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tItLE 

Title 1 Long-term skeletal outcomes of primary hyperparathyroidism patients after treatment with 
parathyroidectomy: a systematic review and meta-analysis

1

AbStrAct

Structured 
summary

2 background-	To	assess	and	definite	this	association	between	parathyroidectomy	(PTX)	and	long-term	
skeletal outcomes in primary hyperparathyroidism(PHPT) patients.
Methods- PubMed, EMBASE, Web of Science, and Cochrane Central Register of Controlled Trials were 
systematically searched up to June 31, 2017, without language restriction. Any study comparing skeletal 
outcomes (fracture risk or bone mineral density[BMD]) of PHPT patients after more than 12 months of PTX 
treatment	versus	non-PTX	treatment	was	included.	Pooled	relative	risks	or	odds	ratios	with	95	%	confidence	
intervals	and	weighted	mean	difference	were	calculated	using	random-effects	models	irrespective	of	
statistical heterogeneity assessed by I2 statistic.
results- Finally, 5 randomized controlled trials(RCTs, n = 584) and 10 cohort studies (CSs, n = 12202) were 
included.	CSs	suggest	PTX	treatment	versus	non-PTX	treatment	is	significantly	associated	with	36	%	
reduction in the risk of fracture, with no heterogeneity, and an increase in the lumbar spine change by 0.55 
WMD,	with	no	heterogeneity.	RCTs	indicate	PTX	treatment	versus	non-PTX	treatment	is	significantly	
associated with BMD change of 0.97 WMD at the lumbar spine, with substantial heterogeneity, and 1.23 
WMD at the femoral neck, with no heterogeneity.
conclusions- The existing CSs indicate PTX-treatment versus non-PTX-treatment might reduce the risk of 
fracture	in	PHPT	patients.	The	existing	RCTs	do	not	provide	sufficient	or	precise	evidence	that	PTX-treat-
ment	affects	the	fracture	risk	of	PHPT	patients,	but	offer	data	that	subsets	of	patients	who	could	
potentially	benefit	from	PTX-treatment	can	be	identified.

2

INtrODUctION

Rationale 3 Parathyroidectomy (PTX) and medical treatments(or conservative observation) are both recommended to 
reduce serum intact parathyroid hormone and cure PHPT. The comparison between PTX and conservative 
medical treatments(or conservative observation) has long been debated.

3

Objectives 4 P: PHPT patients
I: parathyroidectomy(PTX) treatment
C: non-PTX treatment
O: The association between parathyroidectomy (PTX) and long-term skeletal outcomes.
S: RCTs or CSs

5

MEtHODS 

Protocol and 
registration

5 No

Eligibility criteria 6 Clinical trials published until June, 2017 in PubMed, Ovid EMBASE, Web of Science, and Wiley Cochrane 
Central Register of Controlled Trials following Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses

5

Information 
sources

7 The keywords included “parathyroidectomy” or “PTX” or “parathyroid gland surgery”; and “primary 
hyperparathyroidism” or “PHPT”; and “fracture” or “bone mineral density” or “BMD”. XS M and XL L 
independently	searched	potential	studies	and	any	conflict	between	them	was	solved	by	Y	Z.	We	contacted	
the authors to clarify the published data if necessary.

5

Search 8 Full electronic search strategy

Study selection 9 The	inclusion	criteria	included(I)	RCTs	or	CSs	in	adults	(age	≥	18);	(II)comparison	of	fracture	risk	or	BMD	
between	PTX-treated	and	non-PTX-treated	PHPT	patients	with		≥	12	months	of	follow-up.	The	exclusion	
criteria	included(I)	Comparison	among	different	types	of	PTX	or	different	non-PTX-treatments,	or	
comparison before and after PTX treatment; (II)other study designs, such as unpublished study, quasi-ex-
periment, case report, comment, editorial, and letter.

5

Data collection 
process

10 When more than one study from the same team or institution met the inclusion criteria, only the study 
with the largest sample size or the latest publication was included.
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Data items 11 Study selection and data extraction were conducted as per a standard Cochrane protocol. All investigators 
independently	identified	potential	articles	for	retrieval	by	reviewing	the	abstracts.	Information	of	
demographic characteristics (mean age, female proportion ( %) and region), study design, follow-up 
duration and other confounding variables was extracted. If the data for meta-analysis were not provided or 
only expressed graphically, we contacted the authors for further information, and if they did not reply, we 
measured data from their graphs using the digital ruler software Engauge Digitizer or ignored.

5

Risk of bias in 
individual 
studies

12 Study quality was assessed by XS M and XL L independently. Risk of bias of each RCT, and the quality of 
each CS was evaluated with Risk of Bias Tool (Cochrane Collaboration) and the Newcastle-Ottawa scale 
(NOS) respectively.

6

Summary 
measures

13 BMDs expressed as continuous variables were replaced by the change-from-baseline data of weighted 
mean	difference	(WMD).	Moreover,	dichotomous	outcomes	(e.g.	fracture	risk)	were	pooled	using	relative	
risks	or	odds	ratios	with	95	%	confidence	interval	(CI).

Synthesis of 
results

14 this association between parathyroidectomy (PTX) and long-term skeletal outcomes in primary hyperpar-
athyroidism(PHPT) patients.

6

Section/topic # Checklist item Reported 
on page #

Risk of bias 
across studies

15 To examine publication bias, we investigated the asymmetry of funnel plots by using visual interpretation, 
Begg's	test	and	Egger's	test.	Publication	bias,	when	identified	was	processed	by	Duval	and	Tweedie's	
trim-and-fill	method.

6

Additional 
analyses

16 Given the priori heterogeneity of CSs, we conducted sensitivity analyses to assess whether heterogeneity 
could be attributed to measurable sources.

6

rESULtS 

Study selection 17 Figure 1

Study 
characteristics

18 Table 1 7

Risk of bias 
within studies

19 Methodological quality assessments of RCTs and CSs are presented in Fig. S2 and Table S1, respectively. 
Eight	of	the	10	CSs	are	of	high	quality	with	NOS	scores		≥	7	(average	7.7).

7

Results of 
individual 
studies

20

Synthesis of 
results

21 Finally, 5 randomized controlled trials(RCTs, n = 584) and 10 cohort studies (CSs, n = 12202) were included. 
CSs	suggest	PTX	treatment	versus	non-PTX	treatment	is	significantly	associated	with	36	%	reduction	in	the	
risk of fracture, with no heterogeneity, and an increase in the lumbar spine change by 0.55 WMD, with no 
heterogeneity.	RCTs	indicate	PTX	treatment	versus	non-PTX	treatment	is	significantly	associated	with	BMD	
change of 0.97 WMD at the lumbar spine, with substantial heterogeneity, and 1.23 WMD at the femoral 
neck, with no heterogeneity.

7-9

Risk of bias 
across studies

22 We found no evidence of publication bias by Egger's test. 8

Additional 
analysis

23 The	data	in	the	forest	plots(Fig.2)	revealed	considerable	differences	between	the	included	studies,	and	
much of the variance seems linked to the study of Fang et al. So a re-analysis was performed by excluding 
the study. The exclusion of the study did not alter the overall risk estimate (pooled RR, 0.64; 95 %CI, 
0.58-0.70; p < 0.001). Funnel plots show no apparent systematic bias in the fracture risk analysis(Begg test, 
p = 1.0, Egger’s test, p = 0.402).

8

DIScUSSION 

Summary of 
evidence

24 Then	we	discuss	the	primary	findings	from	this	systematic	review	and	meta-analysis.	First,	RCTs	suggest	
PTX-treatment	and	non-PTX-treatment	are	significantly	different	in	BMD	change(g/cm2)	at	both	the	
lumbar	spine	and	femoral	neck.	Second,	CSs	indicate	the	two	strategies	are	significantly	different	in	BMD	
change(z score) at the lumbar spine, and in the risk of fracture with a 36 % reduction, which seems to 
nearly match the expected decline in overall risk of fractures using the estimates by Marshall et al.

9

Limitations 25 First, we could not identify unpublished reports, which might bias our results. Second, neither meta-re-
gression	nor	separate	subanalyses	were	prespecified	because	of	the	small	number	of	included	studies.	
Third, Begg's and Egger's tests were used for detecting publication bias, however, it might have limited 
power	to	find	because	of	low	sample	sizes.	Moreover,	information	about	vitamin	D	or	calcium	intake,	which	
could disturb the skeletal outcomes, was not collected.
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Conclusions 26 the included CSs suggest PTX-treatment versus non-PTX-treatment might reduce the risk of fracture in 
PHPT	patients.	The	existing	RCTs	do	not	provide	sufficient	or	precise	evidence	that	PTX-treatment	affects	
the	fracture	risk	of	PHPT	patients,	although	subsets	of	patients	who	could	potentially	benefit	from	
PTX-treatment	can	be	identified	by	using	existing	data	from	the	RCTs.

10

FUNDING 
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▶table S1  Quality assessment of the cohort studies included in the meta-analysis by NOSa-(continued).

NOS scale Fang et al 
(2008)

rubin et al 
(2008)

VanderWalde et al 
(2009)

tournis et al 
(2014)

Yeh et al 
(2016)

A-Selection (maximum 4 * )

  1.Representativeness of general community 
population

 *  *  *  *  * 

  2.The reference group was drawn from the 
same community

 *  *  *  *  * 

  3.Ascertainment the exposure of parathyroidec-
tomy treatment

 *  *  *  *  * 

 4. Primary end point was not present at baseline  *  *  *  *  * 

B-Comparability (maximum 2 * )

 5.Controlled for age 0  *  * 0  * 

 6.Controlled for 2 or more variables 0  *  * 0  * 

C-Outcome (maximum 3 * )

	 	7.Primary	end	point	was	certificated	by	hospital	
or local municipal registration

 *  *  *  *  * 

	 	8.	Adequate	duration	of	follow-up(	≥	12	
momths)

 *  *  *  *  * 

 9.Adequacy of follow-up rate ( > 90 %) of cohorts  * 0  *  *  * 

Total scores (maximum 9 * ) 7 8 9 7 9

a “NOS” represented the Newcastle-Ottawa Scale

 “ * ” meant the study was corresponded to the NOS criteria,” 0” meant the study wasn’t correspond to the NOS criteria.
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▶table S2  Quality assessment of the cohort studies included in the meta-analysis by NOSa.

NOS scale Silverberg et al 
(1999)

Vestergaard et al 
(2003)

rao et al 
(2003)

Nomura et al 
(2004)

VanderWalde et al 
(2006)

A-Selection (maximum 4 * )

 1.Representativeness of general 
community population

 *  *  *  *  * 

 2.The reference group was drawn 
from the same community

 *  *  *  *  * 

 3.Ascertainment the exposure of 
parathyroidectomy treatment

 *  *  *  *  * 

 4. Primary end point was not present 
at baseline

 *  *  *  *  * 

B-Comparability (maximum 2 * )

 5.Controlled for age 0  * 0 0  * 

 6.Controlled for 2 or more variables 0  * 0 0  * 

C-Outcome (maximum 3 * )

	 7.Primary	end	point	was	certificated	
by hospital or local municipal 
registration

 *  *  *  *  * 

 8. Adequate duration of fol-
low-up(	≥	12	momths)

 *  *  *  *  * 

 9.Adequacy of follow-up rate 
( > 90 %) of cohorts

0  *  * 0  * 

Total scores (maximum 9 * ) 6 9 7 6 9

a “NOS” represented the Newcastle-Ottawa Scale

“ * ” meant the study was corresponded to the NOS criteria,” 0” meant the study wasn’t correspond to the NOS criteria.
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▶Fig. S1 Risk of bias assessment of randomized controlled trials


