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Abstract

Background Bone mineral density is one parameter used

to decide whether patients with primary hyperparathy-

roidism (PHPT) should undergo parathyroidectomy.

However, the influence of bone mineral density and para-

thyroidectomy on subsequent fracture risk is unclear.

Methods The authors conducted a retrospective cohort

study of patients with PHPT based on administrative dis-

charge abstract data. The dual energy x-ray absorptiometry

(DEXA) scan T-scores at the femur were collected by chart

review, and 10-year fracture-free survival (FFS) was the

main outcome measured.

Results A total of 533 patients were identified, most of

them C 50 years old (89%) and female (87%). Seventeen

percent of the patients were black. Mean initial calcium,

parathormone, and creatinine levels were 11.1 mg/dl,

116 pg/ml, and 0.9 mg/dl, respectively. Parathyroidectomy

was performed in 159 (30%) patients, and 374 (70%) were

observed. The 10-year FFS after PHPT diagnosis was 94%

in patients treated with parathyroidectomy and 81% in those

observed (p = 0.006). Compared to observation, parathy-

roidectomy improved the 10-year FFS by 9.1% (p = 0.99),

12% (p = 0.92), and 12% (p = 0.02) in patients with nor-

mal bones (T-score C -1.0), osteopenia (T-score B

-1.0, C -2.5), and osteoporosis (T-score \ -2.5),

respectively. On multivariate analysis, parathyroidectomy

was independently associated with decreased fracture risk

(HR = 0.41; 95%CI 0.18, 0.93), whereas non-black race

(HR = 2.94; 95%CI 1.04, 8.30) and T-score \ -2.5

(HR = 2.29; 95%CI 1.08, 4.88) remained independently

associated with increased fracture risk.

Conclusions Parathyroidectomy decreases the risk of

fracture in patients with normal, osteopenic, and osteopo-

rotic bones. The largest impact from parathyroidectomy is

in patients with osteoporosis. The highest risk of fracture is

in non-blacks and in patients with osteoporosis.

Introduction

Primary hyperparathyroidism (PHPT) is now commonly

diagnosed in the asymptomatic stages of the disease.

Worsening bone mineral density (BMD) is one indication

for operative intervention. Current National Institutes of

Health (NIH) guidelines recommend parathyroidectomy

for patients with a T-score \ 2.5 at the lumbar spine, hip,

or wrist [1]. Parathyroidectomy has been found to halt bony

deterioration and even improve BMD [2-5]. Even more

important, parathyroidectomy may reduce the risk of

fracture in patients with PHPT [6, 7].

In 2006, in a retrospective study based on a large pop-

ulation database, we reported that in patients with PHPT

parathyroidectomy, as compared to observation, reduced

the risk of fracture, regardless of age, calcium, or para-

thormone level [7]. A criticism of the study was the lack of

information regarding BMD and its effect on risk of

fracture.

Therefore, the objective of this study was to update our

published data and attempt to determine the influence of
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BMD together with parathyroidectomy on fracture risk in

patients with primary hyperparathyroidism.

Methods

Data sources and study cohort

We used the cohort of patients with primary hyperpara-

thyroidism previously defined in our published article [7].

The dual energy x-ray absorptiometry (DEXA scan) T-

score at the femur was then abstracted from the medical

record. This study was approved by the Institutional

Review Board of Kaiser Permanente Southern California,

protocol number 4422.

Definition of fracture

The Permanente Discharge Abstract Database was used to

identify patients who were hospitalized with the outcome

variable of fracture [hip fracture (ICD-9 code 820); spine

fracture (ICD-9 codes 805, 806); pelvis fracture (ICD-9

code 808); upper extremity fracture (ICD-9 codes 812,

813); lower extremity fracture (ICD-9 codes 821, 823)] that

occurred at least one day after the diagnosis of PHPT up to

the study completion date of 31 May 2004.

Statistical analysis

The data were exported to SAS version 8 (SAS Institute,

Inc. Cary, NC) statistical software for all analyses. Asso-

ciations between predictor variables and fractures were

assessed with Cox proportional hazards modeling. Vari-

ables analyzed for their influence on fractures were age (in

categories B50, C50 years), gender, race, Charlson co-

morbidity index (CCI) [8], T-score at the femur, calcium

level, parathormone level, creatinine level, and whether

parathyroidectomy was or was not performed. The strength

of associations was expressed as hazard ratios (HR) and

95% confidence intervals (CI) for having a fracture. Mul-

tivariable Cox regression modeling was used to assess the

independent effect of potential predictor variables, adjust-

ing for the same variables used in the univariate analysis.

Fracture-free survival time, estimated by the Kaplan–Meier

method, was calculated as the time elapsed from the

diagnosis of hyperparathyroidism until a fracture, last fol-

low-up, or 31 May 2004, whichever came first. Fracture-

free survival (FFS) curves were compared with the log rank

test. The chi-square test was used to compare differences in

categorical variables, and Wilcoxon signed rank test was

used to compare differences in means between continuous

variables. All p values reported were two-tailed.

Results

Patient demographics

Of the original 1,569 patients with primary hyperparathy-

roidism, 533 had femur T-score data. The majority of

patients were women and older than 50 years of age. Most

of the patients were of Caucasian race (65%), with 17%

black, 4% Asian/Pacific Islander, and 14% other or

unknown (Table 1). Mean initial calcium and PTH levels

were 11.1 mg/dl and 116 pg/ml, respectively. Bone study

revealed that 186 patients (35%) had normal bones

(T-score C -1.0), 232 patients (43%) had osteopenia

(T-score B 41.0, C -2.5), and 115 patients (22%) had

osteoporosis (T-score C -2.5).

Parathyroidectomy versus observation

Parathyroidectomy was performed in 159 (30%) patients,

and 374 (70%) patients were observed. Patients who were

treated operatively were similar with regard to age, gender,

and race, but were more likely to have higher calcium

(p = 0.001) and PTH levels (p = 0.001) than patients who

were observed. Furthermore, those who were observed were

more likely to have osteoporosis (p = 0.018) (Table 2).

Table 1 Characteristics of patients with primary hyperparathyroid-

ism (PHPT) and bone mineral density scores in Kaiser Permanente

Southern California, 1995–2000

Patient characteristics Number (%)

Age

\50 61 11

C50 472 89

Gender

Female 461 87

Male 72 13

Race

Caucasian 347 65

Black 93 17

Asian/Pacific Islander 20 4

Other/unknown 73 14

Bone mineral density

Normal (T-score C –1) 186 35

Osteopenia (T-score [ -1 \ -2.5) 232 43

Osteoporosis (T-score B -2.5) 115 22

Initial calcium level (mg/dl, mean ± s.d) 11.1 ± 0.45

Initial parathormone level (pg/ml, mean ± s.d) 116 ± 59.4

Initial creatinine level (mg/dl, mean ± s.d) 0.85 ± 0.22

Parathyroidectomy

Yes 159 30

No 374 70
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Fractures

Patients were followed for an average of 7.4 years (range:

13 days to 10 years). In the course of the study period 59

patients experienced fractures: 14 of the hip, 12 of the

spine, 6 of the pelvis, and 33 of bones in the upper

extremities. Patients with normal bones (T-score C -1.0)

had a 10-year FFS of 92%, compared with 85% in patients

with osteopenia (T-score B -1.0, C -2.5) and 72% in

patients with osteoporosis (T-score C -2.5) (Fig. 1).

The overall 10-year FFS after the diagnosis of PHPT

was 94% in patients treated with parathyroidectomy com-

pared to 81% in those who were observed [Hazard Ratio

(HR) = 0.35; 95% CI 0.17, 0.74; p = 0.006] (Fig. 2).

Parathyroidectomy increased the 10-year FFS by 9.1%

(p = 0.99), 12% (p = 0.92), and 12% (p = 0.02) in

patients with normal bones (T-score C -1.0), osteopenia

(T-score B -1.0, C -2.5), and osteoporosis (T-score \ -

2.5), respectively (Figs. 3–5). Osteoporosis (HR = 3.67;

95% CI 1.79, 7.51) and non-black race (HR = 2.46; 95%

CI 0.98, 6.15) were associated with an increased risk of

fracture, whereas age, gender, and initial calcium levels

were not (Table 3).

Multivariate analysis confirmed that parathyroidectomy

was independently associated with a decreased fracture risk

(HR = 0.41; 95% CI 0.18, 0.93; p = 0.03) after account-

ing for all other variables. Osteoporosis (HR = 2.29; 95%

CI 1.07, 4.88; p = 0.03) and non-black race (HR = 2.94;

Fig. 1 The 10-year fracture free survival (FFS) of patients with

different bone mineral densities. Patients with normal bones (T-

score C -1.0) had a 10-year FFS of 92%, compared to 85% in

patients with osteopenia (T-score B -1.0, C -2.5) and 72% in

patients with osteoporosis (T-score C -2.5)

Fig. 2 The overall 10-year FFS of 533 patients with primary

hyperparathyroidism in those treated with parathyroidectomy com-

pared to those observed. Parathyroidectomy reduced the risk of

fracture, with a 10-year FFS of 94% in those with parathyroidectomy

compared to 81% in those observed (p = 0.006)

Table 2 Characteristics of

patients treated with

parathyroidectomy compared to

those observed

Patient characteristic Parathyroidectomy,

n = 159 (%)

Observation,

n = 374 (%)

p Value

Age

\50 21 (13) 40 (11) 0.45

C50 138 (87) 334 (89)

Gender

Female 134 (84) 327 (87) 0.33

Male 25 (16) 47 (13)

Race

Non-black 137 (86) 303 (81) 0.17

Black 22 (14) 71 (19)

Bone mineral density

Normal 60 (38) 126 (34) 0.018

Osteopenia 77 (48) 155 (41)

Osteoporosis 22 (14) 93 (25)

Initial calcium level (mg/dl, mean ± s.d) 11.2 ± 0.5 11.0 ± 0.4 0.0001

Initial PTH level (pg/ml, mean ± s.d) 132.3 ± 74.1 108.8 ± 50.5 0.0001

Initial creatinine level (mg/dl, mean ± s.d) 0.8 ± 0.2 0.9 ± 0.2 0.41
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95% CI 1.04, 8.30; p = 0.04) remained independently

associated with increased fracture risk. Age C 50, gender,

and calcium level were not independently associated with

fracture risk (Table 3).

Discussion

Parathyroidectomy reduced the 10-year risk of fracture in

patients with primary hyperparathyroidism by 13%.

Patients with evidence of osteoporosis, as measured by

bone mineral density, had the greatest risk of fracture, and

in these patients, 10-year FFS was improved by 12% in

those who had parathyroidectomy. Black patients were

found to have a decreased risk of fracture when compared

to non-black patients, regardless of BMD.

The limitations of this study have been previously

addressed and include its retrospective design [7]. Addi-

tionally, there may be a selection bias within the study given

the method of patient selection, as BMD data were not

available for all patients identified with PHPT. Finally, we

did not evaluate the use of bisphosphonate therapy in this

population, although these medications have been suggested

in the nonoperative management of PHPT [9–11].

Current NIH and American Association of Clinical

Endocrinologists American Association of Endocrine Sur-

geons (AACE/AAES) guidelines for the treatment of PHPT

recommend parathyroidectomy in patients with a T-

score B 2.5 [1]. In this study, patients with osteoporosis

and osteopenia, as measured by T-score at the femur, were

at increased risk of fracture compared to patients with

normal bones. Our findings confirm that DEXA scan is a

useful screening tool to help predict fracture risk in patients

with PHPT, just as it has been used in the geriatric and

osteoporotic population [12].

Even more important, however, are the findings that

parathyroidectomy was independently associated with a

decreased risk of fracture and that all patients, regardless of

bone density, had a decreased risk of fracture following

parathyroidectomy. Therefore, while measuring BMD may

serve as an appropriate method of risk-stratifying patients,

is should not be used as a guideline for parathyroidectomy.

Our study suggests that all patients with PHPT be offered

parathyroidectomy, regardless of underlying BMD.

Recently, two randomized controlled trials have been

published comparing parathyroidectomy to observation in

patients with asymptomatic PHPT and the effect on BMD

and quality of life. Bollerslev et al. found that patients that

underwent parathyroidectomy had significant improvement

in BMD at the lumbar spine but minimal change in quality of

life (QoL) measurements. Patients who did not have para-

thyroidectomy continued to have stable BMD but had a

slightly decreased QoL [13]. Ambrogini et al. found that

while the observed patients had stable BMD and QoL

measurements, those who underwent parathyroidectomy

had significantly improved BMD and QoL [14]. While these

studies suggest it is reasonable to observe asymptomatic

PHPT patients closely, there are benefits to proceeding with

parathyroidectomy, even in asymptomatic patients.

Fig. 3 In patients with normal bones (T-score C -1.0), the 10-year

FFS was 98% in patients treated with parathyroidectomy compared to

89% in those observed (p = 0.99)

Fig. 4 In patients with osteopenia (T-score B -1.0, C -2.5), the

10-year FFS was 92% in patients treated with parathyroidectomy

compared to 80% in those observed (p = 0.92)

Fig. 5 In patients with osteoporosis (T-score \ -2.5), the 10-year

FFS was 82% in patients treated with parathyroidectomy compared to

70% in those observed (p = 0.02)
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Our study suggests that patients with PHPT should be

offered parathyroidectomy, regardless of age, calcium

levels, or bone mineral density. This is contrary to current

consensus recommendations, and like other authors, we

question whether the NIH guidelines are too narrow [15].

Additionally, a recent cost analysis study emphasizes the

importance of early parathyroidectomy, demonstrating that

parathyroidectomy is cost-saving compared to observation

and serial monitoring of patients with PHPT [16]. This cost

data further underscores the need to consider parathyroid-

ectomy in all patients with PHPT.

In conclusion, parathyroidectomy reduced the risk of

fracture in all patients with primary hyperparathyroidism,

when compared with observation. Parathyroidectomy

should be offered to all patients with PHPT, regardless of

age, calcium level, or bone mineral density.
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