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Osteoporosis in Multiple Endocrine
Neoplasia Type 1
Severity, Clinical Significance, Relationship to Primary Hyperparathyroidism,
and Response to Parathyroidectomy
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Background: Sporadic primary hyperparathyroidism
(PHPT) occurs most frequently in postmenopausal
women. Multiple endocrine neoplasia type 1 (MEN 1)
is an autosomal-dominant disease in which mild to moderate PHPT develops in most gene carriers by 20 years
of age. Primary hyperparathyroidism associated with
MEN 1 is typically recurrent, despite initially successful
subtotal parathyroidectomy. Osteoporosis is considered a complication of sporadic PHPT and an indication
for parathyroidectomy. In the setting of MEN 1, however, the relationship of bone mass to PHPT, fracture
risk, and parathyroidectomy is unknown.
Hypothesis: Parathyroidectomy improves bone min-

eral density for patients with primary hyperparathyroidism in the setting of MEN 1.
Design: Case series.
Setting: Tertiary referral center.
Patients: Twenty-nine women with MEN 1 belonging

Main Outcome Measures: Bone mineral density
(BMD) and history of skeletal fracture.
Results: Osteopenia and osteoporosis were diagnosed
in 41% and 45% of patients, respectively. Forty-four percent of patients with uncontrolled PHPT had severe osteopenia (T score, ,−2.0) by 35 years of age. Reduction
in BMD was greatest at the femoral neck. Reduced BMD
was associated with an increased likelihood of skeletal
fracture (P = .05). Patients with uncontrolled PHPT had
lower femoral neck and lumbar spine BMDs than those
in whom PHPT was controlled by parathyroidectomy
(P = .005 and .02, respectively). Successful parathyroidectomy improved femoral neck and lumbar spine BMDs
by a mean ± SEM of 5.2% ± 2.5% and 3.2% ± 2.9%, respectively.
Conclusions: Osteoporosis is a frequent and early complication of PHPT in MEN 1. Despite difficulty in achieving a cure of PHPT in MEN 1, parathyroidectomy has an
important role in the optimization of BMD for patients
with MEN 1.

to a single family with a history of MEN 1.
Interventions: Parathyroidectomy.
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PORADIC PRIMARY hyperpara-

thyroidism (PHPT) is a recognized cause of osteoporosis in the general population,
and reduced bone mineral
density (BMD) is an important risk factor for skeletal fracture.1,2 Most articles2,3
describing the relationship between sporadic PHPT and BMD have focused on
PHPT occurring in postmenopausal
women. In this setting, parathyroidectomy is almost always curative of PHPT,
resulting in up to a 20% increase in BMD
during the first year after surgery.2
Recent articles4-7 draw attention to the
high rate of recurrent PHPT in patients with
multiple endocrine neoplasia type 1 (MEN
1), an autosomal-dominant disease characterized by PHPT, gastroenteropancreatic
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tumors, and pituitary neoplasia. The most
frequent abnormality in MEN 1 is PHPT.7
Although results of earlier studies suggested
that PHPT usually developed after 20 years
of age, it is now apparent that mild-tomoderate hypercalcemia typically begins
during adolescence.7-10 More than 90% of
MEN 1 gene carriers manifest this abnormality by 30 years of age.7 Despite “optimal” parathyroidectomy, PHPT recurs in
more then 60% of patients with MEN 1
within a decade of surgery.4 For this reason, the merit of undertaking parathyroid
surgery in asymptomatic young patients
with PHPT and mild hypercalcemia is debated. The impact of PHPT on bone mass
and the risk of skeletal fracture in the context of MEN 1 have not been previously reported, to our knowledge.
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PATIENTS AND METHODS
Previous research10 has identified several families with
MEN 1 in Tasmania, Australia. Consenting individuals participated in research into the pathogenesis,
natural history, and clinical management of MEN 1.7,10
This program was approved by the research and ethics committees of the Royal Hobart Hospital, Hobart, Australia. In this article, we review the results
of BMD assessment for 29 MEN 1–affected women
from a large kindred designated Tasman I. Evaluation of BMD using an x-ray densitometer (model
QDR-2000; Hologic, Bedford, Mass) at the femoral
neck (FN) and lumbar spine (LS) (frontal plane) was
performed as part of a routine clinical protocol for
evaluation of PHPT. The impact of parathyroidectomy was assessed using cross-sectional and longitudinal BMD data. To determine the clinical impact
of reduced BMD, patients were prospectively surveyed regarding any history of axial and appendicular skeletal fracture.
DEFINITIONS
Hyperparathyroidism is characterized by (1) an albumin-corrected calcium level greater than 2.55
mmol/L (.10.2 mg/dL), (2) an ionized calcium level
(corrected to pH 7.4) greater than 1.29 mmol/L
(.5.16 mg/dL), or (3) a total calcium level greater
than 2.75 mmol/L (.11.0 mg/dL). Elevation of serum calcium concentrations was confirmed on 2 or
more separate occasions in the presence of a nonsuppressed PTH level (measured by several immunoassays during patient follow-up). Results are expressed as the ratio of the measured value to the upper
limit of the reference range for the assay.
Controlled PHPT is defined as resolution of hyperparathyroidism for at least 4 years after parathyroidectomy, and uncontrolled PHPT is defined as no
previous parathyroidectomy or recurrence of PHPT
before postoperative year 4. These definitions are
based on results of previous research4 showing that
recurrent PHPT occurs in less than 25% of patients
with MEN 1 within 4 years of parathyroidectomy.
T score is the number of SDs from mean sexappropriate peak bone mass; Z score is the number
of SDs from mean sex- and age-appropriate bone mass.
T scores for osteopenia, severe osteopenia, and osteoporosis are ,−1.0, ,−2.0, and ,−2.5, respectively.
The extent of pituitary and pancreatic disease
was assessed by computed axial tomography, magnetic resonance imaging, sonography, and biochemical assay.
Numerical data are presented as mean ± SEMs.
x2 and unpaired t tests were used where appropriate
for data comparison.

The relevance of existing studies of sporadic PHPT
and bone mass to patients with MEN 1 is uncertain. In MEN
1, PHPT evolves during a period critical to the accretion
of peak bone mass.7 The impact of deranged parathyroid
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physiologic features during this phase of bone maturation is unclear. Moderate-to-severe parathyroid hormone
(PTH) excess has been associated with osteoporosis,
whereas mild excess (such as may occur early in the pathogenesis of PHPT) is potentially responsible for increased
trabecular bone mass.11,12 This article addresses the impact of PHPT on peak BMD and on fracture risk in MEN
1, which cannot be predicted from available data.
We review the clinical, biochemical, and BMD data
for 29 women with MEN 1, examining the role and timing of parathyroidectomy in relation to the optimization and preservation of bone mass.
RESULTS

Femoral neck and LS BMDs were assessed in 29 women
with MEN 1 (Table 1). Age at assessment was 43.6 ± 2.9
years (absolute range, 19.6-76.3 years). Twelve patients
(41%) had osteopenia and 13 (45%) had osteoporosis.
Overall, reduced bone mass was most evident at the FN
(Z score, −1.31 ± 0.17 SD), although the LS BMD was also
reduced (Z score, −0.86 ± 0.20 SD) (P = .05). A past history of skeletal fracture was reported by 5 patients (50%)
in the lowest tertile for bone mass compared with 1 patient (10%) in the highest tertile (P = .05).
Reduced bone mass was associated with advancing
age and uncontrolled PHPT (Table 1, Table 2, and
Figure 1). After adjusting for age, BMD was significantly higher in patients with controlled vs uncontrolled PHPT (Tables 1 and 2 and Figure 1). By 35 years
of age, 44% of patients with uncontrolled PHPT had severe osteopenia. The degree of PTH elevation, rather than
hypercalcemia, correlated most closely with BMD
(Figure 2). Hypogonadism, menopausal status, and nonparathyroid endocrine neoplasia were not significantly
associated with reduced bone mass (Table 1).
Preoperative and postoperative assessments of BMD
were available for 5 patients who underwent successful parathyroidectomy (ie, improvement in BMD of 5.2% ± 2.5%
and 3.2% ± 2.9% at the FN and LS, respectively, at mean
18 months follow-up [range, 12-24 months]).
COMMENT

This study is retrospective and uses predominantly crosssectional data. Moreover, the analysis is confined to
women. Despite these limitations, it is the first study to
document bone mass comprehensively in the setting of
MEN 1. Reduced BMD occurred frequently and prematurely in most patients studied (Table 1). Loss of bone
mass was progressive from early in the third decade of
life, with severe osteopenia affecting 44% of patients by
age 35 years (Table 2 and Figure 1). In accordance with
results of other studies,1,2 FN bone mass is more severely affected than that of the LS. Reduced BMD was of
clinical significance, associated with an increased prevalence of skeletal fracture.
The cross-sectional data presented in Figure 1 show
that osteopenia occurs early in the third decade of life. Primary hyperparathyroidism is the most common endocrine abnormality observed in MEN 1.6,7,9 Considerable interpatient variability exists for the severity of hypercalcemia
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Table 1. Characteristics of 29 Women With Multiple Endocrine Neoplasia Type 1 Assessed for Bone Mineral Density*
Z Score
.−1.0

,−2.0

−1.0 to 2.0

Patient Characteristics

FN
(n = 12)

LS
(n = 14)

FN
(n = 9)

LS
(n = 9)

FN
(n = 8)

LS
(n = 6)

Age, mean ± SEM, y
Controlled PHPT, %†
Uncontrolled PHPT, %‡
Gastrinoma, %
Prolactinoma, %
Postmenopausal, %

51.4 ± 5.5
58
42
17
17
58

53.8 ± 3.4
50
50
21
21
36

40.1 ± 3.8
22
78
22
33
22

51.4 ± 5.1
22
78
11
33
4

35.7 ± 2.8
0
100
13
13
0

35.2 ± 3.6
0
100
1
0
0

*FN indicates femoral neck; LS, lumbar spine (frontal plane); and PHPT, primary hyperparathyroidism.
†Controlled PHPT is parathyroidectomy achieving more than 4 years of normocalcemia.
‡Uncontrolled PHPT is recurrence of PHPT within 4 years of parathyroidectomy or no history of parathyroidectomy.

1

Table 2. Bone Mineral Density in Controlled and
Uncontrolled PHPT*

Lumbar spine

Uncontrolled PHTH
Z score (T score)

49.8 ± 4.4
−0.61 ± 0.25
(−1.66 ± 0.39)
−0.15 ± 0.34
(−1.01 ± 0.43)

40.8 ± 3.7
−1.63 ± 0.19
(−2.33 ± 0.18)
−1.18 ± 0.23
(−1.72 ± 0.28)

0

P
.16
.002
.009

*PHPT indicates primary hyperparathyroidism. Values are given as
mean ± SEM.

and rate of disease progression. Aside from PHPT and advancing patient age, other osteoporosis risk factors were
not increased in the patients studied (Table 1).
Severity of PHPT is often reported in relation to the
degree of hypercalcemia.3,4,13,14 Although some clinical
manifestations of PHPT such as neuromuscular symptoms correlate well with hypercalcemia, our data indicate that hypercalcemia is a poor risk marker for osteoporosis in MEN 1. These data indicate that even mild and
asymptomatic hypercalcemia can be associated with reduced BMD. Therefore, patients with mild hypercalcemia should be considered at risk for osteoporosis, particularly if serum PTH is elevated greater than twice the
upper limit of normal. Regular evaluation of BMD should
be undertaken in all patients with MEN 1 and PHPT.
In sporadic PHPT, parathyroid adenoma accounts
for more than 90% of disease, and permanent restoration of normocalcemia is typically achieved after surgery in most patients.4 In patients with MEN 1, however, PHPT frequently recurs, despite initially successful
parathyroidectomy.4 The National Institutes of Health
Consensus Development Conference15 statement on the
management of PHPT proposed parathyroidectomy for
sporadic PHPT that occurs in any individual younger than
50 years. In the context of MEN 1, however, asymptomatic patients with “mild” hypercalcemia are often managed more conservatively.16 This approach perhaps derives from a perception of mild biochemical disease and
the perceived difficulties of achieving and maintaining
long-term normocalcemia in patients with MEN 1.
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Figure 1. Bone mineral density (BMD) in 20 patients with uncontrolled and 9
patients with controlled primary hyperparathyroidism (PHPT). Uncontrolled
PHPT is defined as recurrence of PHPT within 4 years of parathyroidectomy
or no history of parathyroidectomy; controlled PHPT, parathyroidectomy
achieving greater than 4 years of normocalcemia.

Bone mass reduction associated with PHPT is PTH
dependent.11 Previous studies2,17,18 in the context of sporadic PHPT have shown improvement in cortical and trabecular BMD after successful parathyroidectomy. The
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of bone mass in patients with MEN 1. Patients with any
degree of sustained hyperparathyroidism in conjunction with osteopenia should be considered candidates for
parathyroidectomy. In addition to a reduced risk of skeletal complications, long-term maintenance of normocalcemia in patients with MEN 1 may also reduce the likelihood of enteropancreatic neoplastic complications.20
Results of studies21-23 in the general population also
show that use of calcitriol, hormone replacement therapy,
and bisphosphonate drugs improves BMD in patients with
osteoporosis. The role of such adjuncts to parathyroidectomy—or as secondary therapies for patients with MEN
1 and PHPT uncontrolled by parathyroidectomy—is unknown. However, in the setting of osteoporosis, treatment in addition to parathyroidectomy seems appropriate. Long-term medical treatment of sporadic PHPT using
agents such as calcimimetics has also been described.24
However, although prolonged amelioration of hypercalcemia is possible, the effect on bone mass may be adverse.24 Parathyroidectomy, therefore, remains the initial treatment-of-choice for the preservation of bone mass
in the context of MEN 1–related PHPT.

1.3
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Serum Ionized Calcium Level, mmol/L

Figure 2. Relationship of bone mineral density (BMD) T score to severity of
primary hyperparathyroidism (PHPT) in patients with uncontrolled PHPT.
Serum parathyroid hormone (PTH) level—highest PTH level recorded in the
12 months before BMD assessment—is expressed as a ratio to the upper
limit of the assay reference range. Serum ionized calcium level is the highest
ionized calcium level recorded in the 12 months before BMD assessment. To
convert ionized calcium from millimoles per liter to milligrams per deciliter,
divide millimoles per liter by 0.25.

magnitude of improvement varies with skeletal site and
preoperative bone mass.19 On balance, patients with the
lowest preoperative BMD achieve the greatest relative increases in bone mass after treatment of hyperparathyroidism. A significant improvement in BMD is achieved
in the first 12 months after control of PHPT.2,17,18 However, this response seems to have a limited capacity to
restore bone mass. Thus, although successful surgery improves BMD, restoration of age-appropriate bone mass
is not achievable if osteopenia is advanced. Therefore, prevention of osteopenia by prompt treatment of PHPT, even
in young patients, seems to be the most effective strategy for ensuring the long-term adequacy of BMD in patients with MEN 1.
This study provides support for parathyroidectomy to be undertaken early in the evolution of PHPT.
Prompt initial treatment of PHPT and long-term maintenance of normocalcemia are likely to be the most effective strategies for the optimization and preservation
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Reduction in bone mass is evident in most women with
MEN 1 by 35 years of age. Reduced BMD is associated
with an increased likelihood of skeletal fracture. Successful parathyroidectomy and maintenance of normocalcemia is associated with improved LS and FN BMDs.
We advocate (1) screening of all patients with MEN
1 and PHPT for osteoporosis; (2) prompt treatment of
emergent, asymptomatic PHPT in those with a BMD below age- and sex-matched means; (3) lifelong follow-up
of parathyroid status and reoperation when PHPT
recurs; and (4) use of adjunctive medical therapies
(bisphosphonate drugs, hormone replacement therapy
[if appropriate], or calcitriol) in addition to parathyroidectomy when osteoporosis is present.
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Hospital Peer Review and the National Practitioner Data Bank: Clinical Privileges Action Reports
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Robin Cohen, MPH; Roger A. Rosenblatt, MD, MPH
Context: The National Practitioner Data Bank (NPDB) is believed to be an important source of information for peer review
activities by the majority of those who use it. However, concern has been raised that hospitals may be underreporting physicians with performance problems to the NPDB.
Objective: To examine variation in clinical privileges action reporting by hospitals to the NPDB, changes in reporting over
time, and the association of hospital characteristics with reporting.
Design: Retrospective cohort study of privileges action reports to the NPDB between 1991 and 1995, linked with the 1992
and 1995 databases from the Annual Survey of Hospitals conducted by the American Hospital Association.
Setting and Participants: A total of 4743 short-term, nonfederal, general medical/surgical hospitals throughout the United
States that were continuously open between 1991-1995 and registered with the NPDB.
Main Outcome Measures: (1) Reporting of 1 or more privileges actions during the 5-year study period and (2) privileges
action reporting rates (numbers of actions reported per 100 000 admissions).
Results: Study hospitals reported 3328 privileges actions between 1991 and 1995; 34.2% reported 1 or more actions during
the period. The range of privileges action reporting rates for these hospitals was 0.40 to 52.27 per 100 000 admissions, with
an overall rate of 2.36 per 100 000 admissions. The proportion of hospitals reporting an action decreased from 11.6% in
1991 to 10.0% in 1995 (P = .008). After adjustment for other factors, urban hospitals had significantly higher reporting than
rural hospitals (adjusted odds ratio [OR], 1.21 [95% confidence interval {CI}, 1.02-1.43]), while members of the Council of
Teaching Hospitals of the Association of American Medical Colleges had significantly lower reporting than nonmembers
(adjusted OR, 0.54 [95% CI, 0.40-0.73]). There were notable regional differences in reporting, with the east south Central
region having the lowest rate per 100 000 admissions (1.49 [95% CI, 1.33-1.65]).
Conclusions: The results of this study indicate a low and declining level of hospital privileges action reporting to the NPDB.
Several potential explanations exist, 1 of which is that the information reported to the NPDB is incomplete. (1999;282:349355) www.jama.com
Corresponding author and reprints: Laura-Mae Baldwin, MD, MPH, University of Washington, Department of Family Medicine,
Box 354696, Seattle, WA 98195-4696 (e-mail: lmb@u.washington.edu).

ARCH SURG/ VOL 134, OCT 1999
1123

WWW.ARCHSURG.COM

©1999 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 05/05/2015

