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ARTICLE HIGHLIGHTS

• While type 2 diabetes is an established risk factor for severe coronavirus disease 2019 (COVID-19), findings with
respect to type 1 diabetes have been conflicting.

• We aimed to study the excess risk of severe COVID-19 among patients with type 1 and type 2 diabetes com-
pared with a control population without diabetes.

• Patients with type 2 diabetes had an increased risk for all severe COVID-19 outcomes, while patients with type 1
diabetes had no excess risk of need of intensive care or death.

• Type 1 diabetes in Sweden was not associated with excess risk of need of intensive care for COVID-19 or death.
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OBJECTIVE

Type 2 diabetes is an established risk factor for hospitalization and death in COVID-19
infection, while findings with respect to type 1 diabetes have been diverging.

RESEARCH DESIGN AND METHODS

Using nationwide health registries, we identified all patients aged ‡18 years with
type 1 and type 2 diabetes in Sweden. Odds ratios (ORs) describe the general and
age-specific risk of being hospitalized, need for intensive care, or dying, adjusted
for age, socioeconomic factors, and coexisting conditions, compared with individ-
uals without diabetes. Machine learning models were used to find predictors of
outcomes among individuals with diabetes positive for COVID-19.

RESULTS

Until 30 June 2021, we identified 365 (0.71%) and 11,684 (2.31%) hospitalizations
in 51,402 and 504,337 patients with type 1 and 2 diabetes, respectively, with 67
(0.13%) and 2,848 (0.56%) requiring intensive care unit (ICU) care and 68 (0.13%)
and 4,020 (0.80%) dying (vs 7,824,181 individuals without diabetes [41,810 hospi-
talizations (0.53%), 8,753 (0.11%) needing ICU care, and 10,160 (0.13%) deaths).
Although those with type 1 diabetes had moderately raised odds of being hospi-
talized (multiple-adjusted OR 1.38 [95% CI 1.24–1.53]), there was no independent
effect on ICU care or death (OR of 1.21 [95% CI 0.94–1.52] and 1.13 [95% CI
0.88–1.48], respectively). Age and socioeconomic factors were the dominating
features for predicting hospitalization and death in both types of diabetes.

CONCLUSIONS

Type 2 diabetes was associated with increased odds for all outcomes, whereas
patients with type 1 diabetes had moderately increased odds of hospitalization
but not ICU care and death.

Since the severe acute respiratory syndrome coronavirus 2 (the virus that causes coro-
navirus disease 2019 [COVID-19]) infection began spreading worldwide, virtually all
nations have experienced strained health care systems and many deaths, although
Sweden experienced comparatively low excess mortality during the COVID-19 pan-
demic (1). From the outset, type 2 diabetes has been recognized as a strong risk fac-
tor for severe outcomes in COVID-19, along with coexisting conditions, obesity, and
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inflammatory responses (2). Although pa-
tients with type 1 diabetes have been
found to have increased in-hospital mor-
tality (3), findings regarding fatal cases
among patients with type 1 diabetes have
been heterogeneous, ranging from no
statistically increased risk of death with
COVID-19 (4) to a worse prognosis among
patients with confirmed COVID-19 infec-
tion and type 1 diabetes compared with
those with type 2 or no diabetes (5). In a
report from the first few months of the
pandemic through 17 August 2020, only
21 deaths were identified among 44,639
people with type 1 diabetes registered in
the Swedish National Diabetes Register.
Although their odds of dying were approx-
imately threefold after adjustment for age
and sex, no independently raised odds of
death persisted after multivariable adjust-
ment, and there was no death in patients
with type 1 diabetes aged <45 years. In
the current study, using data from ad-
ministrative registries for the entire adult
Swedish population alive on 1 January
2020 with follow-up until June 2021, we
aimed to evaluate the risk of COVID-
19–related hospitalization, intensive care
unit (ICU) care, and death among individ-
uals with type 1 diabetes and type 2
diabetes compared with the population
without diabetes. A secondary aim was
to find predictors of severe COVID-19
among patients with type 1 diabetes
and type 2 diabetes.

RESEARCH DESIGN AND METHODS

Data Sources and Study Population
The Population Register, held by Statistics
Sweden, registers all Swedish citizens. Data
from the Swedish Patient Register and the
Swedish Prescribed Drug Register were
linked to The Population Register through
the unique Swedish personal identity num-
ber for all individuals aged $18 years in
order to classify themaswith andwithoutdi-
abetes. Diabetes, comorbidities, and deaths
were defined according to the ICD-8, ICD-
9, and ICD-10 (Supplementary Table 1 lists
the codes used). We identified 8,390,008
individuals alive and living in Sweden as of
1 January 2020. Individuals with a regis-
tered diabetes diagnosis not classified as
type 1 or type 2were excluded (n = 10,086),
as were individuals with inconsistent
COVID-19 registration (n = 2). Data on coun-
try of birth (defined as Nordic [Sweden,
Denmark, Finland, Norway, and Iceland]
and all other countries) and education

(defined as #9, 10–12 years, and univer-
sity) were collected from Statistics Sweden
(Supplementary Fig. 1).

Data on need of care were retrieved
from the registry of municipal care kept
by the National Board of Health and Wel-
fare. Need of care was defined in the fol-
lowing order: long-term-care facility if
the type of living was defined as special
housing; home care if an individual had
home care; and independent living if no
registration for long-term-care facility or
home care. Personal identifiers were re-
moved after linkage of the registries and
replaced by a code. Because pseudony-
mized data were used, written informed
consent was not applicable. The project
was approved by the Swedish Ethical Re-
view Authority (2020–02019).

Diabetes Classification
The Swedish Patient Register was used to
obtain diagnoses for patients with a reg-
istered diabetes code in either in-hospital
or hospital outpatient care using ICD-10
codes E10 (type 1 diabetes) and E11
(type 2 diabetes). Patients with type 1 di-
abetes are routinely managed in hospital-
based care at onset and at regular inter-
vals after onset. To identify patients
treated in primary care or with conflict-
ing information with respect to ICD-10
codes E10 and E11, we used data from
the Swedish Prescribed Drug Register,
which provided information on filled pre-
scriptions for medications defined as oral
glucose-lowering agents or exogenous in-
sulin in 2019. For detailed diabetes classi-
fication, see Supplementary Fig. 2. Age at
onset was calculated by using the individ-
ual’s earliest registered diabetes diagnosis
in the Swedish Patient Register, including
ICD-8, ICD-9 (250), and ICD-10 codes.

Outcomes
COVID-19 infection was defined as a posi-
tive PCR test. Three outcomes related to
severe COVID-19 were defined: 1) Hospi-
talization was defined as a hospital dis-
charge diagnosis of U07.1 or U07.2; 2) ICU
care was defined as a hospital-registered
administration code of high-flow oxygen
or ventilator use in the Swedish Patient
Register (Supplementary Table 2) or the
Swedish Intensive Care Register (contains
complete coverage of patients admitted
to the ICU); and 3) death was defined as
COVID-19 being the underlying or con-
tributory cause of death (the latter only

in patients with predefined COVID-19–
related underlying cause of death [see
Supplementary Table 2 for acceptable
diagnoses]). Both in-hospital and out-of-
hospital deaths were identified.

Statistical Analyses
All major events, including hospitalization
for COVID-19, COVID-19–related ICU care,
and COVID-19–related death, were re-
corded until 30 June 2021. Due to uncer-
tainties with respect to time of death and
ICU care, the date of the events was inter-
preted as a cross-sectional event linked to
the first positive COVID-19 test. Missing
data for educational level and birth out-
side of Nordic countries were imputed by
multivariate imputation by chained equa-
tions (6). Three data sets were imputed
with five iterations (Supplementary Table
3) using a specified set of variables
(Supplementary Table 4). Logistic regres-
sion models were performed to obtain
odds ratios (ORs). The logistic regression
models were analyzed on the overall co-
hort in order to display the odds of se-
vere COVID-19 compared with other risk
factors and further analyzed by stratify-
ing models by the ages of <55, 55–74,
and $75 years. The age-stratified models
were analyzed with basic adjustments
such as age and sex and additionally ad-
justed for birth outside of Nordic countries,
educational level, hypertension, obesity,
atrial fibrillation, venous thromboembolism
(VTE), heart failure, coronary heart disease,
stroke, chronic obstructive pulmonary dis-
ease (COPD), renal disease, dementia, can-
cer, and need of care. The overall models
were adjusted for the same covariates as
the fully adjusted age-stratified models.
We performed sensitivity analyses among
patients with type 2 diabetes stratified by
insulin, oral, or no defined treatment of di-
abetes. Results are presented on a nonlo-
garithmic scale to improve interpretability.

To determine the importance of coex-
isting conditions and socioeconomic sta-
tus for the prediction of severe COVID-19,
we applied two independent tree-based
machine learning models, gradient boost-
ing machines (GBMs) (7) and random for-
est (8), among individuals with confirmed
COVID-19; the models classified individu-
als with type 1 and type 2 diabetes who
were positive for COVID-19 to produce a
model that predicted the probability of
severe COVID-19 (Supplementary Fig. 3).
Severe COVID-19 was defined as a
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composite of hospitalization, ICU care and/
or hospitalization, or death with COVID-19.
Random forest is a nonlinear tree-based
machine learning method where we used
500 trees for each model and tuned the
number of variables randomly sampled at
each split (n = 4–10) with the R package
Caret. GBM models were tuned via Caret
for the number of trees (n = 200–1,000,
by 200s) and interaction depth (n = 2, 4,
6, or 8). Parameters for minimal observa-
tion in the nodes (n = 10) and shrinkage
(0.01) were held constant. With a large
class imbalance between cases and non-
cases of severe COVID-19, we used the R
package DMwR in order to balance train-
ing data using synthetic minority oversam-
pling technique, which performed better
than the original training data, and down-
and upsampling classes in the training
data. We trained the models with 70% of
data (balanced using synthetic minority
oversampling technique) with 10 cross vali-
dations (repeated three times) among indi-
viduals with type 1 diabetes and type 2
diabetes. Separate models performed and
tested the two models independently
against the remaining 30% (original data)
for each model (see Fig. 3 for model di-
agnostics on test data for random forest
and GBM). Original outputs from GBM
and random forest on training data were
independently standardized into relative
importance in order to explain each fea-
ture’s relative contribution to the final
model (original output for each variable/
summarized original output). The calcu-
lated relative importance plot figures are
presented for each model by adding the
GBM and random forest relative impor-
tance to each other in order to present
similarities and differences between the
two independent prediction models.

RESULTS

Among the total Swedish adult population
aged $18 years, we identified 51,402 pa-
tients with type 1 diabetes and 504,337
with type 2 diabetes, while there were
7,824,181 individuals with no registered
diabetes diagnosis or diabetes medication.
Patients with diabetes were less likely to
have a university education, most notably
among individuals with type 2 diabetes
(Table 1). Among patients with type 2 di-
abetes aged <55 years, 39.9% were born
outside a Nordic country, with corre-
sponding proportions among the general
population and the population with type 1

diabetes of 25.2% and 8.8%, respectively.
Individuals with diabetes of either type
had a higher prevalence of cardiovascular
disease (CVD), renal disease, and COPD.
Overall baseline characteristics are pre-
sented in Supplementary Table 5.

The crude absolute numbers of hos-
pitalizations, ICU care, and death per
100,000 are presented in Fig. 1, which
shows the first three waves of severe
COVID-19 where rates of these outcomes
increased with age, most markedly for
death. We observed increased rates of
these outcomes for patients with type 2
diabetes overall and regardless of age,
with multiple increased rates for all out-
comes compared with the general popula-
tion. Individuals with type 1 diabetes
only showed slightly higher rates of se-
vere COVID-19 than the general popula-
tion, although the oldest individuals
(aged $75 years) had almost similar rates
of ICU care and death as a result of
COVID-19 as those with type 2 diabetes
during the second wave in spring 2021,
reaching rates of �300 deaths per 100,000
individuals in December 2020 (Fig. 1).

Total number of cases for the general
population and patients with type 1 and
type 2 diabetes are presented in Supp-
lementary Table 6. The overall fully ad-
justed models in Supplementary Fig. 4
(adjusted for age, sex, birth outside of Nor-
dic countries, educational level, hyperten-
sion, obesity, atrial fibrillation, VTE, heart
failure, coronary heart disease, stroke,
COPD, dementia, cancer, and need of care),
showed that individuals with type 2 diabe-
tes had a higher odds of all outcomes re-
lated to severe COVID-19 (hospitalization:
OR 1.62 [95% CI 1.56–1.66]; ICU care: OR
1.87 [95% CI 1.78–1.96]; death: OR 1.42
[95% CI 1.37–1.48]) compared with the
general population (Supplementary Fig. 4).
We observed a slightly lower risk for all
outcomes among individuals with no de-
fined treatment compared with patients
with type 2 diabetes taking oral glucose-
lowering drugs and insulin (Supplementary
Table 7). Individuals with type 1 diabetes
showed slightly increased odds for hospi-
talization (OR 1.38 [95% CI 1.24–1.53]),
while no increased oddswere observed for
ICU care or death compared with the gen-
eral population (Supplementary Fig. 4).
Markedly elevated odds were observed
for all outcomes among individuals born
outside of Nordic countries and for men.
High education was protective for all out-
comes. Several factors reflecting poor

cardiovascular and general health (having
home care or living in a long-term-care fa-
cility) were associated with higher odds of
death but with only slightly higher odds
for ICU care, likely reflecting selective pro-
cesses in the decision to provide intensive
care to patients not expected to benefit.

Figure 2 shows models adjusted for age
and sex and fully adjusted for the same
covariates shown in Supplementary Fig. 4).
Neither the basic models that were ad-
justed for age and sex only nor the fully
adjusted models showed a statistically
significant difference for individuals with
type 1 diabetes for either ICU care or death
for any age-group compared with the gen-
eral population, although individuals aged
<55 years (OR 1.59 [95% CI 1.35–1.86])
and those aged $75 years (OR 1.31 [95%
CI 1.04–1.62]) had higher odds of hospi-
talization for COVID-19 compared with
the general population. Individuals with
type 2 diabetes, however, consistently
showed statistically higher odds of all out-
comes, with higher estimates for younger
people compared with the general popu-
lation, whereas ORs ranged from �30–
40% increase in odds among the oldest
individuals with type 2 diabetes to two-
to threefold increased odds of severe
COVID-19 in those aged<55 years in terms
of hospitalization, ICU care, and death com-
pared with the general population.

The machine learning models based on
random forest and GBM showed a sub-
stantial influence of age in all models pre-
dicting severe COVID-19 for both types of
diabetes and common importance of hy-
pertension, renal disease, income level
(retired), and birth place (Fig. 3). There
were some marked differences in the pre-
diction models, foremost the importance
of male sex and need of care among indi-
viduals with type 2 diabetes, whereas ed-
ucational level (university) was important
for type 1 diabetes. In type 1 diabetes,
age, hypertension, and renal disease were
strong independent predictors of severe
COVID-19, whereas age, social factors, and
CVD were the most important in type 2 di-
abetes (Fig. 3). A complete list of features
selected is presented in Supplementary
Table 5.

CONCLUSIONS

In this nationwide study conducted dur-
ing the first three waves of COVID-19 in
Sweden, we confirmed prior findings of a
substantial increase in odds for the
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development of severe COVID-19 with
respect to hospitalization, ICU care, and
death among individuals with type 2 di-
abetes. There was a strong interaction
with age, such that younger, compared
with older, individuals with type 2 dia-
betes had considerably higher odds of
an event relative to the general popula-
tion without diabetes. With respect to
type 1 diabetes, only a very limited
number needed ICU care or died during
the first three waves of COVID-19 in
Sweden, with no statistically significant
increased risk in ICU care or dying but
with a moderately increased odds of
hospitalization with COVID-19 compared
with the general population. Age and

socioeconomic factors were the domi-
nating features for predicting severe
COVID-19 (hospitalization and death) in
both types of diabetes.

During the study period from 1 Janu-
ary 2020 through 30 June 2021, Sweden
was subject to three waves of COVID-
19. Vaccinations in Sweden began in the
spring of 2021, reflecting decreased
rates of ICU care and death during the
third wave, particularly among elderly
individuals.

The age-specific risks of type 1 and
type 2 diabetes compared with a popula-
tion without diabetes have been relatively
unexplored. In the current study, individu-
als with type 2 diabetes had higher odds

of all three outcomes related to severe
COVID-19 during all three waves of the
pandemic, with the largest differences
compared with the general population
observed in people aged <55 years. This
finding is partly explained by fewer com-
peting risks in younger individuals. Given
that population measures to restrict mo-
bility may be harmful to people with
type 2 diabetes (9) and that obesity has
been shown to severely affect prognosis
in people with COVID-19 (10), actions to
reduce risk in type 2 diabetes have to be
carefully balanced, with an emphasis on
maintaining physical activity and avoiding
weight gain and hyperglycemia (7). In
the current study, a verified diagnosis of
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Figure 2—Multiple adjusted ORs for outcomes related to severe COVID-19. Models adjusted for age and sex (left panels) and additionally for edu-
cational level, hypertension, obesity, atrial fibrillation, VTE, heart failure, coronary heart disease, stroke, COPD, renal disease, dementia, cancer,
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obesity was not found to be a strong
feature for predicting severe COVID-19,
probably because of underdiagnosis of
this condition (only 2.2% prevalent in
this cohort). The majority of patients
with type 2 diabetes are obese (11)
and would have a presumed generally
excess risk of death, even without any
known cardiovascular risk factors (12).
Hence, our findings with respect to hy-
pertension and renal disease are rele-
vant against the background of prior
research from Sweden (4).

With respect to diabetes in general,
glucose levels within control and avoid-
ance of hyperglycemia are important for
decreasing the risk of severe COVID-19
(4,13,14), where diabetes could trigger in-
flammatory responses, hypercoagulation,
and severe pneumonia due to increased
D-dimer and fibrinogen (14,15), presum-
ably applicable also to type 1 diabetes. In
2020, patients with type 1 diabetes dis-
charged after COVID-19 infection experi-
enced higher risks of subsequent ICU care
and death (16–18), which have been hy-
pothesized to also be persistent in pa-
tients with well-controlled type 1 diabetes
(19). However, the current study indicated
no significant excess risk of ICU care or
death in patients with type 1 diabetes
and COVID-19, which is largely consistent
with prior Swedish data (4) and other
data from the U.S. (20), although our ob-
servation period was longer, allowing for a
substantially larger number of outcomes
than many previous studies. There were
only 64 ICU admissions and 60 deaths
across a whole nation with >50,000 peo-
ple with type 1 diabetes, indicating a very
low absolute risk of either outcome con-
sistent with the low mean age of this
group. Of the 60 deaths of patients with
type 1 diabetes in the study, 48 (75%)
were among those aged $75 years. After
adjustment for comorbidities, most of
which will have been secondary to pre-
sumedly long-standing diabetes, there was
no increase in odds. Data from the U.K.
showed a substantially increased mortality
risk among individuals with type 1 diabe-
tes in the early months of the pandemic
(3). The Swedish health care system is
aimed toward an equal access to health
care for everyone, where, for example, in-
sulin comes free of charge. In addition,
the Swedish National Diabetes Register, a
quality register with high coverage that
registers relevant data on treatment,
complications, and risk factors annually
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with an aim to improve national diabetes
care (21), may have resulted in a popula-
tion with relatively well controlled type 1
diabetes (22). Accordingly, the study
would indicate that at least younger
and middle-aged individuals with type 1
diabetes, particularly if uncomplicated, are
not at any riskof needing ICU care or death
over and above that of their contemporary
peerswithout diabetes.
With respect to hospitalization for

COVID-19 in type 1 diabetes, there was a
significant independent increase in odds of
hospitalization for COVID-19 as opposed to
ICU care and death. In a U.S. study, the risk
for hospitalization conferred by COVID-19
was approximately four times higher com-
pared with individuals without type 1 dia-
betes (20). Against the background of the
recommendations issued for patients with
diabetes and COVID-19 (23), reasons for
the increased hospitalization rate may be a
higher propensity of admitting patients
with type 1 diabetes because of higher per-
ceived risk. In patients with type 1 diabe-
tes, even though physical hospital visits
may have decreased, evidence suggests
the possibility that their glycemic control
was not greatly affected by the ongoing
pandemic (24). Another possibility for the
observed low odds of hospitalization and
death is that patients with type 1 diabetes
may have taken precautionary measures,
including working from home to a greater
extent than those without diabetes, al-
though no Swedish recommendations tar-
geted type 1 diabetes specifically. Of note,
the Swedish recommendations were not
forced restrictions, except for organized
events. However, like previous Swedish
data with shorter follow-up time (4), ten-
dencies of increased ICU care and death
were observed in patients with type 1
diabetes in the overall analyses, and age-
specific odds could be low because of lack
of power, which should be considered as
an explaining factor.
The prediction models for severe

COVID-19 among individuals with type 1
diabetes and confirmed infection found
that socioeconomic status had an almost
equal impact as age for the prediction of
severe COVID-19, where educational level
was highlighted. Although the Swedish
health care system in theory would guar-
antee the same level of care to all citizens,
previous research has shown that socio-
economic status could influence both risk
factor level (25) and late complications
(26); thus, the aspect of socioeconomic

status and severe COVID-19 should proba-
bly be taken into consideration in future
prevention of severe COVID-19 in patients
with type 1 diabetes.

Strengths of the study were the large
population sample, including a majority
of the Swedish adult population with
�500,000 adults with type 2 diabetes
and �50,000 adults with type 1 diabe-
tes identified by the Swedish Patient Reg-
ister, and that we were able to identify
virtually all hospital diagnoses since 1987
and out-of-hospital visits from 2001 and
onward. We were also able to identify
patients with type 2 diabetes treated in
primary care only through the Swedish
Prescribed Drug Register. The Swedish Pa-
tient Register, the Intensive Care Register,
and the Cause of Death Register provided
nearly complete coverage of events con-
cerning COVID-19.

The study had some limitations. First,
datawere lacking on anthropometricmeas-
ures, smoking, andmetabolic control,which
have previously been shown to be impor-
tant (4,13). Second, testing capacity was
limited during the first wave of pandemic,
although diabetes has not been associated
with an increased riskof being infectedwith
the virus (27). With the Swedish personal
identification number (28) and virtually all
registered in-hospital stays since 1987 (29),
out-of-hospital visits since 2001, and data
from the Swedish Prescribed Drug Register,
we likely captured the absolute majority of
all individuals with diabetes of either type in
Swedenduring theAlpha toDelta variations
of the virus during the entire prevaccination
phase. Finally, the limited number of events
among the comparatively young patients
with type 1 diabetes, coupled with the
low absolute risk of adverse outcomes in
younger people, should also be considered
when interpreting our findings.

In conclusion, we confirm that type 2
diabetes confers an excess risk of severe
COVID-19 compared with the general pop-
ulation while adding that the highest odds
of an event related to hospitalization, ICU
care, and death were found in people
aged <55 years but where the difference
decreased with older age. Among patients
with type 1 diabetes, we found similar
odds of a severe event (ICU care and
death) related to COVID-19 in any age-
group, with the exception of hospitaliza-
tion in younger individuals. In individuals
with type 1 diabetes and type 2 diabetes
with COVID-19 infection alike, age was the
dominating predictor of severe COVID-19,

whereas socioeconomic status may be an
important feature in the risk assessment
among all individuals with diabetes.
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