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ABSTRACT

Introduction: Chronic hypoparathyroidism
managed with conventional treatment, com-
prising oral administration of calcium and
active vitamin D, has been associated with renal
complications, including nephrolithiasis and
nephrocalcinosis. Further larger-scale studies
are needed to examine these risks. This study

evaluated the risk of nephrolithiasis and
nephrocalcinosis in patients with chronic
hypoparathyroidism.
Methods: A retrospective cohort study using a
managed care claims database in the United
States from January 2007 to June 2017. Included
patients were those with chronic hypoparathy-
roidism (excluding those receiving parathyroid
hormone) and randomly selected patients
without hypoparathyroidism over a maximum
of 5-year follow-up. The main outcome mea-
sures were nephrolithiasis, identified by diag-
nosis codes or procedure codes for removing
kidney stones, and nephrocalcinosis, identified
by diagnosis codes.
Results: The nephrolithiasis analyses included
8097 adult patients with hypoparathyroidism
and 40,485 adult patients without
hypoparathyroidism. After excluding patients
with a diagnosis of nephrocalcinosis at baseline,
nephrocalcinosis analyses included 8051
patients with hypoparathyroidism and 40,466
patients without hypoparathyroidism. During
5 years of follow-up, patients with chronic
hypoparathyroidism had significantly increased
risk of nephrolithiasis and nephrocalcinosis in
Kaplan–Meier analysis compared with patients
without hypoparathyroidism (both P\0.001).
In the adjusted analyses, chronic hypoparathy-
roidism was associated with higher risks of
nephrolithiasis (hazard ratio [HR], 1.81; 95%
confidence interval [CI] 1.60–2.04) and
nephrocalcinosis (HR, 6.94; 95% CI
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4.41–10.92). A sensitivity analysis restricted to
patients with at least one kidney imaging
examination showed that 2.6% of patients
(n = 59) with hypoparathyroidism and 0.5% of
patients (n = 20) without hypoparathyroidism
(ratio, 5.5; P\ 0.001) developed
nephrocalcinosis.
Conclusions: This large retrospective cohort
study showed a statistically significant and
clinically meaningful increased risk of
nephrolithiasis and nephrocalcinosis in
patients who have chronic hypoparathyroidism
compared with those who do not have chronic
hypoparathyroidism.

Keywords: Active vitamin D; Calcium; Chronic
hypoparathyroidism; Chronic kidney disease;
Kidney stones; Nephrocalcinosis;
Nephrolithiasis

Key Summary Points

Why carry out this study?

Chronic hypoparathyroidism is a rare
endocrine disorder; few large-scale studies
have evaluated the long-term effects of
chronic hypoparathyroidism on renal
function.

This retrospective cohort study examined
risks of development of nephrolithiasis
and nephrocalcinosis in patients with
chronic hypoparathyroidism.

What was learned from the study?

Patients with chronic hypoparathyroidism
had a significant and clinically
meaningful increased risk of developing
nephrolithiasis and nephrocalcinosis,
compared with those without
hypoparathyroidism.

Further studies are warranted to better
understand the potential mechanisms for
the relationship of chronic
hypoparathyroidism and its management
with the observed risk of these conditions.

DIGITAL FEATURES

This article is published with digital features,
including 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.13686823.

INTRODUCTION

Hypoparathyroidism is a rare endocrine disor-
der caused by absolute or relative deficiency of
parathyroid hormone (PTH) [1, 2]. Chronic
hypoparathyroidism is estimated to affect
approximately 60,000 individuals in the United
States and is associated with a high symptom
burden, impaired quality of life, and increased
risk of various long-term complications,
including renal disease, cardiovascular condi-
tions, cataracts, infections, and neuropsychi-
atric disorders [3–7].

Parathyroid hormone is an essential regula-
tor of calcium and phosphate homeostasis
through its actions on bone, intestine, and
kidney [8, 9]. Calcium-sensing receptors in the
parathyroid glands signal the release of PTH
when serum calcium levels fall [9]. In turn, PTH
mobilizes calcium release from skeletal stores,
increases calcium absorption from the intestine
via stimulation of calcitriol synthesis, and, in
the kidney, increases calcium reabsorption and
phosphate excretion [9]. When PTH levels are
inappropriately low or absent, normal calcium
and phosphate homeostasis cannot be main-
tained, resulting in hypocalcemia and hyper-
phosphatemia, the characteristic biochemical
findings of hypoparathyroidism [8].

Conventional management of chronic
hypoparathyroidism involves supplementation
with oral administration of calcium and active
vitamin D, which are prescribed to control the
serum calcium concentration [10, 11], but
many patients remain symptomatic or do not
reach treatment goals [9, 10]. With chronic use
of added calcium without the renal calcium-
sparing effect of PTH, patients may become
hypercalciuric [9, 10]; they also are at increased
risk of renal complications, which are the most
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common long-term complications of chronic
hypoparathyroidism [12].

Few studies have examined the risk of long-
term renal complications associated with
chronic hypoparathyroidism [7, 12–14]. A ret-
rospective cohort study found that patients
with postsurgical hypoparathyroidism (n = 668)
had an almost fivefold increased risk of
nephrolithiasis and renal insufficiency com-
pared with age- and gender-matched controls
(n = 2064) [13]. The current retrospective
cohort study evaluated the association between
chronic hypoparathyroidism and the risk of
nephrolithiasis and nephrocalcinosis using a
large managed care claims database.

METHODS

Data Source and Study Design

Data for this retrospective study were extracted
from a large United States-based managed care
claims database covering commercial (employer
database) and Medicare Advantage beneficiaries
between January 2007 and June 2017, repre-
senting more than 14 million individuals per
year. Claims are sourced from a single national
health insurance carrier. Because this study used
deidentified licensed data from a Health Insur-
ance Portability and Accountability Act
(HIPAA)-compliant managed care database,
ethics committee approval, and informed con-
sent were not required.

Patients with and those without chronic
hypoparathyroidism from the managed care
claims database were selected into separate
cohorts. Inclusion in both cohorts required
patients to be at least 18 years of age on the
index date, had 6 months or more of continu-
ous eligibility before the index date, and had no
evidence of treatment with recombinant PTH.
Patients with chronic hypoparathyroidism had
two or more medical claims with diagnoses of
hypoparathyroidism at least 6 months apart.
The index date for those in the chronic
hypoparathyroidism cohort was the date of the
first diagnosis of hypoparathyroidism at least
6 months after the initial hypoparathyroidism
diagnosis. Patients without chronic

hypoparathyroidism never had a diagnosis of
hypoparathyroidism and had at least one med-
ical claim for any condition other than
hypoparathyroidism that satisfied all other
selection criteria; the index date for these
patients was defined as the date of a randomly
selected eligible claim.

The baseline period for both cohorts com-
prised the 6 months before the index date.
Patients were followed up for a maximum of
5 years after the index date or until the end of
continuous eligibility (i.e., uninterrupted cov-
erage by the insurance provider), whichever
came first; this defines the study period.

Outcome Measures and Assessments

Nephrolithiasis was identified by International
Statistical Classification of Diseases and Related
Health Problems, 9th (ICD-9) or 10th (ICD-10)
Revision, Clinical Modification (CM) ICD-9-CM
or ICD-10-CM diagnosis codes, or Procedure
Coding System (PCS) ICD-9-PCS or ICD-10-PCS
procedure codes; the Healthcare Common Pro-
cedure Coding System (HCPCS); and Current
Procedural Terminology (CPT) codes (Supple-
mentary Table 1). Presence of nephrocalcinosis
in patients without a diagnosis of nephrocalci-
nosis during the baseline period was identified
by ICD-9-CM or ICD-10-CM diagnosis codes
(Supplementary Table 1).

Hypercalcemia, hypercalciuria, hyperphos-
phatemia, hypocalcemia, and other comorbid
conditions were identified using ICD-9-CM and
ICD-10-CM diagnosis codes. Generic product
identifier codes were used to determine oral
thiazide diuretic use, and instances of kidney
imaging were identified using ICD-9 and ICD-
10 procedure codes or CPT codes.

Statistical Analyses

Descriptive statistics were used to describe
demographic and clinical characteristics at
baseline. Between-cohort comparisons of base-
line characteristics were conducted using Wil-
coxon rank sum tests (continuous variables) or
chi-square tests (categorical variables). The
Kaplan–Meier method was used to determine

1948 Adv Ther (2021) 38:1946–1957



time to event for each clinical outcome, with
time to event estimated from the index date to
the date of the first instance of the clinical
outcome. Patients without the clinical outcome
were censored at the end of insurance eligibility
or 5 years after the index date, whichever
occurred first. Comparisons were made between
cohorts using log-rank tests. Unadjusted and
adjusted Cox proportional hazards models were
used to determine hazard ratios (HRs). Based on
clinical input during development of the anal-
ysis, adjusted models were controlled for base-
line demographic characteristics (age, sex, race,
region, index year) and outcome-relevant clin-
ical characteristics.

For the analysis of nephrolithiasis, outcome-
relevant baseline clinical characteristics for
adjustment in multivariable analysis included
comorbidities (gout, hypercalciuria, hyperten-
sion, nephrolithiasis, diabetes) and use of thi-
azide diuretics. In the primary analysis, all
patients were assessed regardless of baseline
nephrolithiasis. Additional exploratory analyses
were performed (1) among patients without
nephrolithiasis in the baseline period and (2)
among patients without nephrolithiasis in the
baseline period without adjusting for baseline
oral thiazide diuretic use.

For the analysis of nephrocalcinosis, patients
without a diagnosis of nephrocalcinosis during
the baseline period were selected for the
assessment. The adjusted Cox proportional
hazards model for nephrocalcinosis controlled
for hypercalciuria in addition to demographic
characteristics at baseline.

A sensitivity analysis was conducted among
all patients in each cohort who had undergone
at least one kidney imaging procedure during
the study. The proportions of patients in these
subsets with a diagnosis of nephrocalcinosis
during the study were calculated; dichotomous
variables were compared between cohorts using
chi-square tests.

RESULTS

Following sample selection based on relevant
eligibility criteria, 8097 patients with chronic
hypoparathyroidism and 40,485 patients

without hypoparathyroidism were included in
the nephrolithiasis analyses (Fig. 1); 8051 and
40,466 patients with and without chronic
hypoparathyroidism, respectively, were inclu-
ded in the nephrocalcinosis analysis after
excluding patients with baseline
nephrocalcinosis.

Baseline characteristics are shown in Table 1.
Patients who have chronic hypoparathyroidism
compared with those who do not were older
(58.6 versus 47.3 years) and a higher proportion
were female (76.2% versus 54.4%; both com-
parisons, P\0.001). Most patients were White
(64.7% versus 63.1% for those with and without
chronic hypoparathyroidism, respectively). A
higher percentage of the cohort with versus
without chronic hypoparathyroidism had
comorbidities, including hypertension, hyper-
calciuria, type 2 diabetes, heart failure,
nephrolithiasis, gout, type 1 diabetes, and
nephrocalcinosis (all comparisons, P\0.001).
Thiazide diuretics were used by 17.1% of
patients in the cohort with chronic
hypoparathyroidism compared with 9.9% of
those without chronic hypoparathyroidism
(P\0.001).

Patients with chronic hypoparathyroidism
had a significantly increased risk of
nephrolithiasis compared with patients without
chronic hypoparathyroidism in the Kaplan–-
Meier analysis (P\0.001; Fig. 2a). When the
analysis was performed among patients without
nephrolithiasis during the baseline period, the
percentage of patients with nephrolithiasis was
reduced, but the risk remained significant
(P\0.001; Fig. 2b). A diagnosis of chronic
hypoparathyroidism was significantly associ-
ated with increased likelihood of nephrolithia-
sis in both unadjusted (HR, 2.44 [95%
confidence interval: CI 2.20–2.71]; P\ 0.001)
and adjusted (HR, 1.81 [95% CI 1.60–2.04];
P\ 0.001) Cox models (Table 2). In sensitivity
analyses (1) among patients without
nephrolithiasis in the baseline period and (2)
among patients without nephrolithiasis in the
baseline period and without adjusting for base-
line oral thiazide diuretic use, the risk of
developing nephrolithiasis remained significant
and increased slightly (both P\0.001; Table 2)
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for patients with chronic hypoparathyroidism
compared with those without.

Kaplan–Meier analysis showed that the risk
of nephrocalcinosis was significantly higher in
patients who have chronic hypoparathyroidism
compared with those who do not (P\ 0.001;
Fig. 3). Chronic hypoparathyroidism was sig-
nificantly associated with increased HR of
nephrocalcinosis in both unadjusted (HR, 10.37
[95% CI 6.96–15.45]; P\ 0.001) and adjusted
(HR, 6.94 [95% CI 4.41–10.92]; P\ 0.001)
models (Table 2).

The sensitivity analysis included 2277
patients (28.1%) with chronic hypoparathy-
roidism and 4213 patients (10.4%) without
chronic hypoparathyroidism and who had
undergone at least one kidney imaging proce-
dure for any nonspecified reason during the
study (total number of kidney imaging proce-
dures was 5148 and 7211, respectively). Within
this subset, 59 patients (2.6%) with chronic
hypoparathyroidism and 20 patients (0.5%)
without chronic hypoparathyroidism were

Fig. 1 Sample selection of patients a with and b without chronic hypoparathyroidism. HypoPT hypoparathyroidism,
rhPTH(1–84) recombinant human parathyroid hormone (1–84)
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diagnosed with nephrocalcinosis (ratio, 5.5;
P\ 0.001).

DISCUSSION

Compared with patients who did not have
hypoparathyroidism, patients with the condi-
tion were at greater risk of nephrolithiasis and
nephrocalcinosis during the 5-year follow-up
after adjusting for potential confounders. This

study was larger than previous research exam-
ining hypotheses similar to ours that used
smaller cohorts in specific settings
[7, 12, 13, 15]. A strength of the current study is
that the data were drawn from a large, nation-
ally representative cohort of patients with
hypoparathyroidism, confirming and expand-
ing on prior associations reported between
hypoparathyroidism and nephrolithiasis and
nephrocalcinosis. For instance, a Danish retro-
spective study with a follow-up time of 8 years

Table 1 Baseline characteristics among patients with or without chronic hypoparathyroidism

Characteristic With
hypoparathyroidism
n = 8097

Without
hypoparathyroidism
n = 40,485

P value

Age at index date, mean (SD), years 58.6 (16.3) 47.3 (18.0) \ 0.001

Female sex, n (%) 6173 (76.2) 22,043 (54.4) \ 0.001

Race, n (%)

White 5242 (64.7) 25,560 (63.1) 0.006

Hispanic/Latino 833 (10.3) 3951 (9.8) 0.145

Black 711 (8.8) 3458 (8.5) 0.482

Asian/Pacific Islander 239 (3.0) 1555 (3.8) \ 0.001

Unknown 1072 (13.2) 5961 (14.7) \ 0.001

Comorbidities, n (%)

Hypertension 3535 (43.7) 10,216 (25.2) \ 0.001

Hypercalciuria 1924 (23.8) 189 (0.5) \ 0.001

Type 2 diabetes 1670 (20.6) 4378 (10.8) \ 0.001

Heart failure 481 (5.9) 967 (2.4) \ 0.001

Nephrolithiasis 268 (3.3) 535 (1.3) \ 0.001

Gout 244 (3.0) 499 (1.2) \ 0.001

Type 1 diabetes 230 (2.8) 453 (1.1) \ 0.001

Nephrocalcinosis 46 (0.6) 19 (\ 0.1) \ 0.001

Use of oral thiazide diuretics, n (%) 1388 (17.1) 4017 (9.9) \ 0.001

Use of NSAIDs, PPIs, and cimetidine, n (%) 2097 (25.9) 6949 (17.2) \ 0.001

Use of C 1 drug from the following classes: ACE inhibitors,

ARBs, and diuretics, n (%)

1902 (23.5) 5568 (13.8) \ 0.001

ACE angiotensin-converting enzyme, ARB angiotensin II receptor blocker, NSAID nonsteroidal anti-inflammatory drug,
PPI proton pump inhibitor, SD standard deviation
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found that a cohort of 688 patients with post-
surgical hypoparathyroidism had a nearly five-
fold increased risk of nephrolithiasis compared

with age- and gender-matched controls, which
is comparable to the current findings [13].
Similarly, in a study comparing 90 patients with
chronic postsurgical hypoparathyroidism trea-
ted with conventional therapy to 142 age- and
sex-matched controls without hypoparathy-
roidism who were followed up for 7 years after
surgery, those with hypoparathyroidism had an
eightfold increase in the odds of having
nephrolithiasis [16]. In a cross-sectional study of
25 women with postsurgical hypoparathy-
roidism treated with conventional therapy,
approximately 8% had nephrolithiasis, whereas
no age- and sex-matched patients in the control
group had nephrolithiasis [17]. These findings
are further supported by a long-term Mas-
sachusetts-based registry study of 120 patients
with hypoparathyroidism treated with conven-
tional therapy. In that study, nearly one-third
of patients with hypoparathyroidism who
underwent renal imaging were found to have
either nephrolithiasis or nephrocalcinosis [12].

Although the current large-scale cohort
study confirms the increased risk of
nephrolithiasis and nephrocalcinosis in
patients with hypoparathyroidism, the reasons
for the elevation in risk remain unknown. One
hypothesis is that treatment with conventional
therapy consisting of oral calcium supplements
and active vitamin D analogues, such as cal-
citriol, contributes to the risk. This regimen is
commonly used for patients with
hypoparathyroidism to maintain serum calcium
concentrations in the lower end of the normal
range (i.e., 8.0–8.5 mg/dL) [10, 18–20] by
increasing intestinal calcium absorption [21].
However, conventional therapy does not affect
the mechanisms for renal calcium reabsorption
and urinary phosphate excretion [1, 20]. Thus,
it is hypothesized that use of calcium supple-
ments or active vitamin D in the absence of the
physiologic effect of PTH increases the risk of
developing calcium-related kidney complica-
tions, such as nephrolithiasis and nephrocalci-
nosis, potentially through hypercalciuria
[9, 12]. In support of this hypothesis, Underb-
jerg et al. showed that the number of episodes
of hypercalcemia was associated with increased
risk of renal disease [15].

Fig. 2 Time to first instancea of nephrolithiasis by patient
cohort during the study period a among all patients and
b among patients without nephrolithiasis during the
baseline period. HypoPT hypoparathyroidism. aDefined as
the first diagnosis (by diagnosis or procedure codes) on or
after the index date. Patients without a diagnosis during
the study period were censored at the end of eligibility or
5 years after the index date, whichever occurred first
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It is likely that the course of hypoparathy-
roidism itself may increase the risk of
nephrolithiasis and nephrocalcinosis. For
example, the absence of the stimulatory effect
of PTH on the reabsorption of calcium in the
renal tubules could increase the risk of devel-
oping nephrolithiasis and nephrocalcinosis
among patients with hypoparathyroidism [20].
Because conventional therapy is the current
standard of care for patients with chronic
hypoparathyroidism, it is difficult to determine
whether the risk of nephrolithiasis and
nephrocalcinosis associated with conventional
therapy can be separated from that associated
with the course of the disease.

Nephrolithiasis and nephrocalcinosis have
related pathophysiology but differ in physical
expression and manifestation. Nephrolithiasis is
characterized by solid (mostly calcium) stones
that appear in the kidney, whereas

nephrocalcinosis consists of excess deposits of
calcium salts within the renal tubules, tubular
epithelium, or interstitium [22, 23].
Nephrolithiasis manifests as an acute, painful,
and often recurring condition that may require
hospitalization and costly treatment [24].
Owing to the recurring nature of nephrolithiasis
events, all patients in this study were included
in the nephrolithiasis analysis to evaluate time
to first nephrolithiasis event during the study
period regardless of baseline events. To account
for the increased risk of nephrolithiasis among
patients with nephrolithiasis during the base-
line period, we adjusted for baseline
nephrolithiasis and conducted a sensitivity
analysis among patients without nephrolithia-
sis at baseline. On the other hand, nephrocal-
cinosis is a chronic condition that develops
slowly without symptoms. Diagnostic imaging
for nephrocalcinosis is important in the early

Table 2 Risk of nephrolithiasis and nephrocalcinosis associated with chronic hypoparathyroidism

Outcome HR 95% CI P value

Nephrolithiasisa

Unadjusted 2.44 2.20–2.71 \ 0.001

Adjustedb 1.81 1.60–2.04 \ 0.001

Unadjusted,c among patients without baseline nephrolithiasis 2.27 2.01–2.57 \ 0.001

Adjusted,b among patients without baseline nephrolithiasis 1.97 1.71–2.27 \ 0.001

Unadjusted,d among patients without baseline nephrolithiasis and without adjusting for

baseline use of oral thiazide diuretics

2.27 2.01–2.57 \ 0.001

Adjusted,b among patients without baseline nephrolithiasis and without adjusting for

baseline use of oral thiazide diuretics

1.97 1.71–2.28 \ 0.001

Nephrocalcinosisa

Unadjusted 10.37 6.96–15.45 \ 0.001

Adjustedb 6.94 4.41–10.92 \ 0.001

CI confidence interval, HR hazard ratio
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 (for
nephrolithiasis: nephrolithiasis, gout, hypercalciuria, hypertension, type 1 diabetes, type 2 diabetes, thiazide diuretic use; for
nephrocalcinosis: hypercalciuria) characteristics at baseline
c Multivariable Cox model conducted among patients without baseline nephrolithiasis
d Multivariable Cox model conducted among patients without baseline nephrolithiasis and without adjusting for baseline
oral thiazide diuretic use
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stages of the disease in patients with
hypoparathyroidism who are at risk due to
impairment of renal calcium reabsorption [23].
As a result of the chronic nature of this condi-
tion, patients with baseline nephrocalcinosis
were excluded from the nephrocalcinosis anal-
yses in order to examine new diagnoses of
nephrocalcinosis during the study period.

For both the nephrolithiasis and nephrocal-
cinosis analyses, we adjusted for differences in
baseline demographic characteristics (age, sex,
race, region, and index year) and clinical pro-
files between the cohorts with and without
hypoparathyroidism. Even after adjustment for
potential confounders, hypoparathyroidism
remained significantly associated with
nephrolithiasis and nephrocalcinosis
(p\ 0.001). The statistically significant risk
increase has clinical significance for patients
and treating physicians. Nephrocalcinosis is a

relatively rare occurrence in the healthy popu-
lation, and the HR of occurrence in the
hypoparathyroidism population was almost
seven. In contrast, nephrolithiasis occurs rela-
tively frequently in the healthy population, and
yet an HR near two was observed for patients
who have chronic hypoparathyroidism com-
pared with those who do not have chronic
hypoparathyroidism. Although age and sex
appeared to have limited effect, adjustment for
known baseline outcome-relevant clinical
comorbidities such as hypertension, thiazide
diuretic use [9, 25], hypercalciuria and type 2
diabetes [13], slightly attenuated the association
of hypoparathyroidism and nephrolithiasis.
Baseline nephrolithiasis was associated with a
greatly increased risk of nephrolithiasis during
the study period, which was expected owing to
the frequency of nephrolithiasis recurrence. For
the nephrocalcinosis outcome, baseline hyper-
calciuria attenuated the association with
hypoparathyroidism but remained significant
and was expected, as high renal calcium excre-
tion is a potential mechanism causing
nephrolithiasis and nephrocalcinosis [12].

Being asymptomatic, nephrocalcinosis is
frequently underdiagnosed [23], which con-
strained our ability to capture all potential
nephrocalcinosis events in the claims data.
Consistent with findings that nephrocalcinosis
is difficult to detect in the absence of renal
imaging [12], we observed a very small number
of nephrocalcinosis events in the cohorts of
patients with and without hypoparathyroidism.
Because of the small number of events, the
resulting confidence intervals in our main
analysis were wide, but results were statistically
significant.

We conducted a sensitivity analysis among
patients who received at least one kidney
imaging procedure during the study period to
address the possibility that patients with
hypoparathyroidism may be more frequently
monitored with renal imaging than patients
without hypoparathyroidism and, therefore,
may be more likely to receive nephrocalcinosis
diagnoses. Among patients who received kidney
imaging, there was a statistically significantly
higher proportion of patients with
hypoparathyroidism diagnosed with

Fig. 3 Time to first instancea of nephrocalcinosis by
patient cohort during the study period among patients
without nephrocalcinosis during the baseline period.
HypoPT hypoparathyroidism. aDefined as the first diag-
nosis (by diagnosis or procedure codes) on or after the
index date in patients without diagnosis codes for
nephrocalcinosis during the baseline period. Patients
without a diagnosis during the study period were censored
at the end of eligibility or 5 years after the index date,
whichever occurred first
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nephrocalcinosis compared with those without
hypoparathyroidism. These findings strengthen
the study conclusion that patients with
hypoparathyroidism are at an increased risk of
nephrocalcinosis.

Several important limitations should be
considered when evaluating our study findings.
First, there may be unobserved or unmeasured
differences between the cohorts with and
without hypoparathyroidism that were not
accounted for in the analyses because of the
observational study design. Nephrocalcinosis
diagnoses may be underreported because
nephrocalcinosis can be asymptomatic and
often requires frequent monitoring to be
detected [23]. Future studies in which patients
are routinely monitored with high-resolution
renal imaging are needed to comprehensively
capture nephrocalcinosis events. Additionally,
as with all studies using administrative claims
databases, there may be miscoded or missing
diagnoses, procedure data, and drug codes.
There was a lack of access to matched imaging
for these ICD-identified cases. The reasons why
patients with chronic hypoparathyroidism had
more kidney imaging procedures than those
without hypoparathyroidism is unclear. It is
possible that imaging studies in patients with
hypoparathyroidism could be for both symp-
tomatic disease and proactive screening for
nephrolithiasis and nephrocalcinosis because of
accumulating evidence of kidney complications
in these patients. Conversely, in patients with-
out hypoparathyroidism symptoms may have
been the main driver for conducting imaging
studies. However, the 1.3-fold increase in
imaging procedures in patients with chronic
hypoparathyroidism does not account for the
5.5-fold increase in a diagnosis of nephrocalci-
nosis among these patients in our sensitivity
analysis. This study was conducted in the Uni-
ted States, but the resulting conclusions are
unlikely to vary across different countries or
regions; however, the magnitude of the results
may differ owing to different distributions of
effect modifiers across geographic areas. Lastly,
because patient-level laboratory data were only
available for a small subset of patients in the
analysis population it was not possible to assess
potential biomarkers or treatments that may

mediate the relationship between
hypoparathyroidism and nephrolithiasis and
nephrocalcinosis. Thus, the mechanism of the
observed findings merits further research using
other data sources.

Our study has many strengths and improves
on the research design of prior analyses that
relied on smaller populations. Using a large,
nationally representative insurance claims
database, this study assessed much larger
cohorts than most previous studies of
hypoparathyroidism [13, 16, 17]: results from
more than 8000 patients with hypoparathy-
roidism and more than 40,000 patients without
it will likely be generalizable to patients with
hypoparathyroidism in the United States. The
study design assessing renal outcomes of related
pathophysiology that differentially manifest
provides evidence for the potential contribu-
tions of hypoparathyroidism to renal outcomes
with costly and severe health consequences.
Finally, the sensitivity analysis conducted for
nephrocalcinosis in cohorts of patients with
and without nephrocalcinosis at baseline with
kidney imaging procedures performed during
the study period showed an increased risk of
nephrocalcinosis among patients with
hypoparathyroidism.

CONCLUSIONS

This database analysis of a large retrospective
cohort of patients in the United States showed
that chronic hypoparathyroidism was associ-
ated with an increased risk of nephrolithiasis
and nephrocalcinosis. Further research is war-
ranted to better understand the potential
mechanisms for the relationship of chronic
hypoparathyroidism and its management with
the observed risk of these conditions.
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