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IMPORTANCE Primary hyperparathyroidism (PHPT) contributes to the development and
progression of osteoporosis in older adults. The effectiveness of parathyroidectomy for
reducing fracture risk in older adults is unknown.

OBJECTIVE To compare the incidence of clinical fracture among older adults with PHPT
treated with parathyroidectomy vs nonoperative management.

DESIGN, SETTING, AND PARTICIPANTS This was a population-based, longitudinal cohort study
of all Medicare beneficiaries with PHPT from 2006 to 2017. Multivariable, inverse probability
weighted Cox proportional hazards and Fine-Gray competing risk regression models were
constructed to determine the association of parathyroidectomy vs nonoperative
management with incident fracture. Data analysis was conducted from February 17, 2021, to
September 14, 2021.

MAIN OUTCOMES AND MEASURES The primary outcome was clinical fracture at any anatomic
site not associated with major trauma during the follow-up period.

RESULTS Among the 210 206 Medicare beneficiaries with PHPT (mean [SD] age, 75 [6.8]
years; 165 637 [78.8%] women; 183 433 [87.3%] White individuals), 63 136 (30.0%)
underwent parathyroidectomy within 1 year of diagnosis, and 147 070 (70.0%) were
managed nonoperatively. During a mean (SD) follow-up period of 58.5 (35.5) months, the
unadjusted incidence of fracture was 10.2% in patients treated with parathyroidectomy.
During a mean (SD) follow-up of 52.5 (33.8) months, the unadjusted incidence of fracture was
13.7% in patients observed nonoperatively. On multivariable analysis, parathyroidectomy was
associated with lower adjusted rates of any fracture (hazard ratio [HR], 0.78; 95% CI,
0.76-0.80]) and hip fracture (HR, 0.76; 95% CI, 0.72-0.79). At 2, 5, and 10 years,
parathyroidectomy was associated with adjusted absolute fracture risk reduction of 1.2%
(95% CI, 1.0–1.4), 2.8% (95% CI, 2.5–3.1), and 5.1% (95% CI, 4.6–5.5), respectively, compared
with nonoperative management. On subgroup analysis, there were no significant differences
in the association of parathyroidectomy with fracture risk by age group, sex, frailty, history of
osteoporosis, or meeting operative guidelines. Fine-Gray competing risk regression
confirmed parathyroidectomy was associated with a lower probability of any fracture and hip
fracture when accounting for the competing risk of death (HR, 0.84; 95% CI, 0.82-0.85; and
HR, 0.83; 95% CI, 0.80-0.85, respectively).

CONCLUSIONS AND RELEVANCE This longitudinal cohort study found that parathyroidectomy
was associated with a lower risk of any fracture and hip fracture among older adults with
PHPT, suggesting a clinically meaningful benefit of operative management in this population.
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P rimary hyperparathyroidism (PHPT) is a common en-
docrine disorder among older adults that is associated
with the development and progression of osteoporosis1,2

in addition to kidney stones,3 declining kidney function,4 and
impaired quality of life.5 The condition primarily affects pa-
tients 65 years and older in the US, and its prevalence has been
increasing during the past 3 decades.6 Parathyroidectomy is
the only treatment for PHPT and is recommended for all pa-
tients with symptomatic disease and for asymptomatic pa-
tients who meet consensus operative criteria.7 Guidelines for
operative management have expanded during the past 20
years, coinciding with advancements in imaging for parathy-
roid localization and minimally invasive operative tech-
niques. However, the vast majority of older adults with PHPT
are observed nonoperatively, and rates of parathyroidectomy
among this population have been declining over time.8,9 Low
utilization of parathyroidectomy is likely related to the ab-
sence of high-quality comparative effectiveness studies of para-
thyroidectomy among older adults with PHPT, especially
among those in their 70s and 80s.

Primary hyperparathyroidism is associated with an
increased risk of fractures.10 Randomized clinical trials have
shown that parathyroidectomy results in improvements in
bone mineral density, while nonoperative management is
associated with declining bone mass over time.1,2,11 There are
limited data to indicate whether this translates into fracture
risk reduction for older adults specifically. A large observa-
tional study of patients with PHPT11 showed that parathy-
roidectomy was associated with a reduced risk of fractures
compared with observation or treatment with bisphospho-
nates; however, the operatively managed cohort was much
younger than the nonoperatively managed cohort, and the
analysis did not account for relevant competing risks. There-
fore, the findings cannot be extrapolated to make treatment
decisions for older adults, who are the predominant popula-
tion diagnosed with PHPT.

The aim of this study was to determine if parathyroidec-
tomy is independently associated with a reduced risk of clini-
cal fracture in older adults with PHPT using methods that
control for treatment selection bias and account for the com-
peting risk of death. We also analyzed short- and long-term
absolute fracture risk reduction and heterogeneity of treat-
ment effects among subgroups of interest, including those
individuals with and without osteoporosis. We hypothesized
that the benefits of parathyroidectomy associated with frac-
ture risk reduction would also be evident among older adults
and that the time horizon to benefit from parathyroidectomy
could be established to inform treatment decisions among
this population.

Methods
We performed a population-based longitudinal cohort study
of all Medicare beneficiaries diagnosed with PHPT using
100% Medicare fee-for-service claims from January 1, 2006,
to December 31, 2017, including outpatient claims, carrier
claims, Medicare Provider Analysis and Review files, and

Master Beneficiary Summary File files. Claims were accessed
through the Virtual Research Data Center housed on a secure
server managed by the Centers for Medicare & Medicaid Ser-
vices (CMS).

The institutional review board at Stanford University ap-
proved this study and waived the need for informed consent
because this was research involving minimal risk to partici-
pants that could not be carried out practicably without the
waiver. This study was performed in accordance with the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) Statement guidelines for observational
research.12

Study Population
Details on the cohort creation are available in a previously
published article.9 In brief, patients 65 years and older with
incident diagnosis of PHPT were identified by the Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Ninth Revision (ICD-9) or Tenth Revision (ICD-10)
diagnosis codes for PHPT (252.01, E21.0) appearing on any of
their Medicare insurance claims during the study period
(2006-2017). Patients were excluded based on codes indicat-
ing possible secondary or tertiary hyperparathyroidism or
prior parathyroidectomy; missing demographic information
(age, sex, race or ethnicity); or having a mailing zip code out-
side of the US or unavailable in US Census or Area Deprivation
Index (ADI) data. Included patients were required to have at
least 12 months of continuous enrollment in Medicare Parts A
and B before and after PHPT diagnosis to allow ascertainment
of preexisting medical comorbidities or PHPT and to identify
patients treated with parathyroidectomy within 1 year of diag-
nosis. Beneficiaries enrolled in Medicare Part C (Medicare
Advantage Plans) were excluded from the analyses to ensure
complete evaluation of claims.

Treatment for PHPT
Patients were assigned to the parathyroidectomy treatment
group if they were treated with parathyroidectomy within 1 year
of diagnosis. All other patients were included in the nonop-
erative management group, including those who underwent
delayed parathyroidectomy; the goal was to mimic an inten-
tion-to-treat analysis. We identified patients who underwent
parathyroidectomy by using the related ICD-9 codes (06.81,

Key Points
Question Is parathyroidectomy associated with a lower risk of
fracture compared with nonoperative management among older
adults with primary hyperparathyroidism (PHPT)?

Findings This population-based longitudinal cohort study of
210 206 Medicare beneficiaries with PHPT from 2006 to 2017
found that treatment with parathyroidectomy was associated with
a lower adjusted risk of any clinical fracture and hip fracture
compared with nonoperative management.

Meaning The findings of this longitudinal cohort study indicate that
parathyroidectomy is associated with lower fracture risk among
older adults with PHPT and should be considered for this age group.

Risk of Fracture Among Older Adults After Parathyroidectomy vs Nonoperative Management Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine January 2022 Volume 182, Number 1 11

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Yale University User  on 01/05/2022

https://www.equator-network.org/reporting-guidelines/strobe/
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.6437


06.89, 06.99), ICD-10 codes (0GBLxxx, 0GBMxxx, 0GBNxxx,
0GBPxxx, 0GBQxxx, 0GBRxxx), and Current Procedural Ter-
minology codes (60500, 60502, 60505) on claims from all
health care settings. The treatment date for the parathyroid-
ectomy group was the date of surgery. For the nonoperatively
managed group, a random treatment date was generated for
each beneficiary. These treatment dates had the same overall
distribution as those of the parathyroidectomy group to en-
sure that follow-up times would be of similar duration.

Outcomes
The primary outcome of interest was incident clinical frac-
ture at any site. The secondary outcome of interest was inci-
dent clinical hip fracture. Fractures were identified using a
modified claims-based algorithm13 that has been shown to have
high validity in Medicare claims when compared with gold
standard medical record review (positive predictive value >85%
for all fracture sites). Fractures associated with major acci-
dents (eg, motor vehicle accidents, strike by falling object, ac-
cidents caused by firearms) were excluded based on ICD-9 and
ICD-10 external cause-of-injury codes (E-codes). Fractures as-
sociated with falls were identified using E-codes and were in-
cluded because patients with PHPT-associated osteopenia or
osteoporosis may be at higher risk of fractures associated with
falls. We assessed the harms of parathyroidectomy by analyz-
ing the occurrence of recurrent laryngeal nerve injury based
on relevant ICD-9 and ICD-10 diagnosis codes or tracheos-
tomy procedure codes within 6 months of surgery.

Covariates
Demographic characteristics (age, sex, race and ethnicity) and
information on place of residence (ADI, urban/rural area) were
assessed at the time of PHPT diagnosis (cohort entry). Mail-
ing address zip code was used to estimate each patient’s so-
cioeconomic status based on area deprivation index (ADI)
score, a validated measure of neighborhood disadvantage in
the US.14,15 Beneficiary mailing zip code was also used to
classify urban vs rural inhabitance based on US Census Bu-
reau data, as previously described.9,16 Comorbidities and frailty
were assessed during a 1-year period before treatment. We used
the Charlson-Deyo Comorbidity Index to assess patient
comorbidity.17,18 A validated claims-based frailty index using
the deficit accumulation model was used to classify patients
as robust, prefrail, mildly frail, or moderately-to-severely frail.19

A history of stage 3 chronic kidney disease (CKD) or kidney
stones, both of which are associated with PHPT and are indi-
cations for parathyroidectomy based on multidisciplinary
guidelines,7 was identified based on ICD-9 and ICD-10 diag-
nosis codes from all available claims prior to treatment. Pa-
tients were identified as having received endocrinologist spe-
cialty care 6 months before or after treatment based on at least
1 outpatient or carrier claim with a CMS provider specialty code
indicating subspecialty training in endocrinology and a diag-
nosis code for PHPT or related sequelae (eg, hypercalcemia,
kidney stones, osteoporosis).

Risk factors for fractures included as covariates were a his-
tory of osteoporosis, a prior fracture, tobacco use, alcohol use
disorder, and obesity. History of osteoporosis was identified

based on the CMS Chronic Conditions Data Warehouse “os-
teoporosis ever” indicator variable, which is based on ICD-9
and ICD-10codes for osteoporosis, evaluated from all avail-
able claims before the treatment date.20 Beneficiaries with prior
fractures were identified by applying the fracture algorithm
described13 to all claims before the treatment date. Tobacco use,
alcohol use disorders, and obesity were identified using CMS
Chronic Conditions Data Warehouse indicator variables with
these names in the year of treatment, which have reference pe-
riods of 2 years of claims.20 We conducted a subgroup analy-
sis of patients with continuous enrollment in Medicare Part D
(prescription drug coverage) for 1 year before treatment to
account for pharmacologic therapies that affect fracture risk
and the use of cinacalcet, a calcimimetic that lowers serum
calcium but has not been associated with improvement in
bone mineral density in patients with PHPT.21 Beneficiaries
were classified as receiving long-term steroid treatment
according to Medicare Part D claims for oral glucocorticoids
(prednisone, prednisolone, methylprednisolone, hydrocor-
tisone, dexamethasone, or budesonide) if they had filled
prescriptions for more than a 180-day supply in the year
before treatment. Patients receiving pharmacologic therapy
for osteoporosis were identified using National Drug Code
and the Healthcare Common Procedure Coding System
codes from claims for bisphosphonates (alendronate, rised-
ronate, ibandronate, zoledronate, pamidronate), deno-
sumab, parathyroid hormone and parathyroid hormone-
related protein analogs (teriparatide, abaloparatide), and
selective estrogen receptor modulators (raloxifene) at any
time before treatment.

Statistical Analysis
The analytic approach used in this study sought to identify
whether parathyroidectomy is independently associated with
the rate of incident clinical fractures after adjusting for pa-
tient factors that could be confounders or contribute to treat-
ment selection bias and accounting for the competing risk of
death. Univariate comparisons were performed using χ2 and
Student t tests.

To reduce treatment selection bias, we performed pro-
pensity score weighting and estimated the average treatment
effect using the weighted population. For the propensity score
model, we selected a priori demographic and clinical charac-
teristics that likely influence receipt of parathyroidectomy
and development of the primary outcome (ie, incident clinical
fracture) including: age; sex; race or ethnicity; Charlson-Deyo
Comorbidity Index; frailty; ADI; urban or rural residence; his-
tory of stage 3 CKD, kidney stones, or osteoporosis at any
point before PHPT diagnosis; endocrinologist care; and addi-
tional fracture risk factors (ie, prior fracture, tobacco use dis-
order, alcohol use disorder, obesity). Standard mean differ-
ences (SMDs) were used to assess covariate balance between
patients who underwent parathyroidectomy and patients
who were observed nonoperatively after inverse probability
weighting22; SMDs greater than 10% were considered mean-
ingful differences. We then calculated inverse probability
weighted (IPW) cause-specific Cox proportional hazard time-
to-event regression models to estimate the association
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between parathyroidectomy and the primary and secondary
outcomes (ie, incident fracture and incident hip fracture). To
assess if parathyroidectomy is associated with a decreased
risk of fracture when accounting for the competing risk of
death, IPW Fine-Gray competing risk regression models were
calculated as well.23,24 We doubly adjusted for all demo-
graphic and clinical factors that were included in the propen-
sity score model.25 Patients were censored at loss of Medicare
coverage for both treatment groups, and death was accounted
for as a competing risk in the Fine-Gray analysis. We included
interaction terms to test for effect modification of treatment
by a priori specified subgroups (sex, age group, frailty, history
of osteoporosis, and meeting operative guidelines for parathy-
roidectomy based on a history of stage 3 CKD, kidney stones,
or osteoporosis at diagnosis) and generated hazard ratios
(HRs) for parathyroidectomy vs nonoperative management
within each specified subgroup. As a sensitivity analysis to
assess the likelihood of residual confounding, we calculated
E-values for the primary and secondary outcomes, as previ-
ously described.26,27 Statistical significance was assessed at
α = .05 and all analyses were 2-tailed. Statistical analyses
were performed using SAS, version 9.4 (SAS Institute Inc)
from February 17, 2021, to September 14, 2021.

Results
We identified 210 206 Medicare beneficiaries diagnosed with
PHPT from January 1, 2006, to December 31, 2017 (eFigure in
the Supplement). The mean (SD) age of the study cohort was
75 (6.8) years; 165 637 (78.8%) participants were women; 453
(0.2%) were American Native; 1953 (0.9%), Asian; 19 797 (9.4%),
Black; 2280 (1.1%), Hispanic; and 83 433 (87.3%), White
(Table 1). Of the cohort, 63 136 (30.0%) patients underwent
parathyroidectomy and 147 070 (70.0%) were observed non-
operatively within 1 year. Patients treated with parathyroid-
ectomy were younger compared with the nonoperative group
(mean age, 73.5 vs 76.0 years; P < .001), and more likely to be
White, nonfrail, and have a lower comorbidity burden (Table 1).
Patients in the operatively managed group were less likely to
have a history of osteoporosis and prior fracture than pa-
tients in the nonoperatively managed group (41.6% vs 44.1%
and 7.4% vs 9.9%, respectively; P < .001). A total of 12 089 pa-
tients underwent delayed parathyroidectomy during follow-
up, which occurred an average of 35 months after PHPT diag-
nosis. There was no clinically significant difference in the mean
age of patients who underwent delayed (73.9 years) vs early
(73.5 years) treatment with parathyroidectomy. Baseline char-
acteristics were well-balanced between treatment groups
after propensity score IPW.

During a mean (SD) follow-up period of 58.5 (35.5)
months, 6447 (10.2%) and 1831 (2.9%) patients treated with
parathyroidectomy developed any fracture and hip fracture,
respectively. With a mean (SD) follow-up period of 52.5
(33.8) months, 20 076 (13.7%) and 6190 (4.2%) patients
treated nonoperatively developed any fracture and hip frac-
ture, respectively. Recurrent laryngeal nerve injury was
observed in 622 (0.99%) of 63 136 patients treated with para-

thyroidectomy. On multivariable analysis, parathyroidec-
tomy was associated with lower adjusted rate of any fracture
(HR, 0.78; 95% CI, 0.76-0.80) and hip fracture (HR, 0.76; 95%
CI, 0.72-0.79) compared with nonoperative management
(Table 2). At 1, 2, 5, and 10 years, parathyroidectomy was as-
sociated with statistically significant adjusted absolute frac-
ture risk reduction compared with nonoperative manage-
ment (Table 3). Figure 1 shows the cumulative incidence curve
demonstrating the unadjusted incidence of any fracture among
the parathyroidectomy and nonoperatively managed treat-
ment groups. Fine-Gray competing risk regression confirmed
parathyroidectomy was associated with a lower risk of any frac-
ture (HR, 0.84; 95% CI, 0.82-0.85) and hip fracture (HR, 0.83;
95% CI, 0.80-0.85) when accounting for the competing risk of
death (eTable 1 in the Supplement). On stratified subgroup
analyses, there were no significant differences in the associa-
tion of parathyroidectomy with fracture risk by sex, age group,
frailty, history of osteoporosis, or meeting guideline criteria
for parathyroidectomy (Figure 2). The E-value analyses dem-
onstrated that an unmeasured confounder would need to
have a minimum association (HR) of 1.88 (95% CI, 1.81) for any
fracture and 1.96 (95% CI, 1.85) for hip fracture with both the
treatment and the outcome, conditional on the measured co-
variates, to negate the observed treatment effect.

We performed a secondary analysis of patients with pre-
treatment Medicare Part D (prescription drug coverage). A total
of 110 552 (52.6%) patients had continuous enrollment in Medi-
care Part D for 1 year before their treatment date and were in-
cluded in the subgroup analysis accounting for pharmaco-
logic therapy. Among the 54 853 patients with PHPT and a
history of osteoporosis, 26 673 (50.5%) received pharmaco-
logic therapy for osteoporosis before treatment, suggesting
more severe disease (eTable 2 in the Supplement). In addi-
tion, 1408 (1.3%) patients received long-term steroids, and 2757
patients (2.5%) received cinacalcet. On multivariable analy-
sis, parathyroidectomy remained associated with a lower ad-
justed rate of any fracture (HR, 0.77; 95% CI, 0.74-0.80) and
hip fracture (HR, 0.70; 95% CI, 0.68-0.71) compared with
nonoperative management after also adjusting for a history of
pharmacologic treatment for osteoporosis, long-term steroid
use, and cinacalcet use (eTable 3 in the Supplement).

Discussion
In this long-term follow-up of a nationally representative popu-
lation of older adults with PHPT, we found that treatment with
parathyroidectomy was associated with a lower rate of any frac-
ture and hip fracture compared with nonoperative manage-
ment, with statistically significant absolute fracture risk re-
duction evident as early as 1 year following treatment. Fracture
risk reduction was similar when accounting for the severity of
osteoporosis based on a history of treatment with bisphos-
phonates or other pharmacologic therapy and the competing
risk of death. Parathyroidectomy was associated with robust
fracture risk reduction in patients of all age groups and frailty
categories. In addition, there were no significant differences
in the association of parathyroidectomy with fracture risk

Risk of Fracture Among Older Adults After Parathyroidectomy vs Nonoperative Management Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine January 2022 Volume 182, Number 1 13

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Yale University User  on 01/05/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.6437?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.6437
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.6437?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.6437
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.6437?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.6437
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.6437?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.6437
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.6437


among women of postmenopausal age and older men, those
individuals with and without osteoporosis, or those who met
and did not meet operative guidelines, suggesting the skel-
etal benefits of parathyroidectomy are not limited to specific

populations at higher risk of fractures. Overall, the study re-
sults show a clinically meaningful association of parathyroid-
ectomy with a lower risk of overall and hip fractures among
older adults with PHPT and suggest operative management

Table 1. Baseline Characteristics of Medicare Beneficiaries With Primary Hyperparathyroidism (2006-2017)

Characteristic

Unadjusted, No. (%)

SMD

IPW-adjusted, %a

SMDOverall cohort
Parathyroid-
ectomy Nonoperative Overall cohort

Parathyroid-
ectomy Nonoperative

Total No. 210 206 63 136 147 070 NA 210 206 63 136 147 070 NA

Sex

Male 44 569 (21.2) 13 684 (21.7) 30 885 (21.0) −0.016 21.1 20.9 21.1 0.007

Female 165 637 (78.8) 49 452 (78.3) 116 185 (79.0) 0.016 78.9 79.1 78.9 −0.007

Age group, y

66-75 117 960 (56.1) 42 024 (66.6) 75 936 (51.6) −0.307 56.0 55.8 56.1 0.005

76-85 73 491 (35.0) 19 010 (30.1) 54 481 (37.0) 0.147 35.1 35.2 35.0 −0.005

≥86 18 755 (8.9) 2102 (3.3) 16 653 (11.3) 0.310 8.9 8.9 8.9 0.000

Race or ethnicity

American Native 453 (0.2) 150 (0.2) 303 (0.2) −0.007 0.2 0.2 0.2 −0.001

Asian 1953 (0.9) 390 (0.6) 1563 (1.1) 0.049 0.9 1.0 0.9 −0.005

Black 19 797 (9.4) 4741 (7.5) 15 056 (10.2) 0.096 9.5 9.6 9.4 −0.007

Hispanic 2280 (1.1) 480 (0.8) 1800 (1.2) 0.047 1.1 1.1 1.1 0.000

White 183 433 (87.3) 56 888 (90.1) 126 545 (86.0) −0.126 87.2 87.0 87.2 0.007

Unknown 2290 (1.1) 487 (0.8) 1803 (1.2) 0.046 1.1 1.1 1.1 0.001

ADI group

Most advantaged 52 899 (25.2) 12 717 (20.1) 40 182 (27.3) 0.169 25.1 25.0 25.1 0.002

Slightly advantaged 68 471 (32.6) 20 784 (32.9) 47 687 (32.4) −0.011 32.5 32.4 32.5 0.004

Slightly
disadvantaged

65 887 (31.3) 22 093 (35.0) 43 794 (29.8) −0.112 31.4 31.5 31.4 −0.003

Most disadvantaged 22 949 (10.9) 7542 (11.9) 15 407 (10.5) −0.047 11.0 11.1 10.9 −0.005

Geography

Urban 178 718 (85.0) 51 689 (81.9) 127 029 (86.4) 0.123 84.9 84.9 85.0 0.003

Rural 31 488 (15.0) 11 447 (18.1) 20 041 (13.6) −0.123 15.1 15.1 15.0 −0.003

Frailty

Robust 72 794 (34.6) 24 450 (38.7) 48 344 (32.9) −0.122 34.7 34.8 34.7 −0.004

Prefrail 109 087 (51.9) 32 866 (52.1) 76 221 (51.8) −0.005 51.8 51.8 51.9 0.002

Mildly frail 19 462 (9.3) 4041 (6.4) 15 421 (10.5) 0.147 9.3 9.3 9.3 0.000

Moderately-to-
severely frail

8863 (4.2) 1779 (2.8) 7084 (4.8) 0.104 4.2 4.1 4.2 0.005

Charlson-Deyo Comorbidity Index score

0 47 672 (22.7) 16 201 (25.7) 31 471 (21.4) −0.101 22.7 22.7 22.7 −0.001

1 46 003 (21.9) 14 515 (23.0) 31 488 (21.4) −0.038 21.9 22.0 21.9 −0.002

≥2 116 531 (55.4) 32 420 (51.3) 84 111 (57.2) 0.117 55.4 55.3 55.4 0.002

Indications for parathyroidectomy

History of
osteoporosis

91 122 (43.4) 26 247 (41.6) 64 875 (44.1) 0.051 43.3 43.3 43.3 0.000

History of kidney
stones

30 470 (14.5) 11 197 (17.7) 19 273 (13.1) −0.128 14.4 14.3 14.4 0.003

History of stage 3
CKD

20 435 (9.7) 4300 (6.8) 16 135 (11.0) 0.147 9.7 9.6 9.7 0.004

Endocrinologist care ≤6
mo of diagnosis

98 205 (46.7) 35 546 (56.3) 62 659 (42.6) −0.277 46.8 47.0 46.7 −0.005

Fracture risk factors

Prior fracture 19 222 (9.1) 4689 (7.4) 14 533 (9.9) 0.087 9.2 9.2 9.2 −0.001

Tobacco use 9317 (4.4) 3282 (5.2) 6035 (4.1) −0.052 4.4 4.4 4.4 0.001

Alcohol abuse
disorder

1715 (0.8) 457 (0.7) 1258 (0.9) 0.015 0.8 0.8 0.8 −0.002

Obesity 23 916 (11.4) 7541 (11.9) 16 375 (11.1) −0.025 11.3 11.3 11.4 0.003

Abbreviations: ADI, area deprivation index; CKD, chronic kidney disease; IPW, inverse probability weighted; SMD, standardized mean difference.
a The propensity score used for IPW was based on all characteristics listed.
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should be strongly considered in this population to prevent
fracture-related morbidity and disability.

Prior research8,9,28,29 has shown that fewer than one-
third of older adults with PHPT in the US are initially treated

with parathyroidectomy, that life expectancy or meeting op-
erative guideline criteria have little bearing on the rate of op-
erative management, and that delayed parathyroidectomy
is rare, which indicates that initial treatment decisions are

Table 2. Unadjusted Incidence Rate and Adjusted Rate of Any Fracture and Hip Fracture
Based on Inverse-Probability Weighted Cox Proportional Hazards Regression
Among Medicare Beneficiaries With Primary Hyperparathyroidisma

Characteristic

Any fracture Hip fracture
Unadjusted
incidence
rate (per
100
person-y)

Cox proportional
hazards regression,
IPW adjusted HR
(95% CI)

Unadjusted
incidence
rate
(per 100
person-y)

Cox proportional
hazards regression,
IPW adjusted HR
(95% CI)

Treatment

Nonoperative management 3.19 1 [Reference] 0.90 1 [Reference]

Parathyroidectomy 2.15 0.78 (0.76-0.80) 0.57 0.76 (0.72-0.79)

Sex

Male 1.66 1 [Reference] 0.52 1 [Reference]

Female 3.17 1.41 (1.36-1.47) 0.86 1.28 (1.19-1.37)

Age group, y

66-75 1.80 1 [Reference] 0.40 1 [Reference]

76-85 3.93 1.69 (1.64-1.74) 1.16 2.37 (2.25-2.50)

≥86 6.76 2.41 (2.32-2.51) 2.28 4.04 (3.77-4.34)

Race or ethnicity

American Native 2.69 0.98 (0.75-1.27) 0.52 0.78 (0.46-1.33)

Asian 2.12 0.70 (0.61-0.80) 0.55 0.73 (0.56-0.93)

Black 1.21 0.44 (0.42-0.47) 0.36 0.42 (0.37-0.47)

Hispanic 3.01 0.90 (0.81-1.01) 0.87 0.79 (0.63-0.98)

White 3.05 1 [Reference] 0.84 1 [Reference]

Unknown 1.72 0.62 (0.53-0.72) 0.43 0.53 (0.39-0.73)

ADI group

Most advantaged 2.91 1 [Reference] 0.77 1 [Reference]

Slightly advantaged 2.86 1.03 (1.00-1.07) 0.79 1.09 (1.03-1.16)

Slightly disadvantaged 2.85 1.04 (1.00-1.07) 0.81 1.14 (1.07-1.21)

Most disadvantaged 2.68 1.82 (1.03-1.13) 0.81 1.28 (1.17-1.39)

Geography

Urban 2.86 1 [Reference] 0.79 1 [Reference]

Rural 2.80 1.03 (1.00-1.07) 0.80 1.04 (0.98-1.11)

Frailty

Robust 1.74 1 [Reference] 0.49 1 [Reference]

Prefrail 3.12 1.40 (1.36-1.45) 0.85 1.29 (1.22-1.37)

Mildly frail 5.68 1.98 (1.89-2.07) 1.56 1.89 (1.74-2.05)

Moderately-to-severely frail 5.55 1.80 (1.70-1.91) 1.53 1.80 (1.62-2.01)

Charlson-Deyo Comorbidity Index score

0 2.16 1 [Reference] 0.62 1 [Reference]

1 2.67 1.10 (1.06-1.14) 0.75 1.07 (0.99-1.15)

≥2 3.25 1.16 (1.12-1.20) 0.89 1.11 (1.04-1.18)

Operative indications for parathyroidectomy

History of osteoporosis 4.31 1.66 (1.62-1.71) 1.11 1.40 (1.33-1.47)

History of kidney stones 2.65 0.96 (0.92-0.99) 0.69 0.92 (0.86-0.99)

History of stage 3 CKD 3.03 0.93 (0.89-0.98) 0.91 1.08 (1.00-1.17)

Endocrinologist care ≤6 mo of diagnosis 2.81 0.97 (0.95-0.99) 0.74 0.92 (0.88-0.97)

Fracture risk factors

Prior fracture 9.01 2.34 (2.26-2.41) 1.81 1.58 (1.48-1.68)

Tobacco use 3.65 1.38 (1.31-1.47) 1.15 1.76 (1.59-1.94)

Alcohol use disorder 5.12 1.54 (1.37-1.74) 1.34 1.55 (1.24-1.94)

Obesity 2.30 0.95 (0.90-0.99) 0.48 0.76 (0.69-0.84)

Abbreviations: ADI, area deprivation
index; CKD, chronic kidney disease;
HR, hazard ratio; IPW, inverse
probability weighted.
a The propensity score used for the

IPW was based on all characteristics
listed.
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often final. The findings of this study suggest that the prefer-
ential nonoperative management of PHPT in older adults may
lead to excess skeletal morbidity that could be prevented with
parathyroidectomy. These findings are consistent with ran-
domized clinical trials1,2 demonstrating that parathyroidec-
tomy improves bone mineral density compared with nonop-
erative management. In addition, the overall findings of the
present study and the magnitude of absolute fracture risk re-
duction associated with parathyroidectomy are consistent with
those reported by Yeh and colleagues,11 who assessed frac-
ture outcomes among a cohort of 6272 patients with biochemi-

cal diagnosis of PHPT treated with parathyroidectomy, non-
operative management, and bisphosphonates. Given that
the mean age of our operative cohort was significantly older
than that of the prior study (73.5 years vs median 56 years),11

our results suggest that the benefits of parathyroidectomy
related to fracture risk reduction extend to older adults
with PHPT.

Fractures are associated with significant morbidity and
mortality among older adults. The 1-year mortality rate fol-
lowing hip fracture among this population ranges from 10%
to 66% depending on age, comorbid conditions, and func-
tional status.30 In addition, hip fractures contribute to long-
term disability and poor quality of life—reducing healthy life
expectancy by an average of 2.7%31—and account for more than
$5 billion in health care costs per year.32 Parathyroidectomy
is generally a low-risk procedure that is often performed in the
outpatient setting and has an overall complication rate of 1.1%.33

Although that risk is increased among frail patients and those
of very advanced age,33 when weighed against the excess risk
of fractures our findings suggest that parathyroidectomy
should be strongly considered in older adults with substan-
tial life expectancy who are at low or moderate risk of surgi-
cal complications. Among patients with limited life expec-
tancy or high operative risk, the risks of surgery can now be
weighed against the benefits using our estimates of short- and
long-term absolute fracture risk reduction that are specific to
older adults.

Consensus guidelines for the operative management of
PHPT recommend parathyroidectomy for patients younger than
50 years and older adults with a T-score of 2.5 or higher (indi-
cating osteoporosis) or asymptomatic vertebral fractures de-
tected by radiography or computed tomography.7 These indi-
cations are based largely on expert opinion and randomized
clinical trials with surrogate end points (eg, bone mineral

Table 3. Adjusted Absolute Risk Reduction of Any Fracture
and Hip Fracture Associated With Parathyroidectomy
at 1, 2, 5, and 10 Years After Treatmenta

Fracture type Time point, y Adjusted ARR, % (95% CI)

Any fracture
1 0.67 (0.52-0.82)

2 1.2 (1.0-1.4)

5 2.8 (2.5-3.1)

10 5.1 (4.6-5.5)

Hip fracture

1 0.18 (0.11-0.26)

2 0.36 (0.26-0.46)

5 0.98 (0.81-1.2)

10 2.3 (2.0-2.6)

Abbreviations: ADI, area deprivation index; ARR, absolute risk reduction;
PHPT, primary hyperparathyroidism.
a Inverse probability weighted and adjusted for sex, age group, race and

ethnicity, ADI, urban or rural inhabitance, frailty, Charlson-Deyo Comorbidity
Index, operative indications for parathyroidectomy (history of osteoporosis,
kidney stones, or stage 3 chronic kidney disease), endocrinologist care within
6 months of PHPT diagnosis, prior fracture, tobacco use, alcohol use disorder,
and obesity.

Figure 1. Unadjusted Cumulative Incidence of Any Fracture Among Older Adults With PHPT Treated
With Parathyroidectomy vs Nonoperative Management, Accounting for the Competing Risk of Death
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density).34 The present study findings that parathyroidec-
tomy was associated with a lower risk of fracture among pa-
tients with and without osteoporosis and patients who did and
did not meet criteria for operative treatment suggest that these
guidelines7 may require new consideration. A more appropri-
ate strategy among older adults with PHPT would be to recom-
mend parathyroidectomy for individuals with a greater than
3-year life expectancy, unless the patient’s frailty suggests that
the risks of parathyroidectomy outweigh its benefits.

Strengths and Limitations
The strengths of the analysis include the identification of a large,
nationally representative cohort of older adults with PHPT and
the use of a validated claims-based algorithm to detect inci-
dent clinical fractures not associated with major trauma. The
limitations of this study are related to the use of administrative
claims data for analysis. Medicare data lack granular clinical
information with which to determine the severity of PHPT or
associated metabolic complications, and biochemical or bone
mineral density data to more closely assess baseline fracture risk,
identify patients who met all operative guidelines, or account
for selection bias. The absence of these data and the observa-
tional nature of our analysis may lead to residual confounding
of the association between parathyroidectomy and fracture risk
reduction. The E-value analysis suggests a moderate to strong
confounder would need to be present to negate the observed
treatment effect. Lastly, we chose to include patients who un-
derwent delayed parathyroidectomy in the nonoperatively man-
aged group to mimic an intention-to-treat analysis and reduce
treatment selection bias. Larger benefits of parathyroidectomy
would have been observed in an as-treated analysis.

Conclusions
Parathyroidectomy was associated with a lower risk of any frac-
ture and hip fracture among older adults with PHPT, suggesting

a clinically meaningful benefit of operative management in this
population. These benefits were observed in patients of all ages
and frailty categories and patients with and without osteoporo-
sis or guideline indications for operative management. Based on
these findings, low utilization of parathyroidectomy in older
adults requires further evaluation to guide focused interventions
that target parathyroidectomy to older adults likely to benefit.
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Figure 2. Adjusted HRs for the Association of Parathyroidectomy
vs Nonoperative Management With Any Clinical Fracture According to
Sex, Age Group, Osteoporosis History, Meeting Consensus Guideline
Criteria for Parathyroidectomy, and Frailty
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No 0.77 (0.74-0.80)
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Age, y
66-75 0.79 (0.76-0.82)
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The HRs are adjusted for all other characteristics in addition to race and
ethnicity, ADI, urban or rural inhabitance, Charlson-Deyo Comorbidity Index,
endocrinologist care within 6 months of PHPT diagnosis, prior fracture, tobacco
use, alcohol use disorder, and obesity.

ADI denotes area deprivation index; HR, hazard ratio; PHPT, primary
hyperparathyroidism; and ADI, area deprivation index.
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