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Abstract

Introduction of automated serum calcium measurements in the 1970s resulted in a sharp rise in 

primary hyperparathyroidism (PHPT) incidence. However, recent investigations suggest a 

significant rise in PHPT incidence for unclear reasons. Our objective was to update our 

population-based secular trends in PHPT incidence, to determine if there has been a significant 

rise in PHPT incidence as suggested by others, and, if possible, to identify changes in clinical 

practice that might be responsible. Rochester, Minnesota, residents who met criteria for PHPT 

from 2002 through 2010 were identified through the medical records-linkage system of the 

Rochester Epidemiology Project and added to the historical cohort beginning in 1965. Incidence 

rates were adjusted to the 2010 US white population. Altogether, 1142 Rochester residents have 

been diagnosed with PHPT since 1965, including 341 in 2002-2010. Over time, two periods of 

increased PHPT incidence occurred, one beginning in 1974 (121.7 per 100,000 person-years) and 

a second peak (86.2 per 100,000 person-years) starting in 1998. The median age of PHPT subjects 

has increased significantly from 55 years in 1985-1997 to 60 years of age in 1998-2010 and more 

patients (36%) had a parathyroidectomy in 1998-2010. Although serum calcium measurement has 

declined since 1996, there was a progressive increase in parathyroid hormone testing between 

1994 and 2008. There was also a rise in orders for bone mineral density measurements in women 

since 1998, which peaked in 2003-2004. A second sharp rise in PHPT incidence occurred in our 

community in 1998, simultaneously with the introduction of national osteoporosis screening 

guidelines, Medicare coverage for bone density measurement, and new medications for the 

treatment of osteoporosis. Case ascertainment bias from targeted PHPT screening in patients being 

evaluated for osteoporosis is the most likely explanation.
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Introduction

Primary hyperparathyroidism (PHPT) is the third most common endocrine disorder and the 

most common cause of hypercalcemia in the outpatient setting.1,2 We observed a significant 

increase in PHPT incidence among Rochester, Minnesota residents in 1974 that was 

associated with the introduction of automated serum chemistry panels and attributed to 

identification of previously unrecognized prevalent cases of PHPT with asymptomatic 

hypercalcemia.3 After the initial rise in PHPT diagnoses, the incidence fell to 27.7 per 

100,000 person-years, which was thought to represent the true rate in an environment of 

automated measurement of serum calcium.3 PHPT clinical characteristics also changed in 

the era of routine calcium measurement, from symptomatic disease with more severe 

hypercalcemia to asymptomatic PHPT with mild hypercalcemia that was more common in 

older women who are also at risk for osteoporosis.1-7

Throughout the 1980's, the incidence of PHPT in Rochester steadily decreased, and this 

lower rate persisted throughout most of the 1990's.7,8 However, a second sharp increase in 

PHPT incidence was noted in 1998, which suggested that another important change in the 

epidemiology of PHPT might be occurring. Furthermore, three recent studies have suggested 

that the incidence of PHPT was higher than previously reported. 4,5,9 The goal of the current 

study was to update our population-based secular trends in PHPT incidence, to determine if 

there has been a significant rise in PHPT incidence as suggested by recent investigations, 

and, if possible, to identify changes in clinical practice that might be responsible. 

Availability of the population-based medical records-linkage system of the Rochester 

Epidemiology Project offered a unique opportunity to address this issue.10,11
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Methods

Most endocrinologic care in this community is provided by the Mayo Clinic, which has 

maintained a common medical record with its two hospitals for over 100 years. The 

diagnoses and surgical procedures recorded in these records are indexed, as are the medical 

records of the other providers who serve the local population.11 After approval from the 

Institutional Review Boards of Mayo Clinic and the Olmsted Medical Center, we used this 

comprehensive medical records-linkage system (the Rochester Epidemiology Project) to 

identify all Rochester residents first diagnosed with PHPT from 2002 through 2010. This 

was accomplished by screening the complete records of all those with an outpatient clinic or 

hospital diagnosis of hyperparathyroidism, parathyroid adenoma, osteitis fibrosa cystica, 

familial benign hypercalcemia, malignant hypercalcemia, or hypercalcemia not otherwise 

specified. We also ascertained all patients undergoing parathyroid surgery, those with an 

autopsy/death certificate diagnosis of hyperparathyroidism, and any patients with a tissue 

registry diagnosis of hyperparathyroidism during the time period.

In addition, all Rochester residents with serum calcium levels exceeding 2.52 mmol/L at 

least twice between 2002 and 2010 were identified directly from Mayo's Laboratory 

Information System. Although the methods used to measure serum calcium levels changed 

over time, the normal range remained unchanged since instrumentation was calibrated 

against atomic absorption spectrophotometry according to certified references from the 

National Bureau of Standards. We also identified all residents with a parathyroid hormone 

(PTH) level (two-site immunochemiluminometric assays) above the upper normal range as 

follows: 1.0 - 5.2 pmol/L by manual bead immunoassay (in-house assay) in December 1974 

to December 2, 2003; 10 - 55 pg/mL (1.1 to 5.8 pmol/L) by Nichols Advantage (Nichols 

Institute Diagnostics, San Juan Capistrano, CA U.S.A.) in December 3, 2003 to May 1, 

2006; 10 - 67 pg/mL (1.1 to 7.1 pmol/L) by Diagnostics Products Corporation assay 

(Diagnostics Products Corporation, Los Angeles, CA U.S.A.) in March 31, 2005 to July 15, 

2007; and 15 to 65 pg/mL (1.59 to 6.90 pmol/L) performed on the Roche Cobas 6000 

(Roche Diagnostics GmbH, Mannheim, Germany) since July 16, 2007.

For each potential case identified, the complete (inpatient and outpatient) medical record 

was reviewed by one of the investigators (MLG). Mayo Clinic records contain the details of 

every inpatient hospitalization at its two hospitals, every outpatient office or clinic visit, all 

emergency room and nursing home care, as well as all radiographic reports and pathology 

reports, including autopsies.11 This information was supplemented by that available from 

the other providers of care to local residents, most notably the Olmsted Medical Center and 

its associated hospital.10

Inclusion criteria for patients for PHPT were consistent with our previous reports.7,8 Patients 

were accepted as having “definite” PHPT if they met one or more of the following criteria: 

i) histopathologic proof of parathyroid adenoma or hyperplasia; ii) hypercalcemia (calcium 

level >2.52 mmol/L) with an elevated serum immunoreactive PTH level; or iii) 

hypercalcemia persisting for more than one year for which no other cause (e.g., thiazide 

diuretics, cancer, creatinine level >176.8 mmol/L, or lithium therapy) was evident. Two 

groups of patients were identified as having “possible” hyperparathyroidism: i) patients with 
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at least two elevated serum calcium levels from at least three determinations who were 

followed for less than one year; ii) patients with at least two elevated serum calcium levels 

and in at least two different years that were followed by three or more normal calcium 

values. Patients with familial benign hypocalciuric hypercalcemia were excluded. To assure 

comparability with the earlier studies, patients must have established residency in Rochester 

for at least one year before the initial elevated serum calcium level was observed.

The updated cohort from 2002-2010 was combined with the previously identified Rochester 

PHPT cases.3,7,8 PHPT occurrence was analyzed in four time periods based on periods of 

incidence rate change identified within our population: Pre-chemistry panel era, 1965 to 

June 30, 1974; early chemistry panel era, July 1, 1974 through 1984; late chemistry panel 

era, 1985 through 1997; and osteoporosis screening era, 1998 through 2010.3,7,8 Patient 

characteristics evaluated included reason for diagnosis, sex, age, maximum serum calcium 

level, initial management (surgery, surgery recommended but refused, surgery 

recommended but patient too ill, observation or uncertain) and presentation (symptoms, 

abnormal serum calcium, other biochemical or radiologic abnormality, uncertain). In the 

current update (2002-2010), we also identified osteoporosis based on measurement of bone 

mineral density (BMD) by dual-energy xray absorptiometry (DXA) that led to the diagnosis 

of PHPT.

Incidence rates for PHPT were based on the date of the initial elevated serum calcium level 

consistent with previous studies.3,7,8 Age- and sex-specific incidence rates were estimated 

using the number of patients in each age (<45, 45-54, 55-64, 65-74, 75+) and sex group as 

the numerator, with corresponding age- and sex-specific person-years as denominators.12 

Person-years were estimated by decennial census data for the Rochester population with 

interpolation for intercensal years. The rates from our study, including previous reports were 

directly age- and sex-adjusted to the U.S. white population in 2010. For direct comparison, 

recently published incidence rates by others were adjusted to this same standard population 

regardless of the inherent racial distribution.9 Ninety-five percent confidence intervals (95% 

CIs) for the incidence rates were calculated under the Poisson distribution. In an attempt to 

identify changes in clinical practice, rates of calcium, PTH, and BMD measurement for local 

residents were also estimated using the number of unique patients with each test per year, 

derived from actual test results for calcium and PTH and order placement for the BMD 

measurements. In order to compare time periods (e.g., 1985-1997 vs. 1998-2010) in terms of 

clinical and demographic characteristics, Pearson chi-square tests for categorical variables 

and Mann-Whitney statistics for continuous variables were used.

Results

Altogether, 341 Rochester residents (269 females, 72 males) were newly diagnosed with 

PHPT in 2002 through 2010 for a cohort total of 1142 PHPT patients from 1965 through 

2010, of whom the majority had definite PHPT (94%). As shown in Figure 1, however, 

two periods of increased PHPT incidence occurred, one beginning in 1974 (121.7 per 

100,000 person-years, 95% CI: 88.4 – 154.9, re-adjusted to the 2010 U.S. white population) 

associated with the introduction of automated serum calcium measurement which persisted 

until 1984 when the incidence rate decreased to 37.3 per 100,000 person-years. A second 

Griebeler et al. Page 4

Bone. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



peak (86.2 per 100,000 person-years, 95% CI: 64.0 – 108.3) started in 1998 and continued 

until 2007, when the incidence rate dropped to 31.3 per 100,000 person-years. Additionally, 

overall PHPT incidence of 50.4 per 100,000 person-years in 1998-2010 was nearly twice the 

1985-1997 rate of 27.9 per 100,000 person-years (Table 1). When comparing PHPT 

incidence rates in 1985-1997 to those in 1998-2010, a greater than three-fold rise in women 

age 65-74 and more than a two-fold increase in women ≥ 75 years old occurred. Similarly, 

since 1998, the highest PHPT incidence rate was observed in men ≥ 75 years, whereas no 

men in this age-group were seen in 1985-1997.

The median age of PHPT recognition in the 1998-2010 cohort was older than noted in 

1985-1997, at 60.4 years (p < 0.001) (Table 2). Women (77%) were still more likely to have 

PHPT than men in 1998-2010, but the female to male sex-ratio demonstrated a 
nonsignificant increase from 2.5 in 1985-1997 to 3.4 in 1998-2010 (p = 0.093). The 

majority of patients in recent time periods were categorized with definite PHPT (92% in 

1985-1997 and 96 % in 1998-2010). Maximum serum calcium levels were similar 

throughout the different cohort periods. Only 7% of PHPT patients had symptoms at 

presentation during the prior time period which was not significantly different from 11% 

of PHPT subjects with symptoms in 1998-2010 (p = 0.071). The most common symptoms 

leading to the PHPT diagnosis in 1998-2010 were as follows: osteoporotic fracture (n = 10), 

nephrolithiasis (n =22), fatigue (n = 17), anxiety/depression (n = 3), cognitive impairment (n 

= 1), hypercalcemic crisis (n = 1), and other (n = 3). Five PHPT cases (1%) in 1998-2010 

were identified initially due to an incidental radiologic detection of a parathyroid adenoma. 

Significantly more patients had surgery in 1998-2010 (36%) than in 1985-1997 (26%) (p < 

0.001). Histology was consistent with a parathyroid adenoma in the majority of subjects in 

both 1998-2010 (96%) and 1985-1997 (89%) (p = 0.249). Also, 47 asymptomatic patients 

with BMD-defined osteoporosis which led to the diagnosis of PHPT were identified in 

2002-2010. Of these patients, 22 (47%) underwent parathyroidectomy.

Discussion

We have identified a second sharp rise in the incidence of PHPT in Rochester in 1998 

similar to that observed in 1974 after the introduction of automated chemistry panels.3 The 

first peak in PHPT incidence was attributed to “sweeping” the population for previously 

unrecognized PHPT cases through routine serum calcium testing. However, the most recent 

increase occurred despite a reduction in serum calcium measurements (Figure 2) that 

accompanied a regulatory change on June 13, 1996, that eliminated the use of automated 

chemistry panels and necessitated individual orders for serum calcium measurements.8

Several other investigators have reported higher recent PHPT incidence rates. In Tayside, 

Scotland, Yu et al. estimated PHPT incidence rates of 95.7, 51.9, and 75.5 per 100,000 

person-years in 1998-2006 for females, males, and both sexes combined (adjusted to the 

U.S. 2010 white population) compared, respectively, to 85.3, 29.6, and 59.1 per 100,000 

person-years in Rochester in 1998-2006.4 Similarly, Abood et al. evaluated the incidence of 

PHPT in Denmark in 1977-2010 and demonstrated a progressive rise in rates between 1990 

and 2010, including a 3-fold increase in incidence between 1998 and 2010.5 Most recently, 

Yeh and colleagues reported the incidence of PHPT from the Kaiser Permanente Southern 

Griebeler et al. Page 5

Bone. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



California database for 1995-2010 and showed that the incidence of PHPT was also higher 

than prior estimates.9 Incidence rates (adjusted to the U.S. 2010 white population) were 

68.6, 24.5, and 48.3 per 100,000 person-years in 1998-2006, respectively, for females, 

males, and both sexes combined, although a significant amount of that population was non-

white and PHPT incidence is greater among blacks.9

There are several potential causes for the recent increase in PHPT incidence. One possible 
contributing factor is heightened awareness of osteoporosis, resulting in serum calcium and 

PTH screening as part of an evaluation for secondary causes of osteoporosis.13,14 Indeed, 

there was a progressive increase in PTH testing between 1994 and 2008 at our institution 

(Figure 2). In addition, measurement of serum PTH and calcium was more common in 

women and increased with age (Appendix Figures A and B), consistent with measures 

targeted to those most likely to have PHPT. In 1998, the National Osteoporosis Foundation's 

first clinical practice guidelines for osteoporosis were published; and the Medicare Bone 

Mass Measurement Coverage Standardization Act, adding BMD testing to the list of 

procedures for which Medicare will pay, went into effect.15 Screening for reduced BMD 

was recommended for all women ≥ 65 years of age in the absence of other risk factors, and 

at menopause if fractures or osteoporosis risk factors were present. As a consequence, a 

sharp increase in BMD measurement has occurred since 1992 16, with the largest growth 

between 1995 and 1996 when specific treatments for osteoporosis became widely 

available 17, including the U.S. Food and Drug Administration approval of osteoporosis 

treatment for men in 2000. BMD measurement has increased most dramatically in 

postmenopausal women, who are also at the greatest risk of having PHPT.1 We also saw a 

rise in BMD measurement orders in women, which peaked in 2003-2004 (Figure 2). Taken 

together, these findings suggest a role for ascertainment bias due to osteoporosis-related 

testing being performed in the patients most likely to have PHPT.

There are additional factors that could have contributed to a rise PHPT incidence since 1998. 

Estrogen use has been shown to lower serum calcium levels in postmenopausal women with 

PHPT 18, but a dramatic decline in estrogen use in postmenopausal women accompanied the 

release of the Women's Health Initiative (WHI) report in June 2002.19-21 However, 

increases in the incidence of PHPT in both older women and men, combined with the 

increase in PHPT incidence before the landmark WHI study was published, argue against 

this as a plausible factor. Another consideration is the epidemic of obesity, which has been 

associated with PHPT.22 However, greater obesity would have been expected to cause a 

steady increase in PHPT incidence over time rather than a sharp rise. Other possibilities 

include population changes in oral calcium and vitamin D intake.23-28 However, calcium 

intake from dietary sources in U.S. adults has not changed significantly in the recent decade, 

and the use of calcium and vitamin D supplements has remained common, especially with 

advancing age.29,30 Finally, the incidental detection of parathyroid adenomas through 

increased imaging, such as neck ultrasonography introduced in the 1980's, might lead to an 

increase in PHPT incidence similar to that observed for thyroid cancer 31,32, but only 5 

Rochester PHPT cases were identified this way in the most recent time period.

The median age of PHPT subjects has increased significantly from 55 years in 1985-1997 to 

60 years in 1998-2010. Patients with symptoms at PHPT presentation were not significantly 
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different in 1985-1997 (7%) compared to the most recent period (11%), and these levels 

remain below those observed in the pre-chemistry panel era (20%). In addition, the number 

of patients initially recommended for parathyroidectomy in 1998-2010 has increased (39%) 

and is now similar to the 1965-June 1974 time period (40%), when patients often were 

identified due to symptomatic disease rather than biochemical detection.3 This is, in part, 

likely the result of the 2002 changes (from Z- to T-scores) in BMD guidelines for 

parathyroidectomy in asymptomatic PHPT33, combined with increased detection of PHPT 

through BMD screening. Indeed, a significant number of subjects had osteoporosis based on 

BMD measurement that led to the PHPT diagnosis in 2002-2010, of whom approximately 

half underwent parathyroidectomy.

Our study has several inherent limitations given its retrospective design. In addition, the 

population of Rochester is primarily white, which limits the application of study results to 

more ethnically diverse populations.10 This is especially relevant since PHPT appears to be 

more common among blacks compared to other races.9 We were also unable to capture 

orders for BMD testing at our institution prior to 1998. In addition, there is no clear 

explanation for the decline in PHPT incidence observed in the last 2 years of our study. 

However, reductions in Medicare reimbursement for BMD testing in the nonhospital setting, 

initiated in January 2007, has attenuated the prior growth observed in such testing and may 

have reduced targeted screening for secondary causes of osteoporosis.34 We observed a 

similar reduction in BMD orders at Mayo Clinic Rochester after 2006 as shown in Figure 2. 

A similar sharp decline was also seen in PTH levels measured, particularly in women, after 

2008.

Conclusions

The epidemiology of PHPT has exhibited significant changes over the last 5 decades, which 

appear to largely reflect alterations in medical practice. Clinical medicine is dynamic, with 

constant innovations in patient care, introduction of new medications and treatment 
guidelines, and variations in reimbursement paradigms. The clinical spectrum of PHPT first 

shifted from a symptomatic disease with multiple complications to uncomplicated, 

asymptomatic PHPT in older individuals with the advent of automated chemistry panels. 

Subsequently, the introduction of osteoporosis screening guidelines and multiple new 

medications for the treatment of osteoporosis may have contributed to a second surge in 

PHPT incidence. In addition, patients are now significantly older and more likely to have a 

parathyroidectomy than in the previous 2 decades. The effect of clinical practice shifts will 

be important to track as the epidemiology of PHPT is updated, and may help us better 

understand the differences in PHPT incidence observed in various locations around the 

world. More importantly, the impact of practice changes on PHPT epidemiology emphasizes 

how influential clinical medicine can be on the expression of a disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• A second sharp increase in the incidence rate of primary hyperparathyroidism 

has occurred since 1998.

• The greatest increase in primary hyperparathyroidism incidence was seen in 

women ≥ 65 and men ≥ 75 years.

• Since 1998, patients with primary hyperparathyroidism are older and more 

likely to undergo parathyroidectomy.

• Ascertainment bias associated with osteoporosis-related testing is the most 

likely cause of the increased incidence of primary hyperparathyroidism since 

1998.
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Figure 1. 
Age-adjusted (to 2010 U.S. whites) incidence of definite (solid line) and possible (dashed 

line) primary hyperparathyroidism (upper panel) and women (solid line) and men (dashed 

line) with primary hyperparathyroidism (lower panel), among Rochester, Minnesota, 

residents, 1965-2010.
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Figure 2. 
Utilization of serum calcium (panel A) and PTH (panel B) measurements from 1994 to 2010 

and bone mineral density unique patient orders (panel C) from 1998 to 2010 at Mayo Clinic 

Rochester for all Olmsted County, Minnesota, residents.
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Table 1

Incidence (per 100,000 Person-Years) of Primary Hyperparathyroidism among Rochester, Minnesota, 

Residents in 1965-2010, by Time Periods Based on Incidence Rate Change

Time Period Men Women Both Sexes

Age-groups n Incidence n Incidence n Incidence

1965-June 1974 (Pre-chemistry panel era)

    < 45 11 6.6 9 4.8 20 5.6

    45-54 4 19.4 8 34.0 12 27.2

    55-64 1 6.5 15 70.4 16 43.6

    65-74 2 20.4 9 53.5 11 41.3

    ≥ 75 0 0.0 6 42.5 6 29.3

    Total 18
9.2 

* 47
24.5 

* 65
17.4

†

July 1974-1984 (Early chemistry panel era)

    < 45 37 17.9 42 18.4 79 18.2

    45-54 11 42.7 63 226.6 74 138.2

    55-64 18 88.5 82 334.2 100 222.8

    65-74 16 128.2 62 290.7 78 230.7

    ≥ 75 3 35.3 34 155.7 37 122.0

    Total 85
41.1

* 283
123.5

* 368
84.1

†

1985-1997 (Late chemistry panel era)

    < 45 25 7.8 23 7.0 48 7.4

    45-54 13 28.6 34 69.9 47 50.0

    55-64 11 35.2 36 101.3 47 70.3

    65-74 7 32.4 22 74.5 29 56.7

    ≥ 75 0 0.0 23 61.7 23 43.6

    Total 56 16.0* 138 38.3 * 194 27.9†

1998-2010 (Osteoporosis screening era)

    < 45 30 7.4 36 9.0 66 8.4

    45-54 32 37.3 87 96.9 119 67.8

    55-64 21 36.5 108 177.0 129 112.1

    65-74 19 54.9 97 246.0 116 156.6

    ≥ 75 15 57.5 70 161.4 85 122.3

    Total 117 23.2* 398 74.6* 515 50.4†

*
Incidence per 100,000 person-years directly adjusted for age according to the population distribution of white persons in the United States in 

2010.

†
Incidence per 100,000 person-years directly adjusted for age and sex according to the population distribution of white persons in the United States 

in 2010.
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Table 2

Demographic and Clinical Characteristics of Rochester, Minnesota, Residents with a First Diagnosis of 

Primary Hyperparathyroidism (PHPT) in 1965-2010, by Time Periods Based on Incidence Rate Change

Characteristic 1965-June 1974 
Pre-chemistry 
Panel Era (n=65)

July 1974-1984 
Early Chemistry 
Panel Era 
(n=368)

1985-1997 Late 
Chemistry Panel 
Era (n=194)

1998-2010 
Osteoporosis 
Screening Era 
(n=515)

p-valve
*

Age, Years <0.001

Median 55.5 57.3 55.1 60.4

(25th - 75th percentiles) (43.6-65.4) (47.6-67.9) (45.1-66.4) (52.0-71.0)

Presentation, n (%)

Symptom 13 (20.0) 25(6.8) 13 (6.7) 57 (11.0) 0.071

Abnormal serum Calcium 50 (77.0) 339 (92.0) 177 (91.2) 453 (88.0)

Other biochemical or radiological 
abnormality

1 (1.5) 1 (0.3) 4 (2.1) 5 (1.0)

Autopsy 0 (0.0) 3 (1.0) 0 (0.0) 0 (0.0)

Uncertain 1 (1.5) 0 (0.0) 0 (0.0) 0 (0.0)

Sex, n (%) 0.093

Female 47 (72.3) 283 (76.9) 138 (71.1) 398 (77.3)

Male 18 (27.7) 85 (23.1) 56 (28.9) 117 (22.7)

Mode of Diagnosis, n (%)

Histologic Evidence 23 (35.4) 94 (25.5) 50 (25.8) 183 (35.5) <0.001

Inappropriate parathyroid hormone level 27 (41.5) 161 (43.8) 80 (41.2) 257 (50.0)

Hypercalcemia > 1 year 13 (20.0) 87 (23.6) 48 (24.8) 53 (10.2)

“Possible” PHPT 2 (3.1) 26 (7.1) 16 (8.2) 22 (4.3)

Maximum serum calcium level, mg/dL 0.015

Median 10.8 10.7 10.7 10.8

(25th - 75th percentiles) (10.6-11.3) (10.5-11.1) (10.4-10.9) (10.6-11.1)

Range 10.2-12.5 10.2-16 10.2-13.1
9.4

**
-14.7

Initial Management

Surgery 18 (27.7) 73 (19.8) 37 (19.1) 179 (34.8) < 0.001

Surgery recommended but refused 6 (9.2) 12 (3.3) 4 (2.1) 12 (2.3)

Surgery recommended but patient too ill 2 (3.1) 15 (4.1) 1 (0.5) 10 (1.9)

Decision to observe 378 (57.0) 268 (72.8) 152 (78.4) 314 (61.0)

Uncertain 2 (3.1) 0 (0) 0 (0) 0 (0)

*
P-values comparing characteristics of PHPT patients diagnosed in 1998-2010 to those diagnosed in 1985-1997.

**
Includes 2 patients with normocalcemic PHPT with hypercalciuria, kidney stones, and parathyroid adenomas pathologically confirmed after 

parathyroidectomy.
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