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BSTRACT

 

Background

 

In the United States, most patients
with primary hyperparathyroidism have few or no
symptoms. The need for parathyroidectomy to treat
all patients with this disorder has therefore been
questioned. 

 

Methods

 

We studied the clinical course and devel-
opment of complications for periods of up to 10
years in 121 patients with primary hyperparathyroid-
ism, 101 (83 percent) of whom were asymptomatic.
There were 30 men and 91 women (age range, 20 to
79 years). During the study, 61 patients (50 percent)
underwent parathyroidectomy, and 60 patients were
followed without surgery.

 

Results

 

Parathyroidectomy in patients with or with-
out symptoms led to normalization of serum calcium
concentrations and a mean (±SE) increase in lum-
bar-spine bone mineral density of 8±2 percent after
1 year (P=0.005) and 12±3 percent after 10 years
(P=0.03). Bone mineral density of the femoral neck
increased 6±1 percent after 1 year (P=0.002) and
14±4 percent after 10 years (P=0.002). Bone mineral
density of the radius did not change significantly. The
52 asymptomatic patients who did not undergo sur-
gery had no change in serum calcium concentration,
urinary calcium excretion, or bone mineral density.
However, 14 of these 52 patients (27 percent) had pro-
gression of disease, defined as the development of at
least one new indication for parathyroidectomy. All
20 patients with symptoms had kidney stones. None
of the 12 who underwent parathyroidectomy had re-
current kidney stones, whereas 6 of the 8 patients
who did not undergo surgery did have a recurrence.

 

Conclusions

 

In patients with primary hyperpara-
thyroidism, parathyroidectomy results in the normal-
ization of biochemical values and increased bone
mineral density. Most asymptomatic patients who did
not undergo surgery did not have progression of dis-
ease, but approximately one quarter of them did have
some progression. (N Engl J Med 1999;341:1249-55.)
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RIMARY hyperparathyroidism in the Western
world has evolved from a disease of “bones,
stones, and groans” to a disorder that is
asymptomatic in most patients.

 

1-5

 

 As a result,
common questions include the following: When is
surgery — the definitive therapy for this disorder —
indicated in patients with primary hyperparathyroid-
ism who have no symptoms,

 

6-8

 

 and what is the nat-
ural history of the disease in such patients?

Early studies of patients with primary hyperpara-
thyroidism do not help to answer these questions,
because many of the patients had symptomatic dis-
ease. In a 1981 study of 197 patients, for example,
51 percent had nephrolithiasis and 24 percent had
radiographic evidence of bone involvement.

 

9

 

 Today,
only about 20 percent of patients have nephrolithi-
asis, and radiographically detectable bone disease is
rare.

 

5

 

 To address some of these issues, in 1990 the
National Institutes of Health Consensus Development
Conference on the Diagnosis and Management of
Asymptomatic Primary Hyperparathyroidism recom-
mended criteria for surgery, while recognizing that
prospective data were needed to “define this disease’s
multisystem effects” and to “assess the long-term in-
cidence and progression of complications” in asymp-
tomatic patients.

 

10

 

Fifteen years ago, we initiated a prospective study
of primary hyperparathyroidism to define the bio-
chemical, bone densitometric, and histomorphomet-
ric features of the disorder; to determine its natural
history; and to assess the results of surgery. In this
report, we describe our findings during 10 years of
follow-up in two cohorts of patients: one treated by
successful parathyroidectomy and the other observed
without intervention.

P
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METHODS

 

Patients

 

Over a seven-year period we enrolled 137 patients in a prospec-
tive study of primary hyperparathyroidism. Of these patients, 121
(88 percent) participated for at least one year and are included in
this report (Fig. 1). The study was approved by the institutional
review board of Columbia–Presbyterian Medical Center, and all
patients gave written informed consent. These patients were also
included in earlier cross-sectional

 

11,12

 

 and longitudinal

 

13,14

 

 studies
conducted by our group. Primary hyperparathyroidism was diag-
nosed when the patient had hypercalcemia and high serum para-
thyroid hormone concentrations. Patients who were receiving thi-
azide or lithium therapy were excluded.

The decision to recommend parathyroidectomy was based on
guidelines adopted by the NIH Consensus Conference.

 

10

 

 Thus, all
patients with signs of hyperparathyroidism — osteitis fibrosa cystica,
nephrolithiasis, classic neuromuscular symptoms (proximal mus-
cle weakness, atrophy, hyperreflexia, and gait disturbances),

 

12,15

 

and hyperparathyroid crisis (a discrete episode of life-threatening
hypercalcemia) — were referred for surgery. Nephrolithiasis was
documented by a review of the medical records. Screening radi-
ography for nephrolithiasis or nephrocalcinosis was not routinely
performed. A complete neurologic evaluation was performed for
the first 42 patients enrolled

 

12

 

 and as needed for subsequent pa-
tients. Some patients described vague constitutional symptoms
that are often associated with primary hyperparathyroidism, includ-
ing fatigue, weakness with no objective signs, and constipation.
However, since such symptoms are common and are not clearly
caused by either mild hypercalcemia or high serum parathyroid
hormone concentrations, these patients were not considered to
have symptoms.

We recommended surgery for patients without symptoms if
they met at least one of the following criteria

 

10

 

: a serum calcium
concentration of greater than 12 mg per deciliter (3 mmol per
liter), marked hypercalciuria (urinary calcium excretion, greater
than 400 mg per day [10 mmol per day]), markedly reduced cor-
tical bone density (z score for the distal third of the radius, less than
¡2; the z score reflects the standard deviation from the mean for
a sex-matched and age-matched reference population), an unex-
plained reduction in creatinine clearance, and an age of less than
50 years. Moderate calcium intake without vitamin D supplemen-

tation was recommended for patients who did not undergo sur-
gery. No particular recommendations were made with regard to
exercise. Five postmenopausal women took estrogen–progestin
therapy for at least one year during follow-up.

Although 75 patients (62 percent) met the criteria for parathy-
roidectomy at enrollment, 29 did not undergo surgery, for the
following reasons: previous parathyroid surgery that was not cur-
ative (5 patients), an intercurrent medical condition or advanced
age (4 patients), and the patient’s choice (20 patients). Fifteen of
the 46 patients (33 percent) who did not meet the criteria for
parathyroidectomy elected to undergo the procedure. Eleven pa-
tients, six of whom met guidelines for surgery at enrollment, un-
derwent parathyroidectomy after follow-up for 2 to 11 years (mean,
5 years). This group of 11 patients included 6 of the 14 patients
in whom an indication for surgery, which was not present at base
line, developed during follow-up.

 

Study Protocol

 

All patients underwent biochemical studies at base line and
every four months thereafter if they were followed with no inter-
vention, or every six months thereafter if they underwent parathy-
roidectomy. Serum calcium, phosphorus, and alkaline phosphatase
were measured by automated techniques (Technicon Instruments,
Tarrytown, N.Y.). Serum parathyroid hormone was measured by
immunoradiometric assay (interassay coefficient of variation, 5.6
percent),

 

16

 

 and serum 25-hydroxyvitamin D and 1,25-dihydroxy-
vitamin D were measured as previously described (interassay co-
efficients of variation, 9.6 percent and 9.8 percent, respectively).

 

11

 

Serum osteocalcin was measured by radioimmunoassay (interas-
say coefficient of variation, 4.8 percent).

 

17

 

 Urinary pyridinoline
and deoxypyridinoline were measured by high-performance liq-
uid chromatography,

 

18

 

 and urinary calcium by atomic absorption
spectrophotometry.

The bone mineral density of the lumbar spine (L2, L3, and
L4), femoral neck, and distal third of the nondominant radius
was measured at enrollment and yearly thereafter. Before 1991,
we used single-photon and dual-photon absorptiometry (SP2 and
DP3 scanners, respectively; Lunar Radiation, Madison, Wis.), and
thereafter we used dual-energy x-ray absorptiometry (model
QDR-1000 bone densitometer, Hologic, Waltham, Mass.). The
coefficient of variation of these measurements on a phantom spine

 

Figure 1.

 

 Base-Line Characteristics and Outcome in 121 Patients with Primary Hyperparathyroidism.
All patients with symptomatic disease had kidney stones. In patients with disease progression, either an indication for surgery (ac-
cording to NIH Consensus Conference guidelines

 

10

 

) developed or an overt complication of hyperparathyroidism (such as kidney
stones, fracture, or osteitis fibrosa cystica) occurred during follow-up.

121 Patients1
101 with asymptomatic disease (83%)G

20 with symptomatic disease (17%)

Surgery in 61 patients (50%)1
49 with asymptomatic diseaseG
12 with symptomatic disease

No surgery in 60 patients (50%)1
52 with asymptomatic diseaseG

8 with symptomatic disease

Normalization of biochemical1
values and increased bone mineral1

density in 61 patients1
(100% of symptomatic andG

asymptomatic patients)

Stable disease in 38 patients1
38 with asymptomatic diseaseG

(73% of asymptomatic patients)

Disease progression in 22 patients
14 with asymptomatic diseaseG

(27% of asymptomatic patients)G
8 with symptomatic disease 

(100% of symptomatic patients)
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was 0.4 percent. The data on bone density are reported both as
absolute measurements and as z scores.

 

19

 

 The results obtained
with the two densitometric techniques were compared by means
of a series of equations we developed,

 

13

 

 and all measurements are
presented in terms of dual-energy x-ray absorptiometry values (in
grams per centimeter squared). The contrast between the in-
crease in bone mineral density in the patients who underwent
parathyroidectomy and the lack of change in patients who did not
argues against systematic errors resulting from the conversion to
the use of dual-energy x-ray absorptiometry.

 

Statistical Analysis

 

For each patient, we determined the change in bone mineral
density from base line at each site during each year of follow-up
and then averaged the changes for all the patients for each year of
follow-up. Student’s paired t-tests were used to evaluate changes
in biochemical values and bone mineral density over time, and
Student’s unpaired t-tests were used to compare biochemical val-
ues and changes in bone mineral density between the group that
underwent surgery and the group that received no intervention.
Logistic-regression analysis was used to identify factors associated
with loss of bone mineral density.

 

RESULTS

 

Characteristics of the Patients

 

The cohort of 121 patients was made up of 29
premenopausal women (24 percent), 62 postmeno-
pausal women (51 percent), and 30 men (25 percent)
with mild primary hyperparathyroidism. Only 20 pa-
tients (17 percent) had symptoms of hyperparathy-
roidism — specifically, a history of kidney stones.
None of the 121 patients had clinical bone disease
or fractures, neuromuscular symptoms, or hyperpara-
thyroid crisis. Because there is little debate about
the importance of surgery in symptomatic patients
with primary hyperparathyroidism, a central goal of
this study was to characterize the course of the dis-
ease and its complications in the 101 patients who
were asymptomatic. Therefore, patients were studied
according to treatment and according to the pres-
ence or absence of symptoms referable to their hy-
perparathyroidism (Fig. 1 and Table 1).

The 61 patients who underwent parathyroidecto-
my were younger and had higher serum calcium con-
centrations and urinary calcium excretion than the
60 who did not undergo surgery (Table 1). The pa-
tients who underwent surgery also had significantly
lower z scores for bone mineral density at the lum-
bar spine and femoral neck, but not at the radius. The
serum parathyroid hormone, alkaline phosphatase,
and vitamin D concentrations were similar in these
two groups.

 

Course of Disease among Patients Who Underwent 
Parathyroidectomy

 

Of the 61 patients who underwent parathyroidec-
tomy, 49 (80 percent) had an adenoma, 7 (11 per-
cent) had hyperplasia, and 5 (8 percent) had a mix-
ture of adenomatous and hyperplastic disease. All had
normal biochemical values after surgery (Table 2).

Increases in bone mineral density at the lumbar
spine and femoral neck in these patients have previ-

 

*Plus–minus values are means ±SD. To convert values for serum calci-
um to millimoles per liter, multiply by 0.25; to convert values for urinary
calcium to millimoles per liter, multiply by 0.025.

†P=0.006 for the comparison with the value in patients who had
surgery.

‡The patients had no other symptoms or signs of primary hyperparathy-
roidism (e.g., bone disease or fractures, neuromuscular symptoms, or hy-
perparathyroid crisis).

§P<0.001 for the comparison with the value in patients who had
surgery.

¶P=0.05 for the comparison with the value in patients who had surgery.

¿The z score reflects the standard deviation from the mean for a sex-
matched and age-matched reference population.
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C

 

HARACTERISTIC

 

S

 

URGERY

 

(N=61)
N

 

O

 

 S

 

URGERY

 

(N=60)
N

 

ORMAL

 

 
R

 

ANGE

 

Age (yr) 51±1 58±2†

Sex (M/F) 16/45 14/46

Kidney stones (no. of patients)‡ 12 8

Serum calcium (mg/dl) 10.8±0.1 10.4±0.1§ 8.4–10.2

Serum parathyroid hormone
(pg/ml)

126±10 117±9 10–65

Urinary calcium (mg/g of creat-
inine)

271±17 225±15¶ <300

Serum alkaline phosphatase 
(U/liter)

93±4 98±6 <100

Serum osteocalcin (ng/ml) 9.7±6.5 9.3±3.1 3.4–11.7

Urinary pyridinoline (nmol/
mmol of creatinine)

63±15 57±19 22–89

Urinary deoxypyridinoline 
(nmol/mmol of creatinine)

17±6 18±7 4–21

Serum 25-hydroxyvitamin D 
(ng/ml)

22±2 22±1 9–52

Serum 1,25-dihydroxyvitamin D
(pg/ml)

62±3 56±2 15–60

Bone mineral density (z score)¿
Lumbar spine
Femoral neck
Radius

¡0.84±0.19
¡1.31±0.11
¡1.20±0.20

0.00±0.23†
¡0.67±0.14§
¡1.00±0.21

*Plus–minus values are means ±SD. The base-line values are the means
of three measurements in each patient. To convert values for serum calcium
to millimoles per liter, multiply by 0.25; to convert values for urinary cal-
cium to millimoles per liter, multiply by 0.025.

†P<0.001 for the comparison with the base-line value.
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URGERY

 

(N=58)

Y

 

EAR

 

 10 

 

AFTER

 

S

 

URGERY

 

(N=17)

 

Kidney stones (no. of patients) 12 0 0

Serum calcium (mg/dl) 10.8±0.1 9.1±0.1† 9.4±0.3†

Serum parathyroid hormone 
(pg/ml)

126±10 49±3† 49±6†

Urinary calcium (mg/day) 271±17 151±15† 131±56†

Serum alkaline phosphatase 
(U/liter)

93±4 77±5† 93±11
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ously been reported for a four-year period after para-
thyroidectomy.

 

14

 

 During the 10-year follow-up, the
increases in bone density at these sites, as compared
with base-line (preoperative) values, in this group were
prompt and sustained (Fig. 2), although the trend to-
ward a further increase after year 1 was significant only
for the femoral-neck values (P=0.02 after 4 years
and P=0.03 after 7 and after 10 years, by paired
t-tests). Bone mineral density of the lumbar spine
and femoral neck increased to the same extent in the
28 postmenopausal women who underwent surgery as
in premenopausal women and men who underwent
surgery (data not shown). There was no significant
change in the bone mineral density of the radius.

Among the 61 patients who underwent parathy-
roidectomy, 49 were asymptomatic and 12 were symp-
tomatic (all had kidney stones) (Fig. 1). After sur-
gery, the increases in bone mineral density at the
lumbar spine and femoral neck in the patients with-
out symptoms were similar to those in the patients
with symptoms (data not shown). None of the 12 pa-
tients with symptoms who underwent parathyroid-
ectomy had recurrence of kidney stones postopera-
tively (Table 2).

 

Course of Disease among Patients Who Did Not Undergo 
Parathyroidectomy

 

Of the 60 patients who did not undergo parathy-
roidectomy, 52 were asymptomatic (Fig. 1). The eight
symptomatic patients, all of whom had kidney stones,
either refused surgery or had previously undergone
unsuccessful surgery.

There were no significant changes from base-line
values in serum calcium, parathyroid hormone, or
alkaline phosphatase concentrations; urinary calcium
excretion (Table 3); or bone mineral density at any
site during the 10-year period in these 52 asympto-
matic patients. There also were no significant changes
in biochemical values or bone mineral density from
base line in the subgroup of 29 postmenopausal wom-
en who had asymptomatic disease and did not un-
dergo surgery (data not shown).

However, 11 of these 52 patients (21 percent) had
a decrease of more than 10 percent in bone density
at one or more sites over the 10-year period. All but
1 of these 11 patients were women, and 5 became
menopausal during follow-up. These 11 patients had
higher mean (±SD) serum calcium concentrations at
base line than those in whom bone density did not

 

Figure 2.

 

 Mean (±SE) Change in Bone Mineral Density at Three
Sites in Patients with Primary Hyperparathyroidism, According
to Treatment.
Data shown are the cumulative percent changes from base line
at each site after 1, 4, 7, and 10 years of follow-up in patients
who did not undergo parathyroidectomy and in those who un-
derwent parathyroidectomy. There were no significant changes
from base line in radial bone mineral density.
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change (10.7±0.5 vs. 10.3±0.4 mg per deciliter
[2.68±0.12 vs. 2.58±0.10 mmol per liter], P=0.03);
4 met criteria for surgery at base line and thus had
more severe disease than those in whom bone den-
sity did not change. Other than the base-line serum
calcium concentration, onset of menopause during
follow-up was the only factor identified in the logis-
tic-regression analysis as having an association with
a risk of loss of bone mineral density (P=0.006).

Fourteen of the 52 asymptomatic patients (27 per-
cent) who did not undergo surgery had evidence of
disease progression (Fig. 1), defined as the develop-
ment of one or more new indications for parathy-
roidectomy during follow-up. Marked hypercalcemia
(serum calcium concentration of more than 12 mg
per deciliter) developed in two patients, marked hy-
percalciuria (urinary calcium excretion of more than
400 mg per day) in eight, and low cortical bone den-
sity (z score for the distal third of the radius, less
than ¡2) in six. These patients were younger at base
line than those with no disease progression (52±12
vs. 60±10 years old, P=0.02), and six became men-
opausal during follow-up. Their serum calcium and
parathyroid hormone concentrations, urinary calci-
um excretion, and bone mineral density at base line
were similar to those of the asymptomatic patients
in whom there was no progression of disease. None
of these 14 patients had nephrolithiasis, an unex-
plained decrease in creatinine clearance, a fracture, or
hyperparathyroid crisis. Six of the 14 underwent para-
thyroidectomy after the development of an indication
for surgery. In addition, four asymptomatic patients
who did not meet criteria for surgery chose to have
surgery after several years of follow-up.

Among the eight patients who had kidney stones
at base line but who did not undergo parathyroidec-
tomy, all eight had at least one sign of progression:
six had a recurrence of kidney stones and three had

new indications for surgery during follow-up (Fig.
1). Only one of these eight patients eventually un-
derwent parathyroidectomy. In contrast, none of the
12 patients with kidney stones who underwent sur-
gery initially had a recurrence (Table 2).

 

DISCUSSION

 

The questions underlying this study were clearly
delineated at the NIH Consensus Conference in
1990: What are the benefits of curing primary hy-
perparathyroidism? What are the consequences of
nonintervention? On the basis of our results we can
now comment on the long-term course of treated
and untreated asymptomatic primary hyperparathy-
roidism.

In the 61 patients who underwent surgery, bio-
chemical values normalized and bone density in-
creased. These results, which extend those of previ-
ous studies,

 

14,20

 

 reveal that successful surgery leads to
sustained increases in bone mineral density at sites
rich in cancellous bone (such as the lumbar spine
and femoral neck) in patients with primary hyper-
parathyroidism, including postmenopausal women.
A satisfactory explanation for this sustained increase
in bone mineral density remains elusive. One hy-
pothesis attributes the increase to mineralization of
the expanded remodeling space that is characteristic
of primary hyperparathyroidism.

 

21

 

 This hypothesis,
however, does not explain why the increase in bone
mineral density is sustained. A second hypothesis is
that surgery restores normal pulsatility to the secre-
tion of parathyroid hormone, which is thought to
stimulate the formation of cancellous bone.

 

22,23

 

 Par-
adoxically, although cortical bone is more vulnerable
than cancellous bone to the catabolic effects of para-
thyroid hormone,

 

24

 

 parathyroidectomy is not followed
by an increase in radial bone mineral density. Our
results substantiate earlier observations that cortical
bone loss in patients with primary hyperparathyroid-
ism is not readily reversible.

 

25-28

 

Our data are in agreement with those of previous,
shorter-term studies that found that asymptomatic
patients who did not undergo parathyroidectomy had
stable bone mineral density.

 

13,26,29-31

 

 In one study,
however, bone density at the radius did decrease dur-
ing follow-up.

 

26

 

 Although age-related decreases in
bone mineral density are expected during middle age,
bone mineral density in most of our patients who
did not undergo surgery remained stable during a
decade of observation. Our inability to detect de-
creases in bone mineral density could be due to lim-
itations related to sample size or the presence of ver-
tebral degenerative joint disease, which can alter bone
mineral density values at the lumbar spine, but the
finding that femoral-neck bone mineral density was
stable makes the latter explanation less likely. Alter-
natively, the stable bone mineral density could re-
flect our finding that patients with primary hyper-

 

*Values are means ±SD. The base-line values are the means of three
measurements in each patient. There were no significant differences from
base line in any of the variables shown during follow-up. To convert values
for serum calcium to millimoles per liter, multiply by 0.25; to convert val-
ues for urinary calcium to millimoles per liter, multiply by 0.025.
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NDERGO PARATHYROIDECTOMY.*

VARIABLE

BASE LINE

(N=52)

YEAR 5 OF

FOLLOW-UP

(N=35)

YEAR 10 OF

FOLLOW-UP

(N=14)

Serum calcium (mg/dl) 10.5±0.1 10.6±0.1 10.3±0.2

Serum parathyroid hormone (pg/ml) 118±9 113±67 106±26

Urinary calcium (mg/day) 232±18 193±20 152±34

Alkaline phosphatase (U/liter) 98±6 101±9 110±13

Serum 1,25-dihydroxyvitamin D 
(pg/ml)

56±2 55±3 53±6
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parathyroidism do not have the expected age-related
changes on bone histomorphometry, perhaps be-
cause of the continued anabolic effect of parathyroid
hormone on cancellous bone.32-34

Bone density was not stable in all our patients.
Those who entered menopause during follow-up were
at risk for bone loss, as are normal women at the on-
set of menopause. The absence of reliable predictors
of bone loss in most patients makes regular measure-
ment of bone density mandatory in patients who do
not undergo parathyroidectomy.

Although no symptomatic complications such as
fractures or kidney stones developed during follow-up
in any of the patients with asymptomatic primary hy-
perparathyroidism who did not undergo surgery, hy-
percalcemia and hypercalciuria did worsen and bone
mineral density decreased in approximately one quar-
ter of this subgroup. On the other hand, the majority
of patients who initially had symptoms of primary hy-
perparathyroidism (kidney stones) but did not undergo
surgery had recurrent kidney stones during follow-up.

Our results suggest that patients with symptomat-
ic primary hyperparathyroidism should undergo sur-
gery. In both patients with and those without symp-
toms, parathyroidectomy can be expected to result
in biochemical cure and increases in bone mineral
density at the lumbar spine and femoral neck. Thus,
surgery can be a particularly suitable treatment op-
tion for patients who have low bone mineral density
at these sites at the time of diagnosis.

This study has several limitations. First, our results
are observational. Second, we did not include the
nonspecific manifestations of hyperparathyroidism in
our criteria for symptomatic disease, because validat-
ed, quantitative measures of these manifestations are
not yet available.

In conclusion, biochemical test results and bone
mineral density did not change significantly during
follow-up in most patients with asymptomatic pri-
mary hyperparathyroidism who do not undergo sur-
gery. Since women with hyperparathyroidism seem
to be at risk for the progression of disease at the time
of menopause, they should consider parathyroidec-
tomy. Because some asymptomatic patients have pro-
gression of disease over time, biannual measurements
of serum calcium concentrations and annual meas-
urements of urinary calcium excretion and bone min-
eral density should be performed in all patients who
do not undergo surgery. These tests will permit the
timely recognition of any indications for surgery as
they develop and should allow most patients with
asymptomatic primary hyperparathyroidism to be
monitored safely without surgery.

Supported in part by grants (NIDDK 32333 and RR 00645) from the
National Institutes of Health.

We are indebted to Don McMahon for statistical advice; to Markus
Seibel, M.D., for the collagen cross-link assays; and to Tae Sook Kim,
R.N., Flore Locker, R.N., Ed.D., and Ijeoma Brown, R.N., for help
with patient care and data management.

REFERENCES

1. Albright F, Reifenstein EC Jr. The parathyroid glands and metabolic 
bone disease. Baltimore: Williams & Wilkins, 1948.
2. Cope O. The story of hyperparathyroidism at the Massachusetts Gen-
eral Hospital. N Engl J Med 1966;274:1174-82.
3. Heath H III, Hodgson SF, Kennedy MA. Primary hyperparathyroid-
ism: incidence, morbidity, and economic impact in a community. N Engl 
J Med 1980;302:189-93.
4. Mundy GR, Cove DH, Fisken R. Primary hyperparathyroidism: chang-
es in the pattern of clinical presentation. Lancet 1980;1:1317-20.
5. Bilezikian JP, Silverberg SJ, Gartenberg F, et al. Clinical presentation of 
primary hyperparathyroidism. In: Bilezikian JP, ed. The parathyroids: basic 
and clinical concepts. New York: Raven Press, 1994:457-70.
6. Coe FL, Favus MJ. Does mild, asymptomatic hyperparathyroidism re-
quire surgery? N Engl J Med 1980;302:224-5.
7. Hodgson SE, Heath H III. Asymptomatic primary hyperparathyroid-
ism: treat or follow? Mayo Clin Proc 1981;56:521-3.
8. Bilezikian JP. Surgery or no surgery for primary hyperparathyroidism. 
Ann Intern Med 1985;102:402-3.
9. Scholz DA, Purnell DC. Asymptomatic primary hyperparathyroidism: 
10-year prospective study. Mayo Clin Proc 1981;56:473-8.
10. NIH conference: diagnosis and management of asymptomatic primary 
hyperparathyroidism: consensus development conference statement. Ann 
Intern Med 1991;114:593-7.
11. Silverberg SJ, Shane E, de la Cruz L, et al. Skeletal disease in primary 
hyperparathyroidism. J Bone Miner Res 1989;4:283-91.
12. Turken SA, Cafferty M, Silverberg SJ, et al. Neuromuscular involve-
ment in mild, asymptomatic primary hyperparathyroidism. Am J Med 
1989;87:553-7.
13. Silverberg SJ, Gartenberg F, Jacobs TP, et al. Longitudinal measure-
ments of bone density and biochemical indices in untreated primary hyper-
parathyroidism. J Clin Endocrinol Metab 1995;80:723-8.
14. Silverberg SJ, Gartenberg F, Jacobs TP, et al. Increased bone mineral 
density following parathyroidectomy in primary hyperparathyroidism. 
J Clin Endocrinol Metab 1995;80:729-34.
15. Vicale CT. The diagnostic features of muscular syndrome resulting 
from hyperparathyroidism, osteomalacia owing to renal tubular acidosis, 
and perhaps to disorders of calcium metabolism. Trans Am Neurol Assoc 
1949:143-7.
16. Nussbaum SR, Zahradnik RJ, Lavigne JR, et al. Highly sensitive two-
site immunoradiometric assay of parathyrin, and its clinical utility in eval-
uating patients with hypercalcemia. Clin Chem 1987;33:1364-7.
17. Gundberg CM, Wilson PS, Gallop PM, Parfitt AM. Determination of 
osteocalcin in human serum: results with two kits compared with those by 
a well-characterized assay. Clin Chem 1985;31:1720-3.
18. Seibel MJ, Gartenberg F, Silverberg SJ, Ratcliffe A, Robins SP, Bile-
zikian JP. Urinary hydroxypyridinium cross-links of collagen in primary hy-
perparathyroidism. J Clin Endocrinol Metab 1992;74:481-6.
19. Parfitt AM. Interpretation of bone densitometry measurements: disad-
vantages of a percentage scale and a discussion of some alternatives. J Bone 
Miner Res 1990;5:537-40.
20. Abdelhadi M, Nordenstrom J. Bone mineral recovery after parathy-
roidectomy in patients with primary and renal hyperparathyroidism. J Clin 
Endocrinol Metab 1998;83:3845-51.
21. Christiansen P, Steiniche T, Mosekilde L, Hessov I, Melsen F. Primary 
hyperparathyroidism: changes in trabecular bone remodeling following 
surgical treatment — evaluated by histomorphometric methods. Bone 
1990;11:75-9.
22. Reeve J, Meunier PJ, Parsons JA, et al. Anabolic effect of human para-
thyroid hormone fragment on trabecular bone in involutional osteoporosis: 
a multicentre trial. BMJ 1980;280:1340-4.
23. Slovik DM, Rosenthal DI, Doppelt SH, et al. Restoration of spinal 
bone in osteoporotic men by treatment with human parathyroid hormone 
(1-34) and 1,25-dihydroxyvitamin D. J Bone Miner Res 1986;1:377-81.
24. Parfitt AM. Accelerated cortical bone loss: primary and secondary hy-
perparathyroidism. In: Uhthoff HK, Stahl E, eds. Current concepts of 
bone fragility. Berlin: Springer-Verlag, 1986:279-85.
25. Dalen N, Hjern B. Bone mineral content in patients with primary hy-
perparathyroidism without radiological evidence of skeletal changes. Acta 
Endocrinol (Copenh) 1974;75:297-304.
26. Leppla DC, Snyder W, Pak CYC. Sequential changes in bone density 
before and after parathyroidectomy in primary hyperparathyroidism. Invest 
Radiol 1982;17:604-6.

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 13, 2009 . For personal use only. No other uses without permission. 



A 10-YEAR PROSPECTIVE STUDY OF PRIMARY HYPERPARATHYROIDISM WITH OR WITHOUT PARATHYROID SURGERY

Volume 341 Number 17 · 1255

27. Mautalen C, Reyes HR, Ghiringhelli G, Fromm G. Cortical bone min-
eral content in primary hyperparathyroidism: changes after parathyroidec-
tomy. Acta Endocrinol (Copenh) 1986;111:494-7.
28. Martin P, Bergmann P, Gillet C, Fuss M, Corvilain J, Van Geertruyden 
J. Long-term irreversibility of bone loss after surgery for primary hyper-
parathyroidism. Arch Intern Med 1990;150:1495-7.
29. Jimenez LE, Spinks TJ, Ranicar ASO, Joplin GF. Total body calcium 
mass in primary hyperparathyroidism and long-term changes. Calcif Tissue 
Int 1984;36:14-8.
30. Rao DS, Wilson RJ, Kleerekoper M, Parfitt AM. Lack of biochemical 
progression or continuation of accelerated bone loss in mild asymptomatic 
primary hyperparathyroidism: evidence for biphasic disease course. J Clin 
Endocrinol Metab 1988;67:1294-8.

31. Parfitt AM, Rao DS, Kleerekoper M. Asymptomatic primary hyper-
parathyroidism discovered by multichannel biochemical screening: clinical 
course and considerations bearing on the need for surgical intervention. 
J Bone Miner Res 1991;6:Suppl 2:S97-S101.
32. Parisien M, Silverberg SJ, Shane E, et al. The histomorphometry of 
bone in primary hyperparathyroidism: preservation of cancellous bone. 
J Clin Endocrinol Metab 1990;70:930-8.
33. Parisien M, Mellish RWE, Silverberg SJ, et al. Maintenance of cancel-
lous bone connectivity in primary hyperparathyroidism: trabecular strut 
analysis. J Bone Miner Res 1992;7:913-20.
34. Parisien M, Cosman F, Mellish RWE, et al. Bone structure in post-
menopausal hyperparathyroid, osteoporotic, and normal women. J Bone 
Miner Res 1995;10:1393-9.

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 13, 2009 . For personal use only. No other uses without permission. 



New England Journal of Medicine

CORRECTION

A 10-Year Prospective Study of Primary
Hyperparathyroidism with or without Parathyroid
Surgery

A 10-Year Prospective Study of Primary Hyperparathyroidism with or

without Parathyroid Surgery . On page 1251, in Table 1, the units for

urinary calcium should have been mg/day, not mg/g of creatinine, as

printed. The first footnote to Tables 1 and 2, on page 1251, and Ta-

ble 3, on page 1253, should have stated that the `̀ Values are means

±SE,´́ not `̀ means ±SD,´́ as printed; and `̀ to convert values for uri-

nary calcium to millimoles per day,´́ not `̀ per liter,´́ as printed. Also,

in Table 3, the values for serum parathyroid hormone after 5 and 10

years of follow-up should have been 113±14 and 106±8, respectively,

not 113±67 and 106±26, as printed.
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