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Abstract

Objective: To evaluate outcomes in patients with Turner Syndrome, especially those with
cardiac conditions, compared to those without Turner syndrome. Design: Retrospective cohort
study utilising hospitalisation data from 2006 to 2012. Conditional logistic regression models
are used to analyse outcomes of interest: all-cause mortality, increased length of stay, and dis-
charge to home. Participants: We identified 2978 women with Turner syndrome, matched to
11,912 controls by primary diagnosis. Results: Patients with Turner syndrome were more likely
to experience inpatient mortality (odds ratio 1.44, 95% confidence interval 1.02–2.02, p= 0.04)
and increased length of stay (OR 1.31, CI 1.18–1.46, p= 0.03) than primary diagnosis matched
controls, after adjusting for age, race, insurance status, and Charlson comorbidity index.
Patients with Turner syndrome were 32% less likely to be discharged to home (OR 0.68,
CI 0.60–0.78, p< 0.001). When restricting the sample of patients to those admitted with a
cardiac diagnosis, the likelihood of mortality (OR 3.10, CI 1.27–7.57, p= 0.01) and prolonged
length of stay (OR 1.42, CI 1.03–1.95, p= 0.03) further increased, while the likelihood of
discharge to home further decreased (OR 0.55, CI 0.38–0.80, p= 0.001) in Turner syndrome
compared to primary diagnosis matched controls. Specifically, patients with congenital heart
disease were more likely to have prolonged length of stay (OR: 1.53, CI 1.18–2.00, p = 0.002),
but not increased mortality or decreased discharge to home. Conclusions: Hospitalised women
with Turner syndrome carry a higher risk of adverse outcomes even when presenting otherwise
similarly as controls, an important consideration for those treating them in these settings.

Research on Turner syndrome has typically focused on long-term management of the
complications associated with Turner syndrome, but little work has analysed these patients
in an inpatient setting. This study attempts to bridge this gap by analysing the major causes
for hospitalisation in this unique population, compare the incidence of adverse outcomes to
non-Turner syndrome patients, and ultimately provide hospitalists, especially cardiologists
who are particularly relevant in Turner syndrome care, with more insight into the risks facing
Turner syndrome patients in hospitals.

Turner syndrome is defined as a partial or complete absence of an X chromosome, also
defined as monosomy X, in females; there is a wide range of genetic variation with mosaic, ring,
and partial forms being common.1 It has been previously reported that 3% of all pregnancies
start with XO embryos, but 99% terminate spontaneously in the first trimester.2 One study
found the fetal death rate for 45,X to be 75.0% compared to 10.5% in 46,XX/45,X mosaic
embryos, indicating the high variability within Turner syndrome.3

Turner syndrome has a prevalence of 50 per 100,000 females and has many different clinical
manifestations including congenital heart defects, infertility, failure to start puberty, short
stature, certain learning disabilities, neurocognitive and behavioural/psychological features.4,5

More specifically, women with Turner syndrome are more likely to have congenital left-sided
cardiac anomalies and develop cardiovascular abnormalities at some point during their lifetime.
At least 50% of women with Turner syndrome develop hypertension, half of these by
adolescence.6 Left-sided cardiac anomalies, in addition to hypertension, increase the risk of
aortic dissection and cardiac mortality.

While it is known that women with Turner syndrome experience a higher incidence of
cardiac abnormalities including coarctation of the aorta, bicuspid aortic valve, hypertension,
and hyperlipidaemia, to our knowledgemajor adverse outcomes following an inpatient hospital-
isation have not been analysed in relation to Turner syndrome.7,8 Current clinical Turner
syndrome research is often limited by lack of sufficient sample size;9–11 however,

https://doi.org/10.1017/S1047951121000858 Published online by Cambridge University Press

https://www.cambridge.org/cty
https://doi.org/10.1017/S1047951121000858
mailto:Amber.Khanna@cuanschutz.edu
https://orcid.org/0000-0002-3514-9134
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1047951121000858&domain=pdf
https://doi.org/10.1017/S1047951121000858


epidemiological studies with hundreds and even thousands of
Turner syndrome patients do exist (with data primarily from
nationwide registries in Europe).12–14 In the current study, we were
uniquely positioned to utilise a large secondary inpatient hospital-
isation dataset, thus providing a sufficient sample size to examine
adverse outcomes in the population of women hospitalised with
Turner syndrome.

Patients with Turner syndrome tend to have a high prevalence
of multiple comorbidities, and thus require more specialised
care. Specifically, these patients are more likely to experience
abnormalities such as hypertension, dyslipidemia, diabetes melli-
tus, obesity, hyperinsulinemia, hyperuricemia.15 The high-risk
nature of women with Turner syndrome may be misunderstood
or underappreciated in the hospital setting. The aim of this study
was to compare the likelihood of adverse outcomes in patients with
Turner syndrome and a similar group of matched controls. The
following hypotheses were formulated: patients with Turner syn-
drome will have increased mortality and prolonged lengths of stay
but decreased likelihood of being discharged home compared to
matched controls, independent of the reason for hospitalisation.
These effects will be amplified in patients with cardiac-related
hospitalisation, since this tends to be the main area of concern
in Turner syndrome and is true given what is previously known
about mortality in the population.7,8,16

Methods

Study population

The original inpatient sample included 43,965,376 women aged
20–80 hospitalised from 2006 to 2012 in Arizona,17 California,18

Florida,17 New Hampshire,19 New Jersey,20 New York,21 Texas,22

and Washington.17 Turner syndrome patients were classified as
those who had an International Classification of Diseases 9th

Revision, Clinical Modification code 758.6 (gonadal dysgenesis)
present in any of the first 15 diagnostic codes. After excluding
hospitalisations related to the delivery of a newborn, there were
3078 women with Turner syndrome.

Each woman with Turner syndrome was matched to four con-
trols based on the primary International Classification of Diseases
9th Revision, Clinical Modification diagnosis code. Controls were
randomly selected from the pool of eligible patients in the inpatient
hospitalisation dataset without replacement. Of note, 100 women
from the original 3078 with Turner syndrome did not have a
primary diagnosis code that matched 4 of the controls and sub-
sequently were excluded from analyses. The final study population
was comprised of 14,890 women (n= 2978 Turner syndrome,
n= 11,912 non-Turner syndrome-matched controls).

A subset of the group of all Turner syndrome patients were
admitted with a primary cardiac diagnosis (Turner syndrome cases
n= 424; matched controls n= 1696) as a reason for hospitalisa-
tion. A primary cardiac diagnosis included an International
Classification of Diseases 9th Revision, Clinical Modification code
consistent with cardiomyopathy/heart failure (425, 428), arrhyth-
mia, (426–427, 785.0–785.1, 794.3) hypertension (401–405),
atherosclerosis (440), or ischaemic heart disorder (410–414).23

A flow chart of the methods used to select the study population
can be found in Fig 1. The same multivariable conditional logistic
regression analyses described below were completed on this subset
separately to see how Turner syndrome patients with cardiac com-
plications fare in comparison to non-Turner syndrome patients
with the same complications.

CHD/hypertension

Given the known increased prevalence of congenital heart abnor-
malities in Turner syndrome, it was important to consider how
the presence of a congenital condition could impact outcomes.

43,965,376 hospitalisations in women aged 20–80 
from 2006 to 2012 in Arizona, California, 

Florida, New Hampshire, New Jersey, New York, 
Texas, and Washington

3078 TS cases identified by presence of 758.6 
(gonadal dysgenesis) diagnostic code 

3078 women with TS matched to 4 controls on primary 
diagnosis coded for hospitalisation (note:

100 women with TS unable to match with 4 controls were 
excluded)

2978 TS cases  
matched to 11,912 controls

Restricted population to individuals with a cardiac 
indication (cardiomyopathy, heart failure, 

arrhythmia, hypertension, atherosclerosis, or
ishaemic heart disorder) listed as the primary

diagnosis, resulting in 424 TS cases matched to 
1696 controls 

Figure 1. Derivation of the study population of hospitalised
women with and without Turner syndrome.
*Bolded box represents themain study population of women
with TS and matched controls. Dashed line box represents
the sub-analysis population restricted to individuals with
and without TS hospitalised for a cardiac indication.
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We repeated themultivariable conditional logistic regression mod-
els with the presence of a congenital heart condition as a predictor
to see if this makes a difference in mortality, length of stay, or dis-
charge to home. Codes used for CHD were selected based on pub-
lishedmethodology with a goal to limit the population to structural
CHD and exclude non-specific codes, which have been shown to
be invalid.24 The codes used were 745.xx–747.xx, excluding con-
genital heart block (746.86), pulmonary arteriovenous malforma-
tion (747.32), absent/hypoplastic umbilical artery (747.5), other
anomalies of the peripheral vascular system (747.6x), and other
specified anomalies of the circulatory system (747.8x). We have
included central vascular anomalies including pulmonary venous
anomalies (747.41 and 747.42), anomalies of the aorta (747.1,
747.2), and anomalies of the pulmonary artery (747.3). We fol-
lowed the same procedure of additional analyses for hypertension
as well.

Human subjects

The Colorado Multiple Institutional Review Board granted this
retrospective observational study exempt on the basis of being
classified as non-human subjects research. There was no patient
contact in this study and all data had been de-identified prior to
our acquisition in accordance with Health Insurance Portability
and Accountability Act and privacy laws.

Variable attainment

Covariates of interest (age, race/ethnicity, health insurance status,
discharge disposition, total cost attributed to the hospitalisation,
and length of stay) were determined using the documentation
for each dataset. The Charlson comorbidity index was calculated
for each individual, which assigns weights for a number of major
comorbid conditions present amongst secondary diagnoses for a
patient.25 The index score is the sum of assigned weights and
represents a measure of the burden of comorbid disease.

Outcomes

The primary outcome of interest was all-cause mortality deter-
mined by discharge disposition status coded as “expired” in the
inpatient hospitalisation dataset. The secondary outcomes of inter-
est were increased length of stay and discharge to home. Patients
were classified as having an increased length of stay when hospi-
talised for more than 4 days, the median length of stay in the
study. The national average length of stay for hospitalisations in
the United States of America is reported to be 4 days.26 As with
mortality, discharge to home was determined by discharge dispo-
sition status for each individual.

Statistical analysis

Baseline characteristics of the study patients were compared by
Turner syndrome status using a Student’s t-test to compare con-
tinuous variables and a χ2 test for categorical variables. Tests of
normality were conducted using Kolmogorov–Smirnov and
Shapiro–Wilks tests. Variables that were not normally distributed
were log transformed for analyses or modelled using a non-para-
metric test such as the Wilcoxon Rank-Sum Test. Separate multi-
variable conditional logistic regressionmodels were used to analyse
the outcomes of interest (mortality, discharge disposition to home,
and increased length of stay) between the Turner syndrome cases
and primary diagnosis matched controls. All models were adjusted
for age, race, health insurance status, and Charlson comorbidity

index. The models were not adjusted for gender as the population
was restricted to women. Public discharge data were harmonised
and aggregated using MySQL Server version 5.6.24 (Oracle
Corporation, Redwood Shores, CA, USA). Statistical analyses were
performed with SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results

As shown in Fig 1, 3078 (non-delivery related) hospitalisations
of women with Turner syndrome were initially found from the
dataset including all hospitalisations of women (43,965,376). Of
these, 2978 could be matched to controls based on the primary
diagnosis code. Thus, (non-delivery related) Turner syndrome
cases made up about 70 per million hospitalisations of women.

Study population characteristics are shown in Table 1. Women
diagnosed with Turner syndrome were younger, more likely to be
non-Hispanic White race and be uninsured or underinsured com-
pared to non-Turner syndrome patients. Figure 2 displays themost
common hospital diagnostic codes received for women with
Turner syndrome. The three most prevalent diagnoses were con-
gestive heart failure, pneumonia, and coronary atherosclerosis.
Women with Turner syndrome were significantly more likely to
have CHD as well as cardiac-related procedures, but less likely
to have hypertension in unadjusted analyses. Overall, women with
Turner syndrome were significantly more likely to be discharged to
home, although there was no significant difference in absolute
mortality rates. There was no difference observed in the total cost
of hospitalisation and the average length of stay between the two
groups.

All-cause mortality

As shown in Fig 3, patients with Turner syndrome had a
44% increased risk of all-cause mortality, compared to matched
controls, adjusting for age, race, health insurance group, and
Charlson comorbidity index (odds ratio 1.44, 95% confidence
interval 1.02–2.02, p= 0.04). This risk was amplified when subset-
ting the cohort to Turner syndrome patients hospitalised for a
cardiovascular indication (odds ratio 3.10, 95% confidence interval
1.27–7.57, p= 0.01). Figure 4a demonstrates the relationship
between age and mortality risk in women with and without
Turner syndrome. In both the Turner syndrome and non-
Turner syndrome patients, mortality increases with age.
However, the rate of change in mortality risk increases more dra-
matically in Turner syndrome patients after the age of 50 years.
Mortality was significantly higher in the Turner syndrome women
as compared to non-Turner syndrome women in the age groups
30–39, 50–59, 60–69, and 70–79 years (p < 0.05).

Increased length of stay

At an initial glance, there does not seem to be a discrepancy in the
length of stay between Turner syndrome patients and controls
(Table 1). However, upon adjustment for previously discussed
variables including age, race, insurance status, and Charlson
comorbidity index, we find that patients with Turner syndrome
had an increased likelihood of prolonged length of stay compared
to non-Turner syndrome controls hospitalised with the same
primary diagnosis (Fig 3). Specifically, women with Turner
syndrome were 31% (odds ratio 1.31, 95% confidence interval
1.18–1.46, p= 0.03) more likely to experience an increased length
of stay (>4 days) compared to their non-Turner syndrome
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counterparts. When limiting the study population to the cohort of
Turner syndrome patients hospitalised for a cardiovascular indica-
tion, the risk of a prolonged hospital stay was 42% higher in those
with Turner syndrome (odds ratio 1.42, 95% confidence interval
1.03–1.95, p = 0.03) compared to matched controls. Figure 4b
shows that prolonged length of stays increased with increasing
age in both women with and without Turner syndrome. On aver-
age, more patients with Turner syndrome had increased length
of stays at ages 30–39, 40–49, and 50–59 years compared to
non-Turner syndrome controls (p< 0.05).

Discharge disposition to home

Table 1 shows that more women with Turner syndrome were dis-
charged to home than controls, however, multivariable logistic
regression with critical adjustments revealed that women with
Turner syndrome were 32% (odds ratio 0.68, 95% confidence
interval 0.60–0.78, p < 0.0001) less likely to be discharged home
after hospitalisation compared to non-Turner syndrome con-
trols (Fig 3). Turner syndrome patients were significantly less
likely to be discharged to home as compared to their non-

Turner syndrome counterparts at all ages greater than 30 years
(p < 0.05). After restricting the cohort to Turner syndrome
patients hospitalised for a cardiovascular indication, women
with Turner syndrome were 45% (odds ratio 0.55, 95% confi-
dence interval 0.38–0.80, p = 0.001) less likely to be discharged
home compared to their non-Turner syndrome counterparts
hospitalised for the same cardiac indication. Figure 4c displays
the prevalence of being discharged to home by age group for
both patients with and without Turner syndrome. Overall, the
occurrence of being discharged to home post-hospitalisation
decreased with increasing age in both women with and without
Turner syndrome.

CHD/hypertension

When repeating themodels with an additional predictor indicating
whether the patient had CHD, we did not find many significant
differences. Risk of mortality (p= 0.83) and discharge to home
(p= 0.90) did not change depending on CHD status. Patients with
CHD were, however, 53% (odds ratio: 1.53, 95% CI 1.18–2.00,
p= 0.002) more likely to have prolonged length of stay.

Table 1. Baseline characteristics of the study population

Variable TS (n= 2978) Non-TS (n= 11,912) p-values

Age (years)* 42 (31–52) 63 (45–78) <0.0001

Race <0.0001

Non-Hispanic White 2046 (68.70%) 7218 (60.59%)

Other 932 (31.30%) 4694 (39.41%)

Health insurance
status

<0.0001

Private insurance 823 (28.61%) 5924 (51.27%)

Medicaid/Medicare 478 (16.61%) 1445 (12.51%)

Uninsured 1377 (47.86%) 3507 (30.35%)

Other 199 (6.92%) 678 (5.87%)

Charge ($)* 16678 (8782–33751) 17,018 (8767–32,611) 0.26

Disposition 0.05

Alive 2906 (97.58%) 11,542 (96.89%)

Dead 72 (2.42%) 370 (3.11%)

Discharge to home <0.0001

Yes 2194 (75.50%) 7912 (68.55%)

No 712 (24.50%) 3630 (31.45%)

Length of stay (days)* 4 (2–6) 4 (2–7) 0.26

Hypertension 987 (33.14%) 5128 (43.05%) <0.0001

Congenital heart conditions 150 (5.04%) 95 (0.80%) <0.0001

CHD-related procedures 65 (2.18%) 138 (1.16%) <0.0001

Cardiovascular indications n= 424 n= 1686 –

Cardiomyopathy/heart failure 96 (3.22%) 384 (3.22%) –

Atherosclerosis 4 (0.13%) 16 (0.15%) –

Ischaemic heart disorders 130 (4.37%) 520 (4.37%) -

Other cardiovascular indications 194 (6.51%) 766 (6.43%) –

*Data are presented as median (interquartile range). Otherwise, data are presented as number (%).
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Surprisingly, we found hypertension to have a negative effect on
mortality (odds ratio: 0.54, 95% CI 0.44–0.66, p< 0.001) and
prolonged length of stay (odds ratio: 0.88, 95% CI 0.82–0.95,
p= 0.001) while positively impacting discharge to home (odds
ratio: 1.17, 95% CI 1.08–1.26, p< 0.001).

Discussion

While certain aspects of Turner syndrome care have improved
over the last few years, investigations into inpatient care of women
with Turner syndrome are still relatively rare.27 Description of
differences in hospital outcomes between Turner syndrome and
non-Turner syndrome patients is necessary to understand optimal
management of this complicated cohort of patients. We found
that patients with Turner syndrome have a higher likelihood of
inpatient mortality, prolonged length of stay, and were less likely
to be discharged home during an inpatient hospitalisation

compared to patients who do not have Turner syndrome, but who
were hospitalised with the same primary diagnosis. The findings
reinforce previous observations that women with Turner syn-
drome have worse hospital outcomes than those without Turner
syndrome across a range of diagnoses and ages, and they bring
to attention the drastically poorer outcomes in Turner syndrome
patients coming to the hospital with a cardiac diagnosis.

While generally Turner syndrome outcomes research is scarce,
our work is supported by previous literature. In a prospective study
of 156 female patients with Turner syndrome who had been fol-
lowed up for an average of 17 years, there were 15 deaths, of which
5 were from a cohort with congenital heart anomalies. The remain-
ing 10 deaths represented 3 times the expected mortality, calcu-
lated from the non-Turner syndrome female population.28 Thus,
our similar results found in a hospital setting are not surprising.
In a study conducted in Great Britain by Schoemaker et al, mortal-
ity was significantly raised in Turner syndrome for nearly all major

1010.1

Discharge to home

Increased length of stay

Mortality

Odds Ratio

All Turner 
syndrome 
patients

Turner 
syndrome 
patients 
admitted with a 
cardiac 
diagnosis 

Figure 3. Multivariable logistic regression
results of all-cause mortality, prolonged length
of stay, and discharge to home in patients with
TS compared to non-TS-matched controls.
Odds ratios and 95% confidence interval com-
paring TS women to non-TS-matched controls.
All models were adjusted for age, race, insur-
ance status, and Charlson comorbidity index.
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causes of death. This parallels our result that despite the reason
for indication, Turner syndrome patients tend to have increased
mortality across the board.

Schoemaker et al’s study also found that circulatory disease
accounted for 41% of excess mortality in Turner syndrome while
Fuchs et al reported 8% early mortality associated with cardio-
vascular surgery in these patients, aligning with our increased effect
seen in the cardiovascular cohort.16,29 Previous studies surround-
ing cardiovascular surgery in Turner syndrome, however, suggest
few discrepancies in length of stay andmortality compared to non-
Turner syndrome patients. These studies were geared towards
CHD-related procedures in children, and thus are not necessarily
in contradiction to our finding of poorer outcomes in adult Turner
syndrome patients with heart failure/cardiomyopathy, arrhythmia,
and hypertension.30

When assessing non-fatal adverse outcomes, we found that
women with Turner syndrome were 31%more likely to experience
a length of stay greater than 4 days and 32% less likely to be
discharged to home as compared to women without Turner
syndrome hospitalised for the same primary diagnosis. These
results speak to the importance of adjusting for age in our models,
since the Turner syndrome group initially seemed to not have
higher rates of these outcomes (since they were younger and less
likely to experience these outcomes in the first place.) As observed
with mortality, when restricting the population to patients hospi-
talised for a cardiovascular indication and matched controls, the
differential risk between Turner syndrome and non-Turner
syndrome women of both prolonged hospital stay and discharge
to home was exacerbated. The trend towards comparatively
worse outcomes in Turner syndrome was more pronounced with
increasing age.

Turner syndrome patients were significantly younger than the
non-Turner syndrome patients when hospitalised for the same
underlying condition, highlighting patients with Turner syndrome
are experiencing complications requiring hospitalisation prior to
their non-Turner syndrome counterparts. This is in accordance
with previously reported increased hospitalisation and health care
utilisation in Turner syndrome.31 This finding may contribute to
the reduced life expectancy reported in previous studies.32

Turner syndrome patients were also much more likely to
be underinsured or uninsured, which coincides with existing
literature reports of lower income in young adulthood amongst
Turner syndrome patients.14 Insurance status was adjusted
for in the models, but the finding regarding differences in status
in combination with what’s known about potentially lower
income in Turner syndrome may contribute to worse outcomes
in hospitalisations.

The underlying aetiology of these adverse outcomes is currently
unknown. Prior research has demonstrated that women with
Turner syndrome have a higher burden of cardiac risk factors
including hypertension, atherosclerosis, aortic aneurysms, bicus-
pid aortic valve, and aortic coarctation.33,34 Turner syndrome
women with serious cardiovascular events often had a delay in
accessing care as a result of delayed diagnosis. It is, therefore,
imperative for women with Turner syndrome and their providers
to understand there is a higher risk for mortality and other negative
outcomes,5 although it cannot be determined definitively whether
these risk factors contribute to the increased risk of inpatient mor-
tality and prolonged length of stay observed in the current study.
Importantly, these risks are not necessarily significantly impacted
by the presence of a congenital cardiac condition, indicating all
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patients with Turner syndrome should be treated with additional
precaution as opposed to just those with perceived increased risk.

The study findings presented must be interpreted in light of
potential limitations. The data were derived from an inpatient hos-
pitalisation dataset without validation, and therefore subject to
data errors and misclassification of disease phenotypes as defined
by the presence or absence of an International Classification of
Diseases 9th Revision, Clinical Modification diagnostic code.
Additionally, this study was limited to women who received a
Turner syndrome diagnosis code during the hospitalisation and
the potential exists for Turner syndrome not to get coded on a
patient admitted with an unrelated condition. Similarly, it is also
possible that women with Turner syndrome, and the physicians
caring for them, are not aware of their diagnosis, especially when
the women present without classical features as is often true in
the case of mosaicism. In this study’s total population cohort of
43.9 million hospitalisations, 3078 were women with TS. This is
a prevalence of 7 per 100,000, much less than the reported birth
prevalence of 50 per 100,000, suggesting underdiagnosis and/or
undercoding is present although reduced life expectancy may also
be impacting the TS population.

Conversely, it could also be the case that some of the women
identified with Turner syndrome are misclassified as such,
since we do not have karyotypic analysis for the patients.
Furthermore, the International Classification of Diseases 9th
Revision, ClinicalModification code used to find Turner syndrome
cases (758.6) applies more broadly to gonadal dysgenesis, which
includes ovarian dysgenesis as well as Turner syndrome and
could lead to the inclusion of unwanted cases in this study.
Finally, determining causal relationships for the observed out-
comes in patients with Turner syndrome was not possible using
the current dataset and the limited number of factors present in
an electronic health record dataset. For example, there are a num-
ber of factors – endocrine (related to oestrogen) and cardiovascular
– that could contribute to the outcomes found in this study, but
they cannot all be assessed with the data analysed here.35 While
socio-economic status may impact mortality in Turner syndrome,
relevant data to assess its impact here was not available, and there-
fore it was not included as a covariate; health insurance status,
however, was assessed and analysed for discrepancies.14

Strengths of our study include the use of a large, nationally
representative (across 8 states) dataset, yielding a total sample size
of 2978 patients with Turner syndrome; a rare condition. The case–
control matching on primary diagnosis and adjustments for age,
race, and insurance status allows us to isolate the impact of
Turner syndrome in hospitalisation outcomes of patients who
are otherwise similar to their non-Turner syndrome counterparts.
The analysis of a large number of diverse Turner syndrome
patients in a hospital setting is novel and has meaningful implica-
tions for those involved in the care of women with Turner
syndrome.

Future directions

Additional research is warranted to understand the outcomes
of medical care and intervention in Turner syndrome patients.
Information on medication use in this sample would allow for
better understanding, more specifically the impact of hormonal
therapies on long-term outcomes is another area of future inves-
tigation. Earlier and more aggressive treatment of aneurysms,
coarctations, hypertension, and hyperlipidaemia may also impact
long-term outcomes, and we expect the implementation of

comprehensive clinical practice guidelines to also influence out-
comes. Furthermore, studying outcomes from procedures, specifi-
cally related to CHD, would be a beneficial application of the
available data beyond the scope of this study.

The number of comorbid medical conditions that women with
Turner syndrome can develop may each factor into an individual’s
overall health and quality of life. Additional work is needed to
assess the impact of interventions aimed at preventing the develop-
ment of comorbidities in women with Turner syndrome. In this
study, we did not specifically look into those patients who had a
cardiac diagnosis amongst their 2nd–15th diagnostic codes, but
analysing outcomes in this group could be an interesting topic
for future research. A more detailed analysis of the impact of
monosomy X mosaicism (genotype and phenotype) may also be
of value for risk stratification in subsequent analyses.

Conclusion

Many of the comorbidities or complications associated with
Turner syndrome are chronic requiring frequent medical care,
and the severity of these conditions, as well as their impact on
longevity, vary significantly. Therefore, it is imperative to under-
stand major factors associated with poor outcomes in an inpatient
setting amongst individuals with Turner syndrome to make the
Turner syndrome community, and the broader medical commu-
nity, aware of the most pressing concerns to a woman hospitalised
with Turner syndrome.

Women with Turner syndrome are hospitalised younger, with
more severe conditions, and with less insurance than women
without Turner syndrome. Women with Turner syndrome who
are hospitalised have a higher likelihood of inpatient mortality,
prolonged length of stay, and a lower likelihood of being dis-
charged home compared to women without Turner syndrome.
With improved diagnosis and management of CHD and other
medical conditions associated with Turner syndrome, the popula-
tion of adult women with Turner syndrome is expected to
grow. In order to meet the health needs of this population, it is
important for the medical community, especially those most likely
to encounter these patients such as cardiologists, to be aware of
these potential adverse outcomes when treating women with
Turner syndrome and to be prepared to provide optimal care.
This study builds on the foundation of knowledge to provide this
level of care.
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