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Abstract

Background Comorbidities or complications significantly influence coronavirus disease-2019 (COVID-19) severity
and mortality risk. Therefore, this study aimed to compare treatment outcomes of COVID-19 inpatients by underlying
diseases or complications.

Method Data on COVID-19 patients from the National Health Insurance Service customized research database
were analyzed while focusing on eight underlying diseases and complications: diabetes, hypertension, heart disease,
kidney disease, liver disease, dementia, depression, and respiratory disease.

Results Of the 377,812 COVID-19 patients in 2021, 51.47% were male and 48.53% were female, and post-diagnosis
mortality was 2.04%; 68.7% (n=259,560) of patients had at least one underlying condition, with the following
frequency: respiratory disease (78.88%), heart disease (33.84%), hypertension (30.29%), liver disease (21.38%),
depression (9.32%), kidney disease (4.89%), and dementia (3.87%). Among patients without any underlying diseases,
19.8% (n=74,925) were treated for post-diagnosis complications, with the following frequency: respiratory disease
(89.21%), liver disease (19.12%), heart disease (14.90%), diabetes (10.37%), hypertension (8.22%), depression (3.86%),
kidney disease (2.04%), and dementia (0.64%). Except for liver disease, all underlying diseases were associated with
mortality. COVID-19 patients with diabetes exhibited a 1.42-fold higher mortality risk (95% confidence interval [Cl
11.35-1.50). All complications were associated with death, with kidney-related complications conferring a 4.84-fold
higher mortality risk (95% Cl 3.62-6.48).

Conclusion Underlying diseases and complications in COVID-19 patients were associated with death. Even with the
same disease, the timing of onset, before or after COVID-19 diagnosis, induced a difference in the mortality risk. Both
underlying diseases and complications should be considered for more proactive medical interventions.
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Text box 1. Contributions to the literature

Previous studies have often overlooked distinguishing between under-
lying diseases and complications in assessing their differential impact
on COVID-19 mortality.

This research highlights that the same health condition, whether
present as an underlying disease or as a complication after COVID-19
diagnosis, significantly alters mortality risk.

The study emphasizes the critical need for proactive management
strategies that account for both underlying conditions and potential
post-infection complications to reduce mortality in COVID-19 patients.
Our findings provide foundational evidence for developing targeted
public health interventions tailored to high-risk groups, contributing to
more effective healthcare policies.

Background

Coronavirus disease 2019 (COVID-19) is a severe acute
respiratory syndrome that is caused by the pathogenic
severe acute respiratory syndrome-coronavirus 2 (SARS-
CoV-2), which was first discovered in Wuhan, People’s
Republic of China, in December 2019. The national-level
response to the outbreak in South Korea included the
categorization of COVID-19 as a severe infectious dis-
ease in February 2020. More than 3 years after the ini-
tial outbreak, the COVID-19 pandemic continues, with
persistent infections and deaths due to the emergence of
variants and other factors [1, 2]. Among the reasons for
the persistence or increase in severe COVID-19 cases and
deaths is that many of those infected are older individu-
als or have underlying diseases and complications [1].
An underlying disease refers to a pre-existing condition
that may impact the progression or severity of illness,
whereas complications are conditions that arise after the
onset of infection and are directly linked to the disease
process. The frequently occurring underlying diseases
and complications of COVID-19 include heart disease,
kidney disease, pneumonia and respiratory diseases, liver
disease, depression, sleep disorders, loss of smell, lipid
metabolic disorders, obesity, and diabetes [3-9]; further-
more, these are chronic diseases that are closely related
to the onset of COVID-19 [10], whereas complications,
which are acute conditions, tend to appear during the
treatment process and have a high correlation with dis-
ease severity [11]. In pediatric patients, underlying condi-
tions, such as asthma, obesity, and neurodevelopmental
disorders, affect the severity of COVID-19 [12].

A distinctive feature of SARS-CoV-2 infection is its
ability to induce systemic infection and multiorgan fail-
ure. Moreover, the presence of comorbidities frequently
influences disease severity and mortality risk [13, 14].
Notably, renal failure, characterized by the loss of renal
function, is closely linked to dysfunctions in other organs
and increases the risk of severe disease progression and
mortality in patients with COVID-19 [15]. Acute kid-
ney injury as a COVID-19-related complication often
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manifests secondary to other pathologies, such as liver,
heart, lung, and autoimmune diseases, and influences
the disease severity and mortality rate [16]. Addition-
ally, patients with chronic renal failure typically exhibit a
diminished immune response, increasing their suscepti-
bility to COVID-19 infection and the possibility of acute
renal failure [17]. Although both acute and chronic kid-
ney failures similarly influence the disease severity, their
onset mechanisms vary. Furthermore, depression and
dementia following SARS-CoV-2 infection can adversely
impact the quality of life and create barriers to the
resumption of daily activities, rehabilitation, and attain-
ment of social well-being. With the advent of the long-
term COVID-19 era, managing the abovementioned
issues has gained crucial importance [18, 19].

The influence of diverse comorbidities on the clinical
condition of patients with COVID-19 underscores the
paramount importance of their prevention and manage-
ment. During the transition into the “With-COVID-19
Era;” strategic prevention combined with effective treat-
ment is essential to curtail the severity and fatalities
associated with COVID-19. Therefore, obtaining a com-
prehensive, precise understanding of diseases intrin-
sically linked to the severity of, and mortality from,
COVID-19 is imperative. One approach to this goal is
to delineate treatment plans rooted in a nuanced under-
standing of treatment outcomes while factoring in the
timing of diagnosis of the comorbidities associated with
disease severity. However, previous studies rarely differ-
entiated between underlying diseases and complications
in relation to their impact on treatment outcomes.

Therefore, this study aimed to evaluate the role of com-
mon diseases previously identified as underlying condi-
tions or complications and to compare their impact,
whether as an underlying disease or a complication, on
the treatment outcomes for COVID-19 inpatients. The
findings could provide foundational data for developing
policies tailored to managing the underlying diseases and
complications in COVID-19 patients.

Material and method

Research data

This study utilized data from the customized research
database, the National Health Information Database
(NHID), provided by the National Health Insurance Ser-
vice (NHIS). The NHIS, which provides comprehensive
health insurance coverage to over 50 million people in
South Korea, was established to ensure nationwide access
to healthcare [20]. Created in 2012, the NHID inte-
grates medical treatment records, health screening data,
and insurance eligibility information from pre-existing
database systems to form a comprehensive health data
repository. The customized research database includes
health information tailored to meet specific policy and
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research needs. Researchers seeking to use this data must
submit a detailed research proposal to the NHIS, which
is evaluated by a review committee for approval. Upon
approval, the requested data is extracted, validated, and
made accessible at the Big Data Analysis Center, where
researchers can analyze the information after paying a
fee. For this study, we requested information from the
NHIS on records of inpatient and outpatient usage for
individuals diagnosed with COVID-19 in 2021, cover-
ing the period from 2020 to 2021. We received data for
a total of 377,812 confirmed COVID-19 patients in 2021.

Research variables

Dependent variables

The dependent variable of this study was the mortality
status based on the death date and cause of death code
(ICD-10) indicated in the death database. Specifically,
patients diagnosed with COVID-19 in 2021, who had
both a recorded date of death and an associated ICD-10
cause-of-death code, were categorized as deceased. All
other participants were designated as survivors.

Independent variables

In this study, “underlying diseases” and “complications”
were categorized based on whether they were present
before or emerged after a COVID-19 diagnosis, defined
within the 1-year periods preceding and following the
COVID-19 diagnosis, respectively (Fig. 1). The analy-
sis focused on eight specific diseases, assessed both as
underlying conditions and potential complications. A
patient was classified as having a specific disease if either
the primary diagnosis or any of the five supplementary
diagnoses included one of the following codes: diabetes
(E10-E14), hypertension (I10), heart disease (101-151),
kidney disease (NO0-N19), liver disease (K70-K77),
dementia (FOO—FO03), depression (F03—-F39), and respira-
tory diseases (J00—J47, J84—]99).

Covariates

Based on general characteristics and COVID-19 related
variables, the participants were categorized by sex (male
or female), age (teens, 20s, 30s, 40s, 50s, 60s, 70s, or
>80), source of infection (domestic or foreign), cause of
infection (arrivals from abroad, arrival-related infection,
nosocomial infection, local outbreak, contact with a con-
firmed case, or unclassified), and the reporting region

Time of visit to medical institution
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(Seoul Capital Area, Chungcheong, Honam, Gyeongbuk,
Gyeongnam, Gangwon, Jeju, or border quarantine).

Data analysis

We conducted a frequency analysis to assess the charac-
teristics of COVID-19 patients, examined the incidence
of underlying diseases and complications, and conducted
chi-square tests to ascertain the statistical significance of
differences between groups with underlying diseases and
complications. After adjusting for factors such as sex,
age, and cause of infection, logistic regression analysis
was employed to evaluate the influence of the presence or
absence of each underlying disease and complication on
mortality. For the assessment of mortality risk associated
with underlying diseases, the reference group consisted
of patients without any underlying diseases during the
year preceding their COVID-19 diagnosis, regardless of
whether they had complications. Similarly, for the assess-
ment of mortality risk associated with complications, the
reference group consisted of patients without any com-
plications during the year following their COVID-19
diagnosis and who also had no underlying diseases. The
findings were presented using the adjusted odds ratio
(aOR) and 95% confidence interval (CI). All analyses were
performed using SAS version 9.4, with statistical signifi-
cance set at p<.05.

Results

General characteristics

In 2021, of the 377,812 confirmed COVID-19 cases,
51.47% occurred in males and 48.53% in females. The
average age was 46 years (+21.67). The age distribution
showed that individuals in their 60s constituted the larg-
est proportion (16.19%), followed by those in their 50s
(15.29%), 40s (14.18%), and teens (14.06%). Regarding
the source of infection, 98.64% of cases were domestic,
whereas 1.36% were from abroad. The most prevalent
cause of infection was through contact with a confirmed
case (42.95%). In terms of reporting regions, the Seoul
Capital Area recorded the majority of cases at 68.6%, fol-
lowed by Gyeongnam (10.43%), Chungcheong (8.09%),
and Gyeongbuk (5.85%). The post-diagnosis mortality
rate was 2.04% (Table 1).
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Table 1 General characteristics of Covid-19 patients in South
Korea, 2021 (n=377,812)

Category n %
Sex Male 194,468 5147
Female 183,344 4853
Age, years (decade) Mean+SD 46+21.67
10s 53,112 14.06
20s 47,838 12.66
30s 50,158 13.28
40s 53,586 14.18
50s 57,773 15.29
60s 61,171 16.19
70s 33,529 8.87
>80 20,645 546
Source of infection  Domestic 372,656  98.64
Foreign 5,156 1.36
Cause of infection  Arrivals from abroad 5,156 1.36
Arrival-related infection 174 0.05
Nosocomial infection 18,344 486
Local outbreak 77,386 2048
Contact with a confirmed case 162,284 4295
Unclassified 114,468 30.3
Reporting region  Seoul Capital Area 259,168  68.6
Chungcheong 30,567 8.09
Honam 14,765 391
Gyeongbuk 22,093 5.85
Gyeongnam 39410 1043
Gangwon 6,392 1.69
Jeju 3,607 0.95
Border quarantine 1,810 048
Outcome status  Survival 370,109 97.96
Death 7,703 2.04

Comparison of disease distribution between the
underlying disease and complication groups

In total, 68.7% (n=259,560) of the participants had at
least one underlying disease. Respiratory diseases were
the most common underlying disease (78.88%), fol-
lowed by heart disease (33.84%), hypertension (30.29%),
liver disease (21.38%), depression (9.32%), kidney dis-
ease (4.89%), and dementia (3.87%). Among those with-
out underlying diseases, 74,925 participants sought
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treatment for complications after their COVID-19 diag-
nosis, corresponding to 19.8% of all confirmed cases and
63.4% of those without underlying diseases. As shown
in Table 2, respiratory diseases were the most frequent
complication (89.21%), followed by liver disease (19.12%),
heart disease (14.90%), diabetes (10.37%), hypertension
(8.22%), depression (3.86%), kidney disease (2.04%), and
dementia (0.64%).

Association between underlying diseases and mortality
Except for liver disease, all underlying diseases were
associated with mortality (Fig. 2). Specifically, diabetes
conferred a 1.42-fold higher mortality risk (95% CI 1.35—
1.50, p<.0001), followed by hypertension (aOR=1.24,
95% CI 1.17-1.30, p<.0001), heart disease (aOR=1.36,
95% CI 1.28-1.43, p<.0001), kidney disease (aOR=2.33,
95% CI 2.17-2.50, p<.0001), dementia (aOR=1.55, 95%
CI 1.45-1.66, p<.0001), and depression (aOR=1.28, 95%
CI1.20-1.37, p<.0001). Participants with respiratory dis-
eases had a decreased mortality risk (@OR=0.94, 95% CI
0.89-0.99, p=.012).

Association between complications and mortality

All complications were associated with mortality (Fig. 3).
Particularly, participants with kidney disease as a com-
plication had a 4.84-fold higher mortality risk (95%
CI 3.62-6.48, p<.0001), followed by those with heart
disease (aOR=3.05, 95% CI 2.58-3.61, p<.0001), dia-
betes (aOR=2.31, 95% CI 1.92-2.77, p<.0001), depres-
sion (aOR=1.64, 95% CI 1.22-2.21, p=.001), dementia
(@OR=1.39, 95% CI 1.02-1.90, p=.04), hypertension
(aOR=1.36, 95% CI 1.12-1.66, p =.002), and liver disease
(@OR=1.32, 95% CI 1.09-1.61, p=.004). In contrast to
the finding in underlying diseases, respiratory diseases
as a complication increased the mortality risk 2.31-fold
(95% CI 1.89-2.82, p<.0001).

Discussion

As of August 2023, approximately 9% of the global
population (#=688,711,061) had been diagnosed with
COVID-19, with a mortality rate of approximately 1%.

Table 2 Distribution of disease categories among underlying disease and complication groups in Covid-19 patients

Category Underlying Disease Group Complication Group p-value
(n=259,560) (n=74,925)
n % n %
Diabetes E10-E14 51,851 19.98 7,767 10.37 <0.0001
Hypertension 110 78,631 30.29 6,162 8.22 <0.0001
Heart 101-151 87,826 33.84 11,163 14.90 <0.0001
Kidney NOO-N19 12,682 4.89 1,529 2.04 <0.0001
Liver K70-K77 55,485 21.38 14,323 19.12 <0.0001
Dementia FOO-FO3 10,046 3.87 483 0.64 <0.0001
Depression F30-F39 24,183 932 2,894 3.86 <0.0001
Respiratory J00-J47, J85-J99 204,744 78.88 66,839 89.21 <0.0001
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Fig. 2 Association between underlying diseases and mortality in Covid-19 patients from 2021 to 2022, South Korea

The pandemic instigated profound changes not only in
sectors such as education, retail, tourism, and the broader
economy but also in the way healthcare services were uti-
lized. This study focused on 377,812 COVID-19 cases
from 2021 and analyzed the association between dis-
eases identified either before or after a COVID-19 diag-
nosis and subsequent mortality. The results of this study
indicate that both underlying diseases and complications
were significantly correlated with post-diagnosis mortal-
ity. Notably, the mortality risk was higher when the same
condition was identified as a complication rather than an
underlying disease.

The analysis of general characteristics revealed that,
out of the total 377,812 participants, 7,703 (2.04%) died.
Participants in their 60s constituted the age group with
the highest infection rate, which suggests that among
older adults, who are vulnerable to infection, those in
their 60s are still active socially and have a higher preva-
lence of chronic underlying diseases [2, 7].

Among COVID-19 patients, the most frequent under-
lying conditions were respiratory diseases, followed by
heart disease and hypertension. In terms of complica-
tions, respiratory diseases topped the list, followed by
liver and heart disease. These findings indicate that
liver diseases manifest prominently as COVID-19-re-
lated complications. Despite the absence of a significant

association between liver disease as an underlying con-
dition and mortality, the presence of liver disease as a
complication post-diagnosis was strongly correlated with
mortality, highlighting the need for targeted care after a
COVID-19 diagnosis. Furthermore, patients with pre-
existing liver conditions are often prescribed antiviral or
liver-protective medications due to an elevated risk of
drug-induced hepatic damage [21-23], which explains
its minimal association with mortality. In contrast, acute
liver damage as a COVID-19 complication often coin-
cides with other severe conditions, such as pneumonia-
induced hypoxia, antiviral drug-induced liver maladies,
vascular impairments, and right ventricular failure, which
augment disease severity and the resultant mortality risk
[24], emphasizing the importance of meticulous liver
complication management in COVID-19 patients.

The high frequency of respiratory disease comorbidi-
ties observed in COVID-19 patients may reflect their
prevalence in the general population, rather than indi-
cating an inherent susceptibility to the virus. This under-
scores the critical need for careful management of such
conditions during COVID-19 treatment. Effective use of
antibiotics and other therapeutic interventions can help
manage underlying conditions and mitigate the risk of
exacerbations [25]. However, respiratory complications
of COVID-19 showed a heightened association with
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Fig. 3 Association between complications and mortality in Covid-19 patients from 2021 to 2022, South Korea

mortality, especially among older adults, consistent with
previous studies’ findings [26—28]. Thus, it is crucial to
meticulously investigate the factors triggering respiratory
complications and to implement both preventative and
therapeutic interventions.

Cardiovascular diseases presented a higher mortal-
ity risk when they emerged as complications rather than
just underlying conditions. Notably, acute cardiovascu-
lar conditions elevate cardiac troponin levels, which can
result in cardiac muscle damage, myocarditis, acute myo-
cardial infarction, and acute heart failure — each contrib-
uting to increased mortality [29]. Furthermore, chronic
cardiovascular diseases heighten the risk of these acute
cardiovascular events and can compromise the efficacy
of treatments. This underscores the importance of pre-
vention and the vigilant management of cardiovascular
conditions arising in the context of COVID-19 by mini-
mizing the risk of acute complications through efficient
chronic disease management [30].

Although kidney diseases did not show a signifi-
cantly higher frequency among SARS-CoV-2 infections
compared to other underlying conditions, they were
associated with the highest mortality risk. Notably, com-
plications arising from acute kidney diseases presented a
4.84-fold increase in the mortality risk, emphasizing the
need for intensive management. As indicated in prior

research [31], approximately 4% of COVID-19 patients
suffer from acute kidney damage; despite this low inci-
dence, the mortality rate surges when the condition
coexists with liver, lung, and heart diseases or immune
dysfunction [16, 32, 33]. Moreover, chronic kidney failure
increases the risk of acute kidney failure, and a weakened
immune system further increases the disease severity and
mortality risk [34]. Consequently, although managing
underlying conditions is essential, particular attention
needs to be given to complication management by proac-
tively addressing the causative factors of secondary acute
kidney damage.

Depression has emerged as a critical concern for man-
agement, particularly as a complication of COVID-19.
Beyond its association with mortality, depression con-
siderably diminishes the quality of life. In the unfolding
“With-COVID-19 Era,” depression has been spotlighted
for managing enduring complications and sequelae
[4, 35]. The psychological aftereffects of a COVID-19
infection can impede the return to daily life, rehabilita-
tion, and societal well-being [18, 19]. This highlights the
urgency of focused intervention [36] to foster psychologi-
cal recovery in long COVID-19 [37, 38].

Diabetes exhibited a more pronounced association
with mortality when present as a complication rather
than as an underlying condition. Specifically, when
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diabetes pre-exists as an underlying condition, it can lead
to metabolic disturbances as a complication of COVID-
19. Coupled with the COVID-19-induced systemic infec-
tion, which compromises the immune system, these
metabolic disturbances can induce the progression of the
disease state to severe illness; notably, as reported in pre-
vious studies, this trajectory amplifies the mortality risk
[38, 39]. Given its status as a prevalent chronic condition
in adults, thorough management and education regard-
ing diabetes are imperative in mitigating the risks associ-
ated with COVID-19 infections.

To summarize the study’s results, we found that both
underlying diseases and complications in COVID-19
patients had clear associations with mortality. Notably,
the mortality risk differed based on the timing of the
disease’s onset, whether pre- or post-COVID-19 diagno-
sis. Furthermore, diseases manifesting as complications
were more strongly associated with death. Although
the presence of an underlying condition increases the
risk of infection, proactive identification and manage-
ment of these risk factors during treatment have led to
a diminished association with mortality, as compared to
complications that arise after diagnosis. This suggests
that for severe COVID-19 cases, it is vital to account for
underlying conditions and complications when deter-
mining treatment strategies, emphasizing the need for
more proactive interventions. To optimize outcomes,
it is imperative not only to manage existing conditions
but also to meticulously recognize and address risk fac-
tors for post-infection complications. Importantly, this
approach enables focused management, preventive mea-
sures, and targeted treatments [29, 39—42]. The findings
of this study could provide foundational data for manag-
ing the variability in disease severity and mortality based
on the timing of onset for comorbidities associated with
COVID-19, highlighting the significance of our research.

Nevertheless, this study has some limitations. First,
patients were defined by the primary and supplementary
diagnosis codes reported when using healthcare facilities
in the year before and the year after a COVID-19 diag-
nosis, implying a potential underestimation of the num-
ber of patients. In fact, overall hospital visits decreased
during the COVID-19 pandemic, and some confirmed
patients might not have sought medical care for their
underlying diseases. Even with the expected underes-
timation of the number of patients, the proportion of
deaths due to underlying diseases and complications
was noticeable, indicating the associated risks. Second,
underlying diseases and complications were defined
without considering their severity, limiting our ability to
capture differences in treatment outcomes based on dis-
ease severity. Future studies should incorporate severity
assessments to provide a more precise analysis of mor-
tality risk. Furthermore, it is necessary to evaluate the
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association between the number of underlying diseases/
complications and mortality risk to explore potential
dose-response relationships. This approach could more
clearly illustrate the impact of the cumulative burden of
comorbidities on mortality risk. Third, it is important
to consider potential biases in our study. For example,
surveillance bias may have influenced our findings, as
individuals with severe COVID-19 were more likely to
receive diagnoses for comorbidities, especially complica-
tions. Additionally, the timing of the COVID-19 outbreak
in 2020 may have affected testing behaviors, with patients
having pre-existing respiratory diseases in 2020 and 2021
being more likely to seek COVID-19 testing. This could
partly explain the observed protective effect of pre-exist-
ing respiratory conditions, as individuals with respira-
tory comorbidities may have experienced less severe
COVID-19 symptoms. Fourth, secondary data provided
by the NHIS was utilized for analysis in this study; thus,
other potential influencing factors for the mortality risk
of patients with COVID-19 were not considered. Fourth,
as the study could not identify the risk factors for compli-
cations, it does not offer solutions for reducing mortality.
In the future, more advanced research might be carried
out using the preliminary findings of this study to enable
a close examination of the risk factors for complications
related to each disease. Fifth, the observed associations
between specific diseases and COVID-19 outcomes may
be influenced by their prevalence in the general popula-
tion rather than direct susceptibility to the virus. Addi-
tionally, some conditions categorized as ‘post-COVID-19
complications’ might represent undiagnosed pre-exist-
ing conditions, potentially leading to misclassification.
Future research should incorporate control groups repre-
senting the general population and employ longitudinal
designs to distinguish between true post-COVID com-
plications and pre-existing conditions, thereby reducing
potential biases and enhancing the accuracy of findings.
Lastly, treatment results were only observed in associa-
tion with COVID-19-related mortality. Future research
that considers the length of hospital stay, intensive treat-
ment details, and cost differences would provide a more
comprehensive view of treatment outcomes in relation to
underlying diseases and complications.

Conclusion

Underlying diseases and complications were associated
with the mortality risk following a COVID-19 diagnosis,
and the risk level varied based on the specific disease.
Notably, even for the same disease, the mortality risk
varied significantly depending on the timing of onset,
highlighting the importance of differentiating between
underlying conditions and complications when inter-
preting their impact on COVID-19 outcomes. As such,
to enhance treatment efficacy, this study emphasizes the
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importance of factoring in both underlying diseases and
complications when establishing treatment and manage-
ment strategies in confirmed cases of viral diseases such
as COVID-19.

Acknowledgements

The authors thank the National Health Insurance Service. This work was
supported by a National Research Foundation of Korea grant (No. RS-2022-
00165715) funded by the Ministry of Science and ICT, Government of
Korea. This manuscript was edited for language accuracy and clarity using
ChatGPT-4.0, an Al language model developed by OpenAl.

Author contributions

KL has made substantial contributions to the conceptualization of the
research and the formal analysis. KL acquired funding for the study, while
JH managed the project. Both KL and JH contributed to the review and
interpretation of the results. KL drafted the original manuscript, and JH
reviewed and edited it. All authors have read and approved the final
manuscript.

Funding

This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korea government (MSIT) (No. RS-2022-00165715).
MSIT: Ministry of Science and ICT.

Data availability
The datasets analyzed during the current study are available from the National
Health Insuranc Sharing Service on reasonable request.[https://nhiss.nhis.or.

kr/].

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Institutional Review Board of the Eulji
University of South Korea (IRB no. EUIRB2022-073). Informed consent was not
required.

Competing interests
The authors declare no competing interests.

Received: 10 July 2024 / Accepted: 11 January 2025
Published online: 23 January 2025

References

1. Ministry of Health and Welfare. Korea. Coronavirus-Infection-19 Domestic
outbreak. https://ncov.kdca.go.kr/bdBoardList_Real.do?brdld=1&brdGubun
=11&ncvContSeq=&contSeq=&board_id=&gubun=. Accessed Date Month
Year.

2. Yang SC, Jang JH,Yu MS, Lee JG, KIm TY, Kang AR et al. 2-Year Report on
COVID-19 cases in South Korea (January 20, 2020 - January 19, 2022).
2022;15:414-426.

3. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular complications in
COVID-19. Am J Emerg Med. 2020;38:1504-7. https://doi.org/10.1016/j.ajem.2
020.04.048.

4. Renaud-Charest O, Lui LMW, Eskander S, Ceban F, Ho R, Di Vincenzo JD,
Rosenblat JD, Lee Y, Subramaniapillai M, McIntyre RS. Onset and frequency of
depression in post-COVID-19 syndrome: a systematic review. J Psychiatr Res.
2021;144:129-37. https://doi.org/10.1016/j,jpsychires.2021.09.054.

5. Pudlo R, Jaworska |, Szczegielniak A, Niedziela J, Kutaczkowska Z, Nowow-
iejska-Wiewiora A, Jaroszewicz J, Gasior M. Prevalence of insomnia in the
early post-COVID-19 recovery period. Int J Environ Res Public Health.
2022;19:14224. https://doi.org/10.3390/ijerph 192114224,

6. WuTJ,YuAC, Lee JT. Management of post-COVID-19 olfactory dysfunction.
CurrTreat Options Allergy. 2022;9:1-18. https://doi.org/10.1007/540521-021-0
0297-9.

7. OhHY.The association between underlying diseases, severity, and death in
COVID-19 patients: using the epidemiological information from the Korea

20.

21.

22.

23.

24.

25.

26.

Page 8 of 9

Disease Control and Prevention Agency (2020). Yonsei University Graduate
School. 2022.

Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 patients: cur-
rent problems. Intern Emerg Med. 2021;16:1123-9. https://doi.org/10.1007/s1
1739-021-02635-w.

Kang YJ. Mortality rate of infection with COVID-19 in Korea from the perspec-
tive of underlying disease. Disaster Med Public Health Prep. 2020;14:384-6.
https://doi.org/10.1017/dmp.2020.60.

Kompaniyets L, Pennington AF, Goodman AB, Rosenblum HG, Belay B, Ko JY,
Chevinsky JR, Schieber LZ, Summers AD, Lavery AM, Preston LE, Danielson
ML, Cui Z, Namulanda G, Yusuf H, Mac Kenzie WR, Wong KK, Baggs J, Boehmer
TK, Gundlapalli AV. Underlying medical conditions and severe iliness among
540,667 adults hospitalized with COVID-19, March 2020-March 2021. Prev
Chronic Dis. 2021;18:E66. https://doi.org/10.5888/pcd18.210123.

Mahajan K, Chandra KS. Cardiovascular comorbidities and complications
associated with coronavirus disease 2019. Med J Armed Forces India. 2020;76.
https://doi.org/10.1016/}.mjaf.2020.05.004. :253 - 60.

Kompaniyets L, Agathis NT, Nelson JM, Preston LE, Ko JY, Belay B, Pennington
AF, Danielson ML, DeSisto CL, Chevinsky JR, Schieber LZ, Yusuf H, Baggs J,
Mac Kenzie WR, Wong KK, Boehmer TK, Gundlapalli AV, Goodman AB. Under-
lying medical conditions associated with severe COVID-19 iliness among
children. JAMA Netw Open. 2021;4:2111182. https://doi.org/10.1001/jaman
etworkopen.2021.11182.

Bloom Cl, Drake TM, Docherty AB, Lipworth BJ, Johnston SL, Nguyen-Van-
Tam JS.The ISARIC investigators. Risk of adverse outcomes in patients with
underlying respiratory conditions admitted to hospital with COVID-19: a
national, multicentre prospective cohort study using the ISARIC WHO Clinical
Characterisation Protocol UK. Lancet Respir Med. 2021;9:699-711. https://doi.
0rg/10.1016/52213-2600(21)00013-8.

Rai DK, Sharma P, Kumar R. Post covid 19 pulmonary fibrosis. Is it real threat.
Indian J Tuberc. 2021,68:330-3. https://doi.org/10.1016/}.ijtb.2020.11.003.
Boozari M, Hosseinzadeh H. Natural medicines for acute renal failure: a
review. Phytother Res. 2017;31:1824-35. https://doi.org/10.1002/ptr.5943.
Shiao CC, Wu PC, Huang TM, Lai TS, Yang WS, Wu CH, Lai CF, Wu VC, Chu TS,
Wu KD. Long-term remote organ consequences following acute kidney
injury. Crit Care. 2015;19:438. https://doi.org/10.1186/513054-015-1149-5.
Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha V. The novel coronavirus
2019 epidemic and kidneys. Kidney Int. 2020,97:824-8. https://doi.org/10.101
6/j.kint.2020.03.001.

Arslan G, Allen KA. Exploring the association between coronavirus stress,
meaning in life, psychological flexibility, and subjective well-being. Psychol
Health Med. 2022;27:803-14. https://doi.org/10.1080/13548506.2021.187689
2.

de Sire A, Moggio L, Marotta N, Agostini F, Tasselli A, Drago Ferrante V, Curci
C, Calafiore D, Ferraro F, Bernetti A, Taskiran OO, Ammendolia A. Impact of
rehabilitation on fatigue in post-COVID-19 patients: a systematic review and
meta-analysis. Appl Sci. 2022;12:8593. https://doi.org/10.3390/app12178593.
Cheol Seong S, Kim Y-Y, Khang Y-H, Heon Park J, Kang H-J, Lee H, et al. Data
resource profile: the national health information database of the National
Health Insurance Service in South Korea. Int J Epidemiol. 2017;46:799-800.
https://doi.org/10.1093/ije/dyw253.

Kovalic AJ, Satapathy SK, Thuluvath PJ. Prevalence of chronic liver disease in
patients with COVID-19 and their clinical outcomes: a systematic review and
meta-analysis. Hepatol Int. 2020;14:612-20. https://doi.org/10.1007/512072-0
20-10078-2.

Algahtani SA, Schattenberg JM. Liver injury in COVID-19: the current evi-
dence. United Eur Gastroenterol J. 2020,8:509-19. https://doi.org/10.1177/20
50640620924157.

Wu J, Song S, Cao HC, Li LJ. Liver diseases in COVID-19: etiology, treatment
and prognosis. World J Gastroenterol. 2020;26:2286-93. https://doi.org/10.37
48/wjg.v26.19.2286.

Pazgan-Simon M, Serafinska S, Kukla M, Kucharska M, Zuwata-Jagietto J,
Buczynska I, Zielinska K, Simon K. Liver injury in patients with COVID-19
without underlying liver disease. J Clin Med. 2022;11:308. https://doi.org/10.3
390/jcm11020308.

Sunkara K, Allam VR, Shukla SD, Chellappan DK, Gupta G, MacLoughlin R, et
al. COVID-19 in underlying COPD patients. EXCLI J. 2021;20:248. https://doi.or
9/10.17179/excli2021-3322.

Zoumot Z, Bonilla MF, Wahla AS, Shafiqg |, Uzbeck M, El-Lababidi RM, Hamed
F, Abuzakouk M, ElKaissi M. Pulmonary cavitation: an under-recognized late
complication of severe COVID-19 lung disease. BMC Pulm Med. 2021;21:24.
https://doi.org/10.1186/512890-020-01379-1.


https://nhiss.nhis.or.kr/
https://nhiss.nhis.or.kr/
https://ncov.kdca.go.kr/bdBoardList_Real.do?brdId=1&brdGubun=11&ncvContSeq=&contSeq=&board_id=&gubun
https://ncov.kdca.go.kr/bdBoardList_Real.do?brdId=1&brdGubun=11&ncvContSeq=&contSeq=&board_id=&gubun
https://doi.org/10.1016/j.ajem.2020.04.048
https://doi.org/10.1016/j.ajem.2020.04.048
https://doi.org/10.1016/j.jpsychires.2021.09.054
https://doi.org/10.3390/ijerph192114224
https://doi.org/10.1007/s40521-021-00297-9
https://doi.org/10.1007/s40521-021-00297-9
https://doi.org/10.1007/s11739-021-02635-w
https://doi.org/10.1007/s11739-021-02635-w
https://doi.org/10.1017/dmp.2020.60
https://doi.org/10.5888/pcd18.210123
https://doi.org/10.1016/j.mjafi.2020.05.004
https://doi.org/10.1001/jamanetworkopen.2021.11182
https://doi.org/10.1001/jamanetworkopen.2021.11182
https://doi.org/10.1016/S2213-2600(21)00013-8
https://doi.org/10.1016/S2213-2600(21)00013-8
https://doi.org/10.1016/j.ijtb.2020.11.003
https://doi.org/10.1002/ptr.5943
https://doi.org/10.1186/s13054-015-1149-5
https://doi.org/10.1016/j.kint.2020.03.001
https://doi.org/10.1016/j.kint.2020.03.001
https://doi.org/10.1080/13548506.2021.1876892
https://doi.org/10.1080/13548506.2021.1876892
https://doi.org/10.3390/app12178593
https://doi.org/10.1093/ije/dyw253
https://doi.org/10.1007/s12072-020-10078-2
https://doi.org/10.1007/s12072-020-10078-2
https://doi.org/10.1177/2050640620924157
https://doi.org/10.1177/2050640620924157
https://doi.org/10.3748/wjg.v26.i19.2286
https://doi.org/10.3748/wjg.v26.i19.2286
https://doi.org/10.3390/jcm11020308
https://doi.org/10.3390/jcm11020308
https://doi.org/10.17179/excli2021-3322
https://doi.org/10.17179/excli2021-3322
https://doi.org/10.1186/s12890-020-01379-1

Lee and Hwang Archives of Public Health

27.

28.

29.

30.

32.

33.

34.

35.

36.

(2025) 83:20

Ali RMM, Ghonimy MBI. Post-COVID-19 pneumonia lung fibrosis: a worrisome
sequelae in surviving patients. Egypt J Radiol Nucl Med. 2021;52:1-8. https://
doi.org/10.1186/543055-021-00484-3.

Lax SF, Skok K, Trauner M. Pulmonary arterial thrombosis as an important
complication of COVID-19 pulmonary disease: letter to the editor. Virchows
Arch. 2020;477:467-8. https://doi.org/10.1007/500428-020-02896-4.
Farshidfar F, Koleini N, Ardehali H. Cardiovascular complications of COVID-19.
JCl Insight. 2021,6:€148980. https://doi.org/10.1172/jci.insight.148980.

Bansal M, Cardiovascular disease, COVID-19. Diabetes Metab Syndr. 2020.
https://doi.org/10.1016/j.dsx.2020.03.013. 14:247 - 50.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong
Y, Zhao'Y, Li Y, Wang X, Peng Z. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China.
JAMA. 2020;323:1061-9. https://doi.org/10.1001/jama.2020.1585.

Ahmadian E, Hosseiniyan Khatibi SM, Razi Soofiyani S, Abediazar S, Shoja MM,
Ardalan M, ZununiVahed S. Covid-19 and kidney injury: pathophysiology and
molecular mechanisms. Rev Med Virol. 2021;31:2176. https://doi.org/10.100
2/rmv.2176.

Han IM, Kee YK, Lee E, Lee C-k, Han SG, Heo SJ, et al. Renal parenchymal mala-
koplakia with acute interstitial nephritis presented with acute kidney injury.
Ewha Med J. 2015;38:36-41. https://doi.org/10.12771/emj.2015.38.1.36.
Henry BM, Lippi G. Chronic kidney disease is associated with severe corona-
virus disease 2019 (COVID-19) infection. Int Urol Nephrol. 2020;52:1193-4.
https://doi.org/10.1007/511255-020-02451-9.

Desai AD, Lavelle M, Boursiquot BC, Wan EY. Long-term complications of
COVID-19. Am J Physiol Cell Physiol. 2022;322. https://doi.org/10.1152/ajpcell.
00375.2021.:C1-C11.

Rutkowski S, Bogacz K, Rutkowska A, Szczegielniak J, Casaburi R. Inpatient
post-COVID-19 rehabilitation program featuring virtual reality-preliminary
results of randomized controlled trial. Front Public Health. 2023;11:1121554.
https://doi.org/10.3389/fpubh.2023.1121554.

37.

38.

39.

40.

41.

42.

Page 9 of 9

Ostrowska M, Rzepka-Cholasiriska A, Pietrzykowski £, Michalski P, Kosobucka-
Ozdoba A, Jasiewicz M, Kasprzak M, Krys J, Kubica A. Effects of multidis-
ciplinary rehabilitation program in patients with long COVID-19: Post-
COVID-19 Rehabilitation (PCR SIRIO 8) study. J Clin Med. 2023;12:420. https://
doi.org/10.3390/jcm12020420.

Yue Z, Zhang R, Xiao J. Passive social media use and psychological well-being
during the COVID-19 pandemic: the role of social comparison and emotion
regulation. Comput Hum Behav. 2022;127:107050. https://doi.org/10.1016/j.c
hb.2021.107050.

Sarkar S, Das D, Borsingh Wann S, Kalita J, Manna P Is diabetes mellitus a
wrongdoer to COVID-19 severity. Diabetes Res Clin Pract. 2021;178:108936.
https://doi.org/10.1016/j.diabres.2021.108936.

Verma AK, Beg MMA, Bhatt D, Dev K, Alsahli MA, Rahmani AH, Goyal Y. Assess-
ment and management of diabetic patients during the COVID-19 pandemic.
Diabetes Metab Syndr Obes. 2021;14:3131-46. https://doi.org/10.2147/DMSO
5285614,

Saed Aldien A, Ganesan GS, Wahbeh F, Al-Nassr N, Altarawneh H, Al Theyab L,
Saed Aldien S, Tomerak S, Naveed H, Elshazly MB, Zakaria D. Systemic inflam-
mation may induce cardiac injury in COVID-19 patients including children
and adolescents without underlying cardiovascular diseases: a systematic
review. Cardiovasc Revasc Med. 2022;35:169-78. https://doi.org/10.1016/j.car
rev.2021.04.007.

Shehata GA, Lord KC, Grudzinski MC, Elsayed M, Abdelnaby R, Elshabrawy HA.
Neurological complications of COVID-19: underlying mechanisms and man-
agement. Int J Mol Sci. 2021;22:4081. https://doi.org/10.3390/ijms22084081.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s43055-021-00484-3
https://doi.org/10.1186/s43055-021-00484-3
https://doi.org/10.1007/s00428-020-02896-4
https://doi.org/10.1172/jci.insight.148980
https://doi.org/10.1016/j.dsx.2020.03.013
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1002/rmv.2176
https://doi.org/10.1002/rmv.2176
https://doi.org/10.12771/emj.2015.38.1.36
https://doi.org/10.1007/s11255-020-02451-9
https://doi.org/10.1152/ajpcell.00375.2021
https://doi.org/10.1152/ajpcell.00375.2021
https://doi.org/10.3389/fpubh.2023.1121554
https://doi.org/10.3390/jcm12020420
https://doi.org/10.3390/jcm12020420
https://doi.org/10.1016/j.chb.2021.107050
https://doi.org/10.1016/j.chb.2021.107050
https://doi.org/10.1016/j.diabres.2021.108936
https://doi.org/10.2147/DMSO.S285614
https://doi.org/10.2147/DMSO.S285614
https://doi.org/10.1016/j.carrev.2021.04.007
https://doi.org/10.1016/j.carrev.2021.04.007
https://doi.org/10.3390/ijms22084081

	﻿Impact of underlying diseases and complications on COVID-19 mortality in South Korea: analysis of national health insurance service data
	﻿Abstract
	﻿Background
	﻿Material and method
	﻿Research data
	﻿Research variables
	﻿Dependent variables
	﻿Independent variables
	﻿Covariates


	﻿Data analysis
	﻿Results
	﻿General characteristics
	﻿Comparison of disease distribution between the underlying disease and complication groups
	﻿Association between underlying diseases and mortality
	﻿Association between complications and mortality

	﻿Discussion
	﻿Conclusion
	﻿References


