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Abstract

Objective: Overweight and obesity have been identified as risk factors for severe
COVID-19; however, prospective cohort studies investigating the association be-
tween overweight early in life and severity of COVID-19 are lacking.

Methods: This study included 1,551,670 Swedish men, born between 1950 and
1987, with BMI registered at age 18 years. They were followed until January 9, 2021.
COVID-19 cases and comorbidities were identified through the National Patient,
Intensive Care, and Cause of Death registries. Outcomes included the following: 1)
hospitalization; 2) intensive care unit admission; and 3) death.

Results: The study found 4,315 cases (mean age = 56.4 years [SD 8.8]) of patients
hospitalized because of COVID-19, of which 729 were admitted to an intensive care
unit, and altogether there were 224 deaths. The risk for hospital admission increased
with higher values of BMI at age 18 years, despite adjustment for comorbidities, from
an odds ratio (OR) of 1.19 (95% Cl: 1.08-1.31) at BMI = 22.5 to 25 to an OR of 1.68
(95% CI: 1.39-2.02) at BMI = 30, compared with BMI = 18.5 to 20. ORs for intensive
care unit admission were 1.44 (95% Cl: 1.13-1.84) at BMI = 22.5 to 25 and 2.61 (95%
Cl: 1.73-3.93) at BMI = 30.

Conclusions: Higher BMI in early adulthood was associated with severe COVID-19
many years later, with a risk increase starting already at BMI 2 22.5. This underlines
the necessity of preventive actions against overweight in youth to offer protection

against coming viral pandemics.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION

The COVID-19 pandemic, caused by SARS-CoV-2, has caused
millions of deaths around the world (1). Most infected people
develop mild symptoms, whereas some require hospitalization
or intensive care (2), and case fatality is high among the elderly
(3). Studies of patients with COVID-19 have reported that com-
mon characteristics among the severely ill include high age,
male sex, hypertension, diabetes, cardiovascular disease, and
other comorbidities, as well as high BMI (2,4-7). In a recent
prospective cohort study of 6.9 million people in England,
there was a linear association with intensive care unit admis-
sion owing to COVID-19 across the whole BMI range, with a
hazard ratio of 1.10 (95% Cl: 1.09-1.10) per unit increase in
BMI (8).

The role of obesity has been recognized in other viral in-
fections. During the HIN1 influenza pandemic in 2009, obesity
was considered as a risk factor for severe disease and death
(9). Moreover, obesity was found to increase the duration of
viral shedding, such that patients with obesity and H1N1 influ-
enza shed virus 42% longer than leaner peers (10). Longer viral
shedding, hospital stay, and duration of oxygen treatment also
were found in patients with COVID-19 and obesity (11). Possible
mechanisms by which overweight and obesity could affect risk,
severity, and transmission of viral infections include an altered
immune cell function, impaired host defense, mechanical ven-
tilation challenges, and increased oxygen requirements (12-16).
Moreover, the low-grade chronic inflammation seen in people
with obesity is associated with development of atherosclerosis,
type 2 diabetes, and hypertension, all of which have a negative
impact on the outcome in patients with COVID-19 (17,18). Taken
together, elevated BMI appears to be a risk factor for severe
COVID-19, a matter of major concern because the number of in-
dividuals with overweight and obesity has increased dramatically
worldwide during the past 30 years (19). A few prospective co-
hort studies have investigated the association between recent
BMI status and severity of COVID-19 (8,20,21); however, larger
studies on BMI early in life are lacking. High adolescent BMI is
associated with increased infectious disease mortality (22), and
a long duration of overweight and obesity was found to predict
cardiovascular disease risk (23). Even so, the relationship be-
tween early life BMI, intermediate cardiovascular risk factors,
and risk of severe COVID-19 in a life-course perspective has not
yet been established, to our knowledge. To address this, we fol-
lowed more than 1.5 million Swedish men born after 1950 who
were alive in the beginning of the COVID-19 pandemic. Because
more than 70% of patients with COVID-19 in the intensive care
units in Sweden are men (24), we were able to include a major
part of the severely ill. The level of BMI in early adulthood and
intermediate cardiovascular risk factors were investigated in re-

lation to outcome in COVID-19 later in life.

Study Importance

What is already known?

» Overweight and obesity have been identified as risk
factors for severe COVID-19; however, prospective
cohort studies investigating the association between
overweight early in life and severity of COVID-19 are
lacking.

What does this study add?

» Higher BMI in early adulthood was associated with se-
vere COVID-19 many years later, with a risk increase
starting already at BMI = 22.5 kg/m?.

» The risk for need of intensive care was more than twice
as high with BMI = 30 at a young age compared with
BMI < 20.

How might these results change the direction of
research or the focus of clinical practice?

» Our results underline the necessity of preventive ac-
tions against overweight in youth to offer protection
against coming viral pandemics.

METHODS
Study population

The cohort comprised all young individuals who enlisted for mili-
tary service between 1968 and 2005 in Sweden (n = 1,949,891),
derived from the Swedish Military Service Conscription Register.
The enlistment was mandatory for 18-year-old men during the
study period, except for those in prison or with severe medical
conditions incompatible with military service (altogether 2%-
3%/y). We excluded women (n = 10,631) and men with missing
information regarding test center (n = 118), missing or invalid
BMI (n = 206,951), and/or age <16 or >25 years (n = 3,791). For
the purpose of the present study, only men alive on January 1,
2020, who had remained Swedish citizens were included. The final
study sample encompassed 1,551,670 young men (Supporting
Information Figure S1). During the assessment at conscription,
standardized physical examinations included measurements of
weight, height, and blood pressure. For a subgroup analysis, data
from the Health Profile Institute AB, a private company offering
occupational health services, were linked to the Military Service
Conscription Register, which enabled a repeated BMI measure-

ment in middle age for 151,693 conscripts.
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Outcomes

The publicly funded Swedish national health system provides spe-
cialist and hospital care at a low cost to all citizens. Data from visits
or discharges are recorded in the National Patient Register, includ-
ing diagnostic codes according to the International Classification
of Diseases (ICD). Patients with COVID-19 who required hospital
care were identified through the National Patient Register and the
Swedish Intensive Care Registry from January 1, 2020, to January
9, 2021. Deaths due to COVID-19 during the same period were
found in the Cause of Death Register. The diagnostic codes used
were U07.1 (COVID-19, virus identified) and U07.2 (COVID-19,
virus not identified) in any diagnostic position. For all cases with
COVID-19 as a secondary diagnosis, the main diagnoses were as-
sessed. Three clinically experienced physicians collectively decided
which main diagnoses, with COVID-19 as a secondary diagnosis,
were to be included (Supporting Information Table S1). This decision
was made to increase the likelihood that COVID-19 was the main
cause of admission. All cases were considered as severe COVID-19
because they required hospital care. Patients with COVID-19 were
categorized into three groups for subsequent analyses: 1) hospi-
talizations; 2) intensive care unit admissions; and 3) deaths due to
COVID-19. All cases that were included as deaths had COVID-19
as the main or secondary diagnosis in the National Patient Register.
We also performed a subgroup analysis of patients with COVID-19
with high-flow nasal oxygen therapy, in which the ICD-10 procedure
code DG028 (heated humidified high-flow nasal therapy) was used.
Preexisting comorbidities before January 1, 2020, were identified in
the National Patient Register (Supporting Information Table S2), ex-
cept for diabetes mellitus type 1 and 2. Until 2016, these diagnoses
were collected from the National Diabetes Register and, after this,

from the National Patient Register.

Statistical analyses

Statistical calculations were performed with R version 4.0.3 soft-
ware (http://www.R-project.org). The follow-up period started at
the date of conscription (baseline), and patients were followed until
registered hospitalization, intensive care unit admission, death due
to COVID-19, or until end of follow-up (January 9, 2021). BMI, cal-
culated as weight in kilograms divided by height in meters squared,
was divided into six categories (BMI = 15-18.5, 18.5-20, 20-22.5,
22.5-25, 25-30, and 230), with BMI = 18.5 to 20 as the reference.
Logistic regression models were used to estimate odds ratios (ORs)
and 95% confidence intervals regarding the influence of BMI on
severe COVID-19. Test center and age in 2020 were considered as
confounders and were adjusted for in model 1. In model 2, further
adjustments were made for preexisting cardiovascular comorbidities
registered before January 1, 2020. The models were not adjusted
for year of conscription because of the strong collinearity with age
in 2020. Owing to the low number of events, Firth's biased reduc-
tion method was used to model COVID-19 deaths (25,26). Statistical
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significance was set at 0.05. For the subgroup of conscripts with re-
peated measurements of BMI, we performed a correlation and lin-
ear regression analysis between BMI in early adulthood and BMI in

midlife.

RESULTS
Study population

The final study sample after exclusions contained 1,551,670 men
born between 1950 and 1987, with a mean BMI at conscription
of 21.9 (3.0) (Table 1). During 2020, a total of 4,315 of these men
contracted severe COVID-19 requiring hospital care, of which,
729 needed intensive care (Supporting Information Figure S1).
Supporting Information Figure S2 shows the proportions of BMI
groups among hospitalized patients with COVID-19, divided by week
of the pandemic. A total of 849 patients received high-flow nasal ox-
ygen therapy (445 of them [52%] were admitted to an intensive care
unit). The number of reported deaths due to COVID-19 reached 224,
of which, 48 occurred outside hospital. Before the start of 2020, a
total of 238,464 (15%) of the total study population had been di-
agnosed with one or more comorbidities. The proportion of men
with comorbidities increased with increasing adolescent BMI (14%
at BMI = 20-22.5, increasing to 33% at BMI = 30). Hypertension
(n = 113,072), diabetes mellitus type 2 (n = 79,603), and cancer
(n = 43,187) were the most frequent comorbidities (Table 1).

When comparing the groups with and without COVID-19 in
2020, hospitalized men with COVID-19 had a significantly higher
mean BMI at age 18 years compared with men without severe dis-
ease (22.3 [3.4] vs. 21.9 [3.0], p < 0.001; Table 2). Moreover, men
hospitalized with COVID-19 had a higher mean age than men who
were not hospitalized with COVID-19 (56.4 [8.8] years vs. 52.1 [10.0]
years, p < 0.001). Preexisting comorbidities were more common in
the hospitalized group, such that one in five had hypertension and
16% had diabetes mellitus type 2 before developing COVID-19
(Table 2).

Higher BMI in early adulthood was associated with
severe COVID-19

When studying the relationship between BMI and severe COVID-19,
we found that higher BMI at a young age was associated with a signifi-
cantly increased risk for hospitalization due to COVID-19. Compared
with the reference group of BMI = 18.5 to 20, the risk for in-hospital
admission increased gradually with higher values of BMI, from an ad-
justed OR of 1.19 (95% Cl: 1.08-1.31) at BMI = 22.5 to 25 to an OR
of 1.68 (95% Cl: 1.39-2.02) at BMI = 30. The risk elevation was even
higher for intensive care unit admission, with adjusted ORs of 1.44
(95% CI: 1.13-1.84) at BMI = 22.5 to 25 and 2.61 (95% Cl: 1.73-3.93) at
BMI = 30 (Figure 1A,B). A significantly increased risk for death due to
COVID-19 was seen for BMI =25 to 30 (OR = 2.10 [95% Cl: 1.34-3.27])
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TABLE 2 Characteristics of individuals with and without COVID-19 requiring hospitalization in 2020 (n = 1,551,670)

No COVID-19 diagnosis,
n = 1,547,355 (99.7%)

Age at conscription (y), mean (SD) 18.3(0.6)

Height at conscription (m), mean (SD) 179.3 (6.6)

Weight at conscription (kg), mean (SD) 70.5(11.0)

BMI at conscription (kg/m2), mean (SD) 21.9 (3.0)

Systolic blood pressure at conscription (mm Hg), 128.5(11.1)
mean (SD)

Diastolic blood pressure at conscription (mm Hg), 67.5(9.9)
mean (SD)

Age in 2020 (y), mean (SD) 52.1(10.0)

Comorbidities?, n (%)
Any comorbidity
42,397 (2.7)
14,066 (0.9)

Coronary heart disease
Heart failure

Hypertension

Diabetes mellitus type 1° 9,452 (0.6)

Diabetes mellitus type 2° 78,913 (5.1)
Cancer 42,935 (2.8)
Chronic obstructive pulmonary disease 16,599 (1.1)
Obesity diagnosis 20,866 (1.4)

23,6891 (15.3)

112,190 (7.3)

COVID-19 diagnosis?,

n=4,315(0.3%) p value
18.4(0.9) <0.001
179.4 (6.9) 0.295

71.7 (12.2) <0.001
22.3(3.4) <0.001
127.9 (10.8) <0.001
68.8 (9.6) <0.001
56.4(8.8) <0.001
1,573 (36.5) <0.001
264 (6.1) <0.001
167 (3.9) <0.001
882 (20.4) <0.001
41 (1.0) <0.001
690 (16.0) <0.001
252 (5.8) <0.001
177 (4.1) <0.001
187 (4.3) <0.001

?Diagnoses received from the National Patient Register.
bDiagnoses received from the National Diabetes Register until 2016 and

compared with BMI = 18.5 to 20 (Supporting Information Table S3).
We also performed two sensitivity analyses. First, we included indi-
viduals without any preexisting comorbidity; second, we included indi-
viduals younger than age 55 years. A similar risk increase as that found
in the main analysis was found with elevated BMI for hospitalization
due to COVID-19 (Supporting Information Table S3).

In further analyses, we found that age in 2020 was associated
with an increased risk of developing COVID-19 requiring intensive
care (OR = 1.06 [95% ClI: 1.05-1.07]; Supporting Information Table
S3). Moreover, preexisting hypertension and diabetes mellitus type
2 doubled the risk of COVID-19 leading to intensive care unit ad-
mission compared with men without these comorbidities (OR = 1.93
[95% Cl: 1.58-2.35] and OR = 2.15 [95% Cl: 1.75-2.64], respectively).
However, we found no association with COVID-19 requiring inten-
sive care for diabetes mellitus type 1, coronary heart disease, or
heart failure (Supporting Information Table S3).

Comparing data of the first and second wave

To identify a potential difference between the first and second
wave of the COVID-19 pandemic in 2020 in Sweden, the year was
divided in two parts, with the second wave starting on September
1. We identified 2,564 cases (59%) during the first wave and 1,751
cases (41%) during the second wave. BMI at a young age did not
differ significantly between the waves (22.3 [3.4] vs. 22.0 [3.1]),
nor did the occurrence of preexisting comorbidities (Supporting

from the National Patient Register from 2016.

Information Table S4). However, the number of patients with
COVID-19 admitted to an intensive care unit was significantly
higher during the first wave (564 cases [22%] vs. 165 cases [9%],
p < 0.001), as were the number of patients needing high-flow nasal
oxygen therapy (559 cases [22%)] vs. 290 cases [17%], p < 0.001)
and the number of reported deaths due to COVID-19 (162 cases
[6%] vs. 14 cases [0.8%], p < 0.001).

Longitudinal measurements of BMI

Information on BMI in middle age for 151,603 conscripts (mean
age = 45.2 [10.1] years), derived from the database at the Health
Profile Institute AB, showed that mean BMI has increased from
21.8 (2.9) at age 18 years to 26.1 (5.6) in middle age (Supporting
Information Table S5). Supporting Information Figure S3 shows
the correlation between BMI at conscription and BMI at measure-
ment in middle age. A total of 377 individuals (0.2%) in this sub-
cohort developed severe COVID-19 leading to hospital admission,
of which, 58 were admitted to an intensive care unit. Mean BMl in
middle age was significantly higher among men with COVID-19 who
required hospital care compared with men without hospitalization
(27.9 [6.1] vs. 26.1 [5.6], p < 0.0001). The mean time from BMI meas-
urement to development of severe COVID-19 was 8.8 (5.3) years.
Comorbidities preexisted in 28% of cases with severe COVID-19
compared with 13% among men who did not develop COVID-19 re-
quiring hospitalization.
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Odds ratio, adjusted for age and center

® Hospitalization # ICU admission

Hospitalization ICU admission

1.05(0.93-1.20) 1.31(0.97-1.78)
1.08 (0.99-1.18)  1.13 (0.90-1.41)
1.29 (1.17-1.42)

1.57 (1.23-2.00)

1.83(1.64-2.05) 254 (1.94-3.32)

| 236(1.96-2.83) 3.87 (2.58-5.79)
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B Odds ratio, adjusted for age, center, diabetes, hypertension, heart failure, coronary heart disease
® Hospitalization 4 ICU admission

.

Hospitalization ICU admission

1.06 (0.93-1.20) 1.31(0.97-1.78)
1.06 (0.97-1.16)  1.10 (0.88-1.38)
1.19 (1.08-1.31)

1.44 (1.13-1.84)

1.52(1.36-1.70) 2.04 (1.56-2.68)

1 168(1.39-2.02) 261 (1.73-3.93)
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FIGURE 1 Odds ratios and 95% Cls for COVID-19 hospitalization and intensive care unit admission divided by BMI groups. (A) Adjusted
for age in 2020 and test center. (B) Further adjusted for preexisting comorbidities (before January 1, 2020), including diabetes mellitus type

1 and 2, hypertension, heart failure, and coronary heart disease

DISCUSSION

In this large prospective cohort study, we investigated the as-
sociation between BMI in early adulthood and the risk of devel-
oping severe COVID-19 during the pandemic in 2020. Including
more than 1.5 million Swedish men in our analyses, we found that
overweight and obesity early in life were associated with a higher
risk of COVID-19 requiring hospital care when they were middle-
aged and older. There was a gradual increase in risk with higher
values of BMI, starting already at BMI of 22.5 to 25, compared

with the reference group with BMI 18.5 to 20. Moreover, men
with obesity in youth (BMI = 30) more than doubled their risk of
being admitted to an intensive care unit, and also an increased
risk for death due to COVID-19 in 2020 was seen for adolescent
men with overweight. The associations persisted after adjusting
for preexisting cardiovascular comorbidities. These findings sup-
port a strong and independent relationship between body weight
in young men and severe COVID-19 up to several decades later,
probably mediated by a strong tracking of adolescent weight
until middle age.



BMIIN YOUTH AND SEVERE COVID-19

Obesity has previously been recognized as a risk factor for worse
prognosis in respiratory infectious diseases (9,27). This has received
further attention during the current COVID-19 pandemic, as a grow-
ing body of evidence has indicated that patients with obesity are
more likely to suffer from severe symptoms and experience hospi-
talization (5,8,28). Despite a few large prospective cohort studies
analyzing recent overweight and obesity as risk factors for severe
COVID-19 on a population level (8,20,21), our study is the first, to
our knowledge, to establish an association between BMI in early
adulthood and severe COVID-19 later in life. Higher BMI in adoles-
cence previously was recognized as a risk factor for infectious dis-
ease mortality among Israeli conscripts (22). Likewise, we included
an unselected Swedish male population who enlisted for mandatory
military service during the last decades, of which the majority has
now reached an age at which they are at elevated risk for severe
COVID-19. Using adolescent BMI is reasonable considering that
gaining excess weight at a young age frequently results in a lifetime
of overweight or obesity (29).

We found a strong association between higher BMI in early
adulthood and hospitalization for COVID-19. The inclusion of all
hospitalized patients with COVID-19 during 2020 yielded a large
number of cases, which enabled us to also discover risk elevations
for narrower BMI intervals, even within the normal-weight range.
Notably, when compared with BMI of 18.5 to 20, a risk elevation was
seen already at BMI 22.5 to 25 at a young age, which constitutes the
upper part of the reference interval for normal weight (BMI = 18.5-
25)(30). Thisis supported by a recent prospective, community-based
cohort study from England that showed a linear increase in the risk
of severe COVID-19 leading to hospitalization or death at BMI > 23
and a linear increase in the risk of being admitted to an intensive care
unit across the whole BMI range (8). In analogy with these findings,
we recently showed that adolescent BMI at 22.5 to 25 also increases
the risk for future heart failure and for venous thromboembolism
compared with BMI 18.5 to 20 (31,32). Therefore, having had a high-
normal adolescent BMI appears to be unfavorable for cardiovascular
health, as well as for coping with viral infections such as COVID-19.
This may be explained by the fact that young individuals in the upper
normal BMI range are more likely to develop overweight later in life
(28), which exposes them to a chronic inflammatory state, impaired
immune function, and higher long-term cardiorespiratory demands
(12-14,16,33). Regardless of the underlying cause, our findings in-
dicate that a higher BMI during a lifetime has a negative impact not
only on the cardiovascular system, but also on host defense against
respiratory viruses such as SARS-CoV-2. The current and previous
findings from our group suggest that high BMI in early adulthood
is an important target for preventing obesity-related health conse-
quences, similar to high BMI later in life.

To investigate the independent role of overweight and obesity
for COVID-19, we adjusted for several common cardiovascular co-
morbidities that were reported to affect COVID-19 outcome (17).
Also, after adjusting for coronary heart disease, heart failure, hy-
pertension, and diabetes mellitus, the association persisted between
higher BMI and worse COVID-19 prognosis. Therefore, in support of
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the findings by Gao et al. (8), overweight appears to be an indepen-
dent risk factor for COVID-19 leading to hospital and intensive care
unit admission.

Strengths of the present study include the large sample size
and the prospective-based design. The longtime and almost com-
plete follow-up, with data from highly validated national registers,
provides a strong ground for conclusions. During the pandemic, it
has gradually become clear that several comorbidities predispose
patients to a more severe form of the disease. Therefore, significant
comorbidities among patients with COVID-19 may have been regis-
tered in patient records to a higher degree than that of the remaining
part of our cohort who did not develop severe COVID-19, which in-
troduces a potential selection bias. In order to avoid this bias, we only
allowed comorbidities registered before 2020 for all study partici-
pants. Furthermore, information bias with misclassifications of the
COVID-19 diagnosis may also have occurred, as we used only register-
based diagnostic codes at discharge and not laboratory-verified in-
fection. However, a diagnosis of COVID-19 in hospitalized patients
is routinely confirmed with reverse transcriptase-polymerase chain
reaction (RT-PCR) from nasopharyngeal swab aspirates on admis-
sion or later, when indicated. Unfortunately, we had no access to
laboratory data verifying this, which is a limitation. Nevertheless,
national hospital registers in Sweden have been found to have a high
quality in former validation studies (34), and there is no reason to
believe that this is not also true for patients with COVID-19 in the
hospital. Vaccination against COVID-19 in Sweden was not yet pos-
sible during the study period; therefore, bias due to attitudes toward
vaccination did not occur.

Further limitations of the present study are lack of gener-
alizability regarding sex and ethnicity. It was not compulsory for
women to conscript for military service during the study period,
and the minor fraction of enlisting women at that time was not rep-
resentative for the general Swedish female population. Therefore,
they were excluded in this study. Immigrant status is a recognized
risk factor for poorer prognosis in COVID-19 (35). Because men
who immigrated to Sweden in adulthood are not conscripted, they
were not included in this cohort. Therefore, our results may not
be representative for other populations or for women. Moreover,
information on lifetime smoking status and lifestyle habits was not
available. However, using the same study cohort, we have previ-
ously found that good cardiorespiratory fitness in youth is pre-
dictive of severe COVID-19 later in life, independent of BMI (36).
Furthermore, we used BMI as the exposure, which is a simple and
internationally well-known method to classify adiposity status, al-
though it has no ability to account for alterations in regional fat
distribution. Unfortunately, other anthropometric variables such as
waist circumference and waist-hip ratio were not available in our
data set. Additionally, we were not able to differentiate between
obesity classes because of the limited number of individuals with
obesity in youth and later COVID-19. Because extreme obesity has
become more common among children and adolescents after the
end of the inclusion period in 2005, our study may underestimate
the current adolescent obesity levels (37).
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In the present study, we found that higher BMI in early adulthood
among Swedish men was a risk factor for hospitalization due to
COVID-19 decades later, during the first year of the pandemic. An
increase in risk was seen already at BMI of 22.5 to 25, and it con-
tinued to rise with higher values of BMI, such that obesity entailed
more than twice the risk for being admitted to an intensive care unit
compared with BMI < 20. This underlines the necessity of preven-
tive actions against overweight and obesity at a young age to offer
protection against coming viral pandemics.O
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