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Abstract

Introduction—Hydrochlorothiazide, an effective antihypertensive medication commonly
prescribed to blacks, decreases urinary calcium excretion. Blacks have significantly higher rates of
hypertension and lower levels of 25-hydroxyvitamin D. Thus, they are more likely to be exposed
to vitamin D supplementation and thiazide diuretics. The risk for hypercalcemia among blacks
using vitamin D and hydrochlorothiazide is undefined.

Methods—We assessed the frequency of hypercalcemia in HCTZ users in a post-hoc analysis of
a randomized, double-blind, dose-finding trial of 328 blacks (median age, 51 years) assigned to
either placebo, or 1000, 2000, or 4000 international units of cholecalciferol (vitamin D3) daily for
3 months during the winter (2007-2010).
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Results—Of the 328 participants, 84 reported hydrochlorothiazide use and had serum calcium
levels assessed. Additionally, a comparison convenience group of 44 enrolled participants who
were not taking hydrochlorothiazide had serum calcium measurements at 3-months but not at
baseline. At 3-months, hydrochlorothiazide participants had higher calcium levels (0.2 mg/dL, p<.
001) than non-hydrochlorothiazide participants, but only one participant in the
hydrochlorothiazide group had hypercalcemia. In contrast, none of the non-hydrochlorothiazide
participants had hypercalcemia. In linear regression model adjusted for age, sex, 25-
hydroxyvitamin D at 3-months, and other covariates, only hydrochlorothiazide use [Estimate (SE):
0.05(0.01) p=0.01] predicted serum calcium at 3-months.

Conclusion—In summary, vitamin D3 supplementation up to 4000 IU in hydrochlorothiazide
users is associated with a rise in serum calcium but a low frequency of hypercalcemia. These
findings suggest that participants of this population can use HCTZ with up to 4000 IU of vitamin
D3 daily and experience a low frequency of hypercalcemia.
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INTRODUCTION

Blacks have significantly higher rates of hypertension (1, 2) and lower levels of 25-
hydroxyvitamin D [25(OH)D] than whites.(3) Thus, they may be exposed to concurrent
thiazide diuretics, commonly prescribed for blacks with hypertension(4-6) and vitamin D
supplementation. Thiazide diuretics are inexpensive and regarded as effective therapy for
prevention of cardiovascular disease and stroke.(7) They potentiate the blood pressure
lowering effects of other classes of antihypertensives such as angiotensin converting enzyme
(ACE)-inhibitors, angiotensin receptor blockers (ARBs), and beta blockers.(8, 9)
Furthermore, vitamin D supplementation may lower blood pressure.(10)

Patients prescribed HCTZ are routinely monitored for electrolyte abnormalities such as
hypokalemia.(11, 12) Thiazide diuretics such as HCTZ also decrease renal excretion of
calcium(13, 14), although hypercalcemia and its associated symptoms (muscle aches,
fatigue, excessive thirst, and frequent urination) (15) are a less common complication than
hypokalemia. When resulting from HCTZ usage, the degree of hypercalcemia is generally
mild, with serum calcium values usually less than 11.2 mg/dL, and does not require
intervention other than stopping HCTZ. (16, 17) Because vitamin D increases intestinal
absorption of calcium (18, 19) (20), we hypothesize that vitamin D supplementation may
increase calcium absorption leading to an even higher rate of HCTZ associated
hypercalcemia. Therefore, in this post-hoc analysis we assessed the frequency of
hypercalcemia among community-based black participants participating in a randomized,
double-blind, placebo-controlled dose-finding trial of vitamin D supplementation to examine
whether concurrent use of HCTZ and vitamin D increased the risk of thiazide associated
hypercalcemia. We monitored serum calcium in a convenience sample of participants taking
HCTZ at baseline; moreover, for comparison purposes, we examined serum calcium in a
second subset of participants not taking HCTZ.

AmJ Med. Author manuscript; available in PMC 2015 August 01.
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MATERIALS AND METHODS

Study Design and Participants

The parent study was a prospective, randomized, double-blind, placebo-controlled trial of
oral vitamin D supplementation in a healthy black population (Clinical Trials.gov:
NCT00585637). Protocol has been previously described (10). Participants were recruited
through 12 low-income housing sites in the metropolitan Boston area (21) as well as
community and faith-based organizations, and a refer-a-friend incentive program, resulting
in 328 enrolled participants. Participants of Open Doors to Health (ODH) were invited to
participate in the study if they were aged 30-80 years, able to understand written and spoken
English, and self-identified as Black or African-American, and had permission from their
primary care doctors. Participants were enrolled during winter to minimize the influence of
sun exposure on vitamin D levels. The project was approved by the Institutional Review
Board of Harvard School of Public Health (HSPH) and also annually monitored by a Data
Safety Monitoring Board. The procedures followed were in accordance with the ethical
standards of the institution. All participants gave written informed consent.

Exclusion Criteria

The exclusion criteria were: pre-existing disorders of calcium metabolism and parathyroid
function (including prevalent hypercalcemia at baseline); type | diabetes; renal disease;
sarcoidosis; concurrent active malignancies (other than non-melanoma skin cancer);
cognitive impairment; active thyroid disease (e.g., Graves, Hashimoto’s or thyroiditis); plans
for vacation or extended travel to a sunny region during the supplementation phase of the
study; and supplementation with vitamin D. Persons already taking calcium supplements
were permitted to continue calcium supplements.

Randomization, Treatment, and Calcium Safety Monitoring

Participants were randomly assigned to one of four treatment arms: placebo, 1000 U
(25ug), 2000 1U (50ug), or 4000 1U (100ug) of vitamin D (as cholecalciferol). Treatment
consisted of tablets that in addition to their vitamin D, also contained 200 mg of calcium
carbonate. The tablets were formulated and manufactured by Pharmavite LLC (Mission Hill,
CA). Study medications were started during early winter (November or December) and were
taken orally once a day for 3 months (completed in February or March). Study statisticians
generated the random allocation sequence, and subjects were enrolled by research assistants.
All participants, providers, and study staff were blinded. Dietary intake of calcium and
vitamin D was estimated by using a modified Food Frequency Questionnaire (FFQ) at
baseline, 3 months, and 6 months to evaluate intake of calcium and vitamin D-rich foods.

All participants were assessed for adverse events by study staff over the phone at week 2 of
each month and in-person at the beginning of each month when the next month’s supply of
vitamins was provided. To assess signs of elevated calcium, participants were informed of
the potential symptoms of hypercalcemia and advised to contact study coordinators if
symptoms occurred. At each adverse event assessment, study staff ascertained absence of
symptoms (such as muscle aches, fatigue, excessive thirst, frequent urination, loss or change
in appetite, changes to the skin-e.g. pruritus, and nausea). Baseline serum calcium was not
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measured; nonetheless, to be eligible for the trial, the primary care physicians of all enrolled
patients were required to provide documentation that the participant had no prior history of
hypercalcemia. As part of the clinical trial, serum calcium measurements were mandated in
all enrolled participants using HCTZ at 4 to 6 weeks following study initiation and again at
12 weeks. In addition, as part of the regular toxicity assessments, participants who reported
any symptoms possibly associated with hypercalcemia were required to undergo
measurement of serum calcium at the time of the adverse event report. Finally, to assess any
potential change in serum calcium level attributable primarily to vitamin D supplementation
(and not to HCTZ), a subset of 44 participants who were not taking HCTZ underwent
protocol serum calcium tests at 12 weeks. Serum venous total calcium was analyzed using
standard auto analyzer methodology. Any participant with serum calcium greater than 10.5
mg/dL (unadjusted for serum albumin) was immediately withdrawn from the study and the
participant’s primary care physician was notified. During the 3 months of the trial, no
participant stopped or started HCTZ. We did not quantify how long HCTZ users had been
taking the medication prior to the beginning of the supplementation trial.

For 25(OH)D assays, blood samples collected at baseline, three months, and six months
were separated, and plasma was stored in liquid nitrogen in the Dana-Farber Cancer Institute
Clinical Research Laboratory (Boston, MA). After completion of the study, all plasma
samples were sent as a single batch to the laboratory of Dr. Bruce Hollis (Medical
University of South Carolina, Charleston, SC), where 25(OH)D concentrations were
measured using the Diasorin radioimmunoassay.(22) All laboratory personnel were blinded
to treatment assignment. Masked quality control samples were also assayed; the mean
coefficient of variation of 25(OH)D measurements was 9%.

Statistical Analysis

The primary purpose of this investigation was to quantify the potential risk for
hypercalcemia among participants taking HCTZ and those not taking HCTZ who underwent
protocol calcium measurements. Those individuals with signs or symptoms of
hypercalcemia and measured serum calcium = 10.5 mg/dL at 1-month were withdrawn from
the study at 1-month. Withdrawal from the study was based on the assumption that the
participants’ hypercalcemia existed prior to starting vitamin D and would continue or recur
if they were retained in the study. The difference in serum calcium levels between the HCTZ
and non-HCTZ groups was determined with a Wilcoxon rank sum analysis of variance.
Additionally, independent predictors of serum calcium levels at 3-months were identified by
step-wise regression, with a model that included the following covariates: HCTZ status, seX,
age, BMI, vitamin D dose, adherence to medication, exercise frequency, number of
cigarettes smoked daily, dietary calcium, and plasma vitamin D level and at 3-months;
vitamin D dose and baseline plasma vitamin D level were forced into the model. Statistical
analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). Statistical power
for the vitamin D supplementation trial was based on the intent-to-treat population of 80
subjects per arm. During the study, the sample size was expanded to allow up to 100
participants per arm to account for the time gap between subject consent and PCP approval,
and a 10% withdrawal and lost-to-follow-up rate. Using a two-sided t-test at the 0.05
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significance level, the minimum detectable difference in 25(OH)D between treatment arms
was 13.2 and 15.5 nmol/L (5.3 and 6.2 ng/mL) with 80% and 90% power, respectively.

At baseline, the HCTZ and non-HCTZ participants were similar in terms of BMI, dietary
intake of vitamin D and calcium, and serum vitamin D, but those not taking HCTZ were
approximately 10 years younger and predominantly male. (Table 1).

Occurrence of Elevated Calcium

Differences i

Based on the 1-month and 3-month assessments, 5 of the 84 participants reporting HCTZ
use (6.0%) had a serum calcium level above the upper limit of normal (Table 2). All 4 of the
84 participants that had hypercalcemia during month 1 were asked to stop taking the study
medication and were withdrawn from the study. The study medication was not resumed.
More participants had hypercalcemia at 1-month than at 3-months. After 1 month of the 12-
week vitamin D supplementation period, 4 participants taking HCTZ experienced modestly
elevated serum calcium levels, ranging from 10.7 to 11.0 mg/dL (Table 3). Among the
HCTZ participants at 1-month, 3 of the 1000 IU group and 1 of the 2000 1U group had
hypercalcemia, but no participants in the 4000 IU HCTZ group had hypercalcemia (Table
3). At 3-months, only one HCTZ participant had elevated calcium (calcium= 11.2 mg/dL;
Table 3). None of the participants in the non-HCTZ group experienced elevated serum
calcium during the 12 weeks of supplementation (Table 2). Baseline serum calcium was not
measured.

n Calcium Levels Among HCTZ and non-HCTZ Participants

After 3 months of supplementation, the serum calcium levels for the HCTZ [mean(SD):
9.7(0.4) mg/dL] and non-HCTZ participants [mean(SD)9.5(0.6) mg/dL] remained below the
upper normal calcium limit of 10.5 mg/dL. However, this difference between the serum
calcium between the HCTZ and non-HCTZ participants was statistically significant
(p=0.01). Furthermore, there is not significant interaction by HCTZ (p for interaction=0.89),
on the relationship between plasma 25(0OH)D level at 3-months and serum calcium at 3-
months (the two axes). This HCTZ non-interaction is indicated by parallel slopes between
the two regression lines for HCTZ and non-HCTZ users (Figure 1).

Using a stepwise selection regression model with vitamin D dose and baseline 25(OH)D
forced into the model, we identified only HCTZ use (p=.009) as a significant independent
predictor for serum calcium level among the participants in our study. In a linear regression
model to identify significant independent predictors of serum calcium at 3 months, only
HCTZ use [Estimate (SE):0.05(0.01) p=0.01] was a significant predictor in a model that
included the covariates: age, sex, baseline 25(OH)D and 25(OH)D at 3 months, dietary
calcium, dietary vitamin D, and vitamin D dose per 1000 IU/day. HCTZ use was not
modified by vitamin D dose or baseline 25(OH)D level, p for interaction (p=0.53 and
p=0.87 respectively).

All participants that experienced hypercalcemia after taking vitamin D3 were female (Table
3). Three did not experience any symptoms of elevated calcium, although their safety tests at
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1-month of supplementation revealed modestly elevated blood calcium levels. For the
participant that experienced symptoms, her symptoms resolved within 1 week of
discontinuation of the study medication (Vitamin D 10001U/day) (Table 3) and repeat serum
calcium was normal.

DISCUSSION

Both HCTZ(23, 24) and vitamin D(25-27) have the potential to increase serum calcium
levels. In this post-hoc analysis, we evaluated the hypothesis that hypercalcemia may occur
with concurrent high dose vitamin D supplementation in hypertensive individuals using
HCTZ. In our review of the literature, we found no studies examining the risk of
hypercalcemia associated with concurrent HCTZ and vitamin D (2000 U to 4000 1U)
treatment in blacks. Although we do not know what the optimal 25(OH)D level is for blacks,
this study is critical because lower doses of vitamin D may be insufficient to correct vitamin
D deficiency that is common in blacks.(28-31) Additionally, vitamin D supplementation
may lower blood pressure in blacks.(10)

In the setting of osteoporosis, hypercalcemia with vitamin D and thiazide use has been
reported(32). Prior case reports suggest that the combination of thiazide and vitamin D
supplementation may cause hypercalcemia in at-risk individuals such as the elderly(32),
those using high dose calcium supplements (33, 34), or those with compromised renal
function or uncontrolled entry of calcium into the extracellular fluid (e.g.
hyperparathyroidism or sarcoidosis).(35-41) Hypercalcemia resolved after hydration and
withdrawal of thiazide, vitamin D and calcium supplements.(41)

This is the first analysis to directly analyze the effect of concurrent use of vitamin D and
HCTZ in hypertensive but otherwise healthy individuals. Although HCTZ can decrease
calcium excretion by the kidney(42, 43) and vitamin D can increase absorption of calcium in
the intestines(44-47), both resulting in higher blood levels of calcium, we report that only
5.9% of HCTZ users experienced hypercalcemia with concurrent use of HCTZ and vitamin
D supplements. For the 4 HCTZ users with hypercalcemia at 1-month, more subjects had
hypercalcemia in the 1000 IU group than in the higher dose groups (2000 IU or 4000 1U) at
1-month. At 3-months, only one participant in the HCTZ group had hypercalcemia. The lack
of a dose response effect of hypercalcemia with vitamin D supplementation suggests that
participants that experienced in hypercalcemia in month 1 of vitamin D supplementation had
hypercalcemia prior to initiation of vitamin D supplementation or that the appearance of
early hypercalcemia is transient. The late occurrence of one case of hypercaclemia at month
3 suggests hypercalcemia may occur later during the course of therapy or it may have been a
random event given our small sample sizes. Previous studies have already established that
serum calcium levels are elevated in persons taking HCTZ. The role of dietary calcium and
supplemental calcium, age, and gender in risk for hypercalcemia and higher serum calcium
levels should be investigated in larger randomized control trials. Yet, these findings suggest
that high dose vitamin D is not toxic over long periods of time.

Our study of a convenience sample of blacks taking HCTZ within a randomized clinical trial
of vitamin D supplementation was limited by sample size. Moreover, our trial did not collect
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HCTZ dose, baseline calcium, or parathyroid hormone (PTH) levels on any of the
participants, and serum calcium levels were only assess in a subset of non-HCTZ users. The
available data does not permit estimation of within-subject change in serum calcium
concentration with vitamin D supplementation. Thus, in all participants, symptoms relating
to hypercalcemia were assessed every 2 weeks, and reports of symptoms possibly related to
hypercalcemia mandated serum calcium measurement. The strength of this study is that it
characterizes the time of onset of hypercalcemia in patients that do manifest hypercalcemia
during vitamin D and HCTZ treatment. Another important result obtained from this study is
that most cases of hypercalcemia were asymptomatic. The patient that developed
symptomatic hypercalcemia at one month was not continued in the trial with vitamin D
supplementation and her hypercalcemia spontaneously resolved. It is not known whether the
cases of hypercalcemia documented at 1 month were already present at baseline.

Our cohort consists entirely of individuals who were self-identified as black or African-
American; as such, these findings may not be generalizable to other populations such as
cohorts with higher calcium intake. However, this study is strengthened by the fact that this
question is evaluated in an all black cohort, which allows for greater understanding of the
potential risk of hypercalcemia with concurrent HCTZ use and vitamin D supplementation
in this population — a group that is more likely to be both vitamin D deficient and
hypertensive(48).

While further research may be required, this study suggests that, for the majority of HCTZ
users, combined HCTZ use with higher doses of vitamin D (2000 1U to 4000 IU) appears
safe with a low rate of clinically significant hypercalcemia. Furthermore, vitamin D dose
and plasma 25(OH)D level have no significant effect on calcium level in HCTZ users.
Identification of optimal levels of plasma 25(OH)D remain to be established (49).
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Figure 1.
Serum 25(OH)D at 3-Months versus Serum Calcium at 3-Months with 95% CI for

Hydrochlorothiazide (HCTZ) and Non-Hydrochlorothiazide (Non-HCTZ) Groups
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Table 1

Baseline Characteristics®
Characteristic Overall HCTZ Non-HCTZ
Total No. 128 84 a4
Mean Age (SD) 54.8 (10.7) 58.1 (9.8) 48.7 (10.4)*
Sex, No. (%)
Female 73 (57) 63 (75) 10 (23)"
Male 55 (43) 21 (25) 34 (77)*

BMI, median(IQR)

Serum 25(OH)D, ng/ml, median (IQR)
Dietary calcium, mg/d, median (IQR)
Dietary vitamin D, U/d, median(IQR)

Calcium supplement use, No.

30.5 (26.8-35.6)
15.6 (10.6-24.0)
314.4 (177.9-646.2)
119.8 (61.1-254.6)
0

a -
Data are reported as No.(%) unless otherwise indicated.

*
P<.0001

32.2 (26.8-35.9)
16.3 (11.5-24.5)
333.5 (186.5-611.0)
113.9 (78.8-256.6)
0

29.5 (26.9-34.8)
13.0 (9.7-22.6)
260.2 (177.6-721.6)
180.1 (78.8-256.6)
0

Page 12

The Kruskal-Wallis test was used to calculate P values for continuous variables. All statistical tests were two-sided. P values were calculated by

Fisher’s exact test for dichotomous variables.
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