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Metabolic health is more strongly associated 
with the severity and mortality of coronavirus 
disease 2019 than obesity
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Abstract 

Background  Obesity has been suggested to be associated with the coronavirus disease 2019 (COVID-19); how‑
ever, it is unclear whether obesity or metabolic abnormalities accompanied by obesity have a stronger association 
with COVID-19 risk.

Methods  This study used the Korea Disease Control and Prevention Agency database, which includes informa‑
tion about the COVID-19 diagnosis and mortality dates of the entire Korean population between October 2020 
and December 2021 (for diagnosis) or March 2022 (for mortality). A total of 24,310,283 adults were included and clas‑
sified into four metabolic obesity phenotypes: (1) metabolically healthy and normal weight (MHNW), (2) metabolically 
unhealthy and normal weight (MUNW), (3) metabolically healthy and obese (MHO), and (4) metabolically unhealthy 
and obese (MUO). COVID-19 mortality and severity were compared according to metabolic obesity phenotypes 
in the total population and in each age group (20–<50 years, 50–<70 years, and ≥ 70 years). Additionally, major 
adverse cardiovascular events (MACE) after COVID-19 infection were compared according to metabolic obesity 
phenotypes.

Results  A total of 3, 956, 807 participants (16.3%) were diagnosed with COVID-19 during the study period. Among 
them, metabolically unhealthy subjects had higher mortality rates than metabolically healthy subjects (0.81% 
for MUNW, 0.40% for MUO, 0.23% for MHNW, and 0.19% for MHO). The rates of severe hospitalized disease were 
also higher in metabolically unhealthy subjects than in healthy subjects (0.59% for MUNW, 0.55% for MUO, 0.19% 
for MHNW, and 0.31% for MHO). In the subgroup analyses by age, similar trends were observed in subjects aged 
20–50 and 50–70 years, respectively. Additionally, the incidence of total MACE was increased in metabolically 
unhealthy individuals.

Conclusions  The study shows that metabolic health is more strongly associated with COVID-19 mortality and sever‑
ity than obesity, particularly in adults aged < 70 years.
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Text box 1. Contributions to the literature

- Obesity has been suggested to be associated with COVID-19, but it 
was unclear whether obesity or metabolic abnormalities accompanied 
by obesity have a stronger association with COVID-19 outcomes.

- In this study, metabolic health was more significantly associated 
with COVID-19 mortality and severity than with obesity, particularly 
in adults aged < 70 years.

- Public health strategies that implement more intensive COVID-19 
prevention and treatment for metabolically unhealthy adults, especially 
those under 70 years of age, are needed in the era of ongoing pandem‑
ics.

Background
In the era of the coronavirus disease 2019 (COVID-19) 
pandemic, obesity and metabolic health have gained 
interest because of their possible associations with 
COVID-19 infection or severity, as suggested in previ-
ous studies [1–6]. According to a meta-analysis includ-
ing 220,000 subjects, obese subjects had a 1.5–fold higher 
risk of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) positivity, and COVID-19 patients with 
obesity had a 1.5–fold higher risk of hospitalization than 
non-obese patients [5]. Recent investigations have sug-
gested that poor metabolic health might also increase the 
risk of severe COVID-19 [6]. Several studies have been 
conducted regarding the impact of obesity or metabolic 
health on COVID-19 following these results, and some 
have observed an additive effect of obesity and meta-
bolic diseases [7]. However, few researchers have investi-
gated whether obesity or metabolic health consequences 
associated with obesity more strongly affect COVID-19 
prognosis.

Obesity is a risk factor for various metabolic diseases, 
including hypertension, type 2 diabetes mellitus, and 
hyperlipidemia [8]. Metabolic changes caused by abnor-
mal fat accumulation and insulin resistance are thought 
to be critical links between obesity and cardiometabolic 
complications [9]. Considering that putative mechanisms 
of the obesity–COVID-19 relationship include cardio-
metabolic deterioration, the inflammatory role of adipo-
cytes, and impaired vascular health [10, 11], it is possible 
that metabolic health is a crucial component of poor 
prognosis in obese COVID-19 patients.

Since not all obese individuals may have metabolic 
abnormalities, the concept of metabolic obesity pheno-
type, which classifies obesity into metabolically unhealthy 
obesity and healthy obesity, has been suggested [9]. Con-
sensus on the criteria for metabolic health is still lacking 
and novel phenotypes have also been proposed [9, 12], 
but the definition based on metabolic syndrome is most 
commonly used [9, 13]. Although several researchers 
have observed that metabolic health is related to COVID-
19 severity [6, 14–16], only a few studies have examined 

the effects of metabolic and obesity phenotypes on 
COVID-19 simultaneously [17, 18]. However, these stud-
ies were conducted early during the COVID-19 pan-
demic and included only a limited number of COVID-19 
patients [17, 18]. Therefore, to clarify whether obesity or 
metabolic health has a stronger association with COVID-
19 risk, we examined the relationship between metabolic 
obesity phenotypes and COVID-19 prevalence, mortality, 
severity, and cardiovascular complications using a large 
nationwide population-based dataset with an extended 
follow-up period. Additionally, a stratified analysis by age 
was performed because the infection rate and severity of 
COVID-19 vary with age.

Methods
Data source
This study used data from the Korean National Health 
Insurance Service (NHIS) combined with the COVID-19 
database from the Korea Disease Control and Preven-
tion Agency (KDCA). As the NHIS provides universal 
health coverage in Korea, nearly the entire population is 
included in the NHIS database [19]. The NHIS database 
provides information on the demographics, diagnostic 
records, healthcare utilization, and treatment histories 
of its beneficiaries. Furthermore, it includes data from 
a national general health screening, which is provided 
biennially to all NHIS beneficiaries aged over 40 years 
or who are employed [20]. These health screening data 
contain anthropometric measurements, laboratory tests, 
and lifestyle information. In addition, the COVID-19 
database of KDCA provides information on the date of 
COVID-19 diagnosis and mortality of the entire popu-
lation in Korea, which occurs between October 8, 2020, 
and December 31, 2021 (for diagnosis date) or March 31, 
2022 (for mortality date).

Study population
From the NHIS database, subjects who had participated 
in a national general health screening at least once dur-
ing the baseline period (2016–2019) and who were aged 
20 years or older at the health screening date were ini-
tially included (n = 28,620,098). Next, subjects with miss-
ing data on metabolic obesity phenotypes, such as body 
mass index (BMI), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), fasting plasma glucose (FPG), tri-
glyceride (TG), high-density lipoprotein (HDL), and waist 
circumference, were excluded (n = 4,309,815). In the case 
of subjects who underwent health screening twice, the 
more recent health screening data were used for analysis. 
Finally, 24,310,283 participants were included in a study 
population.
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The definition of metabolic obesity phenotypes
Obesity was defined as BMI ≥ 25  kg/m2, and normal 
weight was defined as BMI < 25  kg/m2, according to the 
Asia-Pacific criteria of the World Health Organization 
(WHO) [8, 21].

The definition of metabolic unhealthiness varies 
according to literatures and might refer to the presence 
of any metabolic abnormality in some studies, but we 
adopted the most commonly used criteria based on met-
abolic syndrome, in order to imply high risks of adverse 
health outcomes [13, 22]. Metabolically unhealthy was 
defined as having three or more of the following five 
components based on the harmonized criteria of meta-
bolic syndrome presented by major organizations in 2009 
[21, 23]: (1) FPG ≥ 100  mg/dL, (2) SBP ≥ 130 mmHg or 
DBP ≥ 85 mmHg, (3) TG ≥ 150 mg/dL, (4) HDL < 40 mg/
dL in men or < 50  mg/dL in women; and (5) waist cir-
cumference ≥ 90  cm in men or ≥ 85  cm in women. In 
contrast, metabolically healthy individuals were defined 
as those with two or fewer of these components.

Based on these definitions, study participants were 
classified into four groups: (1) metabolically healthy and 
normal weight (MHNW), (2) metabolically unhealthy 
and normal weight (MUNW), (3) metabolically healthy 
and obese (MHO), and (4) metabolically unhealthy and 
obese (MUO).

Study outcome
The primary outcome was COVID-19 mortality and 
severity. The secondary outcomes were COVID-19 
prevalence, hospitalization, length of hospital stay, and 
major adverse cardiovascular events (MACE). Mortal-
ity was defined as all-cause death in COVID-19 patients 
within one month of medical facility usage with COVID-
19 diagnosis. The severity of COVID-19 was classified 
into three groups (ambulatory state, hospitalized mild 
disease, or hospitalized severe disease), except for those 
who died, based on the WHO’s COVID-19 severity scale 
[24]. Hospitalization was defined as admission after 
COVID-19 diagnosis for one or more days in all patients, 
including those who died. The length of hospital stay was 
calculated in days.

MACE was analyzed to determine the cardiovascu-
lar risk after COVID-19 infection by metabolic obesity 
phenotypes. MACE was defined as myocardial infarc-
tion (I21-I23), stroke (I60-I64), heart failure (I11.0, I13.0, 
I13.2, I50), unstable angina (I20.0), cardiac death (death 
within one month after admission under the diagnostic 
code starting with I), and total MACE (composite out-
come) [25] based on the International Classification of 
Diseases-10th Revision (ICD-10) codes. For this analy-
sis, a cohort of subjects without prior MACE (from 2016 

until the COVID-19 diagnosis date) and diagnosed with 
COVID-19 (n = 3,638,727) was constructed. The study 
cohort was followed from the date of COVID-19 diagno-
sis to the date of the MACE event, death, or March 31, 
2022, whichever came first.

Covariates
Baseline age, sex, socioeconomic status, region, Charl-
son Comorbidity Index (CCI), and comorbidities were 
extracted from the NHIS claims database. Age groups 
were categorized as 20–50, 50–70, and ≥ 70 years [3]. 
Socioeconomic status (SES) was trichotomized based on 
insurance premiums. The region of residence was cat-
egorized into Seoul metropolitan area and other areas 
(Daegu and Gyeongsangbuk Province and other areas). 
CCI was calculated using claims data and classified into 
three groups (0, 1–2, ≥ 3) [26]. Comorbidities included 
hypertension (I10, I15), diabetes mellitus (E10, E118, 
E119, E13, E149), and dyslipidemia (E78) and were con-
firmed using ICD–10 codes. Information about lifestyle 
(smoking and drinking) based on questionnaires, anthro-
pometric measurements, and blood tests were extracted 
from the national health screening database.

Statistical analysis
Subjects with missing data on metabolic-obesity pheno-
types were excluded from the analysis. Descriptive sta-
tistics were used to examine the baseline characteristics 
of each metabolic-obesity phenotype. The COVID-19 
prevalence was calculated as the number of patients per 
100,000. Differences in prevalence according to meta-
bolic obesity phenotypes in the total study population 
and each age–and sex–subgroup were examined. Among 
the subjects diagnosed with COVID-19, the COVID-
19 mortality, severity, hospitalization rate, and length 
of hospital stay were also compared with the metabolic 
obesity phenotypes (in the total population and each age 
group). For comparisons, analysis of variance (ANOVA) 
was used for continuous variables, and the chi-squared 
or Fisher’s exact test was used for categorical variables. 
In addition, factors affecting the prevalence and mortal-
ity rate of COVID-19 were evaluated using multivariable 
logistic regression analysis with adjustment for metabolic 
obesity phenotypes, age, sex, region, SES, CCI, smoking, 
and drinking.

Cox proportional hazards analysis was performed to 
evaluate the associations between metabolic phenotypes 
and incident MACE following COVID-19 diagnosis. The 
proportional hazard assumption was evaluated using the 
Schönfeld test. Model 1 was unadjusted, Model 2 was 
adjusted for age and sex, and Model 3 was additionally 
adjusted for region, SES, CCI, smoking, and drinking.
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All statistical tests were two-sided; a P value < 0.05 was 
considered statistically significant. All analyses were con-
ducted using the SAS Enterprise Guide version 8.2.

Results
Baseline characteristics
The baseline characteristics of the study population 
are presented in Table  1. Among the study population 
(n = 24,310,283), 13,765,872 (56.6%), 1, 469, 604 (6.0%), 
5, 364, 884 (22.1%), and 3, 709, 923 (15.3%) had MHNW, 
MUNW, MHO, and MUO, respectively. Metaboli-
cally unhealthy subjects (MUNW & MUO) were older, 
smoked more, had higher CCI, and had more comorbidi-
ties and prior MACE history compared with metaboli-
cally healthy subjects (MHNW & MHO) (all p < 0.001).

The prevalence of COVID‑19
Overall, 3,956,807 of 24,310,283 subjects (16.3%) were 
diagnosed with COVID-19 (between October 8, 2020, 
and December 31, 2021) (Supplementary Table S1). The 
prevalence rate was highest among MHO (16,843 per 
100,000) and was similar in MHNW (16,495), followed 
by MUO (15,537), and MUNW (14,027) (p < 0.0001).

When sub-classified by age group, the COVID-19 
prevalence rate was higher in metabolically healthy 
subjects (MHNW & MHO) than in unhealthy subjects 
(MUO & MUNW) aged 20–50 years (p < 0.0001). Mean-
while, in older age groups (50–70 and ≥ 70 years), obese 
subjects (MHO & MUO) showed a higher prevalence 
rate than normal-weight subjects (MHNW & MUNW) 
(p < 0.0001). Overall, no evident trend was observed in 
COVID-19 prevalence according to metabolic obesity 
phenotypes.

The mortality, severity and hospitalization rate 
of COVID‑19
Table  2 presents the results of the analyses of COVID-
19 mortality, severity, and hospitalization rate among 
COVID-19 patients (n = 3,956,807). The mortality, hos-
pitalized severe disease, and total hospitalization rates 
were 0.27% (n = 10,807), 0.29% (n = 11,460), and 7.59% 
(n = 300,400), respectively. When comparing metabolic 
obesity phenotypes, metabolically unhealthy subjects 
showed higher mortality rates than metabolically healthy 
subjects, with the highest rate in MUNW (0.81%), fol-
lowed by MUO (0.40%), MHNW (0.23%), and MHO 
(0.19%). The rates of severe hospitalized disease were 
also higher in metabolically unhealthy subjects than in 
healthy subjects (0.59% for MUNW, 0.55% for MUO, 
0.19% for MHNW, and 0.31% for MHO) (Fig. 1). The total 
hospitalization rate also showed a similar trend to the 
severity rate (10.61% in MUNW, 9.04% in MUO, 6.99% in 
MHNW, and 7.49% in MHO). The length of hospital stay 

was also longer in metabolically unhealthy subjects (aver-
age 1.09 in MUNW, 0.95 in MUO, 0.70 in MHNW, and 
0.78 in MHO, respectively; all in days) (all p < 0.0001).

Supplementary Table S2 shows the results of the analy-
ses of COVID-19 mortality, severity, and hospitalization 
rates in each age group. Mortality was higher in meta-
bolically unhealthy subjects (MUNW & MUO) than in 
healthy subjects (MHNW & MHO) among subjects aged 
20–50 and 50–70 years. Among subjects aged ≥ 70 years, 
normal-weight subjects (MUNW & MHNW) showed 
higher mortality than obese subjects (MUO & MHO). 
The rates of hospitalized severe disease and hospitali-
zation were both consistently higher in metabolically 
unhealthy subjects (MUNW & MUO) than in healthy 
subjects (MHNW & MHO) among all age groups (all 
p < 0.0001).

Factors associated with the COVID‑19 prevalence 
and mortality
In the multivariable logistic regression analysis, meta-
bolic obesity phenotypes, sex, age, region, SES, CCI, 
smoking, and drinking were all associated with COVID-
19 prevalence and mortality (Table  3). When compar-
ing different metabolic obesity phenotypes, the adjusted 
odds ratio (OR) of mortality risk was highest in MUNW 
(OR 1.44, 95% confidence interval (CI) 1.36–1.52), fol-
lowed by MUO (OR 1.06, 95% CI 1.01–1.11), and lowest 
in MHO (OR 0.77, 95% CI 0.73–0.82), using MHNW as 
the reference group.

Incidence of MACE after the COVID‑19 infection
Over an average of 1.1 months during the follow-up 
period, 17, 990 of 3,638,727 patients (0.49%) developed 
incident MACE. The incidence of total MACE was high-
est in the MUNW group, with a slight, insignificant 
increase in the MUO group (hazard ratio (HR), 95% CI: 
1.31, 1.16–1.47 in MUNW, 1.09, 0.99–1.19 in MUO, and 
1.03, 0.94–1.12 in MHO after total adjustment, when 
using MHNW as a reference) (Supplementary Table S3). 
A similar pattern was observed regarding the incidence 
of myocardial infarction, stroke, and cardiac causes of 
death. As for unstable angina and heart failure, the MUO 
group showed the highest incidence in the fully adjusted 
model (HR, 95% CI: 1.40, 1.18–1.65, and 1.35, 1.28–1.42, 
respectively).

Discussion
Our large population-based dataset of approximately four 
million COVID-19 cases has shown that metabolic health 
is more strongly associated with mortality and sever-
ity of COVID-19 than obesity. While the prevalence of 
COVID-19 was higher in metabolically healthy subjects 
than in metabolically unhealthy subjects, COVID-19 
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mortality, the rate of hospitalized severe disease, and 
total hospitalization rate were all higher in metabolically 
unhealthy subjects, regardless of obesity, particularly in 
subjects aged < 70 years.

In our study, 5,364,888 (59.1%) of 9,070,807 obese 
subjects were metabolically healthy, showing that obe-
sity does not necessarily induce significant metabolic 
abnormalities in all individuals, which is consistent 
with previous studies [9, 27]. Obesity is defined as an 
excessive accumulation of fat that causes chronic health 

risks, and it is usually diagnosed using BMI because 
it correlates with the body fat percentage observed in 
population studies [21, 28]. However, considerable evi-
dence suggests that excess visceral fat and ectopic fat, 
rather than subcutaneous or total fat, are significant 
determinants of obesity-associated metabolic changes 
[29, 30]. Obese individuals with an accumulation of 
mostly subcutaneous fat might be at a similar cardio-
metabolic risk as normal-weight individuals. Therefore, 
metabolic health, as defined by markers of visceral or 

Table 2  COVID-19 mortality, severity, hospitalization rate, and length of hospital stay according to metabolic obesity phenotype in 
Korea, October 8, 2020–March 31, 2022

COVID-19 Coronavirus disease 2019, MHNW Metabolically healthy & normal weight, MUNW Metabolically unhealthy & normal weight, MHO Metabolically healthy & 
obese, MUO Metabolically unhealthy & obese, SD Standard deviation

Metabolic obesity phenotypes p-value

Total COVID-
19 patients 
(n=3,956,807)

MHNW 
(n=2,270,620)

MUNW 
(n=206,136)

MHO 
(n=903,631)

MUO 
(n=576,420)

N % N % N % N % N %

COVID-19 mortality 10,807 0.27 5,156 0.23 1,664 0.81 1,701 0.19 2,286 0.4 <0.0001

COVID-19 Severity <0.0001

  Ambulatory State 3,656,407 92.41 2,111,896 93.01 184,260 89.39 835,961 92.51 524,290 90.96

  Hospitalized Mild Disease 288,940 7.3 154,466 6.8 20,663 10.02 64,873 7.18 48,938 8.49

  Hospitalized Severe Disease 11,460 0.29 4,258 0.19 1,213 0.59 2,797 0.31 3,192 0.55

COVID-19 Hospitalization 300,400 7.59 158,724 6.99 21,876 10.61 67,670 7.49 52,130 9.04 <0.0001

Length of hospital stay, mean (SD) 0.77 3.25 0.7 3.02 1.09 4 0.78 3.28 0.95 3.75 <0.0001

Fig. 1  COVID-19 mortality and hospitalized severe disease rates according to metabolic obesity phenotype in Korea, October 8, 2020–March 31, 
2022 COVID-19, coronavirus disease 2019; MHNW, metabolically healthy & normal weight; MUNW, metabolically unhealthy & normal weight; MHO, 
metabolically healthy & obese; MUO, metabolically unhealthy & obese
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ectopic fat, such as waist circumference and TG level 
[29], could be a better predictor of health risks than 
obesity as defined by BMI. Novel findings from several 
small studies showing that high visceral adiposity inde-
pendently associates with COVID-19 severity seem to 
support this hypothesis [6].

Indeed, metabolically unhealthy patients (MUO & 
MUNW) showed a worse outcome of COVID-19 infec-
tion, including mortality, severity, and hospitalization 
rate, than metabolically healthy patients (MHNW & 
MHO). In multivariable logistic regression, metabolic 
obesity phenotypes were significantly associated with 
COVID-19 mortality after adjustment for other relevant 
factors. Additionally, the ORs were higher in metaboli-
cally unhealthy subjects than in healthy subjects. Similar 
results were observed in a Korean retrospective cohort 
with a much smaller sample size than ours, includ-
ing 4,069 COVID-19 cases [17]; the rate of composite 
critical COVID-19 outcomes increased in metabolically 
unhealthy individuals, with incidence rates (per 100 
person-months) of 3.37 in MUO, 3.37 in MUNW, 1.64 
in MHO, and 0.90 in MHNW. Furthermore, the hazard 
ratios of mortality were also higher in the metabolically 
unhealthy groups in both the unadjusted and adjusted 
models (2.22 in MUO, 1.90, MUNW, and 1.44 in MHO, 
compared with MHNW, in the adjusted model). In a 
study using the UK Biobank database with 3,502 hospi-
talized COVID-19 cases [18], the association between 
obesity and severe COVID-19 was attenuated but still 
significant after adjustment for metabolic status. How-
ever, as the definition of metabolically unhealthy status 
used in this study (having at least one metabolic disorder) 
was different from that of our study, the impact of meta-
bolic unhealthiness might have been underestimated. 
Therefore, our analysis, based on a far larger sample size 
and a definition of metabolic unhealthiness by the pres-
ence of metabolic syndrome, has confirmed the stronger 
relationship between COVID-19 outcomes and meta-
bolic health rather than obesity.

Another aspect to consider when interpreting these 
results is a difference in ethnic or geographical back-
ground. The prevalence of obesity in East Asia would 
be much lower than that in the West if Western criteria 
(BMI ≥ 30  kg/m2) is applied, but Asian populations are 
known to have higher visceral adiposity and diabetes risk 
than other populations with the same BMI range [21, 
31–33]. A large number of diabetic patients in East Asia, 
including Korea, are observed to be in normal weight 
status, and it is possible that Asians with low BMI might 
have reduced pancreatic β-cell mass and subsequent 
lower insulin secretion function [31, 34]. The degree of 
discrepancy between obesity defined by BMI and meta-
bolic health seems to vary across populations, and there-
fore associations between metabolic obesity phenotypes 
and COVID-19 might also differ. Future research is war-
ranted regarding the association between metabolic 
health based on more rigorous definition with COVID-
19 outcomes using population-based datasets from vari-
ous regions.

Table 3  Multivariable logistic regression analyses of factors 
associated with COVID-19 prevalence and mortality in Korea, 
October 8, 2020–December 31, 2021 (for prevalence) or March 
31, 2022 (for mortality)

COVID-19 Coronavirus disease 2019, OR Odds ratio, CI Confidence interval, 
MHNW Metabolically healthy & normal weight, MUNW Metabolically unhealthy 
& normal weight, MHO Metabolically healthy & obese, MUO Metabolically 
unhealthy & obese, SES Socioeconomic status, CCI Charlson comorbidity index
a Adjusted for metabolic obesity phenotypes, age, sex, SES, region, CCI, smoking, 
and drinking, except for the variable itself

Prevalence
(in general population)

Mortality
(in COVID-19 patients)

Adjusteda 
OR

95% CI Adjusteda 
OR

95% CI

Metabolic obesity phenotype
  MHNW 1 (ref.) 1 (ref.)

  MUNW 0.924 0.920–0.930 1.436 1.357–1.52

  MHO 1.055 1.050–1.060 0.773 0.731–0.817

  MUO 0.995 0.992–0.998 1.057 1.005–1.111

Sex
  Male 1 (ref.) 1 (ref.)

  Female 1.118 1.115–1.121 0.497 0.473–0.521

Age group
  20–49 1 (ref.) 1 (ref.)

  50–69 0.811 0.809–0.813 7.665 6.733–8.726

  ≥ 70 0.628 0.625–0.630 61.068 53.691–69.459

SES
  High 1 (ref.) 1 (ref.)

  Middle 0.936 0.934–0.939 1.123 1.071–1.177

  Low 0.945 0.942–0.948 1.282 1.223–1.343

Region
  Seoul 
Metropolitan 
area

1 (ref.) 1 (ref.)

  Other 0.794 0.792–0.796 1.083 1.042–1.126

CCI
  0 1 (ref.) 1 (ref.)

  1 ~ 2 1.179 1.176–1.182 1.684 1.573–1.802

  ≥ 3 1.246 1.241–1.250 3.445 3.224–3.681

Smoking
  Never 1 (ref.) 1 (ref.)

  Ex 1.017 1.013–1.021 1.009 0.954–1.067

  Current 0.582 0.580–0.584 1.632 1.528–1.744

Drinking
  No 1 (ref.) 1 (ref.)

  Yes 0.907 0.905–0.909 2.011 1.915–2.113
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Several explanations exist regarding the link between 
metabolic abnormalities and severe COVID-19 out-
comes. For instance, hyperinsulinemia, insulin resistance, 
and subsequent hypertrophy of adipocytes can result in 
excessive cytokine production, chronic inflammation, 
and endothelial dysfunction [11, 35]. Excess visceral fat 
might induce the overproduction of angiotensin II and 
derangement of the renin-angiotensin-aldosterone sys-
tem after SARS-CoV-2 infection, thereby exacerbating 
inflammatory responses [35, 36]. Hepatic steatosis and 
fibrosis can contribute to severe COVID-19 [37]; Dys-
regulated or increased release of hepatokines like trans-
forming growth factor-β is suggested to associate with 
systematic inflammation and decreased natural killer cell 
function [37, 38]. Dyslipidemia may also contribute to 
severe outcomes because cholesterol can promote viral 
replication [39]. In addition, as cardiac injury and throm-
bosis are common in COVID-19, underlying metabolic 
diseases might increase the risks of cardiovascular events 
in combination with SARS-CoV-2 infection, resulting in 
poor clinical outcomes [11, 40]. Similarly, the incidence 
of total MACE was increased in metabolically unhealthy 
subjects (MUNW & MUO) in our analysis, while the dif-
ference was insignificant in the MUO group after full 
adjustment. Close monitoring and management of car-
diovascular events might be helpful in the improvement 
of the COVID-19 prognosis of metabolically unhealthy 
patients.

The relationship between metabolic obesity phe-
notypes and COVID-19 mortality differed according 
to age in stratified analyses. While metabolic health 
showed a stronger association than obesity among sub-
jects aged < 70 years, normal-weight subjects (MUNW & 
MHNW) showed higher mortality than obese subjects 
(MUHO & MHO) among subjects aged ≥ 70 years. The 
exact reason is unclear, but it is possible that competing 
mortality risks from other conditions related to lower 
BMI in the elderly, such as nutritional deficiency or unin-
tentional weight loss, outweigh the risks from metabolic 
health [41, 42]. Similarly, in a study of BMI and COVID-
19 outcomes in hospitalized patients [3], the relationship 
between BMI and death or mechanical ventilation was 
strongest in subjects aged ≤ 50 years and weakest in those 
aged > 70 years, and severe obesity was associated with 
death only in adults aged ≤ 50 years.

In our analysis, metabolically healthy subjects (MHNW 
& MHO) had a higher prevalence of COVID-19 than 
unhealthy subjects (MUO & MUNW). As metabolically 
healthy subjects had lower CCI and fewer comorbidi-
ties than metabolically unhealthy subjects at baseline, it 
is possible that these subjects were in a better general 
health condition and therefore were more socially active, 
resulting in a higher COVID-19 infection rate. Along 

with metabolic obesity phenotypes, sex, age, SES, region, 
CCI, smoking, and drinking were all associated with 
COVID-19 prevalence, and all these factors have also 
been associated with COVID-19 mortality, which is con-
sistent with previous reports [43, 44]. The relationship 
between metabolic obesity phenotypes and COVID-19 
mortality remained significant even after adjusting for 
these factors.

There were several limitations to our study. First, we 
could not obtain information on several inflammatory 
markers that may be associated with metabolic abnor-
malities and COVID-19 outcomes, such as cytokine lev-
els on admission, because we used administrative data 
[45]. Vaccination status was not also considered, while 
the vaccination rate against COVID-19 was reported to 
be almost 90% in Korea [46]. In addition, information on 
metabolic health was collected from the baseline health 
examination results, so it might not precisely reflect the 
metabolic status of patients at the time of COVID-19 
infection. However, most previous studies also had simi-
lar limitations [17, 18]. Also, our result might not be gen-
eralizable to other populations from different ethnic or 
geographic backgrounds, but we believe that our inves-
tigation provides population-level evidence on Asian 
ethnicity, for whom existing data is limited. The most 
specific strength of our study is its large population-based 
sample size and long follow-up period. Our large-scale 
data enabled us to investigate differences in associations 
according to age groups and to examine diverse health 
outcomes, including MACE. In addition, we had detailed 
information on anthropometric measurements and labo-
ratory tests; therefore, we determined metabolic health 
following a standardized definition. Finally, our dataset 
also included information on various demographic and 
lifestyle factors not investigated in previous research.

Conclusions
In conclusion, metabolic health was more significantly 
associated with COVID-19 mortality and severity than 
with obesity, particularly in adults aged < 70 years. There-
fore, more intensive prevention and treatment strategies 
should be considered in metabolically unhealthy adults 
regarding COVID-19 in the era of ongoing pandemics.
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