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Abstract

Purpose—To determine the incidence of thiazide-associated hypercalcemia and clarify its clinical
features and natural history.

Methods—In a population-based descriptive study, Olmsted County, Minnesota, residents with
thiazide-associated hypercalcemia were identified through the Rochester Epidemiology Project and
the Mayo Clinic Laboratory Information System. Changes in incidence rates were evaluated by
Poisson regression.

Results—Seventy-two Olmsted County residents (68 women and 4 men; mean age, 64 years) with
thiazide-associated hypercalcemia first recognized in 1992 to 2001 were identified. The overall
annual age- and sex-adjusted (to 2000 U.S. whites) incidence was 7.7 (95% CI, 5.9 to 9.5) per
100,000. There was an increase in incidence after 1996, peaking at 16.3 (95% ClI, 8.3 to 24.3) per
100,000 in 1998. The highest rate was 55.3 per 100,000 in 70 to 79 year-old women. Hypercalcemia
was identified a mean of 6 + 7 years after thiazide initiation, and the average highest serum calcium
was 10.7 £ 0.3 mg/dL with serum parathyroid hormone (obtained in 53 patients) of 4.8 £ 2.7 pmol/
L. Of 33 patients who stopped the thiazide, 21 (64%) had persistent hypercalcemia. Patients
subsequently diagnosed with primary hyperparathyroidism had the highest average serum calcium
and parathyroid hormone levels of 11.0 + 0.3 mg/dL and 6.3 + 2.4 pmol/L, respectively.

Send correspondence and reprint requests to Dr. R. A. Wermers, Division of Endocrinology, Mayo Clinic, 200 First Street S.W.,
Rochester, MN 55905. Telephone: (507)284-4738; Fax: (507)284-5745; e-mail: wermers.robert@mayo.edu

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

Clinical Significance

The annual incidence of thiazide-associated hypercalcemia was 7.7 per 100,000, with an increasing trend after 1996.
Hypercalcemia was detected 6 years after thiazide initiation. The majority of the patients with hypercalcemia were women.
Clinical features of thiazide-associated hypercalcemia were similar to those seen in primary hyperparathyroidism.

Persistence of hypercalcemia in 64% of patients discontinuing thiazides suggests that underlying primary hyperparathyroidism
is common in patients who develop hypercalcemia while on thiazide diuretics.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wermers et al. Page 2

Conclusion—Persistence of hypercalcemia in patients discontinuing thiazides, and similarities in
the clinical spectrum, suggest that underlying primary hyperparathyroidism is common in patients
who develop hypercalcemia while on thiazide diuretics.
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INTRODUCTION

Hypercalcemia associated with thiazide diuretic use is a well recognized clinical entity.1 Mean
24-hour plasma calcium concentrations are increased with thiazide use, but mean 24-hour
plasma parathyroid hormone levels remain unchanged in subjects with normal baseline
parathyroid hormone levels and no evidence of hypercalciuria.2 Thiazides have several
metabolic effects that may contribute to increased calcium levels. A reduction in urine calcium
excretion is the most likely explanation,3'6 but a metabolic alkalosis associated with diuretic
use could also cause an elevation in total serum calcium through a pH-dependent increase in
protein-bound calcium. Although plasma 1,25(OH),D levels are unchanged,7 increased
intestinal calcium absorption in response to thiazide treatment has been noted and could also
contribute to an increase in serum calcium.8:9 A final factor that may lead to the development
of hypercalcemia is hemoconcentration associated with diuresis.10

Despite the well-known effect of thiazides increasing serum calcium levels, the incidence of
thiazide-associated hypercalcemia has never been reported. Furthermore, prior prevalence
studies were done before the introduction of automated serum calcium measurements. The
only available data are from the early 1970’s in Sweden where, in a health screen, 1034 of
15,903 persons between 20 and 63 years of age (66% women) were on thiazides; among the
thiazide-treated subjects, 20 (1.9%) were found to have hypercalcemia.11 The prevalence of
hypercalcemia in this group was greater than that in the entire population (0.6%). Stenstrom
and Heedman estimated the overall prevalence of hypercalcemia to be 0.1%-0.2%, with a
prevalence of 0.4% in thiazide-treated subjects.12

The primary aim of this study was to determine the incidence of thiazide-associated
hypercalcemia in the era of routine serum calcium measurement. Additionally, we sought to
clarify the clinical characteristics and natural history of thiazide-associated hgpercalcemia in
the general population. Given the demonstrated benefits of thiazide diuretics13 and their status
as preferred first-step agents in the treatment of hypertension,14 we also wanted to provide
timely clinical guidance in the evaluation and management of this disorder.

METHODS

Population-based research is feasible in Olmsted County, Minnesota, because medical care is
essentially self-contained within this community of approximately 124,000 residents (90%
Caucasian) and the area has relatively few providers. Most endocrinologic care is provided by
the Mayo Clinic, which has maintained a common medical record with its two hospitals (St.
Marys and Rochester Methodist) for over 100 years. The diagnoses and surgical procedures
recorded in these records are indexed, as are the medical records of other providers who serve
the local population.15 Utilizing this unique record system (the Rochester Epidemiology
Project), all Olmsted County residents diagnosed with hypercalcemia from 1992 through 2001
were identified. We also identified all patients with primary hyperparathyroidism as described
elsewhere.16 The following diagnostic rubrics were searched through 2003 (to allow patients
in the process of being examined to be included on the diagnostic index): hyperparathyroidism
(ICD-9 code, 252.0), parathyroid adenoma (ICD-9 code, 227.1), osteitis fibrosa cystica (ICD
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9-code, 588.8), malignant hypercalcemia/ectopic hormone secretion (ICD-9 code, 259.3), and
hypercalcemia not otherwise specified (ICD-9 code, 275.4). In addition, all Olmsted County
residents with serum calcium levels exceeding 10.1 mg/dL at least twice, between 1992 and

2001, were identified directly from Mayo’s Laboratory Information System.

Patients were accepted as having thiazide-associated hypercalcemia if they met the following
criteria: sustained hypercalcemia (serum calcium > 10.1 mg/dL) documented on two or more
measurements with concomitant thiazide diuretic use for which no other cause (e.g.,
pathologically or biochemically proven primary hyperparathyroidism before initiation of the
thiazide diuretic, malignancy, family history of familial benign hypercalcemia, creatinine level
> 2 mg/dL, or lithium therapy) was identified. The methods used at the Mayo Clinic to measure
serum calcium levels changed over time; however, the normal range (8.9 to 10.1 mg/dL)
remained the same because the instrumentation was calibrated not against the manufacturer’s
standard but against atomic absorption spectrophotometry (according to certified references
from the National Bureau of Standards). The date of diagnosis of thiazide-induced
hypercalcemia was the date of the first elevated calcium level while on a thiazide diuretic.
Patients with thiazide-associated hypercalcemia who subsequently had biochemically proven
primary hyperparathyroidism must have met the inclusion criteria outlined in our previous
studiest6:17 three months or longer after thiazide discontinuation.l Serum intact parathyroid
hormone was measured by a two-site immunochemiluminometric assay (normal range: 1.0-5.2
pmol/L). To qualify for the study, patients must have been residents of Olmsted County on the
date the first elevation in serum calcium was discovered. In addition, to assure comparability
with the earlier study of primary hyperparathyroidism,le’17 we also established residency in
Olmsted County for at least one year before the diagnosis of thiazide-associated hypercalcemia.

For each case identified, the complete (inpatient and outpatient) medical record in the
community was reviewed by one of the investigators (RAW). 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 laboratory, radiographic and
pathology reports, including autopsies. This information was supplemented by that available
lirgm the other providers of care to local residents, most notably the Olmsted Medical Center.

Incidence rates were calculated as of the date of the initial elevated serum calcium level after
initiation of the thiazide. The denominator age- and sex-specific person-years for the entire
population of Olmsted County were estimated from decennial census data with interpolation
between census years.18 Standard errors and 95% confidence intervals were calculated for the
rates assuming that they follow a Poisson distribution. Incidence rates were directly age- and/
or age- and sex-adjusted to the population structure of white persons in the United States in
2000. Poisson regression was used to compare male and female incidence rates adjusted for
age. The cumulative probability of primary hyperparathyroidism diagnosis after thiazide
discontinuation was calculated using the Kaplan-Meier method.19

We identified 72 Olmsted County residents with thiazide-associated hypercalcemia (68 women
and 4 men) during the 10-year study period, 1992-2001. The overall annual age- and sex-
adjusted incidence was 7.7 (95% Cl, 5.9-9.5) per 100,000 (Table 1). The incidence of thiazide-
associated hypercalcemia increased after 1996, with a peak incidence of 16.3 (95% ClI,
8.3-24.3) per 100,000 in 1998 (Table 2). The age-adjusted incidence was higher in women
(13.5 per 100,000 person-years; 95% Cl, 10.3-16.8) than in men (0.9 per 100,000 person-years;
95% Cl, 0.0-1.8; P<.0001). The highest incidence was 55.3 per 100,000 person-years in 70-79
year-old women.
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The mean age at diagnosis was 64 * 11 years, and women comprised the majority of cases
(94%) (Table 3). Laboratory results indicated mild hypercalcemia, with a mean highest serum
calcium on thiazides of 10.7 = 0.3 mg/dL (range, 10.2 to 11.5 mg/dL). Prior to initiation of
thiazides, the mean serum calcium was 9.7 £ 0.4 mg/dL as measured in 57 subjects. Of those
without a serum calcium level prior to thiazide initiation, 10 patients (67%) had a normal serum
calcium measurement prior to the detection of hypercalcemia. The elevated serum calcium
level was identified on average 6.0 + 7.2 years after the initiation of thiazide treatment (range,
14 days to 27 years). Serum parathyroid hormone was measured in 53 patients after the
identification of hypercalcemia and averaged 4.8 + 2.7 pmol/L (range, 0.4 to 13 pmol/L). The
serum parathyroid hormone was < 2.1 pmol/L in 7 subjects (13.2 %), 2.2-5.2 pmol/L in 29
subjects (54.7%), and > 5.2 pmol/L in 17 subjects (32.1%). None of the patients with a
suppressed parathyroid hormone level had an identifiable secondary cause of their
hypercalcemia and the onset of hypercalcemia in all of these patients was more than 1 year
after thiazide initiation. Patients without a serum parathyroid hormone measurement had less
severe hypercalcemia (10.46 = 0.19), but were otherwise similar to the overall cohort. The
most common reason for thiazide initiation was hypertension (94%); edema (3%) and
hypercalciuria/nephrolithiasis (3%) were the other rationales for its use.

The thiazide was abruptly discontinued in 33 patients (in 12.5% [95% CI, 4.5-19.8%] within
1 year, 25.1% [95% Cl, 14.3-34.4%] within 3 years, and 34.6% (95% Cl, 22.2-45.1%) within
5 years following initiation of treatment), and was then reinitiated in 2 patients (Figure 1).
Serum calcium stayed persistently normal in 7 patients discontinuing thiazides, with a mean
last serum calcium measurement 5 + 4.0 years after the thiazide was stopped. Twenty one
patients (64%) continued to have hypercalcemia despite stopping the thiazide, 18 of whom
were formally diagnosed with primary hyperparathyroidism (39.7 % [95% CI, 19.2-55.2%]
within 1 year, 48.3% [95% CI, 25.8-68.4%)] within 3 years, and 65.5% [95% CI, 32.5-83.7%]
within 5 years since discontinuation) (Figure 2). In patients with continued hypercalcemia after
stopping the thiazide, 5 patients had initial normalization of their serum calcium level, followed
by recurrent hypercalcemia an average of 3.1 £+ 1.2 years later. Five patients who stopped
thiazides did not have their serum calcium level measured after discontinuation.

Thirty seven subjects (51%) continued the thiazide and did not have parathyroid surgery (2
subjects had parathyroid surgery without stopping the thiazide). Serum calcium levels were
measured in all patients after meeting the inclusion criteria for thiazide-associated
hypercalcemia. Their last measured mean serum calcium level was 9.9 + 0.4 mg/dL (range,
8.8t0 11.1 mg/dL) an average of 5.7 years + 2.1 years (range, 2.6 to 11.1 years) after detection
of hypercalcemia, with continued hypercalcemia on the last measurement in 11 subjects (30%).
In the 26 patients with a last measured serum calcium level in the normal range, 5 patients
(19%) had a single measurement, 7 patients (27%) had persistently normal calcium levels, and
14 patients (54%) had intermittent hypercalcemia. When compared to those in whom the
thiazide was discontinued, the mean serum calcium and parathyroid hormone levels were lower
in patients remaining on thiazides (Table 4).

Primary hyperparathyroidism was diagnosed in 20 patients with thiazide-associated
hypercalcemia. Of the patients with primary hyperparathyroidism, 10 (50%) had pathologic
confirmation, 7 (35%) had an inappropriate parathyroid hormone in the setting of
hypercalcemia, and 3 (15%) had persistent hypercalcemia for a year or more after stopping the
thiazide. In patients diagnosed with primary hyperparathyroidism, 18 (90%) were
asymptomatic. The two patients with symptomatic disease had kidney stones. The mean age
at onset of hypercalcemia in the patients diagnosed with primary hyperparathyroidism was 66
years, and 19 (95%) were women (Table 3). The mean maximum serum calcium in this subset
of patients was 11.0 £ 0.3 mg/dL, with a mean PTH level of 6.3 = 2.4 pmol/L (range, 3.4 to
12.0 pmol/L) at the time closest to the diagnosis of primary hyperparathyroidism. The mean
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time to identification of hypercalcemia after initiation of the thiazide in patients diagnosed with
primary hyperparathyroidism was 7.3 years.

DISCUSSION

In this study, the first to estimate the incidence of thiazide-associated hypercalcemia, we found
an overall age- and sex-adjusted incidence of 7.7 per 100,000 person-years in our community.
In general, the incidence increased after 1996, with a peak of 16.3 per 100,000 in 1998. One
potentlal explanation for this trend could be the increased use of thiazides since the ALLHAT
trial.20 However, due to significant changes in our prescription ordering system during the
period of interest, we were unable to confidently quantify thiazide prescription trends at our
institution.

Factors other than thiazides may be important in the development of hypercalcemia. Patients
with a clear etiology for hypercalcemia were excluded from our results. Thus, the primary
diagnostic considerations in this setting would be primary hyperparathyroidism or the thiazide
itself. To distinguish between these two conditions, it is often necessary to discontinue the
thiazide for up tothree months? since hypercalcemia has been reported to resolve once thiazides
are discontinued. However, Christensson and colleagues reported that hypercalcemia resolved
in only 5 of 20 subjects 1-3 months after thiazide discontinuation and 14 of the 15 subjects
with persistent hypercalcemia had pathologically confirmed primary hyperparathyroidism.

This is consistent with our finding that 64% of community patients identified with thiazide-
associated hypercalcemia remained hypercalcemic after treatment was discontinued,
suggesting another underlying cause, e.g., primary hyperparathyroidism.

Indeed, the clinical characteristics of thiazide-associated h percalcemia are similar to those
seen for primary hyperparathyroidism in this populatlon 7 The average age was 64 years
with 94% females in the thiazide cohort compared to an average age of 56 ears and 69%
women in the primary hyperparathyroidism cohort from the same perlod The observed
gender discrepancy suggests that postmenopausal women are predisposed to developing
hypercalcemia while on thiazides, but an additional factor may be that more women than men
are on thiazides for the treatment of hypertension. 21 The mean maximum serum calcium (10.7
mg/dL) in our subjects was identical to that seen in primary hyperparathyroidism. 17
Furthermore, in subjects who remained on thiazides, the last serum calcium measurement was
9.9 mg/dL, suggesting a non-progressive process as is often seen in mild primary
hyperparathyroidism. 2 Consistent with previous literature, complications were limited to 2
patients, both of whom were later diagnosed with primary hyperparathyroidism.16 Although
patients diagnosed with primary hyperparathyroidism appeared to be similar to the overall
group of patients with thiazide-associated hypercalcemia, on average, they had higher
maximum serum calcium (11.0 vs 10.7 mg/dL) and parathyroid hormone (6.3 vs 4.8 pmol/L)
levels. It is also likely that several of the subjects remaining on thiazides with unsuppressed
parathyroid hormone levels or continued hypercalcemia had underlying primary
hyperparathyroidism.

The specific relationship between thiazide use and primary hyperparathyroidism is uncertain.
Work from Plckleman and colleagues suggested that thiazide use induced enlargement of the
parathyroid glands Alternatlvely, the association may simply represent a chance association
between two conditions (hypertension and primary hyperparathyroidism) which are more
prevalent with increasing age. In addition, the renal tubular Na-Cl co- transporter (NCTT) has
been suggested as a link between hypertension and calcium homeostasis.2 Specmcally, higher
urinary calcium excretion and higher parathyroid hormone levels have been reported in patients
with essential hypertension.24 Finally, thiazides might unmask mild or normocalcemic
primary hyperparathyroidism.25 Conversely, thiazide use theoretically could reduce
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parathyroid gland stimulation through renal3-6 and intestinal®9 mechanisms and delay the
development of primary hyperparathyroidism.26

Our study has several limitations due to its design. We did not have prospective measurements
of serum calcium in all patients on thiazides, and serum calcium was not measured at specific
time points prior to or after thiazide initiation. Also, we did not have routine measurements of
serum albumin or a formal assessment of dietary calcium and vitamin D intake, all of which
may influence serum calcium measurements. In addition, the population of Olmsted County
is primarily Caucasian, limiting the application of study results to more ethnically diverse
populations. Nonetheless, the results would be representative of typical patients encountered
in clinical practice. Furthermore, our unique record system allowed comprehensive follow-up
of all community medical care. A comparable prospective study to identify thiazide-associated
hypercalcemia would require an estimated 3600 study subjects followed for at least 6 years.

The appropriate clinical management of patients with thiazide-associated hypercalcemia is
poorly delineated. After confirming sustained hypercalcemia, a serum parathyroid hormone
determination is useful in narrowing the diagnostic considerations. Although thiazides will
often be discontinued to determine if they are the cause of the hypercalcemia, the hypercalcemia
has been described as mild, non-progressive, and often consists of atemporary elevation shortly
after the onset of therapy.lz'27 Our results are consistent with mild, asymptomatic and non-
progressive disease. In patients without an easily identifiable cause of hypercalcemia on
thiazides and an unsuppressed parathyroid hormone level, a reasonable strategy may be to
follow guidelines for asymptomatic primary hyperparathyroidism.28 Although exacerbation
of hypercalcemia is a concern if thiazides are continued, it appears that thiazides do not worsen
hypercalcemia in patients who develop mild primary hyperparathyroidism.29 However, there
are case reports of severe hypercalcemia in patients with primary hyperparathyroidism who
are started on a thiazide diuretic.30 This study did not address the issue of starting thiazides in
patients with known primary hyperparathyroidism.

In summary, the overall age- and sex adjusted annual incidence of thiazide-associated
hypercalcemia in Olmsted County in 1992-2001 was estimated at 7.7 per 100,000 with an
increasing trend since 1996 for unclear reasons. The typical patients were women with mild,
uncomplicated, and non-progressive hypercalcemia that was discovered approximately 6 years
after thiazide initiation. Excluding readily identifiable causes of hypercalcemia, we estimate
that approximately two-thirds of the patients with thiazide-associated hypercalcemia have
underlying primary hyperparathyroidism. Since there is increasing utilization of thiazides as
first-line antihypertensive agents, combined with an aging population at increased risk for
parathyroid disease, a further increase in the incidence of thiazide-associated hypercalcemia
might be expected. It will be important to monitor long-term trends in this condition, as well
as to consider prospective studies to further characterize its long-term natural history.
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Trends in the incidence of thiazide-associated hypercalcemia among Olmsted County, Minnesota, residents,

1992-2001, by year

*

Year n Rate (95% CI)
1992 4 4.9(0.1-9.8)
1993 3 3.6 (0-7.8)
1994 6 7.1 (1.4-12.8)
1995 4 4.6 (0.1-9.0)
1996 3 3.0 (0.0-6.5)
1997 8 8.6 (2.6-14.6)
1998 16 16.3 (8.3-24.3)
1999 12 12.3(5.3-19.2)
2000 6 5.8 (1.1-10.5)
2001 10 9.5 (3.5-15.4)

*
Incidence per 100,000 person-years directly age- and sex-adjusted to the U.S. white population in 2000.
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Table 3
Clinical and laboratory spectrum of thiazide-associated hypercalcemia among Olmsted County, Minnesota,
residents, 1992-2001, overall and subset later found to have primary hyperparathyroidism

Characteristic All patients mean + SD, or n Primary Hyperparathyroidism subset
(%) mean + SD, or n (%)
Female gender 68 (94.4) 19 (95.0)
Age at onset of hypercalcemia, yrs 63.9+11.3 66.2 +11.2
Serum calcium prior to thiazide use, mg/dL 9.7+04 9.7+05
Maximum serum calcium on thiazides, mg/dL 10.7 +0.3 11.0+0.4
Serum parathyroid hormone, pmol/L 48+27 6.3+4.4
Years from thiazide start to hypercalcemia 6.0+7.2 73+85
Reason for thiazide use
Hypertension 68 (94.4) 20 (100)
Edema 2(2.8) 0 (0)
Hypercalciuria/nephrolithiasis 2(2.8) 0(0)
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Table 4
Clinical and Laboratory Spectrum of Thiazide-Associated Hypercalcemia Among Olmsted County, Minnesota,
Residents, 1992-2001, Comparing Subsets Continuing and Discontinuing Thiazide.

Characteristic Thiazide discontinuation mean * Thiazide continuation without
SD, or n (%) parathyroid surgery mean + SD,
or n (%)
Female gender 30(90.9) 36 (97.3)
Age at onset of hypercalcemia, yrs 67.48 +10.24 60.76 + 11.03
Serum calcium prior to thiazide use, mg/dL 9.64 £0.37 9.71+£0.37
Maximum serum calcium on thiazides, mg/dL 10.80 +0.38 10.56 + 0.20
Serum parathyroid hormone, pmol/L 5.38 +2.82 3.66+1.83
Range, pmol/L 1.8-13 0.4-7.6
Not measured 5 14
Parathyroid hormone <2.1 pmol/L 2(7.1) 5(21.7)
Parathyroid hormone 2.2-5.2 pmol/L 16 (57.1) 13 (56.5)
Parathyroid hormone > 5.2 pmol/L 10 (35.7) 5(21.7)
Years from thiazide start to hypercalcemia 7.92 +8.40 4.67 +6.01
Reason for thiazide use
Hypertension 31 35
Edema 2 0
Hypercalciuria/nephrolithiasis 0 2

Am J Med. Author manuscript; available in PMC 2008 October 1.



