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Summary
Background People with Down syndrome suffer from multiple associated diseases. However, knowledge on rates and
causes of hospitalizations is limited.

Methods This population-based cohort study used national hospital claims data in Switzerland between January 1,
2012 and December 31, 2020. Included were hospitalizations of people aged 0–90 years. People with Down
syndrome were identified using ICD-10-GM code Q90 and were compared to the general population. The primary
outcome was the hospitalization rate. Secondary outcomes were the primary reasons for hospitalizations,
secondary diagnoses, and in-hospital outcomes. Analyses were stratified by three age groups: neonates and infants
(0–12 months), children and adolescents (1–17 years), and adults (18–90 years). We calculated incidence rates, risk
ratios (RR), and regression coefficients with corresponding 95% confidence intervals (CI).

Findings Among 9,992,538 hospitalizations, 5697 were identified for people with Down syndrome. Hospitalization
rate for people with Down syndrome was highest in the first two years of life. In the total general population, it was
highest in adults beyond 60 years. Primary reasons for hospitalization among people with Down syndrome were
classified as diagnoses of the circulatory system (neonates and infants: RR 13.3 [95% CI 12.0–14.6], children and
adolescents: RR 3.3 [95% CI 2.7–3.9]), and infectious diseases (adults: RR 4.0 [95% CI 3.7–4.2]). At birth, individuals
with Down syndrome typically had an average of six diagnoses, a number that the general population reaches, on
average, by the age of 69. People with Down syndrome experienced worse in-hospital outcomes, including longer
stays in both the hospital and intensive care unit by a factor of 1.7 and a higher all-cause in-hospital mortality by
an overall rate difference of 1.9%.

Interpretation The findings underscore the medical complexity of hospitalized people with Down syndrome and
emphasize the need for a comprehensive, age-inclusive approach to improve in-hospital outcomes and anticipate
emergency hospitalizations across age groups.
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Introduction
Down syndrome, also known as Down’s Syndrome or
trisomy 21, was first described by John Langdon Down
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circulation, delay in development, and common dys-
morphia.4 All karyotypes combined result in an
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Research in context

Evidence before this study
We conducted a literature search in Pubmed for studies on
diagnoses/co-morbidities among people with Down
syndrome across the lifespan published up to December 31,
2023. The keywords used for the search were (“Down*
syndrome” OR “trisomy 21”) AND (“health*” OR “morbidit*”
OR “co-moborbidit*” OR “diagnos*”) AND (“lifespan*” OR
“life span*” OR “age groups” OR “age-groups”) AND (“general
population” OR “population” OR “reference”) which yielded
108 results. We also searched relevant articles cited by these
reports.
There are numerous publications focused on specific health
conditions in either adults or children with Down syndrome.
However, only limited data exists to provide a comprehensive
overview of hospitalization pattern of people with Down
Syndrome across age groups. We identified a handful of
studies analyzing historical data, data from family practices,
and non-population-based studies.1–3 To our knowledge, there
is no recent, population-based study providing a
comprehensive overview of hospitalizations of people with
Down Syndrome compared to the general population.

Added value of this study
This study expands existing research by utilizing nationwide
hospitalization records to investigate hospitalization rates,
primary reasons for hospitalization, diagnoses, and in-hospital
outcomes for people with Down syndrome compared to the
general population. The findings offer a comprehensive view
of the inpatient healthcare needs faced by this population.

Implications of all the available evidence
Since the life expectancy for people with Down syndrome has
significantly increased in recent years, an increasing number
of pediatricians, general practitioners, and medical specialists
are treating individuals with Down syndrome. These
healthcare providers need to be aware of the specific needs of
this population, both in inpatient and outpatient settings.
Along with recent evidence, our findings may facilitate the
anticipation of emergency hospitalizations of people with
Down syndrome across age groups and can help to update
clinical guidelines.
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incidence of Down syndrome of approximately 67–126
cases per 100,000 population years, with a male-to-
female ratio of around 1–1.15.5–8

Clinically, Down syndrome is characterized by an
increased risk of congenital malformations, dysmorphic
features, and other health issues. At birth, the most
important condition is congenital heart disease with a
prevalence of about 50% of all people diagnosed with
Down syndrome, compared with only about 0.5–1.2% in
the general population.9–14 Further important concomi-
tant conditions include pulmonary arterial hyperten-
sion, congenital gastrointestinal anomalies, infections of
the respiratory tract in childhood, leukemia, epilepsy,
and Alzheimer disease.15–24 A study from Japan found
primary causes of mortality to be congenital heart dis-
ease and diseases of the circulatory system (predomi-
nantly in until the age of 50), pneumonia and
respiratory infections, and aspiration pneumonia (both
predominantly in advanced adulthood).25 Life expectancy
for Down syndrome has increased significantly in recent
decades due to improved treatment, particularly for
congenital heart disease, and was estimated to be
around 58.6 years by a cohort study from Australia
published in 2002.26–29

Many studies have been conducted to investigate
concomitant conditions typically affecting people
with Down syndrome. However, there are only very
limited population-based studies analyzing the overall
pattern and characteristics of hospitalized people with
Down syndrome across age groups.1–3 Notably, a his-
torical population-based study in Denmark analyzed
hospitalization rates and primary reasons for hospi-
talization of people with Down Syndrome from 1977 to
2008 across age groups and compared it to the general
population. The same study found higher rate ratios for
hospitalizations were found among people with Down
syndrome, especially until the age of 20 years.2

Furthermore, a recently published population-based
study from the UK based on records from family
practices (outpatient data only), assessed morbidities of
people with Down syndrome across the lifespan and
found, that compared to the general population, the
population with Down syndrome showed significantly
increased risk ratios for developing dementia, hypo-
thyroidism, epilepsy, and hematological malignancies.1

Hence, building on previous findings from non-
population based, historical, and outpatient data, this
study uses hospitalization records from 2012 to 2020 to
examine hospitalization rates, primary reasons for
hospitalizations, diagnoses and comorbidities, and in-
hospital outcomes in people with Down syndrome
compared to the general population. The findings of
this study can enhance awareness and understanding
of the overall complexity and specific morbidities in
hospitalized people with Down syndrome, which may
help to anticipate emergency hospitalizations.
Methods
Study design
This was a nationwide cohort study of all hospitaliza-
tions of people with Down syndrome and reference
www.thelancet.com Vol 80 February, 2025

http://www.thelancet.com


Articles
people without Down syndrome in Switzerland between
January 1, 2012 and December 31, 2020.

Hospitalization data were obtained from population-
based administrative claims data provided by the Swiss
Federal Office of Statistics (Bundesamt für Statistik,
Neuchâtel, Switzerland). The database includes all Swiss
inpatient discharge records from acute, general, and
specialty care hospitals in Switzerland for both pediatric,
and adult people. Hospitals in Switzerland are legally
obliged to provide data on all hospitalizations. Hence, the
dataset is a near 100% sample of all inpatient discharges
in Switzerland. Individual-level data on patient de-
mographics, healthcare utilization, hospital typology,
medical diagnoses, diagnostic tests, clinical procedures,
and in-hospital patient outcomes were provided for all
hospitalized people in Switzerland. The data were de-
identified due to a multiple-step anonymization process.
Each hospitalization in this database was uniquely iden-
tified so that re-hospitalizations could be tracked. Medical
diagnoses were coded using the International Classifica-
tion of Disease version 10, German Modification (ICD-10
GM) codes (http://www.who.int/classifications/icd/en/).
This study followed the Strengthening The Reporting
of Observational studies in Epidemiology (STROBE)
reporting guideline.30

Ethics
The Ethics committee Northwest and Central
Switzerland (EKNZ) approved the study and granted a
waiver of informed consent (Req-2021-01397).

Case ascertainment and patient population
Hospitalizations of people with Down syndrome were
identified using ICD-10-GM code Q90. Eligible hospi-
talizations were of neonates/infants, children and adults
up to 90 years of age, restricted by the following exclu-
sion criteria: Birth as primary reason for hospitalization,
length of stay >365 days, age > 90 years at time of
hospitalization and hospitalizations at departments of
psychiatry, ophthalmology, radiology, rehabilitation as
well as in emergency practices and “other” departments.
See Fig. 1 for patient flow chart. In Switzerland, hos-
pitalizations are defined as in-clinic patient stays for
>24 h. Hospitalizations of people with Down syndrome
were compared with hospitalizations of people without
the diagnosis of Down syndrome (defined throughout
the manuscript as general population). Data on popu-
lation size per age and year were obtained from the
census data from the Swiss Federal Office of Statistics.
Since the total, age-specific prevalence of Down syn-
drome is unknown, all hospitalization rates are calcu-
lated with the denominator of total population life years
with no stratification for the diagnosis of Down syn-
drome (total population = general population + Down
syndrome population). Hence, this paper compares
trends in hospitalization rates between the patient
groups and not absolute numbers.
www.thelancet.com Vol 80 February, 2025
Classification of primary causes of hospitalization
and secondary diagnoses
We classified the primary causes of hospitalization and
secondary diagnoses based on ICD-10 codes and clas-
sified these into six main disease groups as most rele-
vant due to their prevalence and clinical importance:
circulatory system (I00–I99), infectious diseases (A00–
B99), digestive system (K00–K95), nervous system
(G00–G99), neoplasms (C00–D49), and musculoskeletal
system and connective tissue (M00–N99). Congenital
malformations of the nervous system (Q00–Q07) were
subclassified in the nervous system diseases, congenital
malformations of the circulatory system (Q20–Q28)
were subclassified in the circulatory system diseases,
and congenital malformations of the digestive system
(Q38–Q45) in the digestive system diseases, respec-
tively. Furthermore, we classified the following infec-
tious diseases classified elsewhere in ICD-10 as
infectious diseases: respiratory infections (J00–J22), in-
fectious arthropathies (M00–M02), inflammatory dis-
eases of the central nervous system (G00–G09).
Secondary diagnoses are defined diseases diagnosed
according to ICD-10 and include both acute and chronic
diagnoses. Physiognomic or expected features of Down
syndrome could not be assessed, since they are not part
of the ICD-10 catalogue and are hence not documented
in the nationwide dataset used in this study.

Outcomes
The primary outcome was the number of hospitaliza-
tions characterized by the incidence rate of hospitaliza-
tions per 100,000 population person-years, displayed
across age groups and stratified by primary reasons for
hospitalization. Secondary outcomes comprised (i) the
number of diagnoses per hospitalized patient over life-
time, (ii) length of hospital stay (LOS)—defined as days
spent in the hospital during the hospitalization, (iii)
intensive care unit (ICU) admission rate, (iv) mechani-
cal ventilation rate, (v) length of ICU stay, (vi) all-cause
in-hospital mortality, and (vii) 30-day all-cause hospital
readmission.

Statistical analysis
Unless stated otherwise, categorical variables are
expressed as number (percentage) and continuous var-
iables as mean (standard deviation, SD). Normality was
graphically assessed for continuous variables, and log
transformation (natural logarithm) was applied to right-
skewed distributions (hospital and ICU stay lengths) to
improve normality. Parametric tests were deemed
appropriate given the large sample size (central limit
theorem). Hospitalization rates were calculated as inci-
dence rates per 100,000 person-years (PY) in
Switzerland for each year between 2012 and 2020 and
across age groups. Analyses were stratified by three age
groups: neonates and infants (0–12 months), children
and adolescents (1–17 years), and adults (18–90 years).
3
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Fig. 1: Hospitalizations flow chart. Flow chart to illustrate included and excluded cases stratified by the diagnosis of Down syndrome and age
groups.
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The categorization of these three, straight-forward age
groups was decided before analysis of the data and
based on clinical judgement, since these are the most
distinct age-groups. All risk ratios were calculated rela-
tive to an age-matched control group in the general
population by direct computation based on observed
frequencies (with riskratio.wald function in RR Studio).
Due to the nature of our dataset, risk ratios are condi-
tional on hospitalization (interpretation example for
primary reason of hospitalization: given hospitalization,
what is the likelihood of it being related to the circula-
tory system.) The confidence intervals were calculated
using normal approximation (95% confidence interval).
Since the risk ratios are conditional on hospitalization,
they are unaffected by the differing age distribution in
people with Down syndrome compared to the general
population (due to a lower life expectancy). The calcu-
lation of this estimate was performed in age-matched
reference people by 10 age groups: neonates and in-
fants (0–12 months), 1–9 years and every decade there-
after until the age of 89 years. This age-categorization
was equally decided before analysis of the data and
based on clinical judgement. Local polynomial regres-
sion fitting was calculated using the loess function (with
stats package in R Studio). To compare rate differences
between people with Down syndrome to the general
population, regression coefficients were used with a
95% confidence interval. The regression coefficients
were derived from univariate models. Due to right-
skewed distribution of length of hospital stay and
length of ICU stay, we transformed these variables us-
ing logarithmic scale (natural logarithm). We performed
a sensitivity analysis using multivariate models to test
the robustness of our findings by additional adjustment
for the covariates age and sex, hospital type, department
type, patient complexity (measured by number of di-
agnoses), and the diagnosis of congenital heart disease.
Since these covariates are influenced by Down syn-
drome, they are not purely confounders but also key
explaining factors for the differences between the
groups. All statistical analyses were performed using R
Studio, version 1.3.1093. A two-sided p < 0.05 was
considered statistically significant.

Role of funding source
No funding source had any role in any part of the study
design, writing of the manuscript or any aspect perti-
nent to the study.
Results
Patient characteristics
From January 1, 2012, to December 31, 2020, we iden-
tified 5697 hospitalizations of people with Down syn-
drome (865 neonates and children, 1707 children and
adolescents, 3125 adults) and 9,986,841 hospitalizations
of reference people from the general population
(164,806 neonates and children, 554,791 children and
adolescents, 9,267,244 adults). The study flowchart of
hospitalizations is depicted in Fig. 1. The mean age of
all hospitalized people in Switzerland with Down syn-
drome was 28.2 ± 24.0 years compared to 54.5 ± 23.1
years in the general population. While the majority of
hospitalized people with Down syndrome were male
(61.3%), the proportion was 46.5% in the general pop-
ulation (Table 1). In total, 2572/5697 (45%) of hospi-
talizations of people with Down syndrome occurred in
pediatric age (i.e., before the age of 18 years) while in the
general population only 719,597/9,986,841 (7%) of all
hospitalizations were pediatric cases.
www.thelancet.com Vol 80 February, 2025
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Neonates & infants Children & adolescents Adults Total

Age 0–12 months Age 1–17 years Age 18–90 Years Age 0–90 years

Down
syndrome

General
population

Down
syndrome

General
population

Down
syndrome

General
population

Down
syndrome

General
population

Number of hospitalizations 865 164,806 1707 554,791 3125 9,267,244 5697 9,986,841

Length of hospital stay (days)

Mean (SD) 8.3 (3.2) 2.9 (2.7) 3.4 (2.7) 2.1 (2.2) 4.5 (2.6) 3.7 (2.5) 4.5 (2.8) 3.6 (2.5)

Regr. coeff. (95% CI) 2.9 (2.6–3.1) Reference 1.6 (1.6–1.7) Reference 1.2 (1.2–1.2) Reference 1.7 (1.7–1.8) Reference

ICU admission

n (%) 396 (45.8) 21,447 (13.1) 380 (22.3) 24,078 (4.3) 428 (13.7) 647,518 (7.0) 1204 (21.1) 693,043 (6.9)

Rate diff. in % (95% CI) 32.8
(30.5–35.0)

Reference 18.0
(17.0–18.9)

Reference 6.7 (5.8–7.6) Reference 14.2
(13.6–14.9)

Reference

Mechanical ventilation

n (%) 283 (32.7) 12,165 (7.4) 139 (8.1) 8325 (1.5) 214 (6.8) 215,587 (2.3) 636 (11.2) 236,077 (2.4)

Rate diff. in % (95% CI) 25.3
(23.6–27.1)

Reference 6.6 (6.1–7.2) Reference 4.5 (4.0–5.1) Reference 8.8 (8.4–9.2) Reference

Length of ICU stay (hours)

Mean (SD) 101.9 (3.5) 73.1 (3.8) 39.0 (3.4) 34.4 (3.2) 55.8 (3.3) 34.7 (3.1) 60.7 (3.6) 35.5 (3.1)

Regr. coeff. (95% CI) 1.4 (1.2–1.6) Reference 1.1 (1.0–1.3)* Reference 1.6 (1.4–1.8) Reference 1.7 (1.6–1.8) Reference

In-hospital mortality

n (%) 16 (1.8) 782 (0.5) 17 (1.0) 718 (0.1) 187 (6.0) 192,413 (2.1) 220 (3.9) 193,913 (1.9)

Rate diff in % (95% CI) 1.4 (0.9–1.8) Reference 0.9 (0.7–1.0) Reference 3.9 (3.4–4.4) Reference 1.9 (1.6–2.3) Reference

30-day readmission

n (%) 141 (16.3) 11,143 (6.8) 243 (14.2) 30,596 (5.5) 326 (10.4) 707,004 (7.6) 710 (12.5) 748,743 (7.5)

Rate diff in % (95% CI) 9.5 (7.9–11.2) Reference 8.7 (7.6–9.8) Reference 2.8 (1.9–3.7) Reference 5.0 (4.3–5.6) Reference

SD, standard deviation; CI, confidence interval; n, absolute number; Regr. Coeff., Regression coefficient; Rate diff., Rate difference; ICU, intensive care unit. All 95% confidence intervals in Table 1 show
statistical significance at the 95% confidence level since they do not cross 1.0 for regression coefficients and do not cross 0.0 for rate differences in %. All p-values in Table 1 are <0.0001, except for the p-
value of length of ICU stay in the age group 1–17 years with a p-value of 0.037 (*). Regression coefficients shown in this table are derived from univariate models.

Table 1: In-hospital outcomes stratified by age groups in people with down syndrome and the general population.

Articles
Hospitalizations of any cause
People with Down syndrome had a proportion of hospi-
talizations as neonates and infants, and as children and
adolescents than the general population, in which most
hospitalizations occur during adulthood and especially the
last decades of life. For people with Down syndrome, the
highest incidence of hospitalizations was observed during
the first year of life with 0.11/100,000 PY (Fig. 2). Due to
shorter life-expectancy compared to the general popula-
tion, the hospitalization rate of people with Down syn-
drome strongly decreased beyond 55 years of age. While
there were no hospitalizations of people with Down syn-
drome beyond the age of 81 years, the hospitalization rates
continuously increased in the general population up to the
age of 90 years (Fig. 2). Hospitalization rates stratified by
sex showed higher hospitalization rates for males with
Down syndrome than females with Down syndrome at all
ages. In the general population there is an important peak
of hospitalizations among hospitalizations of females only
due to births in early adulthood, which is non-existent in
the Down syndrome population (Supplementary Fig. A1).

Causes of hospitalization
The primary causes of hospitalization strongly differed
between people with Down syndrome and those from
www.thelancet.com Vol 80 February, 2025
the general population for all explored age groups
(Table 1).

In the first year of life, diseases of the circulatory
system (risk ratio (RR) 13.3 [95% CI 12.0, 14.6]) and the
nervous system (RR 3.28 [95% CI 2.41, 4.47) were more
common causes of hospitalization in people with Down
syndrome compared with age-matched reference people
from the general population. In contrast, people with
Down syndrome were at lower risk for hospitalization
due to infectious diseases (RR 0.75 [95% CI 0.67, 0.84]).
In childhood and adolescence, risk ratio for four of six
primary hospitalization reasons were significantly
higher in people with Down syndrome compared to
hospitalized children and adolescents without Down
syndrome: circulatory system risk ratio 3.25 [95% CI
2.74, 3.85], neoplasms risk ratio 2.2 [95% CI 1.9, 1.26],
nervous system risk ratio 2.09 [95% CI 1.74, 2.51], and
infectious and parasitic disease risk ratio 1.62 [95% CI
1.49, 1.75]. In adults, risk ratios were higher for two
main disease groups for people with Down syndrome
(infectious and parasitic disease risk ratio 3.97 [95% CI
3.71, 4.24], nervous system risk ratio 3.4 [95% CI 3.02,
3.82]). In contrast, risk ratio for hospitalizations for
three main disease groups was significantly lower in
people with Down syndrome compared to the general
5
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Fig. 2: Hospitalization rate of any cause. Shown are hospitalization rates per 100,000 total population person-years for people with Down
syndrome in 2a, and the general population without Down syndrome in 2b. Absolute numbers are not comparable (differing y-axis). Lower life
expectancy in people with Down syndrome results in smaller peaks at older ages.
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population: neoplasms risk ratio 0.41 [95% CI 0.34,
0.48], musculoskeletal system risk ratio 0.41 [95% CI
0.36, 0.47], and circulatory system risk ratio 0.74 [95%
CI 0.66, 0.83].

Age-dependent conditional risk ratios (given hospi-
talization) between people with Down syndrome and
people from the general population were calculated to
compare the relative risk of i) a hospitalization being
due to a specific disease group and ii) the presence of a
specific secondary diagnosis in Fig. 3. In Fig. 4 the
hospitalization rate across the lifespan is shown by
disease category as continuous lines.

Number of diagnoses per hospitalization
People with Down syndrome already had an average of
six diagnoses at the age of neonates and infants, with
only a small increase during adulthood to an average of
around seven diagnoses per patient (Fig. 5). In contrast,
hospitalized people from the general population had
approximately three diagnoses at birth, with a strong
increase after the age of 45. At the age of 69 years, the
general population had as many diagnoses as people
with Down syndrome at birth and the number of di-
agnoses was equal between groups at the age of 76 years
(Fig. 5).

Until adulthood people with Down syndrome had
significantly higher risk ratios for 10 out of 14 selected
diagnoses ranging from 3.1–46.3 in the first year of life,
and 3.0–22.0 from 1 to 17 years (see details in Fig. 3 and
Supplementary Table A1). In adults (18–89 years) risk
ratios were lower for seven out of 14 selected diagnoses
ranging from 0.1 to 0.8 and significantly higher for six
out of 14 diagnoses ranging from 2.1 to 158.4.

In-hospital outcomes
People with Down syndrome had on average a signifi-
cantly longer length-of-hospital stay compared with
people from the general population, with a between-
group factor of 2.9 in the first year of life and 1.6 dur-
ing childhood and adolescence, and 1.2 in adulthood
(Table 1). Correspondingly, ICU admission rates as well
as mechanical ventilation rates were higher in all age
groups of people with Down syndrome, most notably
during the first year of life with an ICU rate difference
of 25% and during childhood and adolescence with an
ICU rate difference of 18%. Likewise, the 30-day read-
mission rate was significantly higher in all age groups
for people with Down syndrome. Moreover, all-cause in-
hospital mortality was significantly higher for people
with Down syndrome in all age groups independent
from hospitalization cause with 3.9% for people with
Down syndrome versus 1.9% for the general population
(Table 1). Neonates and infants with Down syndrome
deceased in 1.8% of hospitalizations (rate difference of
1.4% [95% CI 0.9–1.8]), children and adolescents in
1.0% (rate difference of 0.9 [95% CI 0.7–1.0]), and adults
in 6.0% (rate difference of 3.9 [95% CI 3.4–4.4]).

To check for possible confounding, we adjusted all
regression models for age, sex, hospital type and
department type. The figure is displayed in the appendix
(Supplementary Fig. A2). While adjusting for sex and
age alone minimally changes most estimates, combined
www.thelancet.com Vol 80 February, 2025
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Fig. 3: Conditional risk ratios for primary reasons for hospitalization and diagnoses in individuals with Down syndrome compared to the
general population. The analysis examines conditional risk ratios (given hospitalization) for primary reasons for hospitalization and associated
diagnoses. The interpretation addresses the likelihood that a hospitalization is attributed to specific causes, such as circulatory system diagnoses,
within the context of the total number of hospitalizations. Notably, the total number of hospitalizations among individuals with Down
syndrome above the age of 70 is small, as highlighted in Fig. 2, which should be considered when interpreting the findings. In the visual
representation: Shades of yellow indicate that individuals with Down syndrome are hospitalized or diagnosed more frequently for a given
condition. Shades of blue indicate that the general population is hospitalized or diagnosed more frequently. Ratios that are not statistically
significant (95% confidence interval includes 1.0) are left unshaded (white).

Articles
adjustment with hospital type and department type
marginally diminishes most estimates. Adjusting for the
factors mentioned previously, as well as patient
complexity (measured by the number of diagnoses) or
the diagnosis of congenital heart disease, reduced most
of the estimates. Notably, additional adjustments for
patient complexity and congenital heart disease elimi-
nated the differences in mortality observed in the 0–12
months age group.
Discussion
This population-based cohort study is based on all
medical hospital admissions in Switzerland between
January 1, 2012 and December 31, 2020 and is investi-
gating the health-care burden of occurring conditions
associated with Down syndrome across age groups.
There are three key findings: First, people with Down
syndrome had an at least five-fold higher hospitalization
www.thelancet.com Vol 80 February, 2025
rate during early life until adolescence when compared
to the general population. Second, the mean number of
diagnoses of a patient at birth with Down syndrome is
the same as that of a patient without Down syndrome at
the age of 69. Third, when hospitalized, people with
Down syndrome have significantly worse in-hospital
outcomes compared to the general population with
significantly longer length of hospital and ICU stays and
higher in-hospital mortality rates.

To date, there is limited data on the incidence of
hospitalization in people with Down syndrome
compared with the general population across age
groups. Our study showed that pediatric people with
Down syndrome had a higher rate of hospitalization
compared to the general population. This is in line with
the existing data on this subject from nationwide studies
in Denmark, France, Scotland, and European data.2,3,31,32

In all studies, the hospitalization rate was highest in the
first years of life. Two epidemiologic observations may
7
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Fig. 4: Hospitalization rates by disease categories. Depicts the hospitalization rate of the six most important disease categories across the
lifespan from 0 to 90 years of life. The hospitalization trends can be compared between people with Down syndrome (Figure 4a) versus the
general population (Figure 4b). Absolute numbers are not comparable (differing y-axis). The disease categories depicted are: circulatory system
(red), infectious and parasitic diseases (blue), neoplasms (brown), gastrointestinal system (green), musculoskeletal system and connective tissue
(purple), and nervous system (grey).
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contribute to this result: First, overall prevalence at birth
of congenital heart disease in people with Down syn-
drome was previously found to be around 50%
compared to only about 0.5–1.2% in the general
Fig. 5: Number of diagnoses per hospitalized patient across the
lifespan. The number of diagnoses per hospitalization are depicted
across all ages from 0 to 90 years.
population, and people with congenital heart disease are
likely to be hospitalized more often than people without
heart disease.7,9–14 Second, survival of children born with
Down syndrome with or without congenital heart dis-
ease is as high as 96% at ten years of age according to a
meta-analysis from 2002, explaining a high hospitaliza-
tion rate in the pediatric age group.33 Compared to the
pediatric age period, hospitalization rates were lower in
young adulthood for people with Down Syndrome. This
has been described before in a French study, which
analyzed hospitalization rate of people with Down syn-
drome in four categories (short hospitalization stay,
short hospitalization stay admission by emergency
department, rehabilitation and psychiatric hospitaliza-
tions) and observed the lowest hospitalization rate for
short hospitalizations and short hospitalizations by
emergency hospitalization between 20 and 50 years of
age.3 In addition, our study showed a lower rate of
hospitalizations per total population in adult people with
Down syndrome compared to the general population,
which may at least in part be caused by the differing life
expectancy. In fact, life expectancy for people with Down
syndrome was found to be 58.6 years in Australia in
www.thelancet.com Vol 80 February, 2025
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2002, compared to a life expectancy of the general
population of 82.8 years in Switzerland.34,35 These results
are consistent with our data, showing a decreased
number of hospitalizations beyond the age of 55 years
and no hospitalizations after age 81 among people with
Down syndrome. Consistent with our findings, the only
two studies to date also providing data on adult hospi-
talization rates, showed comparable hospitalization rates
to this study in adult people with Down syndrome
compared to the general population.2,3 However, overall
life expectancy in Down syndrome has increased sub-
stantially in recent decades and may continue to do so
due to the improved treatment, particularly for
congenital heart disease.26–29,36,37 We may therefore
expect to see a higher proportion of people with Down
syndrome in adult hospitals in the future.

Our data show that people with Down syndrome had
disease-specific and age-specific primary reasons for
hospitalization, which were clearly different from the
general population in each age group. This finding is
well-aligned with a recently published study on diseases
in people with Down Syndrome across the lifespan
based on outpatient data, which showed significantly
increased risk ratios for developing dementia, hypothy-
roidism, epilepsy, and hematological malignancies.1

Based on our inpatient dataset, we found problems of
the circulatory system, the nervous system and neo-
plasms were primary reasons for hospitalizations with
significantly higher conditional risk ratios in people with
Down syndrome than in the general population from
birth to adulthood in accordance with earlier reports.2,3

An explanation is offered by previous studies, which
have shown that not only congenital heart disease is a
common concomitant condition to Down syndrome, but
also pulmonary arterial hypertension, which is usually
diagnosed in the first year of life, and epilepsy as well as
Alzheimer disease, more frequently diagnosed in
adulthood,15,18–21 In contrast, adults with Down syn-
drome were significantly less likely to be hospitalized for
conditions of the circulatory system, neoplasm and
musculoskeletal system than the general population. On
the one hand, this may be due to the shorter life ex-
pectancy of people with Down syndrome.34 On the other
hand, the relatively lower importance of neoplasms
correlates well with previous research which has found
people with Down syndrome to be at a lower risk of
solid cancer compared to the general population, albeit a
10–20 fold increased lifetime risk for leukemia
compared to the general population.23,24 During the first
10 years of life, infectious and parasitic diseases were a
major reason for hospitalizations in both people with
and without Down syndrome. In fact, for children with
Down syndrome, previous studies from Israel and
Australia have identified infections of the respiratory
tract to be one of the most significant health issues.22,38

In adults with Down syndrome, there was a second
peak between the age of 40 and 65, with no
www.thelancet.com Vol 80 February, 2025
corresponding rise among controls. This is in line with
previous finding that respiratory infections are the pri-
mary reasons for death in people with Down syn-
drome.25,31,39 Although endocrine disorders are rarely the
primary reason for hospitalization, it is worth noting
that the frequency of endocrine diseases in hospitalized
people with Down syndrome was much higher
compared with people without Down syndrome in all
age groups. This finding may be related to previous
findings that endocrine disorders are associated with
Down syndrome, especially congenital hypothyroid-
ism.1,3,40 Diabetes mellitus occurring during childhood
was more frequent in people with Down syndrome,
while it occurred more often in the general population
during adulthood. Consistent with this, previous studies
have found that type 1 diabetes mellitus is more com-
mon in people with Down syndrome.40,41 It is also
interesting to note, there was a peak in hospitalization
rates in the general population between the age of
25–40, with no corresponding peak of hospitalization
rates in people with Down syndrome. This peak is likely
to be due to pregnancy-related hospitalizations, as it was
predominantly seen in hospitalizations of females (Ap-
pendix, Supplementary Fig. A1). Although it is known
that women with Down syndrome are generally fertile,
women with Down syndrome less frequently become
pregnant.42–44

Neonates with Down syndrome had an average of six
diagnoses, increasing to seven over the course of their
lives, a number not reached until the age of 69 in the
general population. This greater medical complexity at
birth is likely to contribute further to the observed
higher hospitalization rate of people with Down syn-
drome in the pediatric age group as outlined above.
Finally, our data showed poorer in-hospital outcomes for
people with Down syndrome compared to the general
population in all age groups for all aspects measured.
The longer length-of-hospital stay, particularly in the
first year of life, has previously been described in similar
extent as in our data set in Scotland for the first year of
life, and in a European cohort for the first four years of
life.32,45 However, our data add to current knowledge six
dimensions of in-hospital outcome (length of hospitali-
zation, ICU-admission, mechanical ventilation, length
of ICU stay, 30-day readmission, in-hospital mortality),
and, for the first time, provides data across age groups.
To our knowledge, there is no earlier research to sup-
port or contradict our findings of a dramatically
increased ICU admission rate, longer duration of me-
chanical ventilation or a longer mean length of stay at
the ICU in people with Down syndrome. We observed a
higher in-hospital mortality for all age groups with
Down syndrome compared to the general population. In
the first year of life, the rate difference in mortality was
more pronounced than in childhood and adolescence,
suggesting the first year of life being critical for long
term survival of people with Down syndrome.
9
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Interestingly, adjusting for patient complexity
(measured by the number of diagnoses) and the diag-
nosis of congenital heart disease mitigated the differ-
ences in mortality rates across all age groups.
Specifically, when combined with age, sex, hospital type,
and department type, these adjustments eliminated any
differences in mortality rates for the 0–12 months age
group. This highlights the critical role of both patient
complexity and congenital heart disease as significant
contributors to in-hospital mortality, particularly during
the first year of life. Finally, the 30-day readmission rate
was also higher in people with Down syndrome
throughout life as well compared to the general popu-
lation. Our findings are consistent with the increased
medical complexity demonstrated by the high number
of diagnoses associated with Down syndrome from
birth.

The limitations of this study must be acknowledged
when interpreting the findings. First, the dataset is
composed of all medical hospital admissions in
Switzerland between 2012 and 2020 and linkage with
out-of-hospital data was not feasible for regulatory rea-
sons. Second, we cannot exclude a certain risk of
misclassification and underreporting since administra-
tive data were used in our analyses and we were not able
to ascertain the diagnoses. Additionally, all hospitaliza-
tion rates are calculated with the denominator of pop-
ulation life years with no stratification for the diagnosis
of Down syndrome (see Methods). Therefore, our
dataset allows to compare the trends of hospitalization
rates between people with versus without Down syn-
drome (no comparison of absolute numbers). Due to
lower life expectancy of individuals with Down syn-
drome, hospitalization rates from age 50 years and up-
wards are smaller in the group of people with Down
syndrome compared to the general population. Clinical
parameters, including physiognomic features, and lab-
oratory findings were not available as well in the dataset.
Furthermore, the distribution of race and ethnicity is
not available in the dataset due to regulatory reasons.

In summary, the results discussed in this manu-
script offer a comprehensive overview about the age-
specific health problems of people with Down syn-
drome to general practitioners and all medical
personnel caring for people with Down syndrome. The
results highlight the medical complexity of hospitalized
people with Down syndrome and suggest room for
improvement in in-hospital outcomes. As the life-
expectancy of people with Down syndrome will most
likely continue to increase, a comprehensive approach
across all age and disease groups will be paramount to
ensure that people with Down syndrome receive the
required care. We suggest general practitioners and
other clinicians to consider our figures to enhance
awareness and understanding of the overall complexity
and specific morbidities of hospitalized people with
Down syndrome, and thereby anticipate emergency
hospitalizations across age groups for people with Down
syndrome.
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