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Efficacy of antiresorptive agents
bisphosphonates and denosumab
in mitigating hypercalcemia
and bone loss in primary
hyperparathyroidism: A
systematic review and
meta-analysis
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and Naibedya Chattopadhyay1,2*

1Division of Endocrinology and Centre for Research in Anabolic Skeletal Targets in Health and Illness
(ASTHI), CSIR-Central Drug Research Institute, Lucknow, India, 2Academy of Scientific and Innovative
Research (AcSIR), Ghaziabad, India, 3Institute of Endocrinology and Diabetes, Max Healthcare,
Institutional Area, Press Enclave Road, Saket, New Delhi, India
Purpose: Primary hyperparathyroidism (PHPT) is characterized by increased bone

remodeling and hypercalcemia. Parathyroidectomy (PTX), the current standard of

care, is recommended in all symptomatic and some groups of asymptomatic

patients. Anti-resorptive therapies (bisphosphonates and denosumab) have been

used in patients where PTX is refused or contraindicated. In this meta-analysis, we

investigated the effectiveness of anti-resorptives in preventing/treating PHPT-

induced bone loss and mitigating hypercalcemia.

Method: PubMed, Scopus, and Cochrane Library databases were searched for

articles with keywords containing PHPT, bisphosphonates, and denosumab in

various combinations. We extracted and tabulated areal BMD (aBMD), serum

mineral, and bone turnover parameters from the qualified studies and used

comprehensive meta-analysis software for analysis.

Results:Of the1,914articlesscreened, 13wereeligible formeta-analysis. In thepooled

analysis, 12 months of anti-resoptives (bisphosphonates and denosumab) therapy

significantly increased aBMD at the lumbar spine (Standard difference in means

(SDM)=0.447, 95% CI=0.230 to 0.664, p=0.0001), femoral neck (SDM=0.270, 95%

CI=0.049 to 0.491, p=0.017) and increased serumPTH (SDM=0.489, 95%CI=0.139 to

0.839, p=0.006), and decreased serum calcium (SDM=-0.545, 95% CI=-0.937 to

-0.154, p=0.006) compared with baseline. 12 months of bisphosphonate use

significantly increased aBMD only at the lumbar spine (SDM=0.330, 95% CI=0.088 to

0.571, p=0.007)with a significant increased in serumPTH levels (SDM=0.546, 95%CI=

0.162 to 0.930, p=0.005), and a decreased in serum calcium (SDM=-0.608, 95%CI=-

1.048 to-0.169,p=0.007)andbone-turnovermarkers (BTMs)comparedwithbaseline.

Denosumab use for 12 months significantly increased aBMD at both the lumbar spine

(SDM=0.828, 95% CI=0.378 to 1.278, p=0.0001) and femur neck (SDM=0.575, 95%

CI=0.135 to 1.015, p=0.010) compared with baseline. Mean lumbar spine aBMD
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(SDM=0.350, 95%CI=0.041 to0.659, p=0.027) and serumPTH (SDM=0.602, 95%CI=

0.145 to 1.059, p=0.010) were significantly increased after 12 months of alendronate

use compared with placebo. When compared with baseline, alendronate significantly

decreased BTMs after 12 months and increased aBMD without altering the PTH and

calcium levels after 24 months.

Conclusion: Anti-resorptives are effective in mitigating bone loss and

hypercalcemia in PHPT while maintaining or increasing aBMD. PTX reversed all

changes in PHPT and normalized PTH levels.
KEYWORDS

primary hyperparathyroidism, bisphosphonates, denosumab, bone mineral density, bone
turnover markers, anti-resorptives
1 Introduction

Primary hyperparathyroidism (PHPT) is a disorder of mineral

metabolism that is commonly observed in women of age 50 to 60

years (1–3). It is characterized by autonomous parathyroid hormone

(PTH) secretion resulting in myriad systemic manifestations such as

bone mineral loss, osteoporosis, fractures, lytic lesions, renal stones,

and hypercalcemia (3). Low bone mineral density (BMD), osteopenia,

and osteoporosis are frequently observed in women with PHPT (4).

PHPT is characterized by an increase in the activation frequency of

bone multicellular units (BMUs), resulting in an enlarged bone

remodeling space. Specifically, cortical bone porosity and

endocortical bone resorption are increased, leading to cortical bone

loss with relative preservation of trabecular bones (5). These skeletal

events account for increased calcium and bone turnover markers

(BTM) in both serum and urine (6). PHPT increases fracture risk;

thus, treatment strategies aiming to ameliorate hypercalcemia and

improving BMD are likely to be clinically relevant.

Parathyroidectomy (PTX) is the standard of care for treating

symptomatic PHPT and, in some cases of asymptomatic PHPT (3).

According to the guidelines issued by the Third International

Workshop on the Management of Asymptomatic Primary

Hyperparathyroidism, PTX has been recommended for those with

osteoporosis (T-score ≤ −2.5 at the hip, spine, or one-third distal

radial site), hypercalcemia (serum calcium > 0.25 mmol/L above

normal), creatinine clearance below 60 mL/min, or age < 50 years (7).

Besides restoring normocalcemia, PTX increases BMD and decreases

fracture risk in patients with osteoporosis and osteopenia (8).

However, up to 75-80% of PHPT patients are asymptomatic at the

time of presentation (9), and not everyone fits the aforementioned

criteria for surgery. Therefore, specific pharmacotherapy targeting

hypercalcemia and/or low BMD may be beneficial if the patient does

not meet surgical requirements or presents with some medical

contraindication/is unwilling for surgery (7).

Current pharmacotherapy for PHPT consists of calcimimetics

(cinacalcet) to suppress PTH secretion (10) and anti-resorptive drugs,

including bisphosphonates (BPs) and denosumab (RANKL

neutralizing antibody) (11). Anti-resorptives are attractive because

they increase BMD and reduce fracture risk in postmenopausal and
02
senile osteoporosis patients. Because the characteristics of bone loss in

PHPT differ from those seen in postmenopausal osteoporosis, it is

essential to establish the usefulness of these therapies in increasing

bone mass in PHPT. A systematic review observed that BPs improved

BMD in PHPT patients but lowered serum calcium transiently (12).

This meta-analysis was undertaken to determine the effect of anti-

resorptives (BPs, and/or denosumab) on areal BMD (aBMD), bone

turnover markers (BTMs), calcium and phosphate levels in patients

with PHPT (asymptomatic or surgery contraindicated) compared

with placebo or baseline.
2 Method

2.1 Search strategy

The electronic databases PubMed (1976 to May 2022), Scopus (1998

to May 2022), and Cochrane Library (until May 2022) were searched to

identify the studies that assessed the effect of BPs, denosumab, and BPs or

denosumab compared with PTX in PHPT patients. The search strategy

included various combinations of keywords and Boolean operators. The

search terms included “PHPT, bone, BPs”, “PHPT, bone, Denosumab”,

“PHPT, bone, alendronate”, “PHPT, bone, zoledronate”, “PHPT, bone,

risedronate”, “PHPT, bone, etidronate”, “PHPT, bone, ibandronate”,

“PHPT, bone, clodronate”, “PHPT, bone, neridronate”. The PRISMA

flow diagram shows the findings of literature search and screening of the

studies (Figure 1).
2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows (1): original research and full-

text articles published in the English language (2), studies where the

PHPT is confirmed by hypercalcemia and elevated PTH levels (3),

studies where the bone parameters such as aBMD at any site such as

the lumbar spine, femoral neck, total hip or distal radius and BTMs

were measured (4), retrospective studies, prospective studies and

randomized controlled trials, and (5) sufficient quantitative data

(mean± SD/SEM) is presented. The exclusion criteria included (1)
frontiersin.org
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studies where the PTX and drug treatment were given simultaneously

(2), data represented in median±interquartile range (3), aBMD

represented in terms of t-score, z-score because reference value is

not given, which can be used to convert t-score to g/cm2 (4), reviews,

case reports, book chapters, and letters to the editor, and (5) articles

published in languages other than English. There were no limitations

with regard to age and gender.
2.3 Data extraction

Two reviewers (SR and NC) independently assessed the studies

for their eligibility. Disagreements with the eligibility of studies were

resolved by discussion with all authors. Data were extracted from each

article in the numeric form from tables and bar/XY plots using the

WebPlotDigitilizer program (13). Data were tabulated from each

eligible study for the following parameters: author name, year of

publication, number of patients, aBMD at different sites such as the

lumbar spine, femoral neck, total hip, and distal radius, serum PTH

levels, serum calcium, serum phosphate, serum osteocalcin (OCN),

serum bone alkaline phosphatase (BALP), serum CTX-I, age, and

gender. Extracted data were transformed from % change in mean to

absolute change in mean after treatment using (after treatment –

before treatment)/before treatment * 100 = % change. Data extracted

from all articles included in the meta-analysis showed in Table 1.
2.4 Outcome assessment

Based on the type of drugs used, studies were categorized into the

following groups: BP, denosumab, and PTX. In the present study,

bone loss was assessed by aBMD and BTMs (OCN, BALP, and CTX-

I). The effect of various drugs in PHPT patients were assessed on

serum PTH, calcium, and phosphate levels.
Frontiers in Endocrinology 03
2.5 Quantitative data analysis

Cochrane’s Q test determined the degree of heterogeneity among the

studies and heterogeneity index (I2), considering p value < 0.05 as

statistically significant. The I2 value lies between 0 and 100%; I2> 75%

indicates high heterogeneity, I2> 50% indicates moderate heterogeneity,

and I2< 25% suggests low heterogeneity. Significant heterogeneity favors

the use of the random effects model, while low heterogeneity favors the

use of the fixed effect model. The comprehensive meta-analysis software

(CMA) was used to perform the pooled data analysis.
2.6 Sensitivity analysis

The CMA software was used to determine the degree of sensitivity

among these studies. The pooled effect size was determined using

single-study exclusion statistics to identify the sensitive studies, the

exclusion of which would bring drastic changes to the inference.
2.7 Publication bias analysis

Publication bias was assessed qualitatively and quantitatively

using funnel plot and Egger’s regression intercept test and Begg and

Mazumdar rank correlation test, respectively. Publication bias was

adjusted by calculating unbiased estimates using Duval and Tweedie’s

trim and fill method.
3 Results

3.1 Study characteristics and quality

A literature search for the effect of BPs and denosumab on PHPT-

induced bone loss identified 3,891 articles: Scopus (3,320), PubMed

(559), and Cochrane library (12). After the removal of duplicates,

1914 articles were screened. Out of these, 1,895 studies were excluded

based on the set inclusion/exclusion criteria, and 19 were selected for

qualitative analysis. Of the selected studies, 14 studies reported the use

of BPs in PHPT patients. Of these, 8 studies were done with

alendronate (ALN) (16–20, 23, 24, 27), and one each with

etidronate (15), neridronate (14), and risedronate (28). Four studies

(27–30) were excluded from this meta-analysis because of the

following reasons; the types of BP were not mentioned, data were

not presented in the required format, and the treatment duration was

five years. Taken together, for ALN trials, 7 studies used only ALN,

and one used a combination of BP and PTX for PHPT patients (22).

There were five studies in which denosumab was given to PHPT

patients, of which two were excluded because data were not presented

in the required format (31, 32). The remaining three studies were

included in the meta-analysis (21, 25, 26). There were two studies in

which the effect of BPs was compared with PTX (15, 20) and one

study in which combination of BP and PTX was compared with PTX

(22) in PHPT patients. These three studies were included in

determining the effect of PTX on BMD and serum PTH in PHPT

patients. In total, 13 studies were finally included for quantitative

meta-analysis (Figure 1). A summary of all the results for various

parameters is shown in Table 2.
FIGURE 1

PRISMA flow diagram.
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TABLE 1 Data extracted from all articles included in the meta-analysis.

Parameters Duration of drug
administration

Number of
patients

Age (Mean±SD) years/
Gender

Baseline Mean (SD) After drug
administration
Mean (SD)

Reference

PTH (pMol/L) 12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo=15.50 (2.80)
ALN=14.40 (5.20)

Placebo=13.49 (3.58)
ALN=16.56 (6.24)

Rossini et al.
(14)

EHDP= 9
PTX= 13

EHDP=76.3±5.2/F
PTX=76.8±10.1/F

EHDP=8.42 (0.97)
PTX=10.15 (1.11)

EHDP=11.88 (1.11)
PTX=1.82 (1.32)

Horiuchi
et al. (15)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo=10.74 (2.10)
ALN= 10.37 (1.84)

Placebo=11.84 (1.52)
ALN= 12.199 (2.01)

Parker et al.
(16)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo=24.20 (15.10)
ALN=19.90 (12.40)

Placebo=24.29 (2.86)
ALN= 24.28 (2.87)

Chow et al.
(17)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo=15.43 (1.41)
ALN=17.31 (4.20)

Placebo=15.51 (2.57)
ALN=21.12 (6.16)

Khan et al.
(18)

Neridronate
IV= 54

Neridronate IV=64±8/F Neridronate IV=16.60
(11)

Neridronate IV=18.04
(11.69)

Rossini et al.
(14)

Placebo= 10
ALN= 12

Placebo=63.2±8.3/F
ALN=69.4±6.3/F

Placebo=17.1 (6.50)
ALN= 11.8 (3.35)

Placebo=18.1 (5.75)
ALN=14 (4.20)

Akbaba et al.
(19)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN=14.98 (6.24)
PTX=23.89 (21.66)

ALN=16.36 (6.84)
PTX=4.65 (2.40)

Szymczak
et al. (20)

Placebo= 15
ALN= 15

Placebo=57±5/F
ALN=59±5/F

Placebo=10.60 (1.30)
ALN=11.20 (2.10)

Placebo=11 (1.40)
ALN=11 (1.30)

Cesareo
et al. (19)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Placebo=11.16 (6.66)
Denosumab=12.95 (9.92)

Placebo=10.97 (9.33)
Denosumab=13.51 (8.00)

Leere et al.
(21)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 24.37 (20.39) PTX= 4.37 (3.34) Choe et al.
(22)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo=15.50 (2.80)
ALN= 14.40 (5.20)

Placebo=16.34 (3.28)
ALN= 16.27 (6.71)

Rossini et al.
(23)

Placebo= 18
ALN= 14
After 24
months
Placebo= 13
ALN= 10

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo=10.74 (2.10)
ALN=10.37
(1.84)

Placebo=12.45 (1.94)
ALN=11.93
(1.69)

Parker et al.
(16)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo=15.43 (1.41)
ALN=17.31 (4.20)

ALN=15.67
(3.12)

Khan et al.
(18)

Neridronate
IV= 54

Neridronate IV=64±8/F Neridronate IV=16.60
(11)

Neridronate IV=26.30
(11.98)

Rossini et al.
(14)

Calcium
(mMol/L)

12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 2.73 (0.08)
ALN= 2.75
(0.10)

Placebo= 2.70 (0.08)
ALN= 2.70
(0.10)

Rossini et al.
(23)

EHDP= 9
PTX= 13

EHDP=76.3±5.2/F
PTX=76.8±10.1/F

EHDP= 2.71 (0.13)
PTX= 2.76
(0.18)

EHDP= 2.58 (0.13)
PTX= 2.39
(0.13)

Horiuchi
et al. (15)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 2.82 (0.08)
ALN= 2.84
(0.07)

Placebo= 2.78 (0.08)
ALN=2.87
(0.07)

Parker et al.
(16)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo= 2.81 (0.16)
ALN= 2.82
(0.18)

Placebo= 2.83 (0.04)
ALN=2.75
(0.05)

Chow et al.
(17)

Placebo= 19
ALN= 18

Khan et al.
(18)

(Continued)
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TABLE 1 Continued

Parameters Duration of drug
administration

Number of
patients

Age (Mean±SD) years/
Gender

Baseline Mean (SD) After drug
administration
Mean (SD)

Reference

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 2.64 (0.03)
ALN= 2.68
(0.03)

Placebo= 2.67 (0.05)
ALN= 2.64
(0.02)

Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 2.68
(0.15)

Neridronate IV = 2.64
(0.15)

Rossini et al.
(14)

Placebo= 10
ALN= 12

Placebo=63.2±8.3/F
ALN=69.4±6.3/F

Placebo= 2.78 (0.13)
ALN= 2.80
(0.14)

Placebo= 2.75 (0.16)
ALN= 2.68
(0.11)

Akbaba et al.
(19)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Placebo= 2.71 (0.15)
Denosumab= 2.72 (0.36)

Placebo= 2.72 (0.12)
Denosumab= 2.68 (0.24)

Leere et al.
(21)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 2.80
(0.60)

PTX=2.25
(0.15)

Choe et al.
(22)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 2.73 (0.08)
ALN= 2.75
(0.10)

Placebo= 2.73 (0.08)
ALN= 2.77
(0.10)

Rossini et al.
(23)

Placebo= 18
ALN= 14
After 24
months
Placebo= 13
ALN= 10

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 2.82 (0.08)
ALN= 2.84
(0.07)

Placebo= 2.69 (0.07)
ALN=2.89
(0.03)

Parker et al.
(16)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 2.64 (0.03)
ALN= 2.68
(0.03)

ALN= 2.62 (0.04) Khan et al.
(18)

Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 2.68
(0.15)

Neridronate IV = 2.68
(0.15)

Rossini et al.
(14)

Phosphate
(mg/dL)

12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 2.60 (0.50)
ALN= 2.90
(0.60)

Placebo= 2.69 (0.62)
ALN= 2.91
(0.66)

Rossini et al.
(23)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 2.35 (0.13)
ALN= 2.26
(0.23)

Placebo= 2.23 (0.13)
ALN= 1.92
(0.23)

Parker et al.
(16)

Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 2.6
(0.4)

Neridronate IV = 2.48
(0.40)

Rossini et al.
(14)

Placebo= 10
ALN= 12

Placebo=63.2±8.3/F
ALN=69.4±6.3/F

Placebo= 2.70 (0.20)
ALN=2.80
(0.45)

Placebo= 2.60 (0.35)
ALN= 2.50
(0.18)

Akbaba et al.
(19)

Placebo= 15
ALN= 15

Placebo=57±5/F
ALN=59±5/F

Placebo= 3.90 (0.30)
ALN= 3.80
(0.20)

Placebo= 3.70 (0.40)
ALN= 3.80
(0.30)

Cesareo
et al. (24)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Placebo= 2.45 (0.09)
Denosumab= 2.38 (0.74)

Placebo= 2.57 (0.15)
Denosumab= 2.29 (0.87)

Leere et al.
(21)

Denosumab=
19

Denosumab=71.8 ± 7.1/ M=2,
F=17

Denosumab= 3.20 (0.50) Denosumab= 3 (0.60) Miyaoka
et al. (25)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 2.5
(0.7)

PTX= 3.2
(0.5)

Choe et al.
(22)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 2.60 (0.50)
ALN= 2.90
(0.60)

Placebo= 2.61 (0.62)
ALN= 2.94
(0.66)

Rossini et al.
(23)

Placebo= 18
ALN= 14

Parker et al.
(16)
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TABLE 1 Continued

Parameters Duration of drug
administration

Number of
patients

Age (Mean±SD) years/
Gender

Baseline Mean (SD) After drug
administration
Mean (SD)

Reference

After 24
months
Placebo= 13
ALN= 10

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 2.35 (0.13)
ALN= 2.26
(0.23)

Placebo= 2.20 (0.11)
ALN= 2.35
(0.20)

Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 2.6
(0.4)

Neridronate IV = 2.57
(0.40)

Rossini et al.
(14)

Osteocalcin
(ng/mL)

12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 3.60 (1.60)
ALN= 4.10
(1.30)

Placebo= 3.67 (1.67)
ALN= 2.81
(1.35)

Rossini et al.
(23)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 9.52 (1.40)
ALN= 6.98
(1.40)

Placebo= 7.38 (1.53)
ALN= 4.06
(1.44)

Parker et al.
(16)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo= 43.60 (28.5)
ALN= 53
(28.90)

Placebo= 46.59 (7.86)
ALN= 26.96 (4.32)

Chow et al.
(17)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN= 31
(13.90)
PTX= 61.90 (75.70)

ALN= 26.05 (11.40)
PTX= 16.50 (5.80)

Szymczak
et al. (20)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 3.60 (1.60)
ALN= 4.10
(1.30)

Placebo= 3.45 (1.68)
ALN= 2.65
(1.36)

Rossini et al.
(23)

Placebo= 18
ALN= 14
After 24
months
Placebo= 13
ALN= 10

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 9.52 (1.40)
ALN= 6.98
(1.40)

Placebo= 8.01 (1.04)
ALN= 6.44
(1.26)

Parker et al.
(16)

BALP(U/L) 12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 43
(9)
ALN= 42
(12)

Placebo= 45 (9.45)
ALN= 26.57 (12.5)

Rossini et al.
(14)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 136.53 (22.32)
ALN= 147.59 (40.97)

Placebo= 113.38 (22.27)
ALN= 58.08 (39.18)

Parker et al.
(16)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo= 21.80 (15.9)
ALN= 21.10 (12.8)

Placebo= 23.38 (3.23)
ALN= 7.26
(0.96)

Chow et al.
(17)

Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 35 (14) Neridronate IV = 25.86
(14.67)

Rossini et al.
(14)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 43
(9)
ALN= 42
(12)

Placebo= 43.69 (9.43)
ALN= 25.42 (12.5)

Rossini et al.
(23)

Placebo= 18
ALN= 14
After 24
months
Placebo= 13
ALN= 10

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 136.53 (22.32)
ALN= 147.59 (40.97)

Placebo= 123.17 (11.57)
ALN= 80.95 (30)

Parker et al.
(16)

Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 35 (14) Neridronate IV = 29.18
(14.74)

Rossini et al.
(14)

CTX-I (ng/
mL)

6 months Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 0.74
(0.39)

Neridronate IV = 0.47
(0.42)

Rossini et al.
(14)

Placebo= 15
ALN= 15

Placebo=57±5/F
ALN=59±5/F

Cesareo
et al. (24)
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TABLE 1 Continued

Parameters Duration of drug
administration

Number of
patients

Age (Mean±SD) years/
Gender

Baseline Mean (SD) After drug
administration
Mean (SD)

Reference

Placebo= 0.70 (0.10)
ALN= 0.60
(0.10)

Placebo= 0.69 (0.10)
ALN= 0.29
(0.05)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN= 4.90
(2.03)
PTX= 5.77
(4.5)

ALN= 4.55
(1.74)
PTX= 3.58
(1.19)

Szymczak
et al. (20)

12 months Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 0.74
(0.39)

Neridronate IV = 0.45
(0.42)

Rossini et al.
(14)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN= 4.90
(2.03)
PTX= 5.77
(4.5)

ALN= 4.21
(1.58)
PTX= 3.70
(1.68)

Szymczak
et al. (20)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 1.08
(0.91)

PTX= 0.20
(0.14)

Choe et al.
(22)

24 months Neridronate IV
= 54

Neridronate IV=64±8/F Neridronate IV = 0.74
(0.39)

Neridronate IV = 0.38
(0.41)

Rossini et al.
(14)

BMD (g/cm2)
Whole body

12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.82 (0.10)
ALN= 0.82
(0.06)

Placebo= 0.81 (0.10)
ALN= 0.83
(0.06)

Rossini et al.
(23)

EHDP= 9
PTX= 13

EHDP=76.3±5.2/F
PTX=76.8±10.1/F

EHDP= 1.41 (0.23)
PTX= 1.52
(0.26)

EHDP= 1.53 (0.20)
PTX= 1.57
(0.32)

Horiuchi
et al. (15)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN= 1.00
(0.10)
PTX= 0.92
(0.10)

ALN= 1.02
(0.12)
PTX= 0.962
(0.1)

Szymczak
et al. (20)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.82 (0.10)
ALN= 0.82
(0.06)

Placebo= 0.80 (0.09)
ALN= 0.83
(0.06)

Rossini et al.
(23)

Lumbar spine 12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.73 (0.07)
ALN= 0.70
(0.09)

Placebo= 0.74 (0.07)
ALN= 0.75
(0.09)

Rossini et al.
(23)

EHDP= 9
PTX= 13

EHDP=76.3±5.2/F
PTX=76.8±10.1/F

EHDP= 0.62 (0.11)
PTX= 0.69
(0.21)

EHDP= 0.68 (0.15)
PTX= 0.83
(0.23)

Horiuchi
et al. (15)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 0.92 (0.08)
ALN= 0.76
(0.07)

Placebo= 0.95 (0.04)
ALN= 0.81
(0.11)

Parker et al.
(16)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo= 0.71 (0.15)
ALN= 0.71
(0.12)

Placebo= 0.71 (0.15)
ALN= 0.74
(0.12)

Chow et al.
(17)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 0.83 (0.13)
ALN= 0.76
(0.11)

Placebo= 0.83 (0.14)
ALN= 0.80
(0.12)

Khan et al.
(18)

Placebo= 10
ALN= 12

Placebo=63.2±8.3/F
ALN=69.4±6.3/F

ALN= 0.57
(0.13)

ALN= 0.61
(0.12)

Akbaba et al.
(19)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN= 1.02
(0.17)
PTX= 0.93 (0.20)

ALN= 1.04
(0.22)
PTX= 0.99
(0.15)

Szymczak
et al. (20)

Denosumab= 7 Denosumab= 69.8 (range 62 –

81)/ Gender not given
Denosumab= 0.79 (0.11)
(6 months)

Denosumab= 0.82 (0.13) Grigorie et
al. (26)
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TABLE 1 Continued

Parameters Duration of drug
administration

Number of
patients

Age (Mean±SD) years/
Gender

Baseline Mean (SD) After drug
administration
Mean (SD)

Reference

Placebo= 15
ALN= 15

Placebo=57±5/F
ALN=59±5/F

Placebo= 0.77 (0.07)
ALN= 0.78
(0.07)

Placebo= 0.76 (0.07)
ALN= 0.81
(0.07)

Cesareo
et al. (24)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Denosumab= 0.83 (0.02) Denosumab= 0.88 (0.12) Leere et al.
(21)

Denosumab=
19

Denosumab=71.8 ± 7.1/ M=2,
F=17

Denosumab= 0.73 (0.03) Denosumab= 0.77 (0.03) Miyaoka
et al. (25)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 0.76
(0.08)

PTX= 0.89
(0.12)

Choe et al.
(22)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.73 (0.07)
ALN= 0.70
(0.09)

Placebo= 0.73 (0.07)
ALN= 0.76
(0.09)

Rossini et al.
(23)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 0.92 (0.08)
ALN= 0.76 (0.07)

Placebo= 0.96 (0.08)
ALN= 0.85 (0.07)

Parker et al.
(16)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 0.83 (0.13)
ALN= 0.76
(0.11)

ALN= 0.81
(0.12)

Khan et al.
(18)

Femoral neck 12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.55 (0.04)
ALN= 0.58
(0.06)

Placebo= 0.55 (0.04)
ALN= 0.59
(0.06)

Rossini et al.
(23)

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 0.70 (0.04)
ALN= 0.52
(0.07)

Placebo= 0.69 (0.08)
ALN= 0.54
(0.04)

Parker et al.
(16)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo= 0.54 (0.12)
ALN= 0.54
(0.11)

Placebo= 0.54 (0.12)
ALN= 0.54
(0.11)

Chow et al.
(17)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 0.62 (0.12)
ALN= 0.59
(0.10)

Placebo= 0.61 (0.12)
ALN= 0.61
(0.10)

Khan et al.
(18)

Placebo= 10
ALN= 12

Placebo=63.2±8.3/F
ALN=69.4±6.3/F

ALN= 0.74
(0.1)

ALN= 0.77
(0.08)

Akbaba et al.
(19)

ALN= 33
PTX= 33

F=60, M=3
54 post-menopausal, 6 pre-
menopausal

ALN= 0.81
(0.12)
PTX= 0.75
(0.10)

ALN= 0.83
(0.13)
PTX= 0.79
(0.11)

Szymczak
et al. (20)

Denosumab= 7 Denosumab= 69.8 (range 62 –

81)/ Gender not given
Denosumab= 0.68 (0.07) Denosumab= 0.69 (0.06) Grigorie et

al. (26)

Placebo= 15
ALN= 15

Placebo=57±5/F
ALN=59±5/F

Placebo= 0.64 (0.08)
ALN= 0.62
(0.10)

Placebo= 0.63 (0.08)
ALN= 0.64
(0.09)

Cesareo
et al. (24)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Denosumab= 0.64 (0.08) Denosumab= 0.67 (0.11) Leere et al.
(21)

Denosumab=
19

Denosumab=71.8 ± 7.1/ M=2,
F=17

Denosumab= 0.51 (0.02) Denosumab= 0.53 (0.02) Miyaoka
et al. (25)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 0.68
(0.10)

PTX= 0.77
(0.12)

Choe et al.
(22)

24 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.55 (0.04)
ALN= 0.58
(0.06)

Placebo= 0.55 (0.04)
ALN= 0.59
(0.06)

Rossini et al.
(23)
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The majority of the studies used baseline control, although some

of the ALN studies used placebo control. Therefore, baseline and

placebo control were used separately in this meta-analysis.
3.2 Effects of anti-resorptive drugs on aBMD
and biochemical parameters compared
with baseline

We pooled data from the studies that used BPs or denosumab to

determine the overall effect of anti-resorptive therapies on aBMD and

serum parameters. Ten datasets from as many studies were available for

lumbar spine aBMD before and 12 months after BP or denosumab use.

The fixed effect model was used for drawing inference because there was

no significant heterogeneity between the studies (I2=0.000, Q=8.880,

p=0.448). Pooled analysis showed a significant increase in the mean

lumbar spine aBMD after drug administration compared with baseline

(SDM=0.447, 95% CI=0.230 to 0.664, p=0.0001) (Figure 2A).

Nine datasets from as many studies were available for femur neck

aBMD before and 12 months after drug administration. No

significant heterogeneity was observed among these studies

(I2=0.000, Q=5.748, p=0.675), suggesting the use of fixed effect
Frontiers in Endocrinology 09
model. Pooled analysis showed that the mean femoral neck aBMD

was significantly increased after 12 months of drug administration

compared with baseline (SDM=0.270, 95% CI=0.049 to 0.491,

p=0.017) (Figure 2B).

Four datasets from as many studies were available for total hip aBMD

before and 12 months after BP or denosumab use. No significant

heterogeneity was found among these studies (I2=0.000, Q=0.261,

p=0.967), suggesting the use of fixed effect model for drawing inference.

Pooled analysis showed no significant change in mean total hip aBMD

after drug administration compared with baseline (SDM=0.330, 95% CI=-

0.014 to 0.673, p=0.060) (Supplementary Figure 1A).

Four datasets from as many studies were available for aBMD of distal

radius before and after 12 months of BP or denosumab use. No

significant heterogeneity was observed among these studies (I2=0.000,

Q=0.097, p=0.992), suggesting the use offixed effect model for drawing a

conclusion. There was no change in the mean distal radius aBMD after

12 months of drug use compared with baseline (SDM=0.042, 95% CI=-

0.300 to 0.383, p=0.810) (Supplementary Figure 1B).

Ten datasets from as many studies were available for serum PTH

levels before and 12 months after drug administration, including BP

or denosumab. Significant heterogeneity was observed among these

studies (I2=63.413, Q=24.599, p=0.003), which suggested using the
TABLE 1 Continued

Parameters Duration of drug
administration

Number of
patients

Age (Mean±SD) years/
Gender

Baseline Mean (SD) After drug
administration
Mean (SD)

Reference

Placebo= 18
ALN= 14

Placebo= 63.4± 2.02/
ALN= 69.6± 2.91/
F=27 & M=5

Placebo= 0.70 (0.04)
ALN= 0.52
(0.07)

Placebo= 0.69 (0.04)
ALN= 0.55
(0.07)

Parker et al.
(16)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 0.62 (0.12)
ALN= 0.59
(0.10)

ALN= 0.62 (0.10) Khan et al.
(18)

Total hip 12 months Placebo= 13
ALN= 13

Placebo=74±4/ F
ALN=72±5/F

Placebo= 0.57 (0.08)
ALN= 0.61
(0.07)

Placebo= 0.56 (0.08)
ALN= 0.63
(0.07)

Rossini et al.
(23)

Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 0.72 (0.14)
ALN= 0.67
(0.14)

Placebo= 0.72 (0.14)
ALN= 0.70
(0.14)

Khan et al.
(18)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Denosumab= 0.78 (0.08) Denosumab= 0.82 (0.11) Leere et al.
(21)

Denosumab=
19

Denosumab=71.8 ± 7.1/ M=2,
F=17

Denosumab= 0.63 (0.02) Denosumab= 0.64 (0.03) Miyaoka
et al. (25)

PTX= 24 PTX= 61.4±9.8/ M=7, F=17 PTX= 0.71
(0.12)

PTX= 0.80
(0.13)

Choe et al.
(22)

Placebo= 20
ALN= 20

Placebo= 71.8± 8.8/F
ALN= 68.2± 9.7/F

Placebo=0.49 (0.09)
ALN=0.47 (0.08)

Placebo= 0.49 (0.09)
ALN= 0.47 (0.08)

Chow et al.
(17)

Distal radius
(1/3)

12 months Placebo= 19
ALN= 18

Placebo=70.09±10.36/M=6,
F=13
ALN=63.73±9.36/ M=3, F=15

Placebo= 0.55 (0.12)
ALN= 0.52
(0.11)

Placebo= 0.55 (0.12)
ALN= 0.52
(0.12)

Khan et al.
(18)

Placebo= 10
ALN= 12

Placebo=63.2±8.3/F
ALN=69.4±6.3/F

ALN= 0.72
(0.18)

ALN= 0.69
(0.61)

Akbaba et al.
(19)

Placebo= 15
Denosumab=
16

Placebo=68·0 ±1·8/ M=3, F=12
Denosumab= 65·4±2·2/ M=3,
F=13

Denosumab= 0.57 (0.08) Denosumab= 0.58 (0.10) Leere et al.
(21)
f

# F, female; M, male; ALN, alendronate; EHDP, etidronate; PTX, parathyroidectomy.
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TABLE 2 The summary of pooled analysis for various parameters.

Groups Parameters Heterogeneity
analysis

Test
model

Effect size p-
value

Conclusion

SDM 95% CI

Q p-
value

I2 Lower
limit

Upper
limit

12 months ALN use compared
with Placebo

Lumbar spine
BMD

1.892 0.756 0.000 Fixed 0.350 0.041 0.659 0.027 Significant

Random 0.350 0.041 0.659 0.027

Femur neck
BMD

2.538 0.638 0.000 Fixed 0.250 -0.058 0.558 0.111 Non-significant

Random 0.250 -0.058 0.558 0.111

PTH 11.574 0.041 56.799 Fixed 0.612 0.313 0.911 0.0001 Significant

Random 0.602 0.145 1.059 0.010

Calcium (Ca) 32.902 0.000 87.843 Fixed -0.414 -0.749 -0.079 0.015 Non-significant

Random -0.381 -1.345 0.583 0.439

Phosphate 12.232 0.007 75.474 Fixed -0.338 -0.727 0.050 0.088 Non-significant

Random -0.369 -1.156 0.418 0.358

OCN 35.212 0.000 94.320 Fixed -1.346 -1.831 -0.860 0.0001 Non-significant

Random -1.947 -4.064 0.170 0.072

BALP 31.008 0.000 93.550 Fixed -2.552 -3.134 -1.970 0.0001 Significant

Random -3.422 -5.844 -1.000 0.006

12 months anti-resorptives use
compared with baseline

Lumbar spine
BMD

8.880 0.448 0.000 Fixed 0.447 0.230 0.664 0.0001 Significant

Random 0.447 0.230 0.664 0.0001

Femur neck
BMD

5.748 0.675 0.000 Fixed 0.270 0.049 0.491 0.017 Significant

Random 0.270 0.049 0.491 0.017

Total hip
BMD

0.261 0.967 0.000 Fixed 0.330 -0.014 0.673 0.060 Non-Significant

Random 0.330 -0.014 0.673 0.060

Distal radius
BMD

0.097 0.992 0.000 Fixed 0.042 -0.300 0.383 0.810 Non-significant

Random 0.042 -0.300 0.383 0.810

PTH 24.599 0.003 63.413 Fixed 0.363 0.165 0.562 0.0001 Significant

Random 0.489 0.139 0.839 0.006

Calcium 18.785 0.009 62.736 Fixed -0.471 -0.696 -0.245 0.0001 Significant

Random -0.545 -0.937 -0.154 0.006

Phosphate 10.834 0.094 44.617 Fixed -0.357 -0.594 -0.120 0.003 Significant

Random -0.393 -0.733 -0.054 0.023

12 months BP use compared
with baseline

Total BMD 0.506 0.776 0.000 Fixed 0.235 -0.141 0.610 0.221 Non-significant

Random 0.235 -0.141 0.610 0.221

Lumbar spine
BMD

1.774 0.971 0.000 Fixed 0.330 0.088 0.571 0.007 Significant

Random 0.330 0.088 0.571 0.007

Femur neck 0.622 0.996 0.000 Fixed 0.170 -0.079 0.418 0.181 Non-significant

Random 0.170 -0.079 0.418 0.181
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TABLE 2 Continued

Groups Parameters Heterogeneity
analysis

Test
model

Effect size p-
value

Conclusion

SDM 95% CI

Q p-
value

I2 Lower
limit

Upper
limit

PTH 23.808 0.002 66.398 Fixed 0.390 0.183 0.598 0.0001 Significant

Random 0.546 0.162 0.930 0.005

Calcium 17.753 0.007 66.203 Fixed -0.511 -0.749 -0.273 0.0001 Significant

Random -0.608 -1.048 -0.169 0.007

Phosphate 10.296 0.036 61.148 Fixed -0.394 -0.668 -0.120 0.005 Non-significant

Random -0.478 -0.969 0.012 0.056

Osteocalcin 10.967 0.012 72.645 Fixed -0.901 -1.234 -0.568 0.0001 Significant

Random -1.097 -1.774 -0.420 0.001

BALP 12.372 0.006 75.751 Fixed -1.035 -1.333 -0.736 0.0001 Significant

Random -1.339 -2.035 -0.643 0.0001

CTX-I
(6months)

30.992 0.000 93.547 Fixed -0.677 -0.971 -0.383 0.0001 Significant

Random -1.417 -2.741 -0.092 0.036

Denosumab use compared with
baseline

Lumbar spine
BMD

3.526 0.172 43.283 Fixed 0.828 0.378 1.278 0.0001 Significant

Random 0.793 0.179 1.407 0.011

Femur neck
BMD

2.664 0.264 24.937 Fixed 0.575 0.135 1.015 0.010 Significant

Random 0.559 0.042 1.077 0.034

Parathyroidectomy compared
with baseline

Lumbar spine
BMD

4.550 0.103 56.045 Fixed 0.662 0.319 1.005 0.0001 Significant

Random 0.700 0.162 1.238 0.011

PTH 28.090 0.000 92.880 Fixed -1.513 -1.909 -1.117 0.0001 Significant

Random -2.723 -4.466 -0.980 0.002

12 months ALN use compared
with baseline

Lumbar spine
BMD

1.701 0.945 0.000 Fixed 0.321 0.071 0.571 0.012 Significant

Random 0.321 0.071 0.571 0.012

Femur neck
BMD

0.622 0.996 0.000 Fixed 0.170 -0.079 0.418 0.181 Non-significant

Random 0.170 -0.079 0.418 0.181

Distal radius 0.048 0.976 0.000 Fixed 0.020 -0.372 0.412 0.921 Non-significant

Random 0.020 -0.372 0.412 0.921

PTH 5.620 0.46
7

0.000 Fixed 0.416 0.164 0.668 0.001 Significant

Random 0.416 0.164 0.668 0.001

Calcium 14.201 0.007 71.833 Fixed -0.618 -0.949 -0.287 0.0001 Significant

Random -0.632 -1.261 -0.004 0.049

Phosphate 9.732 0.021 69.175 Fixed -0.504 -0.899 -0.108 0.013 Non-significant

Random -0.567 -1.283 0.150 0.121

Osteocalcin 10.967 0.012 72.645 Fixed -0.901 -1.234 -0.568 0.0001 Significant

(Continued)
F
rontiers in Endocrinology
 1
1
 frontiersin.org

https://doi.org/10.3389/fendo.2023.1098841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Rajput et al. 10.3389/fendo.2023.1098841
random effects model to draw a conclusion. Pooled analysis showed a

significant increase in mean PTH levels after drug administration

compared with baseline (SDM=0.489, 95% CI=0.139 to 0.839,

p=0.006) (Figure 2C). The funnel plot showed an asymmetric

distribution of studies, suggesting the presence of publication bias

(Egger’s regression intercept=3.618; p=0.018). So, we used trim and

fill analysis to compute unbiased estimates and adjusted the values

(SDM= 0.228, 95% CI=-0.172 to 0.628).

Eight datasets from as many studies were available for serum

calcium levels before and 12 months after drug administration. The

random effects model was used in the pooled analysis to draw a

conclusion because significant heterogeneity was found in these

studies (I2=62.736, Q=18.785, p=0.009). Pooled analysis showed a

significant decrease in mean serum calcium levels after drug

administration compared with baseline (SDM=-0.545, 95% CI=-

0.937 to -0.154, p=0.006) (Figure 2D).

Seven datasets from as many studies were available for serum

phosphate levels before and 12 months after drug use. No significant

heterogeneity was observed among these studies (I2=44.617,

Q=10.834, p=0.094), suggesting the use of fixed effect model for

drawing inference. The pooled analysis showed that mean serum

phosphate levels were significantly decreased after drug

administration (SDM=-0.357, 95% CI=-0.594 to -0.120, p=0.003)

(Supplementary Figure 1C).
3.3 Effects of BPs on aBMD and biochemical
parameters compared with baseline

In the previous section, we found that anti-resorptive therapies

improved aBMD at many sites while decreasing serum calcium level in

PHPT patients. Here, we analyzed the effect of only BPs on aBMD and
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biochemical parameters. Three datasets from as many studies were

available for total aBMD before and 12 months after BP use.

Heterogeneity was not significant between these studies (I2=0.000,

Q=0.506, p=0.776), suggesting the use of fixed effect model for

drawing inference. There was no significant change in the mean total

aBMD after BP administration compared with baseline (SDM=0.235,

95% CI=-0.141 to 0.610, p=0.221) (Supplementary Figure 2A).

Eight datasets from as many studies were available for the

lumbar spine aBMD before and 12 months after BP use. No

significant heterogeneity was observed between these studies

(I2=0.000, Q=1.774, p=0.971), suggesting the use of fixed effect

model for drawing a conclusion. The mean lumbar spine aBMD

was significantly increased after BP administration compared with

baseline (SDM=0.330, 95% CI=0.088 to 0.571, p=0.007) (Figure 3A).

Studies were distributed asymmetrically in the funnel plot (Egger’s

regression intercept= 2.018, p= 0.009), suggesting the presence of

publication bias. So, we used the adjusted values according to the

trim and fill method for unbiased estimates (SDM=0.240, 95%

CI=0.029 to 0.451).

Seven datasets from as many studies were available for femur neck

aBMD before and 12 months after BP use. No significant

heterogeneity was observed between these studies (I2=0.000,

Q=0.622, p=0.996), suggesting the use of fixed effect model for data

analysis. Pooled analysis indicated no significant change in mean

femur neck aBMD after BP use (SDM=0.170, 95% CI=-0.079 to 0.418,

p=0.181) (Supplementary Figure 2B).

Nine datasets from as many studies were available for serum PTH

levels before and 12-months after BP use. Significant heterogeneity

was found between these studies (I2=66.398, Q=23.808, p=0.002),

suggesting that the random effects model should be used for drawing

inference. Mean serum PTH levels were significantly increased after

BP therapy in PHPT patients (SDM=0.546, 95% CI=0.162 to 0.930,
TABLE 2 Continued

Groups Parameters Heterogeneity
analysis

Test
model

Effect size p-
value

Conclusion

SDM 95% CI

Q p-
value

I2 Lower
limit

Upper
limit

Random -1.097 -1.774 -0.420 0.001

BALP 2.394 0.302 16.475 Fixed -1.617 -2.086 -1.149 0.0001 Significant

Random -1.625 -2.142 -1.109 0.0001

24 months ALN use compared
with baseline

Lumbar spine
BMD

2.057 0.358 2.766 Fixed 0.724 0.295 1.153 0.001 Significant

Random 0.726 0.290 1.161 0.001

Femur neck
BMD

0.164 0.922 0.000 Fixed 0.274 -0.141 0.690 0.195 Non-significant

Random 0.274 -0.141 0.690 0.195

PTH 6.091 0.048 67.163 Fixed 0.136 -0.296 0.569 0.537 Non-Significant

Random 0.213 -0.551 0.977 0.585

Calcium 21.064 0.000 90.505 Fixed -0.311 -0.767 0.145 0.181 Non-significant

Random -0.245 -1.728 1.237 0.746
Bold values were used for drawing conclusion.
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p=0.005) (Figure 3B). The funnel plot showed an asymmetric

distribution of studies (Egger’s regression intercept=3.832, p=0.016),

suggesting the presence of publication bias. We used trim and fill

analysis to compute unbiased estimates and adjusted the values

(SDM= 0.250, 95% CI= -0.181 to 0.681).

Seven datasets from as many studies were available for serum

calcium levels before and 12-months after BP use. The random effects

model was used for drawing conclusion because significant

heterogeneity was observed in these studies (I2=66.203, Q=17.753,

p=0.007). Pooled analysis showed that the mean serum calcium level

was significantly decreased after BP administration compared with

baseline (SDM=-0.608, 95% CI=-1.048 to -0.169, p=0.007) (Figure 3C).
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Five datasets from as many studies were available for serum

phosphate levels before and 12-months after BP use. Significant

heterogeneity was found in these studies (I2=61.148, Q=10.296,

p=0.036), resulting in the use of the random effects model for

data analysis. The pooled analysis showed no significant change in

serum phosphate levels after BP administration (SDM=-0.478, 95%

CI=-0.969 to -0.012, p=0.056) (Supplementary Figure 2C).

Four datasets from as many studies were available for serum OCN

levels before and 12 months after BP use. I2 values showed that

heterogeneity was significant in these studies (I2=72.645, Q=10.967,

p=0.012), which suggested that the random effects model should be

used for drawing a conclusion. Pooled analysis showed that the mean
B

C

D

A

FIGURE 2

The effect of anti-resorptive drug administration on various parameters in PHPT patients compared with baseline; (A) lumbar spine aBMD, (B) femoral
neck aBMD, (C) serum PTH, and (D) serum calcium (Ca).
frontiersin.org

https://doi.org/10.3389/fendo.2023.1098841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Rajput et al. 10.3389/fendo.2023.1098841
B

C

D

E

F

A

FIGURE 3

The effect of BP administration on various parameters in PHPT patients compared with baseline; (A) lumbar spine aBMD, (B) serum PTH, (C) serum
calcium (Ca), (D) serum OCN, (E) serum BALP, and (F) serum CTX-I.
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serum OCN levels were significantly decreased after BP use (SDM=

-1.097, 95% CI=-1.774 to -0.420, p=0.001) (Figure 3D).

Four datasets from as many studies were available for serum

BALP levels before and 12 months after BP use. There was significant

heterogeneity between the studies (I2=75.751, Q=12.372, p=0.006),

suggesting the use of random effects model for drawing inference. The

mean serum BALP level was significantly reduced after BP

administration compared with baseline (SDM=-1.339, 95% CI=

-2.035 to -0.643, p=0.0001) (Figure 3E).

Three datasets from as many studies were available for serum

CTX-1 before and 6 months after BP use. Significant heterogeneity

was observed in these studies (I2=93.547, Q=30.992, p=0.000),

suggesting the use of random effects model for data analysis. The

mean serum CTX-1 level was significantly decreased after BP

administration compared with baseline (SDM=-1.417, 95% CI=-

2.741 to -0.092, p=0.036) (Figure 3F).
3.4 Effects of ALN on aBMD and
biochemical parameters

3.4.1 Comparison with the baseline values
In the previous section, we found that BP administration

significantly improved aBMD, and decreased serum calcium as well

as BTMs. Here, we analyzed the effect of ALN on PHPT patients

because a sufficient number of studies was available to perform a

meta-analysis.

Seven datasets from as many studies were available for lumbar spine

aBMD before and 12 months after ALN use. The heterogeneity between

these studies was not significant (I2=0.000, Q=1.701, p=0.945), suggesting

the use of the fixed effect model for drawing inferences. Pooled analysis

showed a significant increase in the mean lumbar spine aBMD after ALN

administration compared with baseline (SDM=0.321, 95% CI=0.071 to

0.571, p=0.012) (Figure 4A). The funnel plot showed an asymmetric

distribution of studies (Egger’s regression intercept=2.455, p=0.009),

suggesting the presence of publication bias. Unbiased estimates were

used from the trim and fill method, and the values were adjusted (SDM=

0.199, 95% CI=-0.011 to 0.408).

Seven datasets from as many studies were available for femoral neck

aBMDbefore and 12months after ALN use. I2 value showed no significant

heterogeneity between these studies (I2=0.000, Q=0.622, p=0.996),

suggesting the use of the fixed effect model for drawing conclusions.

Pooled analysis showed that there was no significant change in the mean

femoral neck aBMD after ALN administration (SDM=0.170, 95% CI=-

0.079 to 0.418, p=0.181) (Supplementary Figure 3A).

Three datasets from as many studies were available for the distal

radius aBMD before and 12 months after ALN administration. There

was no significant heterogeneity between the studies (I2=0.000,

Q=0.048, p=0.976), suggesting the use of the fixed effect model for

data analysis. Pooled analysis showed no significant change in distal

radius aBMD after ALN use in PHPT patients (SDM=0.020, 95%

CI=-0.372 to 0.412, p=0.921) (Supplementary Figure 3B).

Seven datasets from as many studies were available for serum

PTH before and 12 months after ALN administration. Since the

heterogeneity between these studies was not significant (I2=0.000,

Q=5.620, p=0.467), we used the fixed effect model for drawing

inference. Pooled analysis showed a significant increase in serum
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PTH after ALN use (SDM=0.416, 95% CI=0.164 to 0.668,

p=0.001) (Figure 4B).

Five datasets from as many studies were available for serum

calcium before and 12 months after ALN use. There was significant

heterogeneity between these studies (I2=71.833, Q=14.201, p=0.007),

suggesting the use of the random effects model for drawing a

conclusion. Pooled analysis showed a significant decrease in serum

calcium after ALN use (SDM=-0.632, 95% CI=-1.261 to -0.004,

p=0.049) (Figure 4C).

Four datasets from as many studies were available for serum

phosphate before and 12 months after ALN use. Significant

heterogeneity was found between these studies (I2=69.175, Q=

9.732, p=0.021), which suggested the use of the random effects

model. Pooled analysis showed no significant change in serum

phosphate after ALN use (SDM=-0.567, 95% CI=-1.283 to 0.150,

p=0.121) (Supplementary Figure 3C).

Four datasets from as many studies were available for serum OCN

before and 12 months after ALN use. Significant heterogeneity was

found between these studies (I2=72.645, Q=10.967, p=0.012),

suggesting the use of the random effects model for drawing a

conclusion. Pooled analysis showed a significant decrease in serum

OCN after ALN use (SDM=-1.097, 95% CI=-1.774 to -0.420,

p=0.001) (Figure 4D).

Three datasets from as many studies were available for serum

BALP before and 12 months after ALN use. The heterogeneity

between these studies was not significant (I2=16.475, Q=2.394,

p=0.302), suggesting the use of the fixed effect model for drawing

inference. Pooled analysis showed a significant decrease in serum

BALP after ALN use (SDM=-1.617, 95% CI=-2.086 to -1.149, p=

0.0001) (Figure 4E).

3.4.2 Comparison with the placebo control
Five datasets from as many studies were available for lumbar

spine aBMD in PHPT patients treated with ALN for 12 months and

compared with placebo control. No significant heterogeneity was

found among these studies (I2=0.000, Q=1.892, p=0.756), suggesting

that the fixed effect model should be used for data analysis. The

pooled analysis showed that the mean lumbar spine aBMD in the

ALN group was significantly increased compared with the placebo

group (SDM=0.350, 95% CI=0.041 to 0.659, p=0.027) (Figure 5A).

Five datasets from as many studies were available for femoral neck

aBMD in the ALN and placebo groups. No significant heterogeneity

was observed among these studies (I2=0.000, Q=2.538, p=0.638),

suggesting the use of the fixed effect model for drawing inference.

The mean femoral neck aBMD was not significantly different in the

ALN and placebo group (SDM=0.250, 95% CI=-0.058 to 0.558,

p=0.111) (Supplementary Figure 4A).

Six datasets from as many studies were analyzed for serum PTH

in the ALN and placebo groups. Significant heterogeneity was found

in these studies (I2=56.799, Q=11.574, p=0.041), which suggested the

use of the random effects model for drawing conclusions. The pooled

analysis shows that PTH was significantly higher in the ALN group

compared with placebo (SDM=0.602, 95% CI=0.145 to 1.059,

p=0.010) (Figure 5B).

Five datasets from as many studies were available for serum

calcium in the ALN and placebo group. I2 values showed significant

heterogeneity (I2=87.843, Q=32.902, p=0.000), suggesting the use of
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FIGURE 4

The effect of ALN administration in PHPT patients compared with baseline; (A) lumbar spine aBMD, (B) serum PTH, (C) serum calcium (Ca), (D) serum
OCN, and (E) serum BALP.
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the random effects model. The mean serum calcium was not different

in the ALN and placebo groups (SDM=-0.381, 95% CI= -1.345 to

0.583, p=0.439) (Figure 5C).

Four datasets from as many studies were available for serum

phosphate in both groups. Since no significant heterogeneity was

found among these studies (I2=75.474, Q=12.232, p=0.007), we

applied the random effects model to draw the inference. No

significant change was found between the ALN and placebo groups

( SDM= - 0 . 3 6 9 , 9 5% C I= - 1 . 1 5 6 t o 0 . 4 1 8 , p = 0 . 3 5 8 )

(Supplementary Figure 4B).

Three datasets from as many studies were available for serum

BALP in the ALN and placebo groups. Significant heterogeneity was

observed among these studies (I2=93.550, Q=31.008, p=0.000), so the

random effects model was used for drawing conclusions. The mean

BALP was significantly decreased in the ALN group compared with

the p lacebo (SDM=-3 .422 , 95% CI=-5 .844 to -1 .000 ,

p=0.006) (Figure 5D).

Three datasets from as many studies were available for serum

OCN. Significant heterogeneity was found in these studies (I2=94.320,

Q=35.212, p=0.000), suggesting the use of the random effects model

for inference. The mean serum OCN was not significantly different in

the ALN and placebo groups (SDM=-1.947, 95% CI=-4.064 to 0.170,

p=0.072) (Supplementary Figure 4C).
3.5 Effect of denosumab on aBMD
compared with baseline

Three datasets from as many studies were available for lumbar

spine aBMD before and 6- or 12 months after denosumab use. The

fixed effect model was used for drawing inference because no

significant heterogeneity was observed between these studies

(I2=43.283, Q=3.526, p=0.172). Pooled analysis showed that the

mean lumbar spine aBMD significantly increased after denosumab

administration compared with the baseline (SDM=0.828, 95%

CI=0.378 to 1.278, p=0.0001) (Figure 6A).

Three datasets from as many studies were available for femur

neck aBMD before and 6- or 12 months after denosumab use. No

significant heterogeneity was observed between these studies

(I2=24.937, Q=2.664, p=0.264), suggesting the use of the fixed effect

model for drawing a conclusion. Pooled analysis showed that the

mean femoral neck aBMD significantly increased after denosumab

administration compared with the baseline (SDM=0.575, 95%

CI=0.135 to 1.015, p=0.010) (Figure 6B).

Only one study (31) had denosumab data for 24 months, and it

was not in the required format, thus resulting in its exclusion. We

could not analyze the biochemical parameters due to the limitation in

data availability.
3.6 Effect of PTX on aBMD and serum PTH
levels compared with baseline

In this meta-analysis, we focused on the effect of BPs and

denosumab but not PTX in PHPT patients. We included only those

studies where the data associated with PTX was provided as

additional information for the selected studies.
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Three datasets from as many studies were available for lumbar

spine aBMD before and 12 months after PTX. There was no

significant heterogeneity between these studies (I2=56.045, Q=4.550,

p=0.103), suggesting the use of the fixed effect model for data analysis.

In a pooled analysis, the mean lumbar spine aBMD significantly

increased after PTX compared with baseline (SDM=0.662, 95%

CI=0.319 to1.005, p=0.0001) (Figure 6C).

Three datasets from as many studies were available for serum PTH

after 12 months of PTX. Significant heterogeneity was observed between

these studies (I2=92.880, Q=28.090, p=0.0001), suggesting the use of the

random effects model for drawing inference. In the pooled analysis, the

mean serum PTH significantly decreased after PTX compared with

baseline (SDM=-2.723, 95% CI=-4.466 to -0.980, p=0.002) (Figure 6D).
3.7 Effect of 24 months of ALN use
on aBMD, PTH, and calcium compared
with baseline

The majority of the data was available for 12 months, and 24

months of ALN administration from 3 studies. Three datasets from as

many studies were available for lumbar aBMD before and 24 months

after ALN use. The heterogeneity was not significant between these

studies (I2=2.766, Q=2.057, p=0.358), suggesting the use of the fixed

effect model for drawing a conclusion. Pooled analysis showed a

significant increase in mean lumbar spine aBMD after ALN use

(SDM=0.724, 95% CI=0.295 to 1.153, p=0.001) (Figure 7A).

Three datasets from as many studies were available for femoral

neck aBMD before and 24 months after ALN use. The heterogeneity

in these studies was not significant (I2=0.000, Q=0.164, p=0.922),

suggesting the use of the fixed effect model for data analysis. Pooled

analysis showed no significant change in the mean femoral neck

aBMD after ALN administration (SDM=0.274, 95% CI=-0.141 to

0.690, p=0.195) (Figure 7B).

Three datasets from as many studies were available for serum

PTH before and 24 months after ALN use. The heterogeneity among

these studies was significant (I2=67.163, Q=6.091, p=0.048),

suggesting the use of the random effects model for drawing

inference. Pooled analysis showed that the mean PTH was not

significantly changed after ALN administration (SDM=0.213, 95%

CI=-0.551 to 0.977, p=0.585) (Figure 7C). Of the three studies, one

(18) was sensitive; however, meta-analysis excluding this could not be

performed due to the paucity of the number of studies.

Three datasets from as many studies were available for serum

calcium before and 24-months after ALN use. The heterogeneity was

significant between these studies (I2=90.505, Q=21.064, p=0.0001),

suggesting the use of the random effects model for drawing

conclusion. Pooled analysis showed a significant decrease in serum

calcium after ALN administration (SDM=-0.245, 95% CI=-1.728 to

1.237, p=0.746) (Figure 7D).
3.8 Publication bias

The majority of the parameters were unaffected by publication

bias. The unbiased estimates based on the trim and fill procedure have

been mentioned where they have been observed.
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3.9 Sensitivity analysis

The sensitivity analysis was performed with the exclusion of one

study at a time. No study was found to be sensitive.
4 Discussion

A recent paper performed meta-analyses of all available medical

and surgical modalities for PHPT in comparison to placebo control

and excluded non-RCT studies where endpoint effects were compared

with baseline (33). The parameters included in the meta-analysis were

BMD, PTH, and calcium, although for BMD, only a single dataset was

used for performing the meta-analysis. Our study examined whether

anti-resorptive medicines may improve BMD in PHPT patients, and

we focused on BPs and denosumab because there were sufficient

studies on these medications to do meta-analysis. The parameters

included in our study were BMD, calcium, phosphate, PTH, and
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BTMs. We included studies having placebo control as well as

comparison between endpoints and baseline, i.e., both RCT and

non-RCT. This way, we could most comprehensively capture the

effects of anti-resorptives on bone and mineral homeostasis in order

to determine their efficacy in protecting those PHPT patients from

osteoporotic fractures who are ineligible for surgery.

We found aBMD gains in nine and three studies with BPs (7 ALN,

1 etidronate, 1 neridronate) and denosumab for 12 months,

respectively; three with ALN and one with denosumab for 24

months, respectively. In the pooled analysis, BPs and denosumab

use in PHPT patients for 12 months increased aBMD in the lumbar

spine and femoral neck while decreasing serum calcium and

phosphate. When the effects of only BPs were considered at this

treatment duration, significant increases in lumbar spine aBMD,

decreases in BTMs (OCN, BALP, and CTX-I), and decreases in

serum calcium were observed. Of the BPs, sufficient studies were

available only with ALN to conduct a meta-analysis, which revealed

that ALN increased aBMD at the lumbar spine at 12- and 24 months
B

C

D

A

FIGURE 5

The effect of ALN administration on different parameters in PHPT patients compared with the placebo group; (A) lumbar spine aBMD, (B) serum PTH,
(C) serum calcium (Ca), and (D) serum BALP.
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FIGURE 6

The effect of denosumab use in PHPT patients compared with baseline; (A) lumbar spine aBMD, (B) femur neck aBMD; and PTX on (C) lumbar spine
aBMD, and (D) PTH in PHPT patients.
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but it did not affect aBMD at the femoral neck or the distal radius.

ALN also lowered serum calcium while increasing serum PTH, but

PTX normalized the hormone after 12 months. Serum PTH increased

significantly after 12 months but returned to baseline 24 months after

ALN use. Serum calcium levels dropped significantly after 12 months
Frontiers in Endocrinology 20
and returned to baseline after 24 months of ALN therapy. Regarding

the skeletal effect, denosumab was superior to ALN and PTX as it

increased aBMD at the lumbar spine as well as at the femoral neck.

PTX is the standard of care for symptomatic PHPT as well as in

selected patients of asymptomatic PHPT. However, PTX can result in
B

C

D

A

FIGURE 7

The effect of 24 months ALN administration on various parameters in PHPT patients compared with baseline; (A) lumbar spine aBMD, (B) femur neck
aBMD, (C) serum PTH, and (D) serum calcium (Ca).
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uncontrolled bone mineralization and hypocalcemia, a condition

known as “hungry bone syndrome (HBS)” (34). A significant

number of PHPT patients are unable to undergo PTX

(asymptomatic, personal wish, severe comorbidities, and advanced

age) (35). Mitigating hypercalcemia and its consequences, including

improving BMD and reducing fracture risk, are priorities in managing

such cases. Medical management for PHPT is not new. Anti-resorptives

have been used to prevent bone loss, reduce the risk of fracture, and

correct hypercalcemia although often temporarily. Cinacalcet has been

used to decrease PTH secretion and hypercalcemia. Mithramycin has

been historically used to normalize calcium (36). The main purpose of

anti-resorptive therapy is to provide functional remission, i.e.,

normalizing calcium and preventing BMD loss.

Our meta-analysis findings support the long-term use of ALN and

denosumab in providing skeletal protection in PHPT patients who are

ineligible for surgery or in cases of surgery delay. ALN raised aBMD at

the lumbar spine as compared to placebo (Figure 5A), while

denosumab increased both aBMD at the lumbar spine and femoral

neck when compared with baseline (Figures 6A, B). The effect on

aBMD was accompanied by a reduction in BTM parameters,

including serum calcium, OCN, BALP, and CTX-I. ALN had

similar effects on BMD improvement and BTM reduction in men

and women with PHPT (27). ALN at 12 months decreased serum

calcium; however, the effect disappeared at 24 months. The effect of

ALN in lowering serum calcium is inconsistent due to study

heterogeneity and insufficient number of studies that spanned for

24 months. There was no effect on serum phosphate with ALN use.

Only two denosumab studies measured serum calcium; in one, a

decline in serum calcium was observed during the first month, after

which it returned to baseline levels and continued until 50 weeks (21);

and in the second, a decrease in serum calcium was observed in the

first two weeks but then returned to the baseline levels and continued

throughout the study (6 months) (26). PHPT is characterized by

cortical bone loss with relative preservation of trabecular bone. In our

meta-analysis, we observed that the increase in aBMD was greater at

the trabecular site of the lumbar spine than the cortical site of the

femur neck with both ALN and denosumab. From these results, it

appears that the use of anti-resorptives in PHPT may have an impact

similar to postmenopausal osteoporosis in terms of slowing bone

remodeling but may fall short of significant reductions in the

modeling (at the cortical bone) and continuous BMU activation at

the endosteal surface as a consequence of increased PTH levels.

BMD is an important predictor of fracture risk, but fracture data

is essential to determine the treatment efficacy in osteoporosis. We

found that only two studies addressed fractures, and both observed no

significant effect of BPs on the rate of fragility fracture (30) and

fracture risk (29) in PHPT patients. Given insufficient data, we could

not perform a meta-analysis of the effect of BPs in modifying the risk

of fracture and hence propose future studies to acquire fracture data.

Strong suppression of bone resorption by anti-resorptive therapy in

PHPT could lead to the exacerbation of hyperparathyroidism. By a

pooled analysis, we observed there was an increase in serum PTH

following 12 months of ALN use. In the case of denosumab, one study

reported a moderate yet significant rise in PTH after 12 months (25);

while in another study conducted for 50 weeks, a rapid increase in PTH

level over the baseline was quickly followed by its return to the baseline

level till the end of the study (21). Unlike ALN, pooled analysis of the
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effect of denosumab on PTH levels after 12 months could not be done

due to the paucity of data. Only one study examined the short-term

effect of denosumab (3 and 6 months) on PTH levels in PHPT patients

and found that the drug had no effect (26). Future studies are required

to assess the effect of denosumab on PTH levels in PHPT patients.

These studies are essential for assessing the safety of long term

denosumab in PHPT as elevation of PTH has been reported to be

associated with adverse effects, including hypertension, left ventricular

hypertrophy, heart failure, and renal insufficiency (37).

Furthermore, the production offibroblast growth factor 23 (FGF23)

is increased by PTH, and the former is an independent marker for left

ventricular function (38). Thus, further elevation of serum PTH using

BPs in PHPT could heighten cardiovascular risk. Future studies should

measure FGF23 levels and monitor for any cardiovascular event in

PHPT patients treated with anti-resorptive drugs.

Theoretically, a calcimimetic drug that inhibits both PTH and

FGF23 can be combined with anti-resorptives for greater efficacy and

preventing cardiovascular morbidity. A clinical trial has considered

this combination and found that cinacalcet improved the biochemical

abnormalities and alendronate increased BMD at 24-months follow-

up (35). However, more such studies are required to determine the

efficacy and safety of these combinations through a meta-analysis.

The strengths of this meta-analysis are that a comparison of drug

effects has been made with both placebo and baseline, and drug effects

at the site-specific BMD and BTMs have been compared with PTX.

The limitations include the inclusion of both RCT and non-RCT

studies and the lack of fracture data due to insufficient data

availability. Head-to-head comparison between anti-resorptive and

PTX therapy is not possible because of the paucity of the studies.
5 Conclusion

Anti-resorptive therapies, including ALN and denosumab,

increase aBMD, decrease serum calcium, and inhibit BTMs in

PHPT patients. Alendronate significantly increases PTH levels in

PHPT patients compared with both baseline and placebo without

affecting normal mineral levels. Future studies should measure FGF23

and monitor cardiovascular events in PHPT patients receiving anti-

resorptive drugs. A combination of calcimimetic and anti-resorptive

drugs could provide an improved clinical profile over monotherapy to

treat aberrant bone and mineral homeostasis in PHPT patients.
Data availability statement

The original contributions presented in the study are included in

the article/Supplementary Material. Further inquiries can be directed

to the corresponding authors.
Author contributions

SwR conducted literature screening, statistical analyses of the

extracted data and wrote the manuscript; AD performed statistical

analyses of the extracted data and wrote the manuscript; SiR, AM, and

NC conceived the idea, conducted literature screening, and finalized
frontiersin.org

https://doi.org/10.3389/fendo.2023.1098841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Rajput et al. 10.3389/fendo.2023.1098841
the manuscript. All authors contributed to the article and approved

the submitted version.

Acknowledgments

This study was supported by a grant from the Council of Scientifc

and Industrial Research, Government of India, (MLP2035). Swati

Rajput acknowledges the Department of Biotechnology, Govt. of

India, for graduate fellowship (Ref No. DBT/2018/CDRI/1047). The

CDRI communication number for this paper is 10529.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Endocrinology 22
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1098841/

full#supplementary-material
References
1. Silvano A, Claudio M, Gatti D. Epidemiology of primary hyperparathyroidism in
Europe. J Bone Min Res (2002) 17:N18–23.

2. Melton LJ. Epidemiology of primary hyperparathyroidism. J Bone Min Res (1991) 6:
S25–30. doi: 10.1002/jbmr.5650061409

3. Bilezikian J. Primary hyperparathyroidism. In: Favus MJ, editor. Primary
hyperparathyroidism. In: Favus MJ, editor. Primer on the Metabolic Bone Diseases and
Disorders of Mineral Metabolism. Wiley-Blackwell (1999). 1:187–92.

4. Bergström I, Landgren BM, Freyschuss B. Primary hyperparathyroidism is common
in postmenopausal women with forearm fracture and low bone mineral density. Acta Obs
Gynecol Scand (2007) 86:61–4. doi: 10.1080/00016340601033287

5. Marcocci C, Cianferotti L, Cetani F. Bone disease in primary hyperparathyrodism.
Ther Adv Musculoskelet Dis (2012) 4:357–68. doi: 10.1177/1759720X12441869

6. Costa AG, Bilezikian JP. Bone turnover markers in primary hyperparathyroidism. J
Clin Densitom (2013) 16:22–7. doi: 10.1016/J.JOCD.2012.11.004

7. Bilezikian JP, Khan AA, Potts JT. Guidelines for the management of asymptomatic
primary hyperparathyroidism: summary statement from the third international
workshop. J Clin Endocrinol Metab (2009) 94:335–9. doi: 10.1210/JC.2008-1763

8. Silverberg SJ, Lewiecki EM, Mosekilde L, Peacock M, Rubin MR. Presentation of
asymptomatic primary hyperparathyroidism: proceedings of the third international
workshop. J Clin Endocrinol Metab (2009) 94:351–65. doi: 10.1210/JC.2008-1760

9. Aslam M, Talukdar R, Jagtap N, Rao GV, Pradeep R, Rao U. Clinical profile and
outcome of parathyroid adenoma − associated pancreatitis. Saudi J Med Med Sci (2018)
6:95–9. doi: 10.4103/sjmms.sjmms_80_17

10. Shoback DM, Bilezikian JP, Turner SA, Cary LCMC, Guo MD, Peacock M, et al.
The calcimimetic cinacalcet normalizes serum calcium in subjects with primary
hyperparathyroidism. J Clin Endocrinol Metab (2003) 88:5644–9. doi: 10.1210/jc.2002-
021597

11. Dandurand K, Ali DS, Khan AA. Primary hyperparathyroidism: A narrative review
of diagnosis and medical management. J Clin Med (2021) 10:1604. doi: 10.3390/
jcm10081604

12. Leere JS, Karmisholt J, Robaczyk M, Vestergaard P. Contemporary medical
management of primary hyperparathyroidism: A systematic review. Front Endocrinol
(Lausanne) (2017) 8:79. doi: 10.3389/fendo.2017.00079

13. Rajput S, Mehta P, Mittal M, Rajender S, Chattopadhyay N. Human relevance of
preclinical studies on the skeletal impact of inflammatory bowel Disease : A systematic
review and meta − analysis. Calcif Tissue Int (2021) 108:708–24. doi: 10.1007/s00223-021-
00808-5

14. Rossini M, Viapiana O, Kalpakcioglu B, Dhangana R, Gatti D, Braga V, et al. Long-
term effects of neridronate and its discontinuation in patients with primary
hyperparathyroidism. Calcif Tissue Int (2011) 89:21–8. doi: 10.1007/s00223-011-9489-x

15. Horiuchi T, Onouchi T, Inoue J, Shionoiri A, Hosoi T, Orimo H. A strategy for the
management of elderly women with primary hyperparathyroidism: A comparison of
etidronate therapy with parathyroidectomy. Clin Sect Gerontol (2002) 48:103–8. doi:
10.1159/000048935

16. Parker CR, Blackwell PJ, Fairbairn KJ, Hosking DJ. Alendronate in the treatment of
primary hyperparathyroid-related osteoporosis: A 2-year study. J Clin Endocrinol Metab
(2002) 87:4482–9. doi: 10.1210/jc.2001-010385

17. Chow CC, Chan WB, Li JKY, Chan NN, Chan MHM, Ko GTC, et al. Oral
alendronate increases bone mineral density in postmenopausal women with primary
hyperparathyroidism. J Clin Endocrinol Metab (2003) 88:581–7. doi: 10.1210/jc.2002-
020890

18. Khan AA, Bilezikian JP, Kung AWC, Ahmed MM, Dubois SJ, Ho AYY, et al.
Alendronate in primary hyperparathyroidism: A double-blind, randomized, placebo-
controlled trial. J Clin Endocrinol Metab (2004) 89:3319–25. doi: 10.1210/jc.2003-
030908

19. Akbaba G, Isik S, Ates Tutuncu Y, Ozuguz U, Berker D, Guler S. Comparison of
alendronate and raloxifene for the management of primary hyperparathyroidism. J
Endocrinol Invest (2013) 36:1076–82. doi: 10.3275/9095

20. Szymczak J, Bohdanowicz-Pawlak A. Osteoprotegerin, RANKL, and bone turnover
in primary hyperparathyroidism: The effect of parathyroidectomy and treatment with
alendronate. . Horm Metab Res (2013) 45:759–64. doi: 10.1055/s-0033-1349842

21. Leere JS, Karmisholt J, Robaczyk M, Lykkeboe S, Handberg A, Steinkohl E, et al.
Denosumab and cinacalcet for primary hyperparathyroidism (DENOCINA): a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Diabetes Endocrinol
(2020) 8:407–24. doi: 10.1016/S2213-8587(20)30063-2

22. Choe HJ, Koo BK, Yi KH, Kong SH, Kim JH, Shin CS, et al. Skeletal effects of
combined bisphosphonates treatment and parathyroidectomy in osteoporotic patients
with primary hyperparathyroidism. J Bone Miner Metab (2022) 40:292–300. doi: 10.1007/
s00774-021-01279-2

23. Rossini M, Gatti D, Isaia G, Sartori L, Braga V, Adami S. Effects of oral alendronate
in elderly patients with osteoporosis and mild primary hyperparathyroidism. J Bone Min
Res (2001) 16:113–9. doi: 10.1359/jbmr.2001.16.1.113

24. Cesareo R, Di Stasio E, Vescini F, Campagna G, Cianni R, Pasqualini V, et al.
Effects of alendronate and vitamin d in patients with normocalcemic primary
hyperparathyroidism. Osteoporos Int (2015) 26:1295–302. doi: 10.1007/s00198-014-
3000-2

25. Miyaoka D, Imanishi Y, Kato E, Toi N, Nagata Y, Kurajoh M, et al. Effects of
denosumab as compared with parathyroidectomy regarding calcium, renal, and bone
involvement in osteoporotic patients with primary hyperparathyroidism. Endocrine
(2020) 69:642–9. doi: 10.1007/s12020-020-02401-6

26. Grigorie D, Sucaliuc A. A single-dose, open-label, prospective clinical study of
denosumab in patients with primary hyperparathyroidism. Acta Endocrinol (Copenh)
(2014) 10:396–403. doi: 10.4183/aeb.2014.396

27. Khan AA, Bilezikian JP, Kung A, Dubois SJ, Standish TI, Syed ZA. Alendronate
therapy in men with primary hyperparathyroidism. Endocr Pract (2009) 15:705–13.
doi: 10.4158/EP08178.ORR

28. Tournis S, Fakidari E, Dontas I, Liakou C, Antoniou J, Galanos A, et al. Effect of
parathyroidectomy versus risedronate on volumetric bone mineral density and bone
geometry at the tibia in postmenopausal women with primary hyperparathyroidism. J
Bone Miner Metab (2014) 32:151–8. doi: 10.1007/s00774-013-0473-6

29. Orr LE, Zhou H, Zhu CY, Haigh PI, Adams AL, Yeh MW. Skeletal effects of
combined medical and surgical management of primary hyperparathyroidism. Surgery
(2020) 167:144–8. doi: 10.1016/j.surg.2019.04.059

30. Segula D, Nikolova T, Marks E, Ranganath L, Mishra V. Long term outcome of
bisphosphonate therapy in patients with primary hyperparathyroidism. Int J Clin Med
(2014) 05:829–35. doi: 10.4236/ijcm.2014.514111

31. Eller-Vainicher C, Palmieri S, Cairoli E, Goggi G, Scillitani A, Arosio M, et al.
Protective effect of denosumab on bone in older women with primary
hyperparathyroidism. J Am Geriatr Soc (2018) 66:518–24. doi: 10.1111/jgs.15250
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1098841/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1098841/full#supplementary-material
https://doi.org/10.1002/jbmr.5650061409
https://doi.org/10.1080/00016340601033287
https://doi.org/10.1177/1759720X12441869
https://doi.org/10.1016/J.JOCD.2012.11.004
https://doi.org/10.1210/JC.2008-1763
https://doi.org/10.1210/JC.2008-1760
https://doi.org/10.4103/sjmms.sjmms_80_17
https://doi.org/10.1210/jc.2002-021597
https://doi.org/10.1210/jc.2002-021597
https://doi.org/10.3390/jcm10081604
https://doi.org/10.3390/jcm10081604
https://doi.org/10.3389/fendo.2017.00079
https://doi.org/10.1007/s00223-021-00808-5
https://doi.org/10.1007/s00223-021-00808-5
https://doi.org/10.1007/s00223-011-9489-x
https://doi.org/10.1159/000048935
https://doi.org/10.1210/jc.2001-010385
https://doi.org/10.1210/jc.2002-020890
https://doi.org/10.1210/jc.2002-020890
https://doi.org/10.1210/jc.2003-030908
https://doi.org/10.1210/jc.2003-030908
https://doi.org/10.3275/9095
https://doi.org/10.1055/s-0033-1349842
https://doi.org/10.1016/S2213-8587(20)30063-2
https://doi.org/10.1007/s00774-021-01279-2
https://doi.org/10.1007/s00774-021-01279-2
https://doi.org/10.1359/jbmr.2001.16.1.113
https://doi.org/10.1007/s00198-014-3000-2
https://doi.org/10.1007/s00198-014-3000-2
https://doi.org/10.1007/s12020-020-02401-6
https://doi.org/10.4183/aeb.2014.396
https://doi.org/10.4158/EP08178.ORR
https://doi.org/10.1007/s00774-013-0473-6
https://doi.org/10.1016/j.surg.2019.04.059
https://doi.org/10.4236/ijcm.2014.514111
https://doi.org/10.1111/jgs.15250
https://doi.org/10.3389/fendo.2023.1098841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Rajput et al. 10.3389/fendo.2023.1098841
32. Mamedova E, Kolodkina A, Vasilyev EV, Petrov V, Belaya Z, Tiulpakov A.
Successful use of denosumab for life-threatening hypercalcemia in a pediatric patient
with primary hyperparathyroidism. Horm Res Paediatr (2020) 93:272–8. doi: 10.1159/
000510625

33. Ye Z, Silverberg SJ, Sreekanta A, Tong K, Wang Y, Chang Y, et al. The efficacy and
safety of medical and surgical therapy in patients with primary Hyperparathyroidism : A
systematic review and meta-analysis of randomized controlled trials. J Bone Miner Res
(2022) 37:2351–72. doi: 10.1002/jbmr.4685

34. Wayne IL, Tu HSS, Pei SKD. Bisphosphonate pretreatment attenuates hungry
bone syndrome postoperatively in subjects with primary hyperparathyroidism. J Bone
Min Metab (2006) 24:255–8. doi: 10.1007/s00774-005-0680-x
Frontiers in Endocrinology 23
35. Faggiano A, Di SC, Ramundo V, Severino R, Vuolo L, Coppola A, et al. Cinacalcet
hydrochloride in combination with alendronate normalizes hypercalcemia and improves
bone mineral density in patients with primary hyperparathyroidism. Endocr (2011)
39:283–7. doi: 10.1007/s12020-011-9459-0

36. Perlia CP, Gubisch NJ, Wolter J, Edelberg D, Dederick MM, Taylor SG.
Mithramycin treatment of hypercalcemia. Cancer (1970) 25:389–94. doi: 10.1002/1097-
0142(197002)25:2<389::aid-cncr2820250217>3.0.co;2-x

37. Brown SJ, Ruppe MD, Tabatabai LS. The parathyroid gland and heart disease.
Methodist Debakey Cardiovasc J (2017) 13:49–54. doi: 10.14797/mdcj-13-2-49

38. Faul C, Amaral AP, Oskouei B, Hu M, Sloan A, Isakova T, et al. FGF23 induces left
ventricular hypertrophy. J Clin Invest (2011) 121:4393–408. doi: 10.1172/JCI46122
frontiersin.org

https://doi.org/10.1159/000510625
https://doi.org/10.1159/000510625
https://doi.org/10.1002/jbmr.4685
https://doi.org/10.1007/s00774-005-0680-x
https://doi.org/10.1007/s12020-011-9459-0
https://doi.org/10.1002/1097-0142(197002)25:2%3C389::aid-cncr2820250217%3E3.0.co;2-x
https://doi.org/10.1002/1097-0142(197002)25:2%3C389::aid-cncr2820250217%3E3.0.co;2-x
https://doi.org/10.14797/mdcj-13-2-49
https://doi.org/10.1172/JCI46122
https://doi.org/10.3389/fendo.2023.1098841
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Efficacy of antiresorptive agents bisphosphonates and denosumab in mitigating hypercalcemia and bone loss in primary hyperparathyroidism: A systematic review and meta-analysis
	1 Introduction
	2 Method
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Outcome assessment
	2.5 Quantitative data analysis
	2.6 Sensitivity analysis
	2.7 Publication bias analysis

	3 Results
	3.1 Study characteristics and quality
	3.2 Effects of anti-resorptive drugs on aBMD and biochemical parameters compared with baseline
	3.3 Effects of BPs on aBMD and biochemical parameters compared with baseline
	3.4 Effects of ALN on aBMD and biochemical parameters
	3.4.1 Comparison with the baseline values
	3.4.2 Comparison with the placebo control

	3.6 Effect of PTX on aBMD and serum PTH levels compared with baseline
	3.7 Effect of 24 months of ALN use on aBMD, PTH, and calcium compared with baseline
	3.8 Publication bias
	3.9 Sensitivity analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


