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Introduction: Coronavirus Disease 2019 (COVID-19) disease first appeared

in Wuhan, China in December 2019. Subsequently, the pandemic spread

rapidly throughout the entire world. The number of people who died from

COVID-19 is rising daily due to the growing number cases. This retrospective

study aims to classify patients with hepatosteatosis (HS) who had COVID-19,

depending on additional disease characteristics and to compare survival times

and death rates.

Material and methods: The study included 433 individuals with COVID-19

and HS at Amasya University Sabuncuoglu Serefeddin Education and Research

Hospital. Additional disease characteristics of patients with HS were analyzed

using latent class analysis (LCA) and the patients were divided into two groups.

Results: The study results indicate that the survival time of the first group,

whichwas formed as a result of the LCA, was significantly lower than that of the

second group (p= 0.038). The rate of diabetes, coronary artery disease, chronic

rhythm disorder, chronic obstructive pulmonary disease (COPD) and chronic

kidney disease was significantly higher in group 1 than in group 2 (respectively

p < 0.001; p < 0.001; p < 0.001; p < 0.001; p = 0.015).

Discussion: In patients with HS, the presence of diabetes, coronary

artery disease, chronic rhythm problem, COPD, and chronic renal disorders

contributes to an increase in death rates due to COVID-19.

KEYWORDS
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Introduction

Coronavirus Disease 2019 (COVID-19) first appeared in December 2019 Wuhan,

China, and quickly became a worldwide pandemic with an increasing number of

mortalities (1). In Fang et al.’s review of the comorbidities of patients with COVID-19,

advanced age, male gender, chronic kidney disease, chronic obstructive pulmonary

disease (COPD), and cardiovascular diseases were identified as significant factors

exacerbating the condition. Moreover, evaluating the heart, liver, and kidneys when

examining the area outside the lung during a routine chest computed tomography
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(CT) is essential. Hepatosteatosis (HS) worsens COVID-19

infections by increasing the inflammatory response along with

the deterioration of liver functions (2–8). Furthermore, HS

negatively affects the immune system and has been associated

with recurrent infections and increased mortality (9–11). The

prevalence of HS in the Turkish population is high (45.5%);

therefore, it is a crucial issue in the country when associated

with COVID-19. The presence of HS, along with possible

additional diseases, is a significant comorbidity in COVID-

19. Therefore, patients’ survival times and other disease states

should be evaluated. In addition to prolonged hospital stays,

the presence of disease histories, such as hypertension, diabetes

mellitus (DM), coronary artery disease (CAD), chronic heart

disease (CHD), and chronic obstructive pulmonary disease

(COPD), has significant effects on the survival time of patients

with COVID-19.

This study used latent class analysis (LCA), an advanced

statistical method, for the classification, and this increases the

originality of the study. LCA often identifies qualitatively

different subgroups within populations with specific

characteristics. Using this method, the subgroups obtained

from the analysis are called latent classes (12, 13). LCA classifies

individuals into clusters based on the probability of membership

estimated directly from the model. In LCA, clusters are revealed

by interrelated observations through categorical variables

(13, 14). LCA can be considered as an alternative to factor

analysis for categorical variables. The primary advantage of LCA

is that it is probabilistic and the model fit is based on measures.

Therefore, it is less dependent on the researcher’s reasoning than

traditional approaches. In the literature, the effect of different

diseases on the prognosis of patients with COVID-19 according

to the presence of HS has not been evaluated using LCA (15).

The aim of this study is to classify patients with HS who have

had COVID-19 depending on additional disease characteristics

and to compare survival times and death rates of classes

using LCA.

Materials and methods

This retrospective and single-center study was approved

by the Ethical Committee of Amasya University Sabuncuoglu

Serefeddin Education and Research Hospital and was conducted

according to the Declaration of Helsinki and Good Clinical

Practice (10 December 2021, No: 2021/46711).

Ethical Considerations Protocol was approved by research

and ethic committees and the institutional review board; all

participants signed an informed consent.

Study population and data collection

The data of 433 patients with COVID-19 who were

admitted to the emergency department of Amasya University

Sabuncuoglu Serefeddin Education and Research Hospital

between July 2021 and November 2021 were collected. All

patients who met the study’s inclusion criteria during the time

period were included. It is known that at least 20 times the

number of variables is sufficient in multivariate analyses. In

our study, based on LCA, at least 160 individuals should be

recruited, as there were eight variables. When the proportion

of subjects in group one is taken 0.50, the expected hazard

ratio (HR) was taken 0.70, a minimum 247 patients should

be included in the study with 95% reliability, 80% power.

The inclusion criteria for the study were adult patients (age

≥ 18 years), patients with a positive Reverse Transcription

Polymerase Chain Reaction (RT-PCR) test, and a chest CT,

including the liver and spleen. Patients with a negative RT-PCR

test, those given contrast material, those with image artifacts that

hindered evaluation, those with chronic liver disease, those with

solid or cystic lesions in the liver parenchyma, and pregnant

women were excluded from the study. Patient’s demographic

information, comorbidities, hospital or intensive care unit (ICU)

admission history, laboratory findings, length of hospital stay,

and survival were recorded from electronic medical records.

Laboratory examinations one day from the date corresponding

to the first chest CT scan at the time of admission to the

hospital were also recorded from electronic medical records.

Patients’ demographic information, comorbidities, hospital or

intensive care unit admission history, laboratory findings, length

of hospital stay, and survival were recorded from electronic

medical records. Laboratory examinations within one day from

the date corresponding to the first chest CT scan at the time

of admission to the hospital were also recorded from electronic

medical records.

The selection of the study patients is shown using a study

flow diagram (Figure 1).

Clinical and laboratory data

The laboratory results obtained within one day from the

initial chest CT date and comorbidities such as diabetes,

hypertension, chronic renal failure, chronic lung and

cardiovascular diseases, admission to the hospital and/or

intensive care unit (ICU), and dates of death were scanned from

the hospital’s electronic medical records. The patient’s length of

stay in the hospital and their survival were recorded.

CT protocol

The non-contrast chest CT scans were performed using

multidetector CT (MDCT) 128-slice GE Healthcare Revolution

EVO CT scanners (GE Medical Systems, Milwaukee, WI,

USA). The settings were tube voltage, 120 kV; tube current,

100 mA−450mA; beam collimation, 64mm × 0.625mm;

beam pitch, 1.375; gantry rotation, 0.4 s; acquisition direction,
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FIGURE 1

Flow cart of patients.

craniocaudal; reconstruction kernel, standard; slice thickness,

0.625mm; and section overlap, 0.625mm. All chest CT scans

were assessed at a lung window of 1,500WW and−450WL and

a mediastinal window of 400WW and 40WL. The non-contrast

chest CTwas acquired during a single breath-hold. Craniocaudal

axial images were obtained from the beginning of the thorax to

the abdomen (the middle part of the kidneys) with the patient in

a deep inspiration breath-hold and in a supine position.

Image analysis

The first chest CT scan taken on admission to the hospital

was evaluated for the presence of COVID-19 pneumonia andHS

based on suspected COVID-19 lung involvement (1= very low,

2= low, 3= uncertain, 4= high, and 5= very high were typical

findings). The COVID-19 Reporting and Data System (CO-

RADS) scores were assigned (16). In the qualitative analysis,

the patient’s liver density in the upper abdominal sections was

included in the image, separated by the hepatic veins. This was

measured by averaging the Hounsfield unit (HU) of a circular

area of regions of interest (ROIs) from four different areas of

both lobes. Spleen density was obtained from an ROI in the

range of 1.4 cm²−1.8 cm² placed in the parenchyma. In both

organs, ROIs were placed in parenchyma areas at least 1 cm

from low-density vascular structures, hilum and high-density

(e.g., calcification) areas. HSwas defined if the hepatic-to-splenic

attenuation ratio (CTL/S) of these mean densities was less than

1 (17–19). Additional disease characteristics of patients with

fatty liver were examined using LCA, and the patients were

divided into two groups. Survival times, comorbidity rates and

mortality rates were compared among the groups formed as a

result of LCA.

Statistical analysis

Descriptive statistics of categorical variables in the data set

are given as numbers and percentages, and descriptive statistics

for numerical variables are given as mean, standard deviation,

median, minimum and maximum. The most appropriate class

number was determined by comparing the latent class analysis

and AIC (Akaike information criterion) and BIC (Bayesian

information criterion) by evaluating the additional disease

conditions of the patients. As a result of latent class analysis,

two groups were obtained and the patients were divided into

appropriate classes. The graphs of the patients’ survival times

were analyzed with Kaplan Meier curves. The logrank test was

used to determine whether there was a significant difference

in survival time between the classes. Relationships between

categorical variables were analyzed with Pearson chi-square and

Fisher exact tests. The statistical significance level was taken as

0.05. Statistical analyses were performed by using IBM SPSS

Statistics for Windows, Version 27.0 (IBM. Armonk, NY) and

R package.

Results

The study results indicate that the mean age of 433 patients

with HS and COVID-19 was 64.73± 13.988 years. Additionally,

60% (260) of the patients were female and 40% (173) were male.

Furthermore, 66.1% (286) of the patients died due to COVID-

19, 34.6% (150) died due to DM, 18.9% (82) died due to CAD,

7.6% (33) died due to chronic heart rhythm disorder, 1.4% (6)

died due to peripheral artery diseases (PAD), 10.6% (46) died

due to asthma, 6.9% (20) died due to COPD, 4.2% (18) died due

to venous insufficiency, and 2.1% (9) died due to CKD (Table 1).

Whenwe performed the LCA according to the comorbidities

of the patients, the AIC value obtained from the model was

2038 and the BIC value was 2107. According to the LCA, the

probability of an individual being in the first group was 0.536,

and the probability of an individual being in the second group

was 0.464. The results of the analysis indicated a substantial

difference in length of hospital stay between the two groups

generated by applying the comorbidities in the table above.

The patients were divided into two groups according to their

comorbidities. Patients in group 1 are those who are most at

risk, which typically includes those who have DM, CAD, chronic

rhythm disorders, COPD and CKD comorbidities. Group 2, the
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TABLE 1 Descriptive statistics of demographic features and

comorbities of patients.

Frequency Percent

Gender Female 260 60.0

Male 173 40.0

Status Death 286 66.1

Alive 147 33.9

Diabetes mellitus (DM) No 283 65.4

Yes 150 34.6

Coronary artery disease (CAD) No 351 81.1

Yes 82 18.9

Chronic heart diseases (CHD) No 400 92.4

Yes 33 7.6

Peripheral artery disease (PAD) No 427 98.6

Yes 6 1.4

Asthma No 387 89.4

Yes 46 10.6

Chronic obstructive pulmonary

diseases (COPD)

No 403 93.1

Yes 30 6.9

Venousin sufficiency No 415 95.8

Yes 18 4.2

Chronic kidney disease (CKD) No 424 97.9

Yes 9 2.1

TABLE 2 Median survival times of latent classes.

Classes Median

Estimate Standard error 95% confidence interval

Lower bound Upper bound

Class 1 21.000 2.280 16.532 25.468

Class 2 24.000 2.531 19.040 28.960

Overall 23.000 1.084 20.876 25.124

group with lower risk of death, mostly includes patients with

CKD comorbidities. The survival time of the first group was

significantly lower than that of the second group (p = 0.038).

It was found that the median survival time of the first group was

21 and the median survival time of the second group was 24. The

median times and 95% confidence intervals (CI) of the groups

are presented in Table 2. Figure 2 shows the Kaplan–Meier graph

for the two groups. The cumulative proportion surviving can be

seen in Table 3 (Table 2, Figure 2).

It was observed that the death rates of the individuals in

group 1 were significantly higher than those in group 2 when

the death rates due to COVID-19 were examined according to

the groups generated as a result of the LCA (p = 0.035). In

other words, we can see that group 1 includes patients at higher

FIGURE 2

Kaplan Meier curve for patients by classes.

risk (Table 4). It was found that the risk in group 1 was 1.403

times higher than that in group 2, and the HR was statistically

significant (p = 0.044; HR: 1.403; CI of HR: 1.010–1.951). In

Figure 3, Kaplan–Meier curves stratified by comorbidities can

be seen (Figure 3).

Comparisons were made with the groups generated as a

result of the analysis in terms of comorbidities. The p values

and distributions of the comparisons are provided in Table 5.

As shown in Table 5, no significant difference was observed

between group 1 and group 2 in terms of CAD, asthma, and

venous insufficiency distributions (p = 0.439, p = 0.621, and p

= 0.283, respectively). Diseases that were effective in separating

the two groups were determined as DM, CAD, CHD, COPD,

and CKD. The rates of DM, CAD, chronic rhythm disorder,

COPD, and CKD were significantly higher in group 1 than in

group 2 (p < 0.001, p < 0.001, p < 0.001, p < 0.001, and p =

0.015 respectively). Therefore, group 1, the group with a high

risk of death, mostly includes patients with DM, CAD, chronic

rhythm disorders, and COPD. Group 2, the group with a lower

risk of death, mostly includes patients with CKD comorbidities

(Table 5).

Discussion

COVID-19 displays a two-phase progression. The virus’s

direct impact causes the early phase, and an excess of cytokine

release causes the late phase (21). As cholangiocytes (60%)

in the liver contain the majority of the virus’s receptor,

angiotensin converting enzyme 2 (ACE2), SARS-CoV-2 can

directly infect these cells (22). Due to the excessive inflammatory

response in the liver, this condition generates an increase

in proinflammatory cytokines, which furthers the disease’s

progression. Moreover, HS results in a rise in the inflammatory

response and degeneration of the immune system in addition

to the deterioration of liver functioning. This is the process that

occurs with direct virus damage to the liver (2–11).
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TABLE 3 Cumulative proportion surviving at the time intervals for classes.

Class Time Status Cumulative proportion surviving N of cumulative

at the time events

Estimate Std. error

Class 1 4 1 0.995 0.005 1

10 1 0.809 0.028 38

20 0 0.505 0.046 71

30 0 0.311 0.058 82

40 0 0.311 0.058 82

50 0 0.311 0.058 82

Class 2 4 1 0.982 0.009 4

10 1 0.936 0.018 12

20 1 0.639 0.051 39

30 1 0.329 0.065 54

40 1 0.062 0.041 63

51 1 0.031 0.030 64

TABLE 4 Survival status distributions of latent classes.

Class p

Class 1 Class 2

Status Alive n 129 157 0.035

% 61.1 70.7

Death n 82 65

% 38.9 29.3

Total n 211 222 433

% 100 100 100

When HS is combined with insulin resistance and several

other conditions, it is called metabolic syndrome. Metabolic

syndrome is an endocrinopathy that starts with insulin

resistance and is followed by systemic illnesses such as obesity,

type 2 DM, dyslipidemia, hypertension, HS, and CAD. Insulin

resistance causes more fat to accumulate in the liver, which leads

to HS. The onset and severity of the disease may be related to

several risk factors. It is claimed in the literature that control

groups who were COVID-19-positive had a lower risk of HS

than positive groups (7, 11, 23). Additionally, Palomar-Lever

et al. and Corapli et al. discovered that CT-SS was greater in

individuals with COVID-19 with HS. However, these studies

only included patients who tested positive for the virus (2, 24).

A review research study found that, in addition to

advanced age, comorbidities such as hypertension, DM, CAD,

cerebrovascular disease, COPD, chronic hepatitis, and cancer

greatly affect the severity and prognosis of COVID-19 (25).

Another study found that 12% of the 1482 patients with COVID-

19 hospitalized in the USA who were included in the study had

a history of comorbidity. Of these 1,482 patients, 34.6% had

chronic liver disease, 48.3%were obese, 49.7% had hypertension,

28.3% had DM, and 27.8% had CHD (26). The most prevalent

comorbidities in patients who tested positive for COVID-19

are hypertension, CHD, and CAD, and they seem to be risk

factors for severe consequences (27–29). The heart and vascular

tissues contain high concentrations of ACE2, making them ideal

locations for viral colonization. While DM was present in 21.5%

of COVID-19 mortalities, it was found that it was present in

3.9% of survivors (30). The Chinese Center for Disease Control

reported that when DM in the same group was taken into

account, the death rate of more than 70,000 cases rose from 2.3%

to 7.3% (20).

In a different study published in the literature,

severe COVID-19 was most strongly correlated with

immunosuppression, DM, and cancer; in addition, older

age, male gender, hypertension and DM were linked to higher

mortality. According to the additional clinical conditions of

patients with COVID-19 with fatty liver, classifications were

constructed in our study using LCA, an advanced statistical

technique. No study on the classification of the disease group

connected to the LCA was discovered when the literature

was searched. Comparisons were made between the groups

generated as a result of the classification in terms of survival

times and death rates. According to the study’s results, patients

with HS who have DM, CAD, chronic rhythm disorders, COPD

and CKD are more likely to die from COVID-19.

Patients with quantitatively recognizable HS may experience

an overwhelming immune response to the SARS-CoV-2 virus,

resulting in a cytokine storm that has a negative impact on the

patients’ prognosis. When using a chest CT on patients with

COVID-19, it is crucial to assess the heart, liver and kidneys in

addition to the lungs for additional disease. With knowledge of
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FIGURE 3

Kaplan Meier curves stratified by comorbidities.
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TABLE 5 Relations between classes and comorbidities.

Class p

Class 1 Class 2

Diabetes mellitus (DM) No n 63 220 <0.001

% 29.9 99.1

Yes n 148 2

% 70.1 0.9

Coronary artery diseases (CAD) No n 130 221 <0.001

% 61.6 99.5

Yes n 81 1

% 38.4 0.5

Chronic heart diseases (CHD) No n 178 222 <0.001

% 84.4 100

Yes n 33 0

% 15.6 0

Peripheral artery diseases (PAD) No n 207 220 0.439

% 98.1 99.1

Yes n 4 2

% 1.9 0.9

Asthma No n 187 200 0.621

% 88.6 90.1

Yes n 24 22

% 11.4 9.9

Chronic obstructive pulmonary No n 182 221 <0.001

diseases (COPD) % 86.3 99.5

Yes n 29 1

% 13.7 0.5

Venous insufficiency No n 200 215 0.283

% 94.8 96.8

Yes n 11 7

% 5.2 3.2

Chronic kidney diseases (CKD) No n 210 214 0.015

% 99.5 96.4

Yes n 1 8

% 0.5 3.6

the patients’ prognosis, close follow-up can be conducted in light

of this information. As the intensity of the inflammation may

worsen, some patients may not be suitable for home treatment.

Therefore, when the patients are closely monitored by assessing

this scenario, the recovery rate of the patients will increase since

the condition of the patients with other disorders also affects

the process.

The strength of our study is that we conducted a

thorough investigation to assess the death and survival rates of

individuals with HS who tested positive for COVID-19 while

also taking into account the comorbidities. Furthermore, we

believe that the amount of data and patient heterogeneity is

adequate given the prevalence of COVID-19. The originality

of the study is increased by applying LCA to evaluate

the data. Such a study has not been documented in the

literature based on these benefits. However, a limitation of

our study is that not all disease categories and biochemical

indicators could be evaluated in the study, and therefore a

multicenter study involving different provincial hospitals could

be conducted.

Conclusion

The number of patients who died due to COVID-

19 is rising daily as a result of the growing number

of instances (1). By escalating the inflammatory response

and degrading liver functioning, HS worsens the COVID-

19 infection. HS, like other comorbidities, has a significant

impact on how the disease develops. Moreover, patients may

be suffering from various illnesses in addition to HS. The

existence of these other disorders has a significant impact

on how COVID-19 develops. In this study, an improved

statistical method was used to explore the comorbidities of HS

with COVID-19.

In patients with HS, the presence of DM, CAD, chronic

rhythm disorders, COPD and CKD contributes to an increase

in COVID-19 death rates. The high-risk group, which was

generated as a result of the LCA, also had a significantly shorter

survival time than the other group. Therefore, the comorbidities

have a significant impact on the survival time and mortality risk

in COVID-19-associated HS. Therefore, it is advised that the

doctor should consider this information while deciding on the

best course of action.
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