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ABSTRACT

Background: Individuals with Down syndrome are an at-risk population for severe COVID-19
outcomes, due to genetic predispositions and comorbidities. The current study focused on
differences between persons with and without Down syndrome regarding age and severity of
disease.

Method: We used medical statistics to compare patients with and without Down syndrome who
were admitted to Swiss hospitals (2020 and 2022) with a COVID-19 diagnosis. Differences in age,
hospitalisation characteristics, mortality, and additional diagnoses were investigated.

Results: Results revealed a lower median age and greater risk of intensive care unit admission and
mortality among patients with Down syndrome. No differences were found in length of hospital
stay.

Conclusions: There is some evidence of increased vulnerability in people with Down syndrome
compared to other patients, particularly in terms of mortality rates. However, compared to
studies from other countries, the situation of people with Down syndrome does not appear to
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be particularly critical.

People with intellectual disabilities are particularly
impacted by COVID-19 due to increased risk of infec-
tion, barriers in accessing and understanding infor-
mation, and the risk of developing mental health
problems (Bakaniene et al., 2023; Courtenay & Perera,
2020; Perera et al., 2020). However, the type and extent
of vulnerability can vary widely between different types
of disability, as each is associated with different comor-
bidities. In the present study, we focused on people with
Down syndrome, as these people in Switzerland have
been given a special status as a separate risk category
during the pandemic (people with other disabilities
sometimes had this status indirectly if they suffered
from one of the listed pre-existing conditions). People
with Down syndrome are assumed to be particularly
at risk, due to their high prevalence of medical compli-
cations and genetic predispositions, which are thought
to be related to an increased risk of severe disease pro-
gression (e.g., Bensussen et al., 2022; Capone et al., 2018;
Espinosa, 2020; Illouz et al., 2021; Van Goor & Massa,
1997). On the other hand, individuals with Down syn-
drome also differ considerably in terms of their health
and risk factors. Hence, the extent of vulnerability in

people with Down syndrome, and whether certain life
situations or genetic factors could in fact be protective,
have not yet been thoroughly investigated.

In addition, national contexts that affect health care
system quality and protective measures implementation
during the pandemic varied widely, thus overall progno-
sis for at-risk groups may likewise vary strongly. To
examine how people with Down syndrome were
affected by COVID-19, we used medical statistics from
Switzerland to examine their vulnerability based on
characteristics  of  hospitalisation and  disease
progression.

Risk and protective factors related to Down
syndrome

Previous studies have identified the most common
comorbidities in people with Down syndrome
(G. T. Capone et al, 2018; Illouz et al, 2021; Van
Goor & Massa, 1997). These comorbidities include
numerous risk factors for severe outcomes in COVID-
19 (Centers of Diseases and Control Prevention,
2022), including obesity, cardiac and respiratory
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disease, and diabetes. Additional risk factors are
increased prevalence of immune dysregulation caused
by Trisomy 21 and other genetic specificities that facili-
tate infection with SARS-CoV-2 (Bensussen et al., 2022;
Espinosa, 2020; Evangelho et al., 2022; Majithia &
Ribeiro, 2022). Since these comorbidities are likely to
be associated with more severe disease progression, it
would be particularly important to minimise the risk
of infection in this population. However, characteristics
related to intellectual functioning and life circumstances
may increase risk of infection. For example, it is more
difficult for people with Down syndrome to understand
and comply with protective measures such as mask
wearing and physical distancing (Fujino & Itai, 2023).
On the other hand, persons with Down syndrome
who lived in social medical institutions were subject to
more stringent protective measures than private house-
holds during the pandemic (e.g., Federal Office of Public
Health, 2021b), thus, living situation could function as a
protective factor for COVID-19 infection.

International studies indicate an overall increased
vulnerability of individuals with Down syndrome to
infection risk and disease severity, whereby there are
large differences in the magnitude of vulnerability.
With regard to the risk of infection, the state of research
is not consistent. Some genetic predispositions in Down
syndrome that favour inflammatory processes would
suggest increased susceptibility to infection (Bensussen
et al., 2022; Majithia & Ribeiro, 2022). Yet there also
exist immune responses in Down syndrome that are
theorised to inhibit infection and thus prevent disease
progression (Altable & de la Serna, 2021; De Toma &
Dierssen, 2021). Similarly, the state of research on the
risk of infection is not consistent. One study based on
medical statistics from England provides evidence
that, compared to typically developing people, individ-
uals with Down syndrome are proportionally more
likely to become infected with COVID-19 (Baksh
et al, 2022). Yet another study from Israel (Illouz
et al.,, 2021), which used a comparable design, did not
find a significant difference between the two popu-
lations, even though this study examined a larger
sample. The authors assumed that these results might
be related to the strict protective measures in Israel.

In addition to the risk of infection, there are some
indications that individuals with Down syndrome are
at higher risk for severe disease progression compared
to those without Down syndrome. For example, medical
statistics from Brazil, Iran, and the United States have
shown that people with Down syndrome are more likely
to require intensive care unit (ICU) treatment and to
receive invasive mechanical ventilation (Boschiero,
Lutti Filho, et al., 2022; Emami et al., 2021; Malle,

Gao, et al.,, 2021). These findings could be related to
the fact that people with Down syndrome are more sus-
ceptible to pulmonary diseases. For example, a retro-
spective study showed that 25% of adults with Down
syndrome admitted to hospital between 1997 and 2014
were diagnosed with obstructive pulmonary disease
(Aparicio et al., 2023). A similar study, which examined
patients with Down syndrome over a period of 28 years,
found a strongly increased tendency to pneumonia
(11.19%) compared to an age- and gender-matched
control group (3.18%; Chicoine et al., 2021). There is
also evidence that sepsis resulting from COVID-19
infection is more common in people with Down syn-
drome compared to people without Down syndrome
(Malle, Gao, et al., 2021). Individuals with Down syn-
drome are also at significantly increased risk of mor-
tality following hospitalisation with COVID-19, with
the observed increase in risk varying from approxi-
mately two to ten times (Boschiero, Lutti Filho, et al.,
2022; Boschiero, Palamim, et al., 2022; Clift et al,
2021; Emami et al., 2021). Furthermore, people with
Down syndrome who died from COVID-19 were
younger and presented a higher incidence of superinfec-
tions, autoimmune disease, obesity, and dementia, com-
pared to people without Down syndrome (Villani et al.,
2020). This pattern of increased morbidity has also been
examined in children with Down syndrome who con-
tract COVID-19 (Emes et al., 2021; Leung et al., 2023;
Malle, Bastard, et al., 2021). Depending on the study,
mortality was considered low (Emes et al., 2021) or elev-
ated compared to typically developing children (Leung
et al., 2023). Thus, evidence regarding the magnitude
of vulnerability of people with Down syndrome is
inconsistent and needs further clarification. It should
also be pointed out that the studies mentioned are not
entirely comparable. Although they all compared
patients with and without Down syndrome, they used
different criteria for the comparison. In some studies,
the samples were matched (by age and gender, some-
times by ethnicity) and sometimes other medical con-
ditions were excluded from the control group. In
other studies, the comparison group was the entire hos-
pital population without Down syndrome (without
additional exclusion criteria). In addition, a recent lit-
erature review on co-occurring medical conditions in
adults with Down syndrome concludes that people
with Down syndrome are a very complex and hetero-
geneous population and that different study designs
and sample sizes make it difficult to derive generalised
implications (Capone et al., 2020).

In the context of a pandemic, both national health
protection policies and the quality and characteristics
of the health care system must be considered (such as



financial, spatial, and staff resources, knowledge, priori-
ties, treatment approaches, and availability of preven-
tion and treatment measures). Pinku et al. (2022)
compared the morbidity and mortality of people with
Down syndrome in India compared to high-income
countries, and found that the incidence of both hospital-
isation and medical complications were higher in India
than in high-income countries.

COVID-19 policies in Switzerland

We first provide basic information on Swiss health pol-
icy regarding COVID-19 as context for our study and its
results. Switzerland uses a federal system, whereby the
federal government and cantons share responsibility
for population health. Shared responsibility also exists
for pandemic management. However, an important dis-
tinction must be made between the “normal situation”
and the “special situation”. In the normal situation,
the federal government only assumes responsibility for
monitoring, information, and coordination tasks,
whereas concrete pandemic control measures are left
to the 26 cantons, including the provision of popu-
lation-level protection measures, treatment, testing,
and vaccination. However, if the government declares
a special situation (Art. 6 of the Epidemic Law, EpG
SR 818.101), then it can order measures that must be
implemented in all cantons.

At the outset of the COVID-19 pandemic, a national
COVID-19 Task Force was established in Switzerland in
March 2020, which supported the federal government
by providing specialised expertise. In September 2020,
the federal government created a COVID-19 Law and
a COVID —-19 Ordinance Special Situation (SR
818.101.26). Federal COVID-19 policy was guided by
the principles of subsidiarity, effectiveness, and propor-
tionality. Uniform federal regulations were established
with respect to vaccination, testing, and recovery
records. Categories of persons at particular risk were
defined by the Federal Office of Public Health (2023).
Persons aged 16 and over with Down syndrome were
one of four specially designated risk groups, along
with persons aged 65 and over, persons aged 16 and
over with chronic diseases, and pregnant women. Des-
ignation as a special risk group had several implications
relevant to our study, including prioritisation for vac-
cines. Vaccinations were strongly recommended but
not mandatory for any population group. In addition,
the federal government recommended and temporarily
mandated special measures for social medical insti-
tutions (including institutions for persons with disabil-
ities). These measures included, for example, visitation
and contact restrictions, strict hygiene rules, and
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isolation measures in case of infection. The overarching
goals of Switzerland’s COVID-19 policies were to pro-
tect the health of the population, avoid overwhelming
the healthcare system, and simultaneously minimise
the social and economic impact of the pandemic.

Objectives of the current study

The purpose of this study was to compare hospitalis-
ation characteristics and disease progression between
people with and without Down syndrome, using data
from the Medical Statistics of Swiss Hospitals. Results
will be discussed within the context of international lit-
erature. We examined the following research questions:

(1) For patients diagnosed with COVID-19, does a
median age difference exist between people with
and without Down syndrome?

(2) Do people with Down syndrome who are diagnosed
with COVID-19 experience differences in hospital
length of stay, compared to people without Down
syndrome who are diagnosed with COVID-19?

(3) Do people with Down syndrome who are diagnosed
with COVID-19 experience disproportionately
higher likelihood of ICU admission compared to
people without Down syndrome who are diagnosed
with COVID-19?

(4) Do people with Down syndrome who are diagnosed
with COVID-19 experience greater mortality than
people without Down syndrome who are diagnosed
with COVID-19?

Methods
Medical statistics of Swiss hospitals

Data from the Medical Statistics of Swiss Hospitals con-
sist of mandatory reports documenting all treatment
cases dating back to 1998. A treatment case is defined
as an inpatient hospital stay from entry until exit. The
statistics therefore always refer to a stay and not to a per-
son. If a person is repeatedly admitted to hospital, a new
entry is made. However, there is also an individual
patient number to identify repeated admissions.
Reported statistics include demographic data (e.g., age,
sex, nationality) and information on hospital stay (e.g.,
type of admission, length of stay). All diagnoses are
coded according to the International Statistical Classifi-
cation Of Diseases And Related Health Problems, 10th
revision, German Modification (ICD-10-GM; hereafter
ICD-10). All treatments are coded according to the
Operation Classification (Federal Statistical
Office, 2021). We entered in a data usage agreement for

Swiss
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three years of data (2020-2022) with the Swiss federal
government, as represented by the Swiss Federal Statisti-
cal Office. Some data have been removed or further
encrypted to protect data privacy (e.g., date of birth).

Data preparation and sampling procedure

The original data sets included more than 1.3 million
cases of hospital admissions per year. We first identified
the subset of people with Down syndrome by selecting
for cases who had ICD-10 code Q90.- (Trisomy 21) as
a main diagnosis or secondary diagnosis. The number
of cases with Down syndrome was 706 in 2020 and
823 in 2021 (N=1,529 in total). To compare the fre-
quency of hospitalisations with COVID-19 infection
between people with and without Down syndrome, an
equally sized random sample of cases without Down
syndrome was drawn from the overall data sets for
each year.

In a second step, all cases with an ICD-10 code of
U07.1! (COVID-19, virus detected) were extracted,
which produced 36,166 cases in 2020 and 39,929 in
2021. Of these, 49 cases with Down syndrome were
identified in 2020 and 73 in 2021 (N =122 in total).
To conduct comparisons within the population with
confirmed COVID-19 infection, a random sample of
cases without Down syndrome was drawn. There were
no exclusion criteria for this random sample, except
that a COVID-19 diagnosis had to be confirmed.
Given the relatively small number of cases with Down
syndrome in this subsample, a somewhat larger com-
parison group of cases without Down syndrome was
selected. This procedure corresponds to best practice
recommendations for methodological conduct in
order to achieve adequate statistical power(Israel,
1992). The online calculator by Raosoft (2004), which
is based on the formula of Israel (1992), recommended
a subsample of 381 cases with COVID-19 infection and
no Down syndrome for each year (N'=762 in total).

Furthermore, codes for pneumonia (J128), sepsis
(A418), acute respiratory failure (J960), and respiratory
distress syndrome (J80), which were required for further
analyses on mortality, were selected from the reported
diagnoses. In addition to ICD-10 codes, we used infor-
mation about length of hospital stay, ICU admission,
and whether a person was deceased. However, the data-
set does not clearly delineate which diagnosis was the
cause of death or ICU admission.

Data analyses

We first described the sample characteristics of people
with and without Down syndrome according to age

distribution, gender, and pre-admission residence.
Second, we conducted preliminary analyses to compare
the two samples regarding the incidence of COVID-19
diagnosis. To answer our research questions, we used
inferential statistical procedures using the software
SPSS 28 (IBM Corp, 2021). When comparing the two
groups (Down syndrome, no Down syndrome), we
used cross-tabulation with Chi-square test when there
was a binary outcome (ICU admission or not) and the
Mann-Whitney-U test when there was an ordered cat-
egorical outcome (age categories). When predicting
length of hospital stay, we conducted a multiple
regression analysis to control for whether a patient
was deceased or not. Although more severe cases tend
to have longer hospital stays, results could be biased
by the presence of severe cases who die shortly after
admission, thereby shortening their hospital stay.
When predicting mortality, a binary outcome, we used
a logistic regression approach to additionally control
for age. Although several risk factors are thought to be
associated with Down syndrome, patients with Down
syndrome also tend to be younger, which might affect
mortality. In addition, we provide further descriptive
information regarding the main diagnosis of the
deceased patients.

Results
Sample demographics

The following demographics refer to the total sample of
cases with Down syndrome and the equally sized ran-
dom sample of cases without Down syndrome, which
were hospitalised between 1 January 2020 and 31
December 2021 (N =3,058). Demographic data are
determined by how they were recorded in the Medical
Statistics of Swiss Hospitals. Age was recorded categori-
cally using 20 levels (each covering five years). The low-
est age category consisted of cases aged 0-4 years and
the highest category 95 years and older. Gender was
assessed using a binary variable (male, female). Since
different regulations applied to private households and
institutions in the context of COVID-19, data on resi-
dence before hospital admission are presented.

As can be seen in Table 1, the median age category of
cases with Down syndrome who were hospitalised is
lower (25-29 years) than that of cases without Down
syndrome (60-64 years). Further, while males are
slightly underrepresented in the non- Down syndrome
sample (48.2%), they are overrepresented among cases
with Down syndrome (58.3%). Regarding residence
before hospital admission, patients with Down syn-
drome were more likely to live in institutions (rather



Table 1. Sample demographics (N=3,058).

Down No Down
Variable syndrome syndrome X/ p
Age category, Mdn 25-29 60-64 —26.14 <.001
(years)
Gender, N (%) male 891 (58.3) 737 (48.2) 31.15  <.001
Residence before 163.13  <.001
admission, N (%)
Private home 1,083 (70.8) 1,277 (83.5)
Social medical institution 244 (16.0) 43 (2.8)
/ senior or nursing
facility
Other hospital or unit 151 (9.9) 177 (11.6)
Other / unknown 51 (3.3) 32 (2.1)
Total N 1,529 1,529

*Mann-Whitney U test was used to compare the median age; chi-square
tests were used to test differences in gender and residence distribution.

than private homes) than persons without Down syn-
drome (16.0% vs. 2.8%). It is assumed that these insti-
tutions would typically be residential assisted living
facilities for adults with intellectual disabilities. How-
ever, the specific type of institution is not evident
from the data coding. All presented demographic differ-
ences were statistically significant (p <.001).

We first conducted preliminary analyses to compare
the incidence of COVID-19 diagnosis in cases with
Down syndrome compared to the same-size random
sample of cases without Down syndrome. Results
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indicate that among the total sample of N=3,058
cases, those with Down syndrome were significantly
more likely to be diagnosed with COVID-19 (p <.001;
see Table 2).

Analyses concerning the research questions are based
on the subsample of cases with COVID-19 diagnosis (N
Down syndrome: 122; N no Down syndrome: 762; N
total: 884). Research question 1 refers to the difference
in age between Down syndrome and non- Down syn-
drome cases. In line with the findings from the total
sample, results indicate that also among persons diag-
nosed with COVID-19, those with Down syndrome
are significantly younger (z (884): —11.58, p<.001).
The median age of patients without Down syndrome
was 70-74 years with a strong general tendency towards
older age, while the median age of patients with Down
syndrome was 45-49 years with a less strong tendency
towards older age (see Figure 1). The difference between
the two samples reveals a large effect size (d=0.84),
according to the interpretation of Cohen (1988).

To answer research question 2, we examined whether
Down syndrome and non- Down syndrome cases
differed in their length of hospital stay, controlling for
whether a person was deceased (which was assumed
to potentially bias the results for length of stay). Mean

Table 2. Cross-table of Down syndrome and COVID-19 diagnosis (N = 3,058).

Down syndrome

No Down syndrome

COVID-19 Diagnosis n % n % X2 (1) p Cramer’s V
Yes 122 8.0 47 3.1 35.23 <.001 1
No 1,407 92.0 1,482 96.9
Total 1,529 100 1,529 100
95+Yy. 5o _
18
16
Mdn=70-74y. ——
14
a
S 12
o Mdn=45-49y.
op 10
% g
<C
6
4 .
2
0-4vy.0

No Down syndrome

Down syndrome

Figure 1. Boxplots of age distribution among patients with and without Down syndrome and COVID-19.
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length of stay was 9.30 days for Down syndrome cases
(range: 1-44) and 11.57 (range: 1-141) for non- Down
syndrome cases. Despite this descriptive difference,
Down syndrome was not found to be a significant pre-
dictor of length of hospital stay (p =.051), and neither
was mortality (p =.925; see Table 3).

Research question 3 focused on differences in ICU
admission between Down syndrome and non- Down
syndrome cases. As can be seen in Table 4, those with
Down syndrome were admitted to the ICU more fre-
quently than those without Down syndrome (p
=.021). However, the effect size was small (V =.08).

In context of research question 4, we further investi-
gated mortality rates in both groups. In the total sample
of cases with Down syndrome (N=122) and the
respective random sample of cases without Down syn-
drome (N=762), 18 (14.8%) persons with Down syn-
drome and 67 (8.8%) without Down syndrome were
deceased. Given that age is a major risk factor for mor-
tality in COVID-19, and given that patients with Down
syndrome were on average observed to be younger than
those without Down syndrome, we used a stepwise
logistic regression approach to compare results with
and without controlling for age. Results reveal that
Down syndrome increases the risk of mortality by a fac-
tor of 1.8, which is significant at the 5% level (p =.040;
see Table 5). However, when age is included as a control
variable, results indicate a more than seven times higher
mortality risk for patients with Down syndrome, which
is significant at the 1% level (p <.001). Hence, account-
ing for the fact that patients with Down syndrome are
generally younger increases the effect of Down syn-
drome as a risk factor for mortality.

Although the Medical Statistics of Swiss Hospitals
records diagnoses but not cause of death, we conducted
descriptive analyses of which primary diagnoses
occurred most frequently among deceased patients. In

Table 3. Regression analysis to predict length of hospital stay by
Down syndrome and mortality (N = 884).

Variable B SEB B t p

Intercept 11.59 0.45 25.88 <.001
Down syndrome -2.27 1.16 -.07 -1.95 .051
Deceased —0.13 136 -.003 —0.09 925

Table 4. Cross-table of Down syndrome and ICU admission (N =
884).

Down No Down
syndrome syndrome
ICU admission n % n % )(2 (1) p Cramer’s V
Yes 24 19.7 92 121 533 .021 .08
No 98 80.3 670 87.9
Total 122 100 762 100

both groups, pneumonia was the most frequent primary
diagnosis (Down syndrome: 72.2%; no Down syn-
drome: 62.7%). Other common principal diseases
included sepsis, acute respiratory failure, and respirat-
ory distress syndrome. All these diagnoses can be
related to COVID-19 infection; however, this link is
not directly evident in the data. Due to the small num-
ber of deceased people, especially in our subsample of
cases with Down syndrome, further testing for group
differences regarding primary diagnoses would have
been inconclusive.

Discussion

Preliminary analyses revealed that among hospitalised
persons in Switzerland, those with Down syndrome
were overrepresented among cases with COVID-19
diagnosis, providing first insights into possible
increased vulnerability. However, these results must be
interpreted with caution, since there exist no precise
statistics on the prevalence of Down syndrome in the
overall Swiss population. Thus, it is impossible to deter-
mine whether the distribution of people with Down syn-
drome corresponds to the distribution of hospital
admissions observed here. For example, it would be
possible for people with Down syndrome (especially if
they are professionally assisted in institutions) to be
admitted to hospital more rapidly in the case of medical
complications. Thus, they may be overrepresented in
hospital admission data, potentially increasing the rela-
tive frequency of a COVID-19 diagnosis. The inter-
national literature is mixed, with studies that indicate
an increased risk of infection for people with Down syn-
drome (e.g., Baksh et al., 2022) and those that found no
difference from the general population (e.g., Illouz et al.,
2021). Thus, it cannot be clearly determined whether
people with Down syndrome are generally at higher
risk for infection.

When only the sample with COVID-19 diagnosis was
considered, we found that individuals with Down syn-
drome were significantly younger than those without
Down syndrome. Two potential implications emerge.
On the one hand, it suggests an increased vulnerability

Table 5. Logistic regression analysis to predict mortality by
Down syndrome and age (N = 884).

Variable B SEB Wald x2 p Exp(B)
Step 1
Intercept —2.34 0.13 334.39 <.001 0.10
Down syndrome 0.59 0.29 4.20 .040 1.80
Step 2
Intercept —6.85 0.814 70.85 <.001 0.001
Down syndrome 2.01 0.39 27.27 <.001 7.45

Age 0.30 0.05 35.61 <.001 135




of people with Down syndrome to COVID-19, as they
may be more susceptible to infection with COVID-19
at a younger age. On the other hand, since age is a
major risk factor for severe disease progression, patients
with Down syndrome might also benefit from their
younger age. Regarding severe disease progression, a
mixed picture emerged for patients with Down syn-
drome. In terms of length of hospital stay, there were
no significant differences between the two groups, and
therefore no evidence of greater vulnerability in people
with Down syndrome. As already stated, it would be
possible for people with Down syndrome to be admitted
to the hospital more quickly in some cases, but to also
leave the hospital soon because they are not seriously
ill. A proportion of people with Down syndrome, on
the other hand, might become critically ill, which in
turn increases length of stay. Thus, the differences
between the two samples would potentially be balanced
again. Possible bias due to fatality cases that are hospi-
talised for only a short time was controlled for in the
analyses.

Proportionally higher ICU admissions among
patients with Down syndrome were observed, indicat-
ing increased vulnerability for severe disease pro-
gression, which is in line with previous studies
(Boschiero, Lutti Filho, et al., 2022; Emami et al,
2021; Malle, Gao, et al., 2021). The same pattern was
found regarding mortality rates: people with Down syn-
drome and COVID-19 diagnosis were proportionately
more likely to die than people without Down syndrome
who had a COVID-19 diagnosis. When controlling for
the mean younger age of patients with Down syndrome
compared to those without Down syndrome, the risk of
mortality in Down syndrome was found to be more than
seven times higher. These results align with the inter-
national state of research, where a two- to ten-fold
increased risk was found (Boschiero, Lutti Filho, et al.,
2022; Boschiero, Palamim, et al, 2022; Clift et al,
2021; Emami et al.,, 2021). It is important to keep in
mind that the dataset provided no information about
the exact cause of death. The additional diagnoses fre-
quently mentioned in case fatalities, particularly pneu-
monia and respiratory problems, suggest a likely
association with COVID-19. However, the data do not
directly indicate whether COVID-19 was the cause of
these indicators that point to greater disease severity
(i.e., length of stay, ICU admission, and mortality).

Overall, there is some evidence of increased vulner-
ability regarding disease severity and mortality among
people with Down syndrome. Yet, apart from the mor-
tality risk, the effects were rather small and in some
cases there were no differences at all, although a larger
part of the international research points to a highly
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increased risk in Down syndrome (Baksh et al., 2022;
Bensussen et al., 2022; Espinosa, 2020). Several potential
explanations exist. First, results could indicate success-
ful implementation of protective measures in Switzer-
land during the pandemic. Although Switzerland
overall adopted less stringent COVID-19 policies than
other countries (e.g., only a very short complete lock-
down in spring 2020), much emphasis was placed on
protecting vulnerable individuals in assisted living
facilities (Federal Office of Public Health, 2021). Fur-
thermore, people with Down syndrome (in addition to
elderly people and people with pre-existing medical
conditions) were listed as a special risk group in Switzer-
land at an early stage of the pandemic, and were thus
given priority in the vaccination program. In contrast,
there is no evidence of health care disadvantage or triage
among people with Down syndrome based on data from
the Medical Statistics of Swiss Hospitals. Nevertheless, a
substantially increased mortality risk was evident in
people with Down syndrome. Although this result
should be interpreted with caution given the very low
absolute number of fatalities in patients with Down syn-
drome, it may also suggest that an at-risk population is
likely to remain at higher risk than the general popu-
lation despite protective measures and adequate medical
care. However, there is also evidence that the risk gap
between the Down syndrome and non- Down syn-
drome population is larger in low-income than in
high-income countries (Pinku et al., 2022).

Strengths, limitations, and future directions

A strength of the present study was the completeness of
the data, which were based on national mandatory stat-
istics collected from all Swiss hospitals. This allowed us
to investigate the entire population of people with Down
syndrome admitted to a hospital during a two-year span
of the COVID-19 pandemic. Access to all coded diag-
noses and various hospitalisation characteristics can
be considered additional advantages of this study. How-
ever, several limitations with respect to the conclusions
that can be drawn from these results must be noted. It
was not possible to link data from the Medical Statistics
of Swiss Hospitals with statistics on patient cause of
death, thus it is unclear whether a person died with or
from COVID-19. Studies that can provide more precise
information about the cause of death or severe disease
progression would help fill this research gap. Further-
more, the present results were based on a cross-section
of all hospital admissions during two years of the pan-
demic. Longitudinal data that allow for analyses of the
effects of restrictions and vaccination on hospitalisation
and mortality over time could provide better insights
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into policies that would be most effective in future pan-
demics. In addition, there are indications that other dis-
abilities may also be associated with an increased risk of
severe disease progression in COVID-19. It would
therefore be interesting to further investigate the vulner-
ability of people with other disabilities and compare
them with people with Down syndrome. Finally, further
comparisons between high- and low-income countries
would increase understanding of the extent to which
the quality of health care affects the relative risk of vul-
nerable populations, such as people with Down
syndrome.
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