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Abstract

We aimed to investigate the prevalence, resource utilization, and comorbidities of

patients with Turner syndrome (TS) hospitalized in the United States. We identified

patients within the Nationwide Inpatient Sample database from the year 2017 to

2019. A propensity-matched cohort of non-TS patients from the same database was

constructed to serve as comparators. There were 9845 TS patients, corresponding to

inpatient prevalence of 10.4 per 100,000 admissions. The most common admission

diagnosis was sepsis (27.9%). TS patients had higher inpatient mortality (adjusted

odds ratio 2.16, 95% confidence interval 1.57–2.96) and morbidity, including shock,

ICU admission, acute kidney injury, systemic inflammatory response syndrome, acute

respiratory distress syndrome, and multi-organ failure. Increased risk of comorbid-

ities, such as stroke, myocardial infarction, autoimmune diseases, and non-variceal

gastrointestinal bleeding, was observed. TS patients had longer length of stay (LOS;

5.1 days vs. 4.5 days, p < 0.01) and displayed a mean additional $5382 (p < 0.01) in

total hospital costs and a mean additional $20,083 (p < 0.01) in total hospitalization

charges. In conclusion, hospitalization of patients with TS was associated with a sig-

nificantly higher inpatient morbidity, mortality, expenditures, and longer LOS com-

pared to non-TS patients. Patients with TS had a higher risk of cardiovascular

complications, autoimmune diseases, and gastrointestinal bleeding.

K E YWORD S

autoimmune diseases, comorbidities, economic burden, epidemiology, hospitalization, Turner
syndrome

1 | INTRODUCTION

Turner syndrome (TS) is the most common sex chromosome aneu-

ploidy, affecting 25–50 per 100,000 females (Gravholt et al., 2017). It

is cytogenetically characterized by one intact X chromosome and a

missing or structurally abnormal second sex chromosome.

Approximately half of patients with TS results from monosomy X

(45,X), whereas the rest are associated with various abnormalities of

the X chromosome including mosaicism and isochromosome. Patients

with TS present with multisystem health issues such as short stature,

hypergonadotropic hypogonadism, hearing loss, congenital anomalies

of lymphatic, renal, cardiovascular, and skeletal system,
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atherosclerotic disease, osteoporosis, and neurodevelopmental differ-

ences (Gawlik et al., 2018; Gravholt et al., 2017).

Most clinical practice guidelines for TS focus on outpatient manage-

ment of comorbidities and emphasize the importance of multidisciplinary

ambulatory care (Gravholt et al., 2017; Morgan, 2007; Silberbach

et al., 2018). Although patients with TS theoretically could have high risk

of hospitalization due to complex comorbidities, particularly cardiovascu-

lar risk factors such as high blood pressure, hyperlipidemia, insulin resis-

tance, hyperuricemia, and obesity (Donato & Ferreira, 2018; Silberbach

et al., 2018), the recommendations pertaining to inpatient care are rela-

tively lacking. As studies on hospitalization outcomes, healthcare utiliza-

tion and expenditures of TS patients in the inpatient setting are sparse

(Cunniff et al., 1995; Singh et al., 2021), our goal is to conduct an epide-

miologic study by utilizing a large national inpatient database to evaluate

these aspects. We hypothesized that TS patients have increased inpa-

tient morbidity and mortality, longer length of stay (LOS), and higher

healthcare expenditures when compared to non-TS patients. Knowledge

on these topics is crucial not only for relevant inpatient providers—

hospitalists and consultants—to provide optimal inpatient care, but also

for ambulatory care providers and health systems to implement care

strategies for health promotion and hospitalization prevention.

2 | METHODS

2.1 | Study design and data source

The Nationwide Inpatient Sample (NIS) continuously collects data from

over 4000 nonfederal acute care hospitals from more than 40 states

across the United States (US). The hospitals included in the database

are representative of all acute care hospitals across the country. NIS is

one of the largest national inpatient databases with approximately

seven million admissions regardless of types of insurers are recorded

annually. Several important characteristics of each admission are pro-

spectively recorded in the database, including diagnoses (both primary

discharge diagnosis and secondary diagnoses), procedures/investigation

performed during the hospital stay, admission to intensive care unit

(ICU), LOS, mortality, comorbidities, and inpatient expenditures. Data

for the year 2017 to 2019 were utilized for the current study.

The NIS database is the direct work of the Healthcare Cost and

Utilization Project (HCUP), which is sponsored by the Agency for

Healthcare Research and Quality (AHRQ) of the Department of

Health and Human Services. All information in this database is publicly

accessible by any investigator.

2.2 | Study population

The cohort of patients with TS in the current study was constructed

by including all patients (aged at least 1 year) with an International

Classification of Diseases, Tenth Revision, Clinical Modification (ICD-

10 CM) with any diagnosis code of TS (Q96.X) in the NIS database

from the year 2017 to 2019. A cohort of propensity score-matched

patients without TS (defined as absence of ICD-10 CM code for TS)

from the same database during the same calendar years was also con-

structed for the comparative analyses.

2.3 | Variable definition

Baseline information of the cohort of patients with TS, such as demo-

graphics, ethnicity, and type of payers were retrieved from the data-

base. Similarly, baseline information of the hospital where the

admission occurred, such as location, teaching status, and number of

hospital beds, were collected. Other collected data included inpatient

mortality, morbidity, LOS, and inpatient expenditures. To account for

patient comorbidities, the Deyo adaptation of the Charlson Comorbid-

ity Index, which is a validated tool for analyses of large database, was

utilized (Deyo et al., 1992).

2.4 | Outcomes

The primary goal of the current study was to calculate the inpatient

prevalence of TS and to determine the most common diagnoses that

were responsible for their admissions. In addition, we also investigated

if inpatient morbidity, inpatient mortality, LOS, and inpatient expendi-

tures were increased compared with admissions of patients without

TS. All these analyses were done using propensity score-matched

cohort of patients without TS as a comparators. The morbidities of

interest included systemic inflammatory response syndrome (SIRS),

acute respiratory distress syndrome (ARDS), acute kidney injury (AKI),

multi-organ failure, shock, and need for admission to ICU. Inpatient

expenditures were categorized into total hospitalization charges and

hospital costs. Total hospital charges were defined as the amount of

money that payers were billed by the hospital for the services it pro-

vided during the hospital stay for each patient. Hospital costs were

defined as the amount of money that the hospital spent during the

admission to deliver necessary care to the patient. The NIS database

provides direct data on total hospital charges. On the other hand, hospi-

tal costs were calculated using cost-to-charge ratios for each hospital

(HCUP provides this ratio for each hospital). Last, we also investigated if

the prevalence of selected comorbidities was increased among patients

with TS, using the same propensity score-matched cohort of patients

without TS as a comparator. Comorbidities of interest included cardio-

vascular diseases and autoimmune disorders based on previous studies

(Goldacre & Seminog, 2014; Jorgensen et al., 2010; Lleo et al., 2012;

Silberbach et al., 2018) as well as cancer and gastrointestinal disorders.

2.5 | Statistical analysis

Inpatient prevalence was calculated from the total number of hospital-

ized patients with TS divided by total weighted hospitalized popula-

tion from 2017 to 2019. A cohort of comparators without TS was

created for the analyses of secondary outcomes. They were
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propensity-matched with patients with TS at one-to-one ratio using

age, sex, and Charlson Comorbidity Index as covariates. Subgroup

analysis by age (<18 year old and >18 years old) was also performed.

Descriptive statistics (mean, proportion, standard error, etc.) were

used to describe the baseline information of both cohorts of patients

with and without TS. Proportions were compared using Fisher's exact

test and means was compared using Student's t test. Multivariate

logistic regression was used to calculate adjusted odds ratio (aOR) and

95% confidence interval (CI) comparing inpatient morbidity, mortality,

and associated conditions between the two groups. Variables included

in the model were those not propensity-matched, including, ethnicity,

payer type, income, and characteristics of the hospital where the

admission occurred. STATA, Version 13 from StataCorp LP (College

Station, TX, USA) was used to perform all the statistical analyses.

3 | RESULTS

3.1 | Inpatient prevalence and characteristics of
the patients and hospital characteristics

A total of 9845 patients (1545 were <18 years old and 8300 were

>18 years old) with TS were admitted between 2017 and 2019, corre-

sponding to inpatient prevalence of 10.4 per 100,000 admissions. The

mean age was 39.9 years (SD 20.1). Most of them were Caucasian

(72.5%), followed by Hispanics (12.0%), African–American (10.0%),

and Asian (2.1%). It should be note that NIS database blends race and

ethnicity into one parameter and assign each patient one of the six

codes for race/ethnicity (1 = Caucasian, 2 = African–American,

3 = Hispanics, 4 = Asian, 5 = Native American, 6 = Other). The most

common diagnosis leading to hospitalization was sepsis (27.9%), fol-

lowed by congestive heart failure (CHF) (12.2%), venous thromboem-

bolism (VTE) (8.8%), AKI (7.6%), pneumonia (7.3%), and non-ST

elevation myocardial infarction (5.8%). The mean age and racial/ethnic

composition of the cohort of comparators without TS were the same

as the cohort of patients with TS (as they were matched). The most

common diagnosis leading to hospitalization for comparators was

delivery/Caesarian section (48.5%), sepsis (23.2%), AKI (6.6%), non-ST

elevation myocardial infarction (6.3%), pneumonia (6.0%), and exacer-

bation of chronic obstructive pulmonary disease (5.9%).

3.2 | Morbidity and mortality

Propensity score-matched comparators were identified for 9282

patients with TS. After further adjustment in the multivariate logistic

regression, a significantly higher inpatient mortality was found among

patients with TS compared with the cohort of patients without TS

with the aOR of 2.16 (95% CI 1.57–2.96). Similarly, a significantly

higher risk of inpatient morbidity was also demonstrated in the multi-

variate analysis as a significantly higher risk of shock (aOR 1.68, 95%

CI 1.30–2.17), admission to ICU (aOR 1.31, 95% CI 1.10–1.55), AKI

(aOR 1.30, 95% CI 1.11–1.53), SIRS (aOR 1.96, 95% CI 1.23–3.17),

ARDS (aOR 4.17, 95% CI 1.99–8.77), and multi-organ failure (aOR

1.34, 95% CI 1.17–1.54) were observed among patients with TS com-

pared to patients without TS.

Stratified analysis by common reasons for hospitalization, sepsis,

CHF, and VTE, was also performed. We found a significantly higher

risk of inpatient mortality among patients with TS who were hospital-

ized with sepsis and CHF but not VTE (compared to patients without

TS who were hospitalized for the same reason). Significantly higher

risk of inpatient morbidity was only observed in sepsis (Table S1).

To further investigate the effect of cardiovascular complications

on the inpatient mortality, we also performed additional analysis by

removing cardiovascular complications in the multivariate model. The

new aOR decreased slightly to 1.94 and remained statistically signifi-

cant (95% CI 1.36–2.75).

3.3 | Resource utilization

Hospital LOS and total hospitalization charges/hospital costs were

used as indicators for resource utilization. The mean LOS among

patients with TS was 5.1 days, which was significantly longer than

patients without TS (0.6 days longer, 95% CI 0.3–0.9 days) in the mul-

tivariate analysis.

The mean total hospital costs among patients with TS was

$17,656, which was significantly higher than patients without TS with

an additional mean of $5382 (95% CI $3967–$6797) in the multivari-

ate analysis.

The mean total hospitalization charges among patients with TS

was $70,214, which was significantly higher than patients without TS

with an additional mean of $20,083 (95% CI $13,855–$26,310) in the

multivariate analysis.

3.4 | Association with comorbidity

A significantly increased risk of several cardiovascular comorbidities,

including stroke and myocardial infarction was observed. Similarly, the

multivariate analysis found a significantly increased risk of several

autoimmune diseases, such as inflammatory bowel disease, psoriasis

and Hashimoto's thyroiditis. For gastrointestinal disease, a signifi-

cantly higher risk of non-variceal bleeding was observed. No signifi-

cantly increased risk of cancer was demonstrated. Adjusted OR with

95% CI for each comorbidity is shown in Table 1.

3.5 | Subgroup analysis

Due to the smaller sample size, formal analyses for pediatric subgroup

(<18 years old) to calculate 95% CI and p-value cannot be performed

for most outcomes, although the aORs are invariably in the same

direction as the adult subgroup (≥18 years old).

For instance, the aOR for inpatient mortality was increased in

both subgroups with the aOR of 1.97 (95% CI 1.41–2.76) for adult

1872 CHENBHANICH ET AL.
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subgroup and aOR of 4.80 (insufficient data to calculate 95% CI) for

pediatric subgroup. The same direction of aOR for morbidity and

comorbidity analysis was also observed as demonstrated in Table S2.

For the resource utilization analysis, both subgroups of patients

with TS showed higher hospital costs and hospitalization charges than

patients without TS. The additional mean for total hospital costs was

$4659 (95% CI $3494–$5824) in adult subgroup and $7577 (insuffi-

cient data to calculate 95% CI) in pediatric subgroup in the multivari-

ate analysis. The additional mean for total hospitalization charges was

$17,457 (95% CI $12,338–$22,575) in adult subgroup and $30,091

(insufficient data to calculate 95% CI) in pediatric subgroup in the mul-

tivariate analysis. In adult subgroup, the mean LOS among patients

with TS was significantly longer than patients without TS (0.7 days

longer, 95% CI 0.4–1.0 days) in the multivariate analysis. In pediatric

subgroup, the mean LOS among patients with TS was numerically lon-

ger than patients without TS (0.1 days) but there was insufficient data

to calculate 95% CI.

4 | DISCUSSION

To our knowledge, the current study is the largest analysis employing a

nationwide database to describe inpatient characteristics of patients

with TS. We found that patients with TS had higher inpatient mortality

TABLE 1 Association between Turner syndrome and comorbidity.

Adjusted odds ratio 95% confidence interval p-Value

Cardiovascular comorbidity

All stroke 1.85 1.39–2.47 <0.01*

Hemorrhagic stroke 1.94 1.07–3.52 <0.01*

Ischemic stroke 1.94 1.42–2.66 <0.01*

Subarachnoid hemorrhage 1.81 0.75–4.37 0.19

Peripheral vascular disease 0.66 0.41–1.07 0.09

Acute myocardial infarction 1.92 1.49–2.47 <0.01*

Autoimmune disease

Crohn's disease 3.33 2.45–4.52 <0.01*

Ulcerative colitis 3.65 2.43–5.48 <0.01*

Celiac disease 4.74 2.99–7.49 <0.01*

Graves' disease 1.49 0.63–3.59 0.36

Type 1 diabetes mellitus 1.17 0.86–1.61 0.32

Psoriasis 4.73 3.43–6.53 <0.01*

Ankylosing spondylitis 5.84 2.19–15.56 <0.01*

Rheumatoid arthritis 0.99 0.69–1.44 0.99

Sarcoidosis 1.17 0.52–2.61 0.70

Autoimmune hepatitis 0.41 0.06–2.89 0.37

Hashimoto's thyroiditis 6.36 4.66–8.90 <0.01*

Malignancy

Lung cancer 1.55 0.24–9.67 0.64

Breast cancer 0.32 0.01–13.65 0.55

Colon cancer 1.05 0.60–1.86 0.86

Renal cancer 1.20 0.57–2.52 0.64

Thyroid cancer 1.31 0.49–3.52 0.59

Endometrial cancer 1.11 0.53–2.34 0.78

Non-Hodgkin lymphoma 0.72 0.18–2.89 0.65

Gastrointestinal disease

Non-variceal gastrointestinal bleeding 1.47 1.10–1.96 <0.01*

Variceal gastrointestinal bleeding 0.50 0.12–2.02 0.33

Peptic ulcer 0.99 0.67–1.49 0.99

Acute pancreatitis 0.66 0.42–1.03 0.07

Fatty liver 1.14 0.84–1.54 0.39

*Statistically significant values.

CHENBHANICH ET AL. 1873
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and morbidity, including shock, admission to ICU, AKI, SIRS, ARDS, and

multi-organ failure compared with patients without TS who were hospi-

talized during the same period. Increased mortality in TS has previously

been observed in outpatient (Price et al., 1986; Schoemaker, Swerdlow,

Higgins, Wright, Jacobs, & United Kingdom Clinical Cytogenetics

Group, 2008; Stochholm et al., 2006) and inpatient settings (Singh

et al., 2021), as well as in those undergoing cardiac surgery (Fuchs

et al., 2020; Furlong-Dillard et al., 2018). Schoemaker et al. demon-

strated that acquired cardiovascular diseases, particularly stroke and

coronary artery disease, were the largest contributor of excess mortality

in TS (Schoemaker, Swerdlow, Higgins, Wright, Jacobs, &

United Kingdom Clinical Cytogenetics Group, 2008).

Similarly, increased inpatient morbidity/resource utilization have

been demonstrated in previous studies. A study using inpatient sample

from eight states in the US found an increased LOS and need for admis-

sion to rehabilitation facility after acute hospitalization among patients

with TS (Singh et al., 2021). Another study of pediatric patients who

underwent cardiac surgery also found a significant higher incidence rate

of AKI and need for dialysis among patients with TS compared to

patients without TS (Furlong-Dillard et al., 2018). These results empha-

size the high-risk nature of patients with TS in the hospital setting.

Cardiovascular malformations, renal abnormalities, and associated

hypertension probably play a major role in the increased inpatient mor-

tality and morbidity as they would predispose patients to an increased

risk of cardiovascular disease (which has been shown by this study) and

hemodynamic instability when they are hospitalized for any illnesses.

However, increased cardiovascular complications may not be the only

reason for increased mortality as the additional analysis adjusting for

cardiovascular complications continues to show a significantly higher

inpatient mortality although the magnitude of risk is numerically lower.

Another explanation is related to the fact that routine admissions for

pregnancy and childbirth were almost non-existent in the TS cohort yet

represent nearly half of admissions in the control group as it primarily

consisted of women of reproductive age. Since routine admissions for

pregnancy and childbirth potentially are associated with less morbidity

and mortality than other admissions, this may have contributed to the

observed comparatively more favorable outcomes in controls.

Not surprisingly, cardiovascular conditions were among the most

common diagnoses leading to hospitalization in the current study. This

observation is similar to the study by Singh et al. in which CHF, coro-

nary heart disease, angina, and syncope were the most common

admission diagnoses. Compared with patients without TS, increased

risk of stroke (both hemorrhagic and ischemic) and acute myocardial

infarction were also observed among patients with TS. Previous stud-

ies have demonstrated an association between TS and ischemic

stroke, which is thought to be a consequence of the higher prevalence

of metabolic syndrome, atrial fibrillation, and disturbance of thrombo-

sis and fibrinolysis (Cho et al., 2020; Gravholt et al., 2017; Silberbach

et al., 2018). A recent study from Denmark found that use of hormone

replacement therapy among patients with TS was associated with a

lower risk of hypertension and ischemic stroke, suggesting a role of

estrogen deficiency in the pathogenesis of impaired metabolic profile

and cardiovascular complications (Viuff et al., 2020). However,

hemorrhagic stroke has been described only in case reports and was

not discussed in the recent guidelines (Gravholt et al., 2017; Hori

et al., 2018; Manjila et al., 2014; Silberbach et al., 2018). The results

of the current study may serve as a reminder to clinicians that the risk

of hemorrhagic stroke is also heightened in this group of patients.

Future studies on the epidemiology and pathomechanism of hemor-

rhagic stroke in TS are still needed.

Due to the higher risk of cardiovascular events, the American

Heart Association recommends a lifelong cardiac follow-up for all TS

patients even in the absence of cardiovascular disease (Silberbach

et al., 2018). Additionally, some measures that inpatient care team

could consider, to lower the risk while TS patients are hospitalized,

include risk stratification upon admission, detection of arrhythmias,

telemetry monitoring, early symptom recognition, and development of

a hospital protocol, response team, and/or order set when in-patient

stroke or myocardial infarction is suspected.

Increased risk of several autoimmune diseases is observed in this

study, consistent with the previous reports (Goldacre &

Seminog, 2014; Lleo et al., 2012). Haploinsufficiency of the immune

system genes, such as FOXP3, may play a role in its pathophysiology

(Lleo et al., 2012). In addition to autoimmune disease, there has been

emerging evidence of immunodeficiency in TS, affecting both humoral

and cell-mediated immunity (Swee et al., 2019; Thrasher et al., 2016).

Infectious etiology–sepsis and pneumonia–was one of the most com-

mon causes of hospitalization in TS patients in the current study and

in a previous study (Singh et al., 2021), as well as a common cause of

mortality in other cohorts (Schoemaker, Swerdlow, Higgins, Wright,

Jacobs, & United Kingdom Clinical Cytogenetics Group, 2008;

Stochholm et al., 2006). The immunocompromised state is potentially

augmented by the concomitant use of immunosuppressive drugs for

autoimmune disease. Measures to prevent hospitalization and adverse

inpatient outcomes related to sepsis and pneumonia may include

smoking cessation, vaccination, proper infection control practices,

aspiration precautions, and following the standardized guidelines on

sepsis prevention and management (Evans et al., 2021).

Several population-based studies have shown that, similar to our

results, the overall risk of cancer is not increased in TS compared with

the female background population (Hasle et al., 1996; Schoemaker,

Swerdlow, Higgins, Wright, Jacobs, & UK Clinical Cytogenetics

Group, 2008; Viuff et al., 2021). We observed increased risk of non-

variceal gastrointestinal bleeding in patients with TS. Inflammatory

bowel disease, a known association in TS from previous and our stud-

ies, can present with gastrointestinal bleeding. Another etiology is

gastrointestinal vascular malformations, which have been described in

previous cases reports (D'Incao et al., 2018; Flores Lopez et al., 2022)

and a recent systematic review (Kucharska et al., 2018). We believe

that a prospective epidemiologic study to evaluate the prevalence of

gastrointestinal vascular malformations in TS patients, as well as the

inclusion of this entity as a rare cause of gastrointestinal bleeding in

the clinical practice guidelines, is prudent.

Earlier studies showed that individuals with TS have a high rate of

healthcare utilization, with 14% of surveyed patients having been hos-

pitalized in the previous year, and 75% having ever required some
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type of surgical procedure (Cunniff et al., 1995). We demonstrated a

longer LOS in patients with TS when compared to non-TS patients.

These findings corroborated with a recent study which reported a

higher likelihood of prolonged LOS and a lower likelihood to be dis-

charged in adults with TS (Singh et al., 2021). The data on LOS in

patients undergoing cardiac procedures from two studies were con-

tradicting: the LOS was comparable to non-TS patients in the publica-

tion by Madriago et al. (2012) but was longer in the study done by

Furlong-Dillard et al. (2018). This discrepancy is perhaps due to a

demographic difference; the former study was conducted in all age

groups (mean age 4.1 years, SD 6.8), whereas the latter was done in

pediatric patients (median age 2 months, interquartile range 44). In

fact, Madrigo et al. found that a younger age at the time of the proce-

dure resulted in longer LOS in TS patients for certain procedures. Fur-

thermore, from our study, hospitalization of TS patients was costlier

than non-TS patients even after adjusting for confounders. This is

expected given the associated higher morbidity and mortality,

increased risk of various comorbidities, longer LOS, and requirement

of procedures to correct congenital and acquired defects. The hospi-

talization for cardiac surgery in TS patients also costed higher than

that of non-TS patients in the 2018 study by Furlong-Dillard et al.

($61,600 vs. $49,800, respectively; p < 0.008). These observations

may indicate that hospitalization of TS patients represent higher bur-

den on healthcare utilization and expenditures. Our research contrib-

utes to the body of literature on this topic and highlight the need of

evidence-based strategies that reduce the risk of, and shorten the

LOS during, hospitalization of this patient population.

The major advantage of this study is the use of the NIS database

which collects information from hospitalized patients across the coun-

try, yielding a large sample size of 9845 TS patients. The data are,

therefore, representative of all TS patients hospitalized in the US and

reflects the true inpatient disease burden and characteristics. We also

used the propensity score matching when comparing comorbidities and

expenditures of both groups. This allowed for a better appreciation that

the observed differences were due to the presence or absence of

TS. Recently, the PEDSnet institutions, which comprised of eight major

academic medical centers across the US, published a study from their

database of 2145 patients with TS (Singh et al., 2022). However, we

believe that the NIS database is more representative of all patients with

TS across the country as PEDSnet institutions are major academic med-

ical centers and, thus, carry a higher likelihood of referral bias. In addi-

tion, their study focuses exclusively on liver disease.

Nonetheless, some limitations that may jeopardize the validity of

the analyses should be acknowledged. First, the current study is a

coding-based study which is susceptible to misclassification and

incompleteness of case identification. Patients with TS may have not

been coded for various reasons, such as admission for unrelated con-

dition or undiagnosed cases. On the other hand, ICD-9 CM code for

TS (758.6) generally applies to gonadal dysgenesis. Thus, other non-

TS cases, such as individuals with disorders of sexual development,

may have been inadvertently included in the TS group. Second, the

results could not be generalized to all patients with TS as the study

was conducted in inpatient setting. Considering an inpatient

prevalence of 10.4 per 100,000 admissions from our study, which was

lower than the incidence of 25–50 per 100,000 females (Gravholt

et al., 2017), it is likely that most TS patients are managed on an out-

patient basis and have different clinical characteristics than observed

here. Third, the cause and risk factors of increased inpatient morbidity

and mortality could not be analyzed from our dataset. For example, it

would be very helpful if information regarding karyotypic abnormali-

ties was available, so that genotype–phenotype correlation could be

drawn. Besides, comparison of the prevalence of comorbidities

between two groups did not provide direct evidence of causation due

to the cross-sectional nature of the analyses. Fourth, NIS does not

collect data on medications. Therefore, it is not possible to investigate

the effect of medication (especially hormone replacement therapy) on

the analyzed outcomes. Fifth, the number of pediatric patients in this

study was relatively small and formal analysis of this subgroup could

not be performed for most outcomes. Sixth, nearly half of admissions

in the control group were for routine pregnancy and childbirth care

which are generally associated with less morbidity and mortality than

other admissions. Therefore, it is possible that the observed higher

inpatient mortality and morbidity among patients with TS could be at

least partially inflated by this. Last, hospitalizations in the NIS data-

base did not necessarily reflect new cases because individual patients

could not be tracked in the database. Therefore, multiple admissions

by the same patients may have occurred. For this reason, we could

not calculate inpatient incidence and the term “inpatient prevalence”
was employed.

5 | CONCLUSION

Hospitalization of patients with TS was associated with a significantly

higher inpatient morbidity, mortality, healthcare expenditures, and

longer LOS compared to non-TS patients. Patients with TS had a

higher risk of cardiovascular complications and autoimmune diseases.

Further research on the cause and risk factors associated with

increased inpatient mortality and morbidity is still needed. Incorpora-

tion of clinical aspects on inpatient disease burden and characteristics

into future clinical practice guidelines is crucial in order to prevent

hospitalization, improve patient outcome, and lower healthcare

expenditures.
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