamoto 2005 71.9 ± 7.5 F 105 Japanese PMO Prospective study 5 mg/d ALN 1
All the subjects were instructed to take at least
800 mg calcium daily through intake of
calcium-rich foods.

[26]

Lu 2017 69.0 ± 7.1 F 109/11 Chinese OP Open label RCTs 200 IU/d CCT; 20 µg/d
TPTD; PBO 0.47 500–650 mg/day elemental calcium and 200 to

400 IU/day vitamin D supplementation [27]

Iikuni 2012 69.7 ± 9.1 F 2784 Japanese PMO Prospective study 60 mg/d RLX 3 NR [28]

Takada 2012 67.0 ± 5.0 F 45 Japanese PMO Prospective study 60 mg/d RLX 3 NR [29]

Delmas 2000 53.1 ± 3.5 F 569 Denmark PMO RCTs HRT (17ß-estradiol);
PBO 2 All women with calcium intake lower than 1

g/d take 500 mg/d calcium supplementation [30]
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Table 1. Cont.

Study Age Sex Sample Size Ethnicity
/Region Disease Study Design Intervention Duration

(Years) Supplementation Reference

Riis 1995 51.0± 2.2 F 119 Denmark PMW Double-masked
RCTs HRT; PBO 2 NR [31]

Chen 1996 52.3 ± 0.7 F 36 Japanese PMO/Openia Prospective study 0.625 mg CEE + 2.5
mg/d MPA 1 NR [32]

Zhan 1999 55.9 ± 8.4 F 48 Japanese PMO Prospective study
0.625 mg CEE + 2.5
mg/d progesteron;

1α-vD; PBO
3 Subjects in group HRT and PBO took 2–3 g

calcium, while 1α-D3 group took 1 g/d [33]

Abbreviations: ALN alendronate, ALN5 5 mg/d alendronate, ALN10 10 mg/d alendronate, CEE Conjugated estrogen, DMAB denosumab, F female, HRT Hormone replacement therapy,
IBAN ibandronate, M male, MPA medroxyprogesterone acetate, NR not reported, Openia osteopenia, PBO placebo, PMO postmenopausal osteoporosis, PMW postmenopausal women,
RCTs randomized controlled trials, RIS risedronate, TPTD teriparatide.
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4. Discussion

Two previous systematic reviews have been performed on the use of serum or baseline BTMs for
monitoring the early response to osteoporosis treatment, especially in fracture prediction and patients’
persistence/adherence to therapy [34,35]. The correlations between the BTMs and the BMD changes
were also investigated, but the analyses on the correlations between the BTMs and the BMD changes
were not incomplete [34,35]. It should also be noted that even though the correlations between BTMs
and BMD changes have been studied in the last 20 years, the quantitative relation between are still
not clearly established. In this review, we made a systematic analysis of the correlation between the
BTMs and BMD changes based on all available data with the intention to evaluate the value of the
BTMs in predicting long-term BMD changes and identify several promising biomarkers for further
study on their clinical application. We revealed the correlation between the BTMs and BMD changes in
terms of bone sites, intervention, time duration of the BTMs measurements, and time duration of the
BMD measurements.

According to the results of the systematic review, the correlation of the baseline BTMs with BMD
changes from baseline after drug intervention were all positively correlated, and the intensity of the
correlation presented a big disparity as the bone sites, intervention, time duration of BTMs, and BMD
measurements varied. For the BTMs after intervention, the changes in BTMs and BMD from baseline
were positively correlated under antiresorptive therapy; under the anabolic therapy (i.e., teriparatide),
the correlation between the changes in BTMs and BMD were not consistent in the direction; however,
from the results of the systematic review, the correlation under anabolic therapy were all weak.

Based on the results of the systematic review, further subgroup analyses were performed to
evaluate the promising BTMs that presented a meaningful correlation with the BMD changes. According
to the results of the systematic review, several BTMs presented moderately strong correlation with
the BMD changes under specific conditions, such as bone ALP, osteocalcin, PINP, urine NTX, and
urine/serum CTX. The further subgroup analyses on their correlation with the BMD changes in
terms of bone sites, intervention, time duration of BTMs measurements, and time duration of BMD
measurements indicated that the correlation of the biomarkers of osteocalcin, PINP, and urine NTX
with BMD changes under specific conditions were moderately strong and negative. Therefore, the
three promising BTMs may play a role in evaluating the long-term BMD changes and therefore could
be valuable in the prediction of the future fracture risk after drug intervention; however, they still
need to be further studied for the clinical application. As for the other BTMs, they were not specific
according to the subgroup analyses and therefore were excluded from the promising candidates.

Osteocalcin, the product of the osteoblasts, was thought to reflect the activity of the bone
formation [36]. PINP, the product during the process of the collagen formation, was also the biomarker
for the process of the bone formation [37]. Urine NTX, the product during the process of the collagen
degradation, was thought to be the marker for the bone resorption process [38]. According to this study,
the moderate correlations between the BMD changes and the three identified BTMs (i.e., osteocalcin,
PINP, and urine NTX) suggest that the three biomarkers are valuable in predicting the future BMD
changes. Furthermore, if the BMD changes could be quantitatively calculated by the identified
biomarkers, the fracture risk could be better predicted with the early changes of the biomarkers,
therefore providing the physicians with better references in evaluating the efficacy of the treatment. In
addition, the three biomarkers could be used potentially in evaluating the fracture risk not only in
osteoporosis patients but in the patients whose diseases were associated with the imbalance in bone
remodeling, such as Paget’s disease, diabetes, and so on.

Although we tried to search for all possible data that investigated the relationship between BTMs
and BMD in patients treated for osteoporosis, some useful information would inevitably be missing.
Furthermore, due to many restrictions, such as different time duration of the measurements of BMD
and BTMs, different anti-osteoporosis interventions, different bone sites, and different BTMs, the final
number of eligible studies allocated to each subgroup was limited to a range from 1 to 6, which affected
the accuracy, interpretation, and extension of our conclusions. We excluded correlation data in the
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placebo group because they were not statistically significant. Some significant correlation data were
also excluded from this systematic review because they were initially calculated for total patients from
the intervention group and placebo group rather than for patients merely from the intervention group;
therefore, they were not worthy of in-depth analyses. Additionally, the eligible studies assessed as
high risk or unclear risk were involved in this systematic review and meta-analysis, and the validity of
our conclusions may be affected.

5. Conclusions

Overall, by using the systematic review and meta-analysis, we found that PINP at baseline or
changes from baseline, osteocalcin changes from baseline, and urine NTX changes from baseline were
moderately correlated with BMD changes after drug intervention, showing the potential value of
these biomarkers in evaluating the long-term BMD changes after drug intervention. As for the clinical
application of these BTMs, their prediction of fracture risk after drug intervention combined with BMD
changes needs to be further studied.
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