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Abstract 
Hypoparathyroidism (HypoPT) is a rare disease associated with high morbidity. Its economic impact is not well understood. This retrospective, 
cross-sectional study used data from the United States-based National Inpatient Sample and the Nationwide Emergency Department Sample 
from 2010 to 2018 to quantify overall trends in number, cost, charges, and length of stay (LOS) for inpatient hospitalizations and number and 
charges for emergency department (ED) visits for HypoPT-related and for non-HypoPT-related causes. Additionally, the study estimated the 
marginal effect of HypoPT on total inpatient hospitalization costs and LOS as well as ED visit charges. Over the observed period, a mean of 
56.8–66.6 HypoPT-related hospitalizations and 14.6–19.5 HypoPT-related ED visits were recorded per 100 000 visits per year. Over this 
period, the rate of HypoPT-related inpatient hospitalizations and ED visits increased by 13.5% and 33.6%, respectively. The mean LOS for 
HypoPT-related hospitalizations was consistently higher than for non-HypoPT-related causes. Total annual HypoPT-related inpatient 
hospitalization costs increased by 33.6%, and ED visit charges increased by 96.3%. During the same period, the annual costs for non- 
HypoPT-related hospitalizations and charges for ED visits increased by 5.2% and 80.3%, respectively. In all years, HypoPT-related hospital 
encounters resulted in higher charges and costs per individual visit than non-HypoPT-related encounters. The marginal effect of HypoPT on 
inpatient hospitalization costs and LOS, and on ED charges, increased over the period of observation. This study demonstrated that HypoPT 
was associated with substantial and increasing healthcare utilization in the United States between 2010 and 2018.
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Hypoparathyroidism (HypoPT) is a rare disease with an esti-
mated prevalence of 37 per 100 000 person-years in the 
United States [1, 2]. HypoPT is characterized by absent or in-
sufficient levels of parathyroid hormone (PTH) caused most 
commonly by parathyroid gland injury or removal during 
neck surgery or by genetic or autoimmune diseases [3, 4]. A 
lack of PTH is associated with hypocalcemia and hyperphos-
phatemia [4]. Decreased serum calcium levels can cause 
neuromuscular manifestations such as muscle cramps, pares-
thesia, and seizures [4].

While HypoPT was traditionally thought of as a disorder of 
mineral homeostasis and bone remodeling, a paradigm shift 
has occurred in recent years, recognizing HypoPT as a system-
ic disease affecting the central nervous system [5], kidneys [6], 
and cardiovascular system [7]. The morbidity of HypoPT is 
reflected in the high number of hospitalizations among pa-
tients with the condition compared with healthy individuals, 
especially due to hypocalcemia, hypercalcemia, and cardio-
vascular diseases [8].

The yearly costs of medical care for patients with HypoPT 
in the United States have been estimated to be about 3 times 
those of age- and sex-matched controls [9]. Additionally, in 
the United Kingdom, a study using the Hospital Episode 
Statistics (HES) database highlighted the clinical and econom-
ic burden of chronic HypoPT on secondary care [10]. The 
study reported a significantly higher occurrence of comorbid-
ities such as renal complications and infections among pa-
tients with chronic HypoPT (both post- and nonsurgical) 
than patients with hypothyroidism and those who underwent 
thyroid surgery but did not have HypoPT [10].

Short-term studies have reported the impact of HypoPT on 
the use of hospital facilities in the United States [11, 12]; how-
ever, there are limited real-world data on the long-term burden 
of HypoPT attributable to specific areas of the healthcare sys-
tem. This study evaluated real-world data on HypoPT-related 
and non-HypoPT-related inpatient hospitalizations and emer-
gency department (ED) visits in the United States between 
2010 and 2018 from 2 large national databases.
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Methods
Objectives
This study aimed to report the rates of HypoPT-related and 
non-HypoPT-related inpatient hospitalizations and ED visits 
and to describe the demographic, clinical, and facility-level char-
acteristics of these visits. In addition, the study aimed to estimate 
the marginal effect of HypoPT on costs, charges, and length of 
stay (LOS) related to inpatient stays and charges related to ED 
visits. Marginal effect refers to the association between a change 
in a regressor (ie, HypoPT) and a change in the response variable 
(eg, cost), while all other covariates are held constant.

Study Design
This was a retrospective, observational, cross-sectional study 
using existing deidentified and publicly available data from 2 
large US Healthcare Cost and Utilization Project databases be-
tween 2010 and 2018. No formal calculation was carried out 
to establish the size of the study. The data presented represent 
individual hospitalization and ED visit events and not unique 
patients. It is possible the individual patients may have had 
multiple hospitalizations and/or ED visits throughout the 
study period.

Data Sources
Data were obtained from the National Inpatient Sample (NIS) 
and the Nationwide Emergency Department Sample (NEDS) 
databases, which document charge information for all pa-
tients. The NIS is the largest all-payer inpatient care database 
in the United States. It is sampled from the State Inpatient 
Database and covers more than 97% of the US population, 
containing data on more than 7 million inpatient hospitaliza-
tions each year [13]. The NEDS is the largest all-payer ED 
database in the United States. It is sampled from the State 
Inpatient Database and the State Emergency Department 
Database, which record information on ED visits that do 
and do not result in hospitalization, respectively, covering 
more than 30 million unweighted ED visits each year [14].

The NIS and the NEDS contain information about charges 
for inpatient hospitalizations and ED visits for all individuals, re-
gardless of health insurance presence or payer type, such as com-
mercial, private, and government payers. The databases contain 
clinical and resource use information in a typical discharge ab-
stract, including details of primary and secondary diagnoses 
and procedures, as well as LOS (NIS only). Diagnoses and pro-
cedures were identified using International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and 
International Classification of Diseases, 10th Revision, 
Clinical Modification (ICD-10-CM) codes before and after 
October 1, 2015, respectively. The NIS and the NEDS contain 
information about patient demographics, including age, sex, 
race, and median household income for the patients’ reported 
ZIP code, as well as details about hospital characteristics, such 
as ownership, size, and location/teaching status (ie, rural, urban 
teaching, urban non-teaching). Financial data in the NIS and the 
NEDS are presented as charges that can be converted to costs 
through hospital-specific cost-to-charge ratios.

Survey sampling weights provided by the Healthcare Cost 
and Utilization Project were applied to data from these data-
bases to produce nationally representative estimates of the 
number of inpatient hospitalizations and ED visits. These 
weights were computed by dividing the total number of 

discharges in the sampling universe for each stratum by the to-
tal number of discharges selected for inclusion in the stratum. 
The NIS strata are characterized by the following hospital 
characteristics: census division, rural/urban location, number 
of beds, teaching status, and hospital ownership. The NEDS 
strata are characterized by the following hospital characteris-
tics: geographic region, teaching status, hospital ownership, 
rural/urban location, and ED trauma-level designation. The 
computed discharge weights are the same for all discharges 
in a given stratum. Each discharge weight, therefore, accounts 
for the number of discharges of the sample universe that the 
sampled discharge represents. Additional details on the sam-
pling procedure and weights are described on the Agency for 
Healthcare Research and Quality website [13, 14].

For this study, the 9 most recent years (from 2010 to 2018 
inclusive) of the NIS and the NEDS data available at the time 
of study initiation were used, allowing recent trends to be 
highlighted with respect to the approval of recombinant hu-
man PTH (1–84) in 2015 [15].

Identification of Events
The case selection approach was based on a previously pub-
lished study [16] and reviewed by clinical experts in 
HypoPT. Primary and secondary ICD diagnosis codes were 
used to identify HypoPT-related inpatient hospitalizations 
and ED visits for inclusion in the study. Both ICD-9-CM 
and ICD-10-CM codes were used to identify relevant condi-
tions in the 2015 data sets due to a change in the coding system 
from ICD-9-CM to ICD-10-CM in 2015. The diagnoses codes 
included: hypoparathyroidism [ICD-9-CM: 252.1; ICD-10- 
CM: E20.0 (idiopathic hypoparathyroidism), E20.8 (other 
hypoparathyroidism), E20.9 (hypoparathyroidism, unspeci-
fied)], postprocedural hypoparathyroidism (ICD-10-CM: 
E89.2), autoimmune polyglandular syndrome (ICD-9- 
CM: 258.1; ICD-10-CM: E31.0), DiGeorge’s syndrome 
(ICD-9-CM: 279.11; ICD-10-CM: D82.1), and mitochondrial 
disorders associated with hypoparathyroidism (ICD-9-CM: 
277.87; ICD-10-CM: E88.41, H49.8). Non-HypoPT-related in-
patient hospitalizations and ED visits were characterized by the 
absence of HypoPT-associated diagnosis codes.

Hospital and Hospitalization Characteristics
Demographic, clinical, and facility-level characteristics of 
HypoPT-related and non-HypoPT-related inpatient hospital-
izations and ED visits were reported. The number of 
HypoPT-related vs non-HypoPT-related inpatient hospital-
izations and ED visits was evaluated. Total charges were cal-
culated for both inpatient hospitalizations and ED visits, 
while total costs and LOS were analyzed for inpatient hospi-
talizations only. Charges represent the amount that hospitals 
billed for services, while costs represent the actual expenses in-
curred in the provision of hospital services including wages, 
supplies, and utility [17]. Total costs were calculated by multi-
plying total charge by a facility-specific cost-to-charge ratio 
included within the NIS database. All financial data were con-
verted to 2020 US dollars using the medical care component of 
the consumer price index [18].

Statistical Methods
All study variables are presented separately for inpatient hos-
pitalizations (NIS) and ED visits (NEDS) by year. Counts and 
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percentages were provided for categorical variables; means 
and standard deviations were provided for continuous varia-
bles. Total numbers of HypoPT-related inpatient hospitaliza-
tions and ED visits and non-HypoPT-related hospitalizations 
and ED visits were summed for each year.

No formal statistical analyses were planned. Post hoc stat-
istical analyses using an F test were conducted to compare dif-
ferences in the rates of increase of costs/charges between the 
HypoPT-related and non-HypoPT-related cohorts over time.

Each case of HypoPT-related inpatient hospitalization and 
ED visit was matched to 3 non-HypoPT-related controls using 
direct covariate matching based on age, sex, race, elective vs 
nonelective admission (NIS only), whether a patient was 
dead or alive, primary expected payer, median household in-
come, national quartile for patient ZIP code, hospital region, 
hospital size based on bed numbers (NIS only), control/own-
ership of hospital, and location and teaching status of the hos-
pital. Multivariable generalized linear models with a log-link 
function and gamma distribution for the error term were 
used to account for covariates not included during matched 
cohort selection and to address the skewed cost distribution 
that is common to claims data [19].

For the NEDS, total charges included those incurred for ED 
services only. Total costs could not be calculated because 
cost-to-charge ratios were not available for all data years in-
cluded in this study.

The study aimed to estimate the marginal effect of HypoPT 
on total inpatient cost and LOS and ED visit charges. The mar-
ginal effect is the measure of association between a change in a 
regressor (in this case, HypoPT) and a change in the response 
variable (eg, total cost), while all other covariates are held 
constant.

Analyses were conducted using SAS Studio, version 3.8 
(SAS Institute, Cary, NC, USA) and STATA, version 16 
(StataCorp LLC, College Station, TX, USA).

Results
Hospital and Hospitalization Characteristics
Demographic, clinical, and facility-level characteristics of 
202 462 HypoPT-related and 324 324 719 non-HypoPT- 
related inpatient hospitalizations and 206 114 HypoPT-related 
and 1 243 470 595 non-HypoPT-related ED visits are summar-
ized in Tables 1 and 2, respectively. Across all years, 
HypoPT-related hospitalizations involved a higher proportion 
of women (range 61.4–65.8% and 61.7–67.6% for inpatient 
hospitalizations and ED visits, respectively) than non-HypoPT- 
related hospitalizations (range 56.1–57.9% and 55.2–55.5% 
for inpatient hospitalization and ED visits, respectively). 
Although HypoPT-related inpatient hospitalizations involved 
patients who were younger than those involved in 
non-HypoPT-related inpatient hospitalizations, the reverse 
was observed for ED visits. Race was recorded only for 

Figure 2. Rate of non-HypoPT-related (A) inpatient hospitalizations and 
(B) ED visits. Overall percentage change from 2010 to 2018: <0.01% for 
(A) and (B). 
Abbreviations: ED, emergency department; HypoPT, hypoparathyroidism; ICD-10-CM, 
International Classification of Diseases, 10th Revision, Clinical Modification.

Figure 1. Rate of (A) HypoPT-related inpatient hospitalizations and (B) 
ED visits. Overall percentage change from 2010 to 2018: (A) 13.5%; (B) 
33.6%. Percentages were calculated based on raw values. Brackets 
indicate decrease in percentage. 
Abbreviations: ED, emergency department; HypoPT, hypoparathyroidism; ICD-10-CM, 
International Classification of Diseases, 10th Revision, Clinical Modification.
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inpatient hospitalizations; there were similar proportions of 
patients within each race group involved in HypoPT-related 
and non-HypoPT-related inpatient hospitalizations.

Chronic kidney disease was more common among individ-
uals with HypoPT-related than with non-HypoPT-related in-
patient hospitalizations and ED visits (range for 
HypoPT-related vs non-HypoPT-related means during the ob-
servation period were 34.3–42.8% vs 17.2–25.6% for in-
patient hospitalizations and 27.0–36.8% vs 5.4–8.2% for 
ED visits) (Tables 1 and 2).

Cardiovascular comorbidities recorded during inpatient 
hospitalizations included hypertension, cardiac dysrhythmias, 
cerebrovascular disease, coronary artery disease, heart failure, 
and peripheral vascular disease. Overall, cardiac dysrhythmia, 
heart failure, and peripheral vascular disease were more com-
mon among HypoPT-related than non-HypoPT-related in-
patient hospitalizations, with the exception of peripheral 
vascular disease: in 2013 and 2014, peripheral vascular disease 
was more common in non-HypoPT-related inpatient hospital-
izations (HypoPT: 5.3%, non-HypoPT: 5.4%, and HypoPT: 
5.4%, non-HypoPT: 5.6%, respectively), and in 2012, equal 

proportions (5.3%) of associated HypoPT-related and 
non-HypoPT-related visits were observed (range of means for 
HypoPT-related vs non-HypoPT-related: 16.7–22.0% vs 
14.6–18.5% for cardiac dysrhythmias, 14.6–18.8% vs 10.9– 
15.1% for heart failure, 5.3–8.2% vs 4.8–6.5% for peripheral 
vascular diseases) (Table 1).

Cardiac comorbidities recorded during ED visits, which in-
cluded hypertension, cardiac dysrhythmias, coronary artery 
disease, and heart failure, were more common among 
HypoPT-related visits than non-HypoPT-related visits (range 
of means for HypoPT-related vs non-HypoPT-related: 21.0– 
38.0% vs 17.6–23.4% for hypertension, 11.9–19.0% vs 
5.6–7.4% for cardiac dysrhythmias, 10.7–15.9% vs 5.5– 
6.5% for coronary artery disease, 9.5–15.5% vs 3.3–4.7% 
for heart failure) (Table 2).

Across all years, the proportions (range of means) of ED visits 
concluding with routine discharge were lower for HypoPT- 
related visits (27.9–38.4%) than for non-HypoPT-related visits 
(74.4–82.2%). In general, the proportions of ED visits concluding 
with inpatient admissions (57.7–68.0%) or short-term hospital 
transfers (1.4–2.6%) were higher among HypoPT-related visits 
than non-HypoPT-related visits (13.1–15.3% for inpatient ad-
missions and 1.4–1.6% for short-term hospital transfers for 
non-HypoPT-related visits). Exceptions included 2016, where 
the proportions of ED visits concluding with a transfer to short- 
term hospitals were higher for non-HypoPT-related visits, and 
2017, where no difference in the proportions was observed 
(Table 2).

Visit Statistics, Costs, and Charges
From 2010 to 2018, the rates of HypoPT-related inpatient 
hospitalizations and ED visits increased by 13.5% and 
33.6%, respectively (Fig. 1A and 1B), while non-HypoPT- 
related inpatient hospitalizations and ED visits changed by 
less than 0.01% each (Fig. 2A and 2B). HypoPT-related in-
patient hospitalizations had a longer mean LOS than 
non-HypoPT-related hospitalizations (range: 6.6–7.2 days 
vs 4.7–5.2 days, respectively, for matched cohorts) (Fig. 3). 
The marginal effect of HypoPT on the LOS for inpatient 

Figure 4. Marginal effect of HypoPT on length of stay for inpatient 
hospitalization, compared with no HypoPT, by year. Overall percentage 
change from 2010 to 2018: 11.1%. Percentages were calculated based 
on raw values. Brackets indicate decrease in percentage. Abbreviations: 
HypoPT, hypoparathyroidism; ICD-10-CM, International Classification of 
Diseases, 10th Revision, Clinical Modification.

Figure 3. Mean length of HypoPT-related and non-HypoPT-related 
inpatient hospitalization per visit in (A) unmatched and (B) matched 
cohorts. Matching was performed based on age, sex, race, elective vs 
non-elective admission (NIS only), vital status at discharge, primary 
expected payer, median household income, national quartile for patient 
ZIP code, hospital region, hospital size based on bed numbers (NIS only), 
control/ownership of hospital, and location and teaching status of the 
hospital. aSwitch to ICD-10-CM coding system. Abbreviations: HypoPT, 
hypoparathyroidism; ICD-10-CM, International Classification of 
Diseases, 10th Revision, Clinical Modification; NIS, National Inpatient 
Sample.
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hospitalizations increased by 11.1% between 2010 and 2018 
(Fig. 4).

The weighted sum of the total annual direct cost of 
HypoPT-related inpatient care increased from $485.1 million 
to $648.2 million, which corresponded to a total cost increase 
of 33.6% from 2010 to 2018. During the same period, the to-
tal cost for non-HypoPT-related inpatient hospitalizations in-
creased by 5.2% (Fig. 5A and 5B). Mean total cost per 
inpatient hospitalization for HypoPT-related reasons was 
consistently higher across all years than that for 
non-HypoPT-related reasons in both unmatched and matched 
cohorts (Fig. 6A and 6B).

The marginal effect of HypoPT on total inpatient hospital-
ization costs per year increased by 45.8% from 2010 to 2018, 
ranging from $7139 to $10 407 (Fig. 7A), with a change of 
15.2% observed for the total period between 2016 and 
2018, after ICD-10-CM codes were implemented.

The weighted sum of the total charges for ED visits increased 
by 96.3% (calculated based on raw values) for HypoPT-related 
visits and 80.3% for non-HypoPT-related visits between 2010 
and 2018 (Fig. 5C and 5D). The mean charges per ED visit were 

consistently higher for HypoPT-related visits than for 
non-HypoPT-related visits across all years, in both unmatched 
and matched cohorts (Fig. 6C and 6D). The differences in the 
rates of increase in costs and charges between 
HypoPT-related and non-HypoPT-related inpatient hospital-
izations and ED visits during the study period were not statistic-
ally significant (results not shown).

In 2018, the marginal effect of HypoPT on ED visit charges 
was $1165. When the whole study period was considered, 
from 2010 to 2018, the overall marginal effect of HypoPT 
on ED visit charges increased by 26.9%.

Discussion
HypoPT is associated with a substantial disease burden [12, 
20] and high healthcare resource utilization [21]. However, 
to our knowledge, no study has quantified the long-term eco-
nomic burden of HypoPT-related inpatient and ED care in the 
United States. This study demonstrates that, despite HypoPT 
being a rare disease, the rates of inpatient hospitalizations and 
ED visits related to this condition increased between 2010 to 

Figure 5. Weighted total sum in US dollars for (A) HypoPT-related and (B) non-HypoPT-related inpatient hospitalizations, and (C) HypoPT-related and (D) 
non-HypoPT-related ED visits. Percentages were calculated based on raw values. Brackets indicate decrease in percentage. 
Abbreviations: B, billion; ED, emergency department; HypoPT, hypoparathyroidism; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification; M, 
million.
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2018 and were associated with a greater increase in total and 
per visit costs than non-HypoPT-related inpatient and ED vis-
its. In addition, HypoPT-related inpatient stays were longer, 
by approximately 2 days, than non-HypoPT-related inpatient 
hospitalizations. These data confirm that HypoPT is associ-
ated with substantial healthcare resource utilization, as has 
been previously demonstrated [8, 21].

The current study expands on accumulating evidence about 
the economic impact of HypoPT. Hadker et al conducted a 
web-based survey of patients with HypoPT [11]. They re-
ported that during 1 year of observation, 79% of patients re-
quired at least 1 hospital admission or ED visit [11]. More 
recently, a US-based study by Murphy et al, in which an online 
survey was conducted, demonstrated that 42% of patients 
with HypoPT required a visit to the ED or urgent care facility 
for HypoPT-related concerns during 1 year of follow-up. 
Similarly, a retrospective chart review by Chen et al including 
614 patients with HypoPT in the United States, Canada, the 
UK, France, Germany, Italy, and Spain found that over a 
1-year period, 41% of patients had at least 1 ED visit and 
19.5% had at least 1 inpatient hospitalization [21]. The study 
found that ED visits were generally due to HypoPT-related 
symptoms, while most inpatient hospitalizations were due to 
HypoPT-related comorbidities [21].

In a retrospective study conducted by Cipriani and col-
leagues in Italy between 2006 and 2013, the mean rate of hos-
pitalization for patients with HypoPT was found to be 5.9 per 
100 000 residents per year, with a decrease in hospitalizations 
observed across the years evaluated [16]. In the current study, 
rates of events reported on a patient level could not be eval-
uated due to the cross-sectional study design; however, in-
creasing numbers of HypoPT-related inpatient admissions 
and ED visits were observed over the 9-year period.

The exact causes of ED visits and inpatient admissions could 
not be assessed in this study. However, a study by Gittoes et al 
using the HES database reported higher comorbidities, including 
renal complications and infections, among patients with post- 
surgical and nonsurgical chronic HypoPT than comparison 
groups (patients who underwent thyroid surgery and patients 
with hypothyroidism) [10]. In line with this UK-based study 
[10], a retrospective analysis of US claims data by Deering 
et al from 2014 to 2019 demonstrated that patients with chronic 
HypoPT had a higher number of inpatient hospitalizations, 
more ED visits, and a higher incidence of cardiac and renal com-
plications than patients with transient post-surgical HypoPT 
[22, 23]. Understanding the reasons for the higher prevalence 
of HypoPT-related inpatient hospitalizations among patients 
with chronic HypoPT warrants further investigation.

Figure 6. Mean inpatient hospitalization costs in US dollars in (A) matched and (B) unmatched cohorts and mean ED visit charges in (C) matched and (D) 
unmatched cohorts per event in HypoPT-related and non-HypoPT-related events. Matching was performed based on age, sex, race, elective vs 
nonelective admission (NIS only), vital status at discharge, primary expected payer, median household income, national quartile for patient ZIP code, 
hospital region, hospital size based on bed numbers (NIS only), control/ownership of hospital, and location and teaching status of the hospital. aSwitch to 
ICD-10-CM coding system. Abbreviations: ED, emergency department; HypoPT, hypoparathyroidism; ICD-10-CM, International Classification of 
Diseases, 10th Revision, Clinical Modification; NIS, National Inpatient Sample.
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The mean LOS for HypoPT-related inpatient hospitaliza-
tions in our study was between 6.5 and 7.2 days and was con-
sistently longer across all years than those reported for 
non-HypoPT-related stays. Our data are consistent with find-
ings from a retrospective study in Spain by Darba et al where 
patients with HypoPT-related admissions spent a mean 
of 7.2 days in the hospital [24]. Similarly, the Italian study by 
Cipriani et al reported a mean LOS of 7.4 days for 
HypoPT-related hospitalizations between 2006 and 2013 [16].

Few studies have focused on costs and charges of 
HypoPT-related hospital visits. A study by Chen et al based 
on US healthcare claims for hospitalizations and ambulatory 
visits between 2010 and 2015 found that mean healthcare 
costs for HypoPT totaled $26 889 per year [25], a similar val-
ue to that observed in our own study. The HES database study 
conducted by Gittoes et al in the UK reported annual inpatient 
and outpatient costs of more than £30 000 for 2.7% of pa-
tients with HypoPT [10]. However, while the HES database 
study included costs for both inpatient and outpatient visits, 
the current study recorded only inpatient stays, which could 
account for the difference in total costs observed.

In a US-based longitudinal study by Leibson et al evaluating 
medical records from Olmsted County, Minnesota, in 2009 
the annual cost of healthcare for patients with HypoPT in 
the United States was estimated to be about 3 times that for 
people without the condition [9]. In our study, the costs associ-
ated with HypoPT-related inpatient hospitalizations were rough-
ly double those for nonrelated cases. Importantly, however, the 2 
studies do not cover the same years, with Leibson et al reporting 
costs from 2006 through 2008 and also including outpatient 

costs [9]. In addition, the present study is based on national 
data, while the study by Leibson et al focused on medical records 
in one particular county [9].

We observed that the total annual direct cost of inpatient 
care for HypoPT-related hospital stays increased by 33.6% 
between 2010 and 2018, while that for non-HypoPT-related 
inpatient hospitalizations increased by 5.2%. In all years ex-
amined, hospital visits related to HypoPT had greater charges 
per visit compared with non-HypoPT-related visits, suggest-
ing that patients with HypoPT may have a higher burden 
from the disease itself, which results in greater healthcare re-
source utilization as compared with the general population.

Strengths and Limitations
The primary strength of this study is the robust nature of the 
underlying data. By design, the NIS and the NEDS databases 
are nationally representative, allowing conclusions to be 
drawn about HypoPT-related care in the entire US popula-
tion, which would not be possible with smaller databases. 
This study included analysis of a large number of both in-
patient hospitalizations and ED visits longitudinally over 8 
years. The latter allowed the impact of events such as the tran-
sition from ICD-9-CM to ICD-10-CM coding schemes on 
trends in HypoPT-related care to be observed. This study 
also discriminated between inpatient hospitalization and ED 
visits, thereby providing detailed and granular information 
about the pattern of healthcare utilization for patients with 
HypoPT in the United States.

Several limitations should be acknowledged. While the 
data are generalizable to the United States, findings pre-
sented may not be reflective of healthcare systems in other 
countries. Furthermore, HypoPT-related hospital visits 
were identified in the NIS and the NEDS databases based 
on diagnosis codes, the validity of which depend on accur-
ate recording, with asymptomatic disease likely not being 
represented. The NIS and the NEDS databases also lack 
relevant information about medication use, lifestyle charac-
teristics, and disease severity; consequently, residual con-
founding may exist that cannot be accounted for. The 
definitions and measures used in the study may not align 
with those used in other studies conducted using different 
data sources, due to variations in the nature of the data 
found in each. Finally, the change from ICD-9-CM to 
ICD-10-CM codes in 2015 may have impacted the number 
of HypoPT-related inpatient hospitalizations recorded. It 
should also be noted that it is not possible to derive state-
ments about per-person burden from the data because the 
NIS and the NEDS databases represent events rather than 
patients, and it is possible for a single patient to be recorded 
more than once, for example if hospitalized more than once 
or if hospitalized after an ED visit.

Conclusions
This study involving nationally representative data on US in-
patient hospitalization and ED visits demonstrates that 
HypoPT is associated with a substantial economic burden, 
which appears to be increasing over time, raising concerns 
that HypoPT may not be controlled adequately in routine clin-
ical practice. These findings therefore underscore the import-
ance of increasing awareness and refinement of best practices 
in the management of HypoPT [26], as this may result in a 

Figure 7. Marginal effect of HypoPT on (A) inpatient hospitalization 
costs and (B) ED visit charges by year compared with 
non-HypoPT-related events. Overall percentage change from 2010 to 
2018: (A) 45.8%; (B) 26.9%. Brackets indicate decrease in percentage. 
Abbreviations: ED, emergency department; HypoPT, 
hypoparathyroidism; ICD-10-CM, International Classification of 
Diseases, 10th Revision, Clinical Modification.
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reduction of disease-associated complications and thus reduce 
the need for inpatient and ED care.
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