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Background. Evidence from theUnited States andUnitedKingdomsuggests that ethnicminority populations are at an increased
risk for developing severe coronavirus disease 2019 (COVID-19); however, data from other West-European countries are scarce.

Methods. We analyzed data from 1439 patients admitted between February 2020 and January 2021 to 4 main hospitals in
Amsterdam and Almere, the Netherlands. Differences in the risk for hospitalization were assessed by comparing demographics to
the general population. Using a population-based cohort as reference, we determined differences in the association between
comorbidities and COVID-19 hospitalization. Outcomes after hospitalization were analyzed using Cox regression.

Results. The hospitalization risk was higher in all ethnic minority groups than in those of Dutch origin, with age-adjusted odds
ratios ranging from2.2 (95%confidence interval [CI], 1.7–2.6) inMoroccans to 4.5 (95%CI, 3.2–6.0) inGhanaians.Hypertension and
diabetes were similarly associated with COVID-19 hospitalization. For all other comorbidities, we found differential associations.
Intensive care unit admission and mortality during 21-day follow-up after hospitalization was comparable between ethnicities.

Conclusions. The risk of COVID-19 hospitalizationwas higher in all ethnicminority groups compared to theDutch, but the risk
of adverse outcomes after hospitalization was similar. Our results suggest that these inequalities may in part be attributable to
comorbidities that can be prevented by targeted public health prevention measures. More work is needed to gain insight into the
role of other potential factors such as social determinants of health, which might have contributed to the ethnic inequalities in
COVID-19 hospitalization.
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Coronavirus disease 2019 (COVID-19) is an infectious disease
caused by a coronavirus (severe acute respiratory syndrome
coronavirus 2 [SARS-CoV-2]). Although the majority of
COVID-19 patients are asymptomatic or present with mild re-
spiratory symptoms, part of them develop a severe viral pneu-
monia leading to acute respiratory distress syndrome, hospital
and intensive care unit (ICU) admission, and death [1].

Analyses from United States- and United Kingdom
(UK)-based registries indicate that there is a relative overrepre-
sentation of ethnic minorities among patients diagnosed with
SARS-CoV-2 who require admission to hospital wards and
ICUs [2–5]. The observed increased risk of severe COVID-19
disease in ethnic minorities might be related to underlying co-
morbid medical conditions and social determinants of health,
which have been shown to vary across ethnic groups [6–8].
For instance, we have recently shown that cardiovascular risk
factors, which have been shown to be differentially distributed
across ethnic groups, are important predictors for adverse out-
comes in patients hospitalized with COVID-19 [9]. Health in-
equalities in access to or quality of healthcare provide
additional explanations for the increased risk of severe
COVID-19 disease in ethnic minorities [10, 11].
At present, it is unknown whether the same observations

translate to other Western European countries, where factors
such as comorbidities or access to healthcare that may affect
the severity of the COVID-19 disease could be differentially
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distributed between ethnic groups. In addition, it is unknown
whether the impact of comorbidities on disease severity might
differ between ethnic groups. We aimed to understand how the
severity of COVID-19 disease differs between ethnic groups in
a population living in Amsterdam and its neighboring city
Almere, the Netherlands. We assessed ethnic inequalities in
(1) the risk of COVID-19 hospitalization, (2) the relation be-
tween comorbidities and hospitalization, and (3) adverse clin-
ical outcomes after hospitalization.

METHODS

Study Population

CovidPredict is a Dutch multicenter initiative to collect clinical
data of patients hospitalized with COVID-19 [12]. For this
analysis, we included data from Amsterdam UMC, Flevo
Hospital, BovenIJ and OLVG hospitals, which together form
all the general and university hospitals in Amsterdam and
Almere. All admitted patients with either a confirmed positive
SARS-CoV-2 polymerase chain reaction or high clinical suspi-
cion for COVID-19, based on clinical presentation and com-
puted tomography imaging of the chest (COVID-19
Reporting and Data System [CO-RADS] score 4 or 5), were in-
cluded [13]. Patients transferred from another hospital or who
were readmitted after a previous COVID-19 infection were ex-
cluded. Detailed information about the medical history, pre-
sentation at the hospital, and the clinical course after
hospitalization were extracted from the electronic health re-
cord, as described elsewhere [14]. Comorbidities in the
CovidPredict database were assessed using medical history as
reported in the hospital discharge letter and the home medica-
tion list. Ethnicity was estimated based on country of birth. In
the Netherlands, country of birth of the participant is a gener-
ally accepted and widely used indicator of ethnicity [15]. For
patients for whom country of birth was unknown, surname
and/or physician-reported information available in the elec-
tronic health record was used to indicate the ethnic back-
ground. Patients were classified as either from Dutch origin
or migrants from Ghana, Suriname, Turkey, Morocco, or other
non-European origin. These groups were chosen because they
are among the largest ethnic groups residing in Amsterdam.
Patients from Surinamese descent were further classified into
South-Asian Surinamese and African Surinamese and other,
using a previously validated list based on surname [16].

To assess differences in COVID-19 hospitalization between
ethnic group, we used population tables from Amsterdam
and Almere generated by Statistics Netherlands to serve as de-
nominator [17]. Finally, we used data from participants from
the HELIUS (Healthy Life in an Urban Setting) study as control
population [15]. The aims and design of the HELIUS study
have been described elsewhere [15]. In short, HELIUS is a
population-based cohort study, that aims to unravel the causes

of inequalities in health between ethnic groups. It contains the
data of �24 000 individuals, aged between 18 and 70 years at
baseline (2011–2015; physical exam and questionnaire), who
were sampled randomly from the Amsterdam municipality
register, stratified by ethnic background [18]. For these analy-
ses, participants of Dutch, Surinamese, Turkish, Moroccan,
and Ghanaian ethnic origin were included. In HELIUS, partic-
ipants of Surinamese ethnic origin were further classified into
South-Asian Surinamese, African Surinamese, and other based
on self-report. To compare cases to controls, in both the
CovidPredict and the HELIUS, we defined for the HELIUS co-
hort history of hypertension as the use of blood pressure low-
ering medication. Chronic pulmonary disease was defined as
the use of either inhaled corticosteroids or bronchodilating
drugs. Obesity was defined as a body mass index larger than
30 kg/m2. Diabetes was defined based on medication use, fast-
ing glucose levels above 7 mmol/L, or a self-reported history of
diabetes. Chronic kidney disease was defined as either albumin-
uria (urinary albumin/creatinine ratio .30 mg/g) or an esti-
mated glomerular filtration rate of less than or equal to
60 mL/min/1.73 m2 based on the CKD-EPI formula [19].
Current or previousmalignancy was based on self-reported his-
tory obtained from the questionnaire.

Study Outcomes

First, we analyzed ethnic differences in the odds for
COVID-19-related hospitalization using the general popula-
tion of Amsterdam and Almere as the denominator. Second,
we performed a case-control study to evaluate the relationship
between comorbidities and the risk for hospitalization per eth-
nic group. Third, we investigated ethnic differences in the risk
for ICU admission and mortality after hospital admission. For
the latter, we performed a survival analysis starting from the
hospitalization. We used (1) mortality as primary outcome
and (2) the composite outcome of ICU admission andmortality
as secondary outcome. Mortality was defined as either hospital
mortality or discharge for palliative care within 21 days of hos-
pitalization. Patients were considered event-free for the follow-
up period of 21 days, if they were discharged to home or a
nursing facility.

Statistical Analysis

We determined age-adjusted odds ratios (ORs) for each ethnic-
ity for COVID-19 hospitalization by comparing the number of
hospitalized COVID-19 patients to the general population of
Amsterdam and Almere. The ORs were determined by calcu-
lating the ratio between the odds for hospitalization in each eth-
nic group and the odds for the Dutch group, which was taken
as reference. Age adjustment was performed using the
Cochran-Mantel-Haenszel method; by partitioning age into
the following: ,40; 40–50; 51–60; 61–70; and .70. We addi-
tionally performed a descriptive analysis of ethnic differences
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in medical history and presentation at the emergency
department.

To assess ethnic differences in comorbid conditions between
hospitalized COVID-19 patients and the risk of hospitalization,
we matched COVID-19 patients from the COVID-predict da-
tabase to HELIUS participants with complete data on comor-
bidities matched for ethnicity and a nearest neighbor match
for age and sex with a 1:2 ratio between cases and controls.
Using a logistic regression model with each comorbidity, eth-
nicity, and their interaction term, we assessed whether there
were ethnic differences in the relation between hypertension,
diabetes, obesity, chronic kidney disease, history of chronic
pulmonary disease and malignancy, and hospital admission.
We then calculated the OR for hospitalization for each comor-
bidity in the complete cohort and in groups stratified by
ethnicity.

For the analysis of ethnic differences in outcomes during
21 days after hospitalization (third research question), we
performed a survival analysis using Kaplan-Meier and a
Cox-regression model with correction for age, sex, and
time in the pandemic. The latter was included to account
for treatment and presentation differences during the ongo-
ing pandemic. We performed a sensitivity analysis using
only patients admitted before (first wave) and after
September 1, 2020 (second wave), respectively. All statistical
analyses were conducted with R version 3.6.1 (Vienna,
Austria).

Patient Consent Statement

For CovidPredict, we used data collected from the electronic
health record. A waiver for the use of hospital record data
was obtained from the Medical Ethical Committees of the par-
ticipating centers and patients were given the opportunity to
opt out. The HELIUS study protocols were approved by the
Ethical Review Board of Amsterdam UMC, location AMC
(NL32251.018.10). All participants provided written informed
consent for participation in the HELIUS study.

RESULTS

Demographics and Patient Characteristics

We included 1439 patients, admitted between February 18,
2020 and January 30, 2021, with 826 patients (57%) admitted
during the first wave (ie, before September 1, 2020). An over-
view of the inclusion stratified by hospital is given in
Supplementary Table 1. Patients for whom data on ethnicity
were missing (238 patients) or who were classified as “other”
(261) were excluded. The overall median age was 64 (interquar-
tile range [IQR], 54–57) years with Ghanaian and Moroccan
patients being younger (median age 60 years) and patients
from Dutch origin being older (median age 68 years).
Overall, 42% of admitted COVID-19 patients were female

with the highest proportion among African-Surinamese
(50%) and the lowest proportion in Moroccans (38%).
Patients of Ghanaian descent were admitted more frequently

during the first wave of the pandemic; with 79% of all Ghanaian
patients admitted during the first wave. The time between the
onset of symptoms and presentation in the hospital was similar
across all ethnic groups; with amedian of 7 (IQR, 5–11) days for
the entire group. C-reactive protein was highest in the Turkish
(105.7; IQR, 52.7–135.0) and the Moroccan group (98.1; IQR,
50.5–170.4) compared to the overall median of 83 (IQR, 41.5–
142.9). Respiratory rate was the highest in the Ghanaian group
with a median of 25.0 (standard deviation [SD]= 6.3), whereas
the overall respiratory rate was 24.0 (SD= 7.0). An overview of
the baseline characteristics is given in Table 1.

Risk of Hospitalization for Different Ethnicities

The risk for COVID-19 hospitalization among the population
was significantly increased in all ethnic minority groups com-
pared with Dutch (Figure 1). Ghanaians had the highest odds
for COVID-19 hospitalization, with an age-adjusted OR of
4.5(95% CI, 3.2–6.0), whereas for all other ethnic minority
groups the odds ranged between 2.1 and 3.7 (Supplementary
Table 2).

Differences in Comorbidities Between Hospitalized Patients and Controls

Overall, the prevalence of comorbidities was significantly high-
er in hospitalized patients compared to their matched controls.
The association between each comorbidity and hospital admis-
sion differed significantly between ethnic groups (Figure 2).We
observed the highest OR of 3.4 (95% CI, 2.6–4.3) between dia-
betes and COVID-19 hospitalization in the Dutch origin group.
In South-Asian Surinamese, who had the highest prevalence of
diabetes among controls (41.1%), we did not observe an in-
creased OR for diabetes in hospitalized patients. Obesity, on
the other hand, was significantly associated with hospitalization
in the South-Asian Surinamese group, with an OR of 3.2 (95%
CI, 1.5–6.6). For African Surinamese, ORs were similar to those
in the Dutch origin group, except for asthma and chronic ob-
structive pulmonary disease (COPD). In the Ghanaian sub-
group, we found that hypertension and chronic kidney
disease were associated with hospitalization, with an OR of
4.8 (95% CI, 2.1–11.6) and 4.8 (95% CI, 1.8–14.0), respectively.
In the Turkish group, we observed a high prevalence of obesity
among both cases (53.3%) and controls (57.9%), leading to an
OR of 0.8 (95% CI, 0.5–1.5). In Moroccan participants, we
found the lowest OR for diabetes, chronic kidney disease, and
asthma/COPD compared to the other groups (Supplementary
Table 3).

Ethnic Differences in Outcomes After Hospitalization

We included 1178 patients in the survival analysis after exclu-
sion of patients with other or missing ethnicity. During 21-day
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follow-up, 169 (14.3%) patients died. Fifty-eight (4.9%) of the
patients were transferred to another hospital and outcome
data were missing in 16 patients (1.4%). A total of 206
(17.5%) patients were admitted to the ICU. Figure 3 shows
the Kaplan-Meier curves stratified by ethnicity, without adjust-
ment for confounders. Mortality was highest in patients from
Dutch origin (17.3%), South-Asian Surinamese (15.1%), and
African Surinamese (12.1%) at 21 days after hospitalization
(Table 2). After adjustment for sex, age, and time in the pan-
demic, there were no significant differences between the ethnic
groups (P= 0.66). The incidence rate for the composite out-
come of ICU admission and mortality ranged from 25.4% to
29.5%. In both unadjusted (P= 0.95) and adjusted (P= 0.99)
analyses there were no statistically significant differences be-
tween the ethnic groups. These results were similar during
the first and second wave (Supplementary Table 4).

DISCUSSION

Our analysis shows that the risk of COVID-19 hospitalization
per population is higher in all ethnic minority groups than in
the Dutch host population, but the risk of ICU admission
and hospital mortality after COVID-19 hospitalization was
not different. The case-control analyses show differential asso-
ciations between comorbid conditions and COVID-19 hospi-
talization between ethnic groups.

The relative high risk of COVID-19 hospitalization among
ethnic minority groups in our study is consistent with the find-
ings from the UK and the United States, and it corroborates
with the higher rates of SARS-CoV-2 infections diagnosed
among these populations [20, 21]. The relatively high rates of

COVID-19 hospitalization among ethnic minority groups in-
fected with COVID-19 have been attributed to numerous fac-
tors including a higher infection rate in these groups. A study
among a subsample of respondents of the HELIUS study has
confirmed this hypothesis for the population in Amsterdam
as well [21].
In addition to the higher incidence of infections, an in-

creased risk of severe COVID-19 disease in ethnic minority
groups might explain their higher risk of hospital admission,
potentially driven by high burden of pre-existing comorbidities
[22–24], poor access to health education in prevention mea-
sures, and delay in seeking healthcare potentially due to several
factors such as language barriers, misinformation, and lack of
trust in public officials [25, 26]. Evidence indicates that the
risk of COVID-19 hospitalization is higher in individuals
with pre-existing comorbidities than those without comorbid-
ities [27, 28]. In our study, we found that the prevalence of co-
morbid conditions was significantly higher in COVID-19
hospitalized patients compared to matched controls from the
general population. Studies in the Netherlands have consistent-
ly found higher rates of comorbid conditions such as diabetes,
hypertension, and chronic kidney disease among ethnic minor-
ity groups compared to the population of Dutch origin [29–31].
Data from the HELIUS study, for example, show that the rate of
diabetes is 3 to 12 times higher, and the rate of chronic kidney
disease is 1.5 to 2.6 times higher in different ethnic minority
groups compared to the Dutch host population [30, 31].
These high rates of comorbidity among ethnic minority groups
might have contributed to their relatively high rates of
COVID-19 hospitalizations. However, the impact of the pre-
existing comorbid conditions on COVID-19 hospitalization

Figure 1. Ethnic differences in the risk for coronavirus disease 2019 (COVID-19) hospitalization in the Amsterdam area population. Dots indicate Cochran-Mantel-Haenszel
age-adjusted odds ratio (OR) for COVID-19-related hospitalization compared with the Dutch population; bars, 95% confidence interval.
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seems to vary between the ethnic groups. We observed impor-
tant ethnic disparities in the associations between cormorbid
conditions and COVID-19 hospitalization in the population
in our study. For instance, obesity was a strong predictor for
COVID-19 hospitalization among the Dutch, African
Surinamese, and South-Asian Surinamese origin population,
but not among Moroccans, Turkish, and Ghanaian ethnic
groups, whereas chronic kidney disease was a strong predictor
of hospitalization in Dutch and Ghanaians only. These differ-
ential associations may be related to the differences in the dis-
tribution of chronic diseases among these population. For
example, obesity was highly prevalent in Moroccans, Turkish,

and Ghanaians in both patients with COVID-19 and patients
without COVID-19 compared with other groups. Our current
finding corroborates with earlier study findings in the UK
where the association of obesity with an elevated risk of in-
hospital COVID-19 outcomes was strongest in African
Caribbean compared with European and South Asian ethnici-
ties [32]. These important ethnic disparities in these associa-
tions seem to suggest that pre-existing comorbidities may
have a different impact on COVID-19-related complications
differently among ethnic groups. Lifestyles and social determi-
nants of health such as socioeconomic status, access to preven-
tive services and healthcare, healthy food, and environment

Figure 2. The relation between comorbidities and risk for coronavirus disease 2019 hospitalization overall and by ethnic group. Dots indicate odds ratio (OR) ratio; bars 95%
confidence interval (CI), chronic hematologic disease (CHD). # indicates whether a significant interaction (P, 0.05) with ethnicity was observed. For chronic kidney disease,
OR for Ghanaian was 8.1 (95% CI, 1.8–14.0). For asthma or chronic obstructive pulmonary disease (COPD), OR for African Surinamese was 11.8 (95% CI, 53–30.2). For ma-
lignant neoplasm or CHD, OR for Ghanaian was 5.2 (95% CI, 1.3–26.5).
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that shape pre-existing chronic conditions vary among ethnic
minority groups, which may underline the differential associa-
tions between the ethnic groups [33, 34].

It is well established that ethnic minority groups have been
overrepresented in COVID-19-related ICU admissions in the
UK and United States. In the UK’s Intensive Care National
Audit and Research Centre report, approximately one third
of critically ill COVID-19 patients during the early phase of
the pandemic were from ethnic minority background despite
them representing approximately 14% of the UK population
[35]. Similarly, in the Netherlands, the overrepresentation of

ethnic minority groups in hospitals including the ICU has
also been well reported in a previous study and in the Dutch
media [36]. Despite the well publicized overrepresentation of
ethnic minority groups in ICU, the evidence in the literature re-
garding this remains inconsistent [20]. In our study, the risk of
ICU admission and mortality after hospitalization was similar
between the ethnic groups. Our finding is consistent with stud-
ies that found no ethnic differences in the risk of ICU admis-
sion [2, 37], but it contrasts those that found higher risk of
ICU admission among ethnic minority groups [38, 39].
Similarly, our finding of the lack of increased risk of deaths
among ethnic minority groups after hospital admission with
COVID-19 is also consistent with earlier studies [2, 37], al-
though not all [40]. The lack of increased risk of death after
COVID-19 hospitalization seems to suggest that the higher
mortality observed in ethnic minority groups in the
Netherlands is not as a result of a poorer prognosis after hospi-
talization, but rather a higher chance of being hospitalized pos-
sibly due to a higher incidence of infections and a higher risk of
serious illness from COVID-19 infection [20, 41]. Our current
findings suggest that the increased risk of severe COVID-19
disease may in part be attributable to comorbid conditions
that can be prevented by targeted health promotion measures
and healthcare interventions that aim at mitigating ethnic in-
equalities in these conditions.

Strengths and Limitations

Current data on ethnic minority groups are mainly based on
major ethnic groups (1) in the United States such as African
Americans and Hispanic Americans and (2) in the UK such

P = .062 P = .095

Figure 3. Kaplan-Meier curves for primary and secondary outcome after hospitalization without adjustment for confounders. P values show log-rank test for ethnic dif-
ference in mortality and the composite outcome of intensive care unit (ICU) admission and mortality. AS, African Surinamese; SAS, South-Asian Surinamese.

Table 2. Ethnic Differences in Outcomes After Hospitalizationa

Mortality

Ethnic Origin Event Rate 95% CI HR 95% CI

Dutch 17.3 14.5–20.0 1.00

South-Asian Surinamese 15.1 5.5–23.7 1.55 0.78–3.10

African Surinamese 12.1 5.9–17.8 1.00 0.57–1.76

Ghanaian 7.1 0.0–14.5 0.77 0.24–2.45

Turkish 10.8 3.5–17.6 0.86 0.42–1.76

Moroccan 8.2 2.9–13.2 0.69 0.35–1.38

Composite of ICU-Admission Mortality

Dutch 29.5 26.1–32.7 1.00

South-Asian Surinamese 28.2 15.9–38.7 1.13 0.69–1.87

African Surinamese 25.4 17.1–32.8 0.97 0.66–1.42

Ghanaian 25.6 11.3–37.5 1.06 0.57–1.95

Turkish 28.2 17.2–37.7 1.09 0.69–1.71

Moroccan 28.0 19.1–35.9 1.09 0.75–1.60

Abbreviations; CI, confidence interval; ICU, intensive care unit; HR, hazard ratio.
aEvent rate denotes estimated event rate from Kaplan-Meier model. HR shows age and sex
adjusted hazard ratio derived from Cox-regression model.
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as African Caribbean and South Asians [5]. Data on major eth-
nic groups from the Mediterranean, including individuals of
Turkish and Moroccan descent, are limited. Our study there-
fore provides new insight into multiethnic populations in
Europe. In addition, our study combined HELIUS cohort
data with hospital data to shed light on pre-existing comorbid-
ities and their associations with COVID-19 hospitalization
among various ethnic groups. Our data were limited to hospi-
tals in greater Amsterdam catchment areas, and therefore they
might not be representative of multiethnic communities living
in the Netherlands or elsewhere in Europe. Nevertheless, our
current studies encompass the largest ethnic minority groups
in Europe, and they are mainly concentrated in cities, and
therefore our current findings are likely to be representative
of these populations. Furthermore, data on ethnicity of the hos-
pitalized patients were based on country of birth, surname, and
physician-reported information available in the electronic
health record, which could have led to misclassification.
However, surveillance data on COVID hospitalization from
the regional public health service [42] during the first wave
showed similar results compared with the data derived from
the hospital databases in our study.Moreover, some of themea-
sures such as previous malignancy status were based on self-
reported data. Finally, although combining HELIUS with hos-
pital data was a key strength of our study, the sample sizes of the
subgroups were still relatively small, making it difficult to assess
the interaction between ethnicity and comorbidities. Despite
these limitations, our study provides new comprehensive data
on inequalities in COVID-19 hospitalization and prognosis
among major ethnic minority groups in Europe in whom
data are currently lacking.

CONCLUSIONS

In conclusion, our study findings indicate that the risk of
COVID-19 hospitalization is higher in ethnic minority groups
than in the population of Dutch origin. Our findings suggest
that part of the ethnic inequalities in hospitalization may be at-
tributable to comorbid conditions that can be prevented by tar-
geted public health prevention measures and healthcare
interventions that are aimed at mitigating the high burden of
these conditions in ethnic minority groups. However, we did
not find any indications to suggest an impaired quality of
care for ethnic minority groups once hospitalized, because
the risk of ICU admission andmortality in hospitalized patients
was similar between the ethnic groups.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases

online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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