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ABSTRACT

Introduction: In patients with chronic
hypoparathyroidism disordered calcium home-
ostasis has been associated with risk of cardio-
vascular diseases, including cardiomyopathy,

congestive heart failure, and arrhythmia; how-
ever, larger-scale studies are needed to examine
these risks. This study evaluated the risk of
cardiovascular conditions among patients with
chronic hypoparathyroidism.
Methods: Adults with and without chronic
hypoparathyroidism were selected from a med-
ical insurance claims database in the USA from
January 2007 to June 2017, and were followed
for up to 5 years. Associations between chronic
hypoparathyroidism and incident atrial fibril-
lation (AF), tachyarrhythmia, myocardial
infarction (MI), coronary artery disease (CAD),
heart failure (HF), stroke, cerebrovascular dis-
ease, peripheral vascular disease (PVD), and a
combined cardiovascular endpoint of cere-
brovascular disease, CAD, HF, and PVD were
compared between cohorts using Kaplan–Meier
analyses and unadjusted and adjusted Cox
proportional hazards models.
Results: In 8097 patients with chronic
hypoparathyroidism compared with 40,485
patients without, respectively, mean ± SD ages
were 58.6 ± 16.3 and 47.3 ± 18.0 years, 76.2%
and 54.4% were female, and 19.4% and 9.5%
had the combination of cardiovascular findings
at baseline. In adjusted analyses, patients with
chronic hypoparathyroidism had significantly
higher risk (adjusted hazard ratio and 95%
confidence interval) of incident AF (1.72;
1.51–1.97), tachyarrhythmia (1.68; 1.32–2.14),
MI (1.18; 1.01–1.38), CAD (1.39; 1.26–1.54), HF
(1.64; 1.46–1.84), stroke (1.45; 1.31–1.62),
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cerebrovascular disease (1.48; 1.34–1.62), PVD
(1.66; 1.51–1.81), and combined cardiovascular
endpoint (1.63; 1.52–1.75), all P\ 0.001 except
P = 0.036 for MI, compared with patients
without chronic hypoparathyroidism.
Conclusions: This large retrospective cohort
study showed that chronic hypoparathyroidism
was associated with increased risk of incident
cardiovascular conditions and arrhythmias.
Results should be evaluated in light of limita-
tions inherent to claims database analyses.
Further studies are warranted to investigate
reasons for these risks and to develop strategies
for reducing cardiovascular conditions in
patients with chronic hypoparathyroidism.

Keywords: Arrhythmia; Cardiovascular disease;
Chronic hypoparathyroidism; Retrospective
cohort study

Key Summary Points

Why carry out this study?

Chronic hypoparathyroidism is a rare
endocrine disorder characterized by
insufficient parathyroid hormone,
hypocalcemia, and hyperphosphatemia.

Studies in small cohorts of patients
(B 700) with hypoparathyroidism showed
that hypocalcemia was associated with
poor cardiovascular outcomes, including
cardiomyopathy, congestive heart failure,
and arrhythmia.

This retrospective cohort study examined
risks of development of cardiovascular
conditions in 8097 patients with chronic
hypoparathyroidism compared with
40,485 patients without hypopara-
thyroidism.

What was learned from the study?

Patients with chronic hypoparathyroidism
had significantly higher risk of incident
cardiovascular conditions compared with
those without hypoparathyroidism.

Further studies are necessary to under-
stand the underlying mechanisms for the
associations between cardiovascular
conditions and chronic hypopara-
thyroidism.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14561874.

INTRODUCTION

Chronic hypoparathyroidism is a rare endocrine
disorder characterized by hypocalcemia and
hyperphosphatemia resulting from insufficient
production of parathyroid hormone (PTH)
[1, 2]. Per 100,000 individuals, hypoparathy-
roidism affects an estimated 37 individuals in
the USA [1]. The role of PTH is to regulate
homeostasis of calcium and phosphate; PTH
deficiency leads to diminished calcium reab-
sorption and phosphate excretion in the kid-
neys, diminished calcium and phosphate
absorption in the gastrointestinal tract, and
decreased bone remodeling, resulting in
significant hypocalcemia and mild hyperphos-
phatemia [1,3]. In patients with hypoparathy-
roidism, disordered calcium homeostasis
(hypocalcemia or a history of at least four epi-
sodes of hypercalcemia) has been associated
with poor cardiovascular (CV) outcomes
including cardiomyopathy, congestive heart
failure, and arrhythmia [3–7]. Moreover, ele-
vated calcium phosphate product is associated
with vascular and with valvular calcifications
that are associated with all-cause and CV mor-
tality [8–10].

Studies investigating the association
between hypoparathyroidism and risk of CV
events have yielded mixed results. A single-
center study using a Danish registry reported
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that in patients with postsurgical chronic
hypoparathyroidism, there was not an
increased risk of CV disease compared with age-
and gender-matched controls [11], whereas
patients with nonsurgical hypoparathyroidism
and those with disturbances in calcium home-
ostasis were at increased risk of CV diseases
[7, 12, 13]. Similarly, a Scottish population-
based study found increased risk versus age- and
gender-matched controls [14]. Moreover, the
potential contribution of conventional therapy
for chronic hypoparathyroidism, which consists
of oral administration of calcium and active
vitamin D supplementation [2, 15], toward CV
risk is not known.

As current knowledge on CV risk in indi-
viduals diagnosed with chronic hypoparathy-
roidism is informed mainly by small cohort
studies, there is a need for large-scale studies to
better our understanding of hypoparathy-
roidism and CV risk. Accordingly, we performed
a retrospective cohort study to examine the
association between chronic hypoparathy-
roidism and risk of various CV conditions using
a large managed care commercial claims data-
base available in the USA.

METHODS

Data Source and Study Design

This retrospective study extracted data from a
large managed care claims database in the USA
covering both commercial (employer database)
and Medicare Advantage beneficiaries and con-
sisting of more than 14 million members per
year between January 2007 and June 2017.
Claims are sourced from a single national
health insurance carrier. Because this study used
de-identified licensed data from a Health
Insurance Portability and Accountability Act
(HIPAA)-compliant managed care database,
ethics committee approval and informed con-
sent were not required.

Patients were grouped into two cohorts:
those with chronic hypoparathyroidism and
those without chronic hypoparathyroidism.
Selection criteria are shown in Fig. 1. All eligible
patients were required to be aged at least

18 years on the index date, have at least
6 months of continuous eligibility before the
index date, and have no evidence of treatment
with recombinant human PTH therapies
rhPTH(1–84) or rhPTH(1–34). For patients with
chronic hypoparathyroidism, the index date
was defined as the date of the first repeat diag-
nosis of hypoparathyroidism at least 6 months
after the initial diagnosis. For patients without
hypoparathyroidism, the index date was
defined as the date of an eligible, randomly
selected claim. The final group of control
patients was obtained by random selection at a
ratio of 5:1 (without chronic hypoparathy-
roidism: with chronic hypoparathyroidism). For
both patient cohorts, the baseline period was
defined as the 6 months before the index date.
Patients were followed for up to 5 years after the
index date or until the end of continuous eli-
gibility (i.e., uninterrupted coverage by insur-
ance provider), whichever occurred first.

Outcome Measures

International Statistical Classification of Diseases
and Related Health Problems, 9th (ICD-9) or 10th
(ICD-10) Revision Clinical Modification diagnosis
or Procedure Coding System codes, Healthcare
Common Procedure Coding System codes, or
Current Procedural Terminology codes were
used to identify the first diagnosis of each
respective CV outcome during the study period
(Supplementary Table 1). The following CV
conditions were assessed: atrial fibrillation (AF),
cerebrovascular disease, coronary artery disease
(CAD), heart failure (HF), myocardial infarction
(MI), peripheral vascular disease (PVD), stroke,
and tachyarrhythmia. A combined CV endpoint
was defined using the diagnosis and procedural
codes for one or more of the following CV
conditions: cerebrovascular disease, CAD, HF,
and PVD.

Statistical Analyses

Baseline demographic and clinical characteris-
tics of the patients with and without chronic
hypoparathyroidism were evaluated using
descriptive statistics (mean, standard deviation
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[SD], percentage). Patient characteristics
between cohorts were compared for continuous
and dichotomous variables using Wilcoxon
rank sum and chi-square tests, respectively.

For each analysis, the risk of the respective
CV condition was assessed among patients free
of that CV condition during the baseline period.
Individual CV outcomes and the combined CV
endpoint were compared using Kaplan–Meier
analyses with log-rank tests. Between-cohort
comparisons were made using unadjusted and
adjusted Cox proportional hazards models.
Multivariable Cox models adjusted for demo-
graphic characteristics (age, sex, race, US region,
and index year) and outcome-relevant clinical

characteristics (other comorbid CV conditions,
chronic kidney disease [CKD], hyperlipidemia,
hypertension, diabetes, and use of CV medica-
tions) at baseline. Medications with potential
CV influence were defined by generic product
identifier or Healthcare Common Procedure
Coding System codes for beta blockers, statins,
renin–angiotensin–aldosterone system (RAAS)
blockers (aldosterone receptor antagonists,
angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and direct renin
inhibitors), calcium channel blockers (CCBs), or
oral thiazide diuretics (Supplementary Table 2).
CKD was defined by diagnosis codes. All

Fig. 1 Sample selection of patients (a) with chronic hypoparathyroidism compared with (b) those without
hypoparathyroidism. HypoPT hypoparathyroidism, rhPTH(1–84) recombinant human parathyroid hormone (1–84)
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statistical analyses were performed using SAS
Enterprise Guide 7.1 (SAS Institute, Inc., Cary,
NC).

RESULTS

A total of 8097 patients with chronic
hypoparathyroidism and 40,485 patients with-
out chronic hypoparathyroidism were included
in the analysis (Fig. 1). Baseline characteristics
for the two study cohorts are shown in Table 1.
The mean ± SD age of patients in the chronic
hypoparathyroidism cohort was approximately
10 years older than patients in the cohort
without chronic hypoparathyroidism
(58.6 ± 16.3 vs 47.3 ± 18.0 years; P\0.001),
and a larger proportion of patients were female
(76.2% vs 54.4%; P\ 0.001).

At baseline, a significantly higher proportion
of patients with chronic hypoparathyroidism
had CV conditions that comprised the com-
bined CV endpoint compared with patients
without chronic hypoparathyroidism (19.4% vs
9.5%). Accordingly, more patients with chronic
hypoparathyroidism had individual CV condi-
tions compared with patients who did not have
hypoparathyroidism: AF (6.0% vs 2.7%), tachy-
arrhythmia (0.7% vs 0.4%), MI (1.9% vs 1.3%),
CAD (9.6% vs 5.3%), HF (5.9% vs 2.4%), stroke
(4.6% vs 2.4%), cerebrovascular disease (6.0% vs
3.0%), and PVD (7.4% vs 2.8%; all P\0.001).
Consequently, 53.0% of patients with chronic
hypoparathyroidism were receiving medica-
tions with potential CV influence compared
with 30.3% of patients without chronic
hypoparathyroidism. Other comorbidities such
as CKD stages 3 and 4, hypertension, and dia-
betes (types 1 and 2) were also more prevalent
in patients with chronic hypoparathyroidism
than those without chronic hypoparathy-
roidism (all P\0.001; Table 1).

In unadjusted Kaplan–Meier analyses,
patients with chronic hypoparathyroidism had
a significantly increased risk of a new occur-
rence of the combined CV endpoint, MI, stroke
(all P\0.001; Fig. 2), and other individual CV
conditions (all P\ 0.001; Supplemental Fig. 1)
compared with patients without chronic
hypoparathyroidism. Even after adjustment for

differences in demographic and clinical baseline
characteristics between the two cohorts, there
remained a significantly increased risk for
patients with chronic hypoparathyroidism
across all eight individual CV outcomes (AF,
tachyarrhythmia, MI, CAD, HF, stroke, cere-
brovascular disease, and PVD) and the com-
bined CV endpoint (all P\ 0.001 except
P = 0.036 for MI) compared with those without
chronic hypoparathyroidism (Table 2).

DISCUSSION

To our knowledge, this is the first large study
demonstrating that patients with chronic
hypoparathyroidism have a greater risk of CV
conditions compared with patients without
hypoparathyroidism. Our goal was to evaluate
the impact of hypoparathyroidism on individ-
ual outcomes as well as a composite outcome
representing the combined incremental burden
of these conditions. After adjusting for potential
confounders, the greater risk of all individual
and composite CV outcomes in patients with
chronic hypoparathyroidism compared with
patients without the disease remained signifi-
cant. Consistent with other studies [16], we
evaluated CV endpoints including stroke and
MI. Because stroke and MI are severe and acute
events, all patients are equally and highly likely
to seek treatment, limiting the risk of detection
bias.

Previous research focusing on the relation-
ship between hypoparathyroidism and CV
events generally examined small numbers of
patients outside the USA. A study comparing
180 Danish patients with nonsurgical
hypoparathyroidism to gender- and age-
matched controls found that nonsurgical
hypoparathyroidism was significantly associ-
ated with increased risk of CV disease, including
ischemic heart disease [12]. In the Danish study,
risks of stroke and arrhythmia were higher for
patients with nonsurgical hypoparathyroidism
compared with controls, and neither risk of MI
nor cardiac arrest appeared to differ between
cohorts [12]. A further study in Denmark
showed that longer duration of hypoparathy-
roidism and low time-weighted serum calcium
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Table 1 Baseline characteristics during the 6 months before the index date among patients with hypoparathyroidism
compared with those without a diagnosis of hypoparathyroidism

Characteristic Hypoparathyroidism Without
hypoparathyroidism

P value

Age at index datea, mean ± SD, year 58.6 ± 16.3 47.3 ± 18.0 \ 0.001

Female, % 76.2 54.4 \ 0.001

Race, %

White/Caucasian 64.7 63.1 0.006

Black or African American 8.8 8.5 0.482

Hispanic or Latino 10.3 9.8 0.145

Asian/Pacific Islander 3.0 3.8 \ 0.001

CV conditions, %

AF 6.0 2.7 \ 0.001

Cerebrovascular disease 6.0 3.0 \ 0.001

CAD 9.6 5.3 \ 0.001

MI 1.9 1.3 \ 0.001

HF 5.9 2.4 \ 0.001

Hyperlipidemia 37.5 22.8 \ 0.001

PVD 7.4 2.8 \ 0.001

Tachyarrhythmia 0.7 0.4 \ 0.001

Combination of CV findingsb 19.4 9.5 \ 0.001

Stroke 4.6 2.4 \ 0.001

Use of any medication with potential CV influence, % 53.0 30.3 \ 0.001

Beta blockers 23.0 10.9 \ 0.001

CCBs 16.5 7.9 \ 0.001

Oral thiazide diuretics 17.1 9.9 \ 0.001

RAAS blockers 23.7 13.8 \ 0.001

Statins 28.5 16.3 \ 0.001

Use of medications with potential renal influence, %

NSAIDs, PPIs, and cimetidine 25.9 17.2 \ 0.001

ACE inhibitors, ARBs, and diuretics 23.5 13.8 \ 0.001

Other comorbidities, %

CKDc

Stage 3 7.3 1.4 \ 0.001

Stage 4 2.2 0.2 \ 0.001
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levels were associated with increased risk of CV
diseases [7]. A population-based study (N = 280)
conducted in the UK also found that patients
with hypoparathyroidism were at greater risk of
developing CV disease and cerebrovascular dis-
ease compared with those in gender- and age-
matched controls [17]. In the current study,
patients with chronic hypoparathyroidism
already had a higher CV burden at baseline, as
demonstrated by the combination of CV find-
ings, and the difference was further substanti-
ated at follow-up. The present study confirms
and expands on the associations found between
hypoparathyroidism and multiple CV condi-
tions among a large-scale cohort of nationally
representative patients in the USA.

Although a few previous studies and the
current study have identified an increased risk
of CV conditions in patients with
hypoparathyroidism, little is known about the
mechanism(s) driving this association. Oral
administration of calcium and active vitamin D
as part of conventional therapy for chronic
hypoparathyroidism could be a potential risk
factor for increased CV disease. Oral calcium
supplements and active vitamin D are pre-
scribed to maintain serum calcium concentra-
tions in the lower part of the normal range
[5, 15, 18, 19]. In recent years, a number of

studies in broadly defined patient populations
that were not limited to hypoparathyroidism
have suggested that calcium supplementation
may increase the risk of a wide array of CV
events [20–22]. Results from prospective clinical
studies have supported this hypothesized link
between calcium supplementation and CV
events, including vascular calcification, MI,
stroke, coronary heart disease, ischemic heart
disease, and CV mortality [20, 23, 24]. In
patients with hyperparathyroidism, increased
serum calcium level was associated with arterial
stiffness that may predispose to cardiovascular
disease [25]. In addition, carotid calcifications
were likely more prevalent in patients with
hypoparathyroidism treated with calcium sup-
plements and active vitamin D than in controls,
but the small sample size precluded making any
firm conclusions [26]. However, a meta-analysis
of randomized controlled trials in elderly
women did not find an increased risk of coro-
nary heart disease, all-cause mortality, or MI
with calcium supplementation, with or without
native vitamin D [27]. Fibroblast growth fac-
tor 23 (FGF23) could be another potential
mediator of the increased CV risk in patients
with chronic hypoparathyroidism. FGF23 has
been implicated as a CV risk factor, including
for all-cause mortality, congestive heart failure,

Table 1 continued

Characteristic Hypoparathyroidism Without
hypoparathyroidism

P value

ESKD 2.6 0.4 \ 0.001

Hypertension 43.7 25.2 \ 0.001

Type 1 diabetes 2.8 1.1 \ 0.001

Type 2 diabetes 20.6 10.8 \ 0.001

ACE angiotensin-converting enzyme, AF atrial fibrillation, ARB angiotensin II receptor blocker, CAD coronary artery
disease, CCB calcium channel blocker, CKD chronic kidney disease, CV cardiovascular, eGFR estimated glomerular fil-
tration rate, ESKD end-stage kidney disease, HF heart failure, HypoPT hypoparathyroidism, MI myocardial infarction,
NSAID nonsteroidal anti-inflammatory drug, PPI proton pump inhibitor, PVD peripheral vascular disease,
RAAS renin–angiotensin–aldosterone system, SD standard deviation
a Index date is the date of the first hypoparathyroidism diagnosis at least 6 months after the initial hypoparathyroidism
diagnosis or, for the cohort without hypoparathyroidism, the date of an eligible, randomly selected claim
b Including cerebrovascular disease, CAD, HF, and PVD
c Defined by diagnosis codes
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and left ventricular hypertrophy, in patients
with CKD [28–30]. Additionally, elevated FGF23
levels were also linked to increased risk of death
and CV disease in the general population [31].
FGF23 regulates kidney phosphate reabsorption
[32], and higher FGF23 levels have been found
in patients with higher serum phosphate con-
centrations [33]. Although FGF23 is not well
studied in chronic hypoparathyroidism, FGF23
levels were found to be increased in a study
including 12 patients with transient postsurgi-
cal hypoparathyroidism who also experienced
hyperphosphatemia [34]. CV arrhythmias are
likely to be associated with the course of the
disease itself. The prolonged hypocalcemia that
is characteristic of hypoparathyroidism has
been found to increase QT interval [4, 7, 35–37],
which can lead to arrhythmias [38]. However,
FGF23-mediated left ventricular hypertrophy
could also predispose patients to arrhythmias
[39]. Because patients with chronic
hypoparathyroidism are treated with conven-
tional therapy, additional studies are needed to
assess to what extent the observed risk is caused
by hypoparathyroidism, its treatment with oral
calcium and active vitamin D, or both.

Our results should be evaluated in light of
several limitations. As a result of the observa-
tional study design, it is possible that there are
unobserved or unmeasured differences between
cohorts that were not accounted for. Addition-
ally, baseline characteristics between study
groups were unbalanced, with individuals in the
control group being younger and having lower
prevalence of CV disease and CV risk factors.
Nonetheless, the adverse association between
chronic hypoparathyroidism and all individual
and combined CV outcomes remained robust in
the models adjusted for age, diabetes,

bFig. 2 Time to first diagnosis during the study period
among patients with no diagnoses of CV outcomes of
interest during the baseline period for (a) combined CV
endpointa, (b) MI, and (c) stroke. CV cardiovascular,
HypoPT hypoparathyroidism, MI myocardial infarc-
tion. aCombined CV endpoint includes cerebrovascular
disease, coronary artery disease, heart failure, and periph-
eral vascular disease
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hypertension, CKD, underlying CV disease, and
differences in baseline CV medications. Full
medical histories were not available, limiting
the ability to acquire information about
important confounders, such as smoking his-
tory or family history of CV disease. We were
unable to evaluate the use of calcium supple-
ments, which are frequently obtained over the
counter (and thus not visible in claims data),
and no information about active vitamin D
analogues was available. As with all retrospec-
tive claims database analyses, there could be
miscoded and/or missing data. Additionally,
this study was limited to the USA. We would
not expect the conclusions to vary across dif-
ferent countries or regions; nonetheless, the
magnitude of the results may differ in other
settings because of different distributions of
effect modifiers (e.g., different prevalence of
comorbidities at baseline and different treat-
ment practices).

Nevertheless, to our knowledge, the current
investigation is the largest study to date that has
evaluated the risk of developing various inci-
dent CV conditions among 8097 and 40,485
individuals with and without chronic
hypoparathyroidism, respectively, from a
nationally representative database. Our research
contributes to the emerging concern over the
potential risk of CV events among patients with
chronic hypoparathyroidism.

CONCLUSIONS

In this retrospective study using a large database
analysis, patients with chronic hypoparathy-
roidism had an increased risk of all individual
CV outcomes and the composite CV outcome
compared with patients without hypoparathy-
roidism after adjustment for potential con-
founders. This study contributes to emerging
evidence concerning the link between
hypoparathyroidism and CV outcomes and
suggests a need for increased monitoring and
awareness of CV risk in patients with chronic
hypoparathyroidism. The mechanisms that
mediate the relationship between chronic
hypoparathyroidism and CV conditions war-
rant further research.

Table 2 Risk of CV conditions in patients with chronic
hypoparathyroidism compared with those without chronic
hypoparathyroidism

Outcomea HR 95% CI P value

AF

Unadjusted 2.80 2.46–3.18 \ 0.001

Adjustedb 1.72 1.51–1.97 \ 0.001

Cerebrovascular disease

Unadjusted 2.43 2.22–2.66 \ 0.001

Adjustedb 1.48 1.34–1.62 \ 0.001

CAD

Unadjusted 2.21 2.01–2.43 \ 0.001

Adjustedb 1.39 1.26–1.54 \ 0.001

MI

Unadjusted 1.86 1.61–2.15 \ 0.001

Adjustedb 1.18 1.01–1.38 0.036

HF

Unadjusted 3.03 2.72–3.37 \ 0.001

Adjustedb 1.64 1.46–1.84 \ 0.001

PVD

Unadjusted 2.77 2.54–3.03 \ 0.001

Adjustedb 1.66 1.51–1.81 \ 0.001

Stroke

Unadjusted 2.40 2.18–2.66 \ 0.001

Adjustedb 1.45 1.31–1.62 \ 0.001

Tachyarrhythmia

Unadjusted 2.52 2.01–3.15 \ 0.001

Adjustedb 1.68 1.32–2.14 \ 0.001

Combined CV endpointc

Unadjusted 2.60 2.43–2.77 \ 0.001

Adjustedb 1.63 1.52–1.75 \ 0.001

AF atrial fibrillation, CAD coronary artery disease, CI confidence interval,

CKD chronic kidney disease, CV cardiovascular, HF heart failure, HR

hazard ratio, MI myocardial infarction, PVD peripheral vascular disease
a Patients without hypoparathyroidism served as the reference group for

all analyses
b Multivariable Cox models adjusted for demographic (age, sex, race,

region, and index year) and clinical (other comorbid CV conditions,

CKD, hyperlipidemia, hypertension, diabetes, and use of CV medications)

characteristics at baseline
c Including cerebrovascular disease, CAD, HF, and PVD
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