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A B S T R A C T

Background: Coronavirus disease 2019 (COVID-19) has become a global health threat, and thus, an early and
effective set of predictors is needed to manage the course of the disease.
Objectives:We aim to determine the effect of SARS-CoV-2 on lipid profile and to evaluate whether the athero-
genic index of plasma (AIP) could be used to predict in-hospital mortality in COVID-19 patients.
Methods: In this retrospective chart review study, a total of 139 confirmed COVID-19 patients, whose diagno-
ses are confirmed by PCR and computerized tomography results, are enrolled. The study population is
divided into two groups: the deceased patient group and the survivor group. For each patient, fasting total
cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and
the triglyceride values are obtained from the laboratory tests required at the admission to hospital. Finally,
the AIP is calculated as the base 10 logarithm of the triglyceride to HDL-C ratio. Distributional normality of
the data is checked and depending on the normality of the data, either T test or Mann Whithey U test is
employed to compare the two aforementioned study groups.
Results:Mean age of the study population is 49.2 § 20.8 and 61.2% (n = 85) is male. Out of the 139 patients 26
have deceased and the remaining 113 patients survived the disease. Mean age of the deceased patients was
71.8*8.9 and mean age of the survivor patients is 44.0*19.2 (p < 0.001). The deceased group had more
patients with hypertension (50.0% vs. 23.0, p = 0.006), diabetes mellitus (35.6% vs. 10.6%, p = 0.002), cardio-
vascular diseases (23.1% vs. 4.4%, p = 0.001), chronic renal insufficiency (11.5% vs. 0.9%, p = 0.003) and atrial
fibrillation (7.7% vs 0%, p = 0.003).
The AIP values in the deceased group are found to be statistically higher (p < 0.001) than the survivor group.
As a measure of mortality, the area under the operating characteristic curve for the AIP is calculated as 0.850
(95% confidence interval: 0.772�0.928) along with the optimal cut-off value of 0.6285 (78.6% sensitivity and
80.5% specificity). Furthermore, the AIP value is observed to be elevated in patients with pneumonia, intuba-
tion history, and intensive care admission during hospital stay (p = 0.002, p < 0.001 and p < 0.001, respec-
tively). Finally, compared to the survivor group, total cholesterol, HDL-C, LDL-C values are lower (p = 0.004,
p < 0.001 and p < 0.001, respectively) and triglyceride levels are higher (p < 0.001) in deceased patients.
Conclusion: In this study, we show that the AIP levels higher than 0.6285 can predict in-hospital mortality for
COVID-19 patients. Moreover, the AIP emerges as a good candidate to be used as an early biomarker to pre-
dict pneumonia, intubation and intensive care need. Hence, regular check of the AIP levels in COVID-19
patients can improve management of these patients and prevent deterioration of the disease.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

After its emergence in Wuhan City, Hubei Province, China, SARS-
CoV-2 has gained entry to many countries across the globe, causing a
global pandemic.1�3 As a consequence, many scientists investigated
the disease with intense efforts. Numerous studies have been pub-
lished, that investigate the mechanism of the virus, its’ spread,
symptoms, its’ effects on the body, and the possible treatment meth-
ods.4�9 One of the prominent results in these studies is that some
hematological and biochemical markers can predict the prognosis of
the disease.10 As an extension of this finding, availability of indicators
to predict the prognosis of the disease and whether it will end in
mortality for the patient at the beginning of the disease, would make
it possible to identify the risky patients and indicate which patients
do not need a close follow-up.

Such an indicator stems from the lipids, which are the basic build-
ing blocks of the cell and the virus membranes.11 Viral infections can
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cause changes in the lipid profile of the host organism. This occurs
because the virus controls the host metabolism in order to meet
the requirements for its replication.12 Previously published stud-
ies, especially on RNA viruses, indicated the effects of these
viruses on lipid metabolism. It has been shown that LDL-C level
decreases and HDL-C level increases in HIV-infected patients.13 In
addition, it was found that the triglyceride level increased in the
advanced stages of the disease.14

Triglyceride and HDL-C, which measure cardiovascular mortal-
ity risk, are two lipids that is examined routinely. Furthermore,
the logarithmic transformation of triglyceride to HDL-C ratio is
known as the Atherogenic Index of Plasma (AIP).15 The AIP is
associated with chronic diseases such as diabetes, hypertension
and cardiovascular disease.16�20 Additionally, the relationship
between the severity of viral infections and the AIP has been
identified.21 Moreover, there are studies which discuss the impact
of SARS-CoV on the disorders of patients’ lipid profile in long-
term, while their short term effects are not clear.22 In this study,
our aim is to investigate the effect of SARS-CoV-2 on lipid profile
and the effect of the AIP on survival in COVID-19.
Methods

Study design and participants

For this study, 561 patients who were admitted to our center and
were diagnosed with laboratory or computerized tomography con-
firmed COVID-19 are evaluated. This study is designed to be retro-
spective; as a consequence, 419 out of the original 561 patients who
did not have their lipid profile evaluated at their hospitalization had
to be excluded. 3 patients out of the remaining 142 patients were
under statin and/or fenofibrate treatment, thus, also excluded from
the study. The remaining 139 patients are enrolled in this study.
Table 1
Baseline characteristics of the patients with COVID-19

Variable Total Deceased Survivors p-value

Patients 139 26 113
Age years 49.2 § 20.8 71.8 § 8.9 44.0 § 19.2 < 0.001
Gender
Male 85 (61.2) 19 (73.1) 66 (58.4)
Female 54 (38.8) 7 (26.9) 47 (41.6)

Underlying diseases
Hypertension 39 (28.1) 13 (50.0) 26 (23.0) 0.006
Diabetes mellitus 21 (15.1) 9 (34.6) 12 (10.6) 0.002
Cardiovascular diseases 11 (7.9) 6 (23.1) 5 (4.4) 0.001
COPD/Asthma 10 (7.2) 3 (11.5) 7 (6.2) 0.342
Hypotiroidism 3 (2.2) 1 (3.8) 2 (1.8) 0.511
Chronic renal insufficiency 3 (2.2) 3 (11.5) 1 (0.9) 0.003
Atrial fibrillation 2 (1.4) 2 (7.7) 0 (0) 0.003
Malignancy 4 (2.9) 2 (7.7) 2 (1.8) 0.103
Cerebrovascular diseases 1 (0.7) 0 (0) 1 (0.9) 0.630

Data are presented as n, mean§standart deviation or n (%) unless otherwise stated.
Data collection and analysis

The data set is from the confirmed COVID-19 patients who had
been hospitalized at our health center from 20.03.2020 to
26.05.2020. It is collected and evaluated by two physicians and inde-
pendently reviewed by the researchers to double-check collected
data. Demographic and clinical data, as well as previous medication
histories are collected from hospital medical records. Fasting total
cholesterol, HDL-C, LDL-C, and triglyceride values are obtained from
the results of laboratory tests at the time of admission to the hospital.
Finally, the AIP is calculated as the base 10 logarithm of the triglycer-
ide to HDL-C ratio. Only the laboratory values measured on the first
day of hospitalization and before treatment were used in the study.
The values checked in the following days were definitely not used for
the study. Patients without a lipid profile assessment in their blood
parameters on the first day were excluded from the study.

The data is summarized in the form of “mean § standard devia-
tion” or “median (interquartile range)” for continuous variables and
as proportions for categorical variables. Distribution of the data for
normality is tested by the Shapiro�Wilk test and homogeneity of
group variances are tested by the Levene test. Categorical variables
are examined using Chi-square test. Normally distributed continuous
variables are tested with t-test, and variables for the parameters
which are not normally distributed, Mann Whitney U test is used.
Receiver operating characteristic (ROC) curve analysis is used to cal-
culate the optimal cut-off values, sensitivity, and specificity of the
AIP. p-values < 0.05 were considered as statistically significant.
Finally, the explanatory power of the AIP, demographic and clinical
variables on mortality is evaluated by logistic regression. The afore-
mentioned statistical analysis is conducted via SPSS 22.0 (IBM SPSS
Ver. 22.0, IBM Corp, Armonk NY, USA)
Results

A total of 139 confirmed COVID-19 patients are included for the
study. Mean age of the study population is 49.2 § 20.8 and 61.2%
(n = 85) of the sample is male. From, mortality rate of the patients is
18.7% (n = 26). Mean age of the deceased patients was 71.8 § 8.9 and
mean age of the survivor patients is 44.0 § 19.2 and the difference is
statistically significant (p < 0.001). Deceased group had more
patients with hypertension (50.0% vs. 23.0, p = 0.006), diabetes melli-
tus (35.6% vs. 10.6%, p = 0.002), cardiovascular diseases (23.1% vs.
4.4%, p = 0.001), chronic renal insufficiency (11.5% vs. 0.9%, p = 0.003)
and atrial fibrillation (7.7% vs 0%, p = 0.003). The baseline characteris-
tics of the study population is shown in Table 1.

Total cholesterol (121.0 § 46.6 vs. 150.7 § 33.7; p = 0.004), HDL-C
(28.5 (21.5�32.0) vs. 44.0 (32.5�77.0); p < 0.001) and LDL-C values
(63.2 § 39.8 vs. 118.1 § 52.1; p < 0.001) are higher in survivor group.
Triglyceride (136.0 (113.0�198.0) vs. 64.0 (38.5�125.0); p < 0.001)
and the AIP (0.77 § 0.23 vs. 0.14 § 0.52; p < 0.001) values were
higher in the deceased group (Table 2).

ROC curve is constructed to evaluate predictive value of in-hospi-
tal mortality of the AIP in patients with COVID-19 (Fig. 1). The area
under the curve of the AIP is 0.850 (95% confidence interval (CI):
0.772�0.928). The optimal cut-off value is calculated as 0.6285 with
a sensitivity of 78.6% and specificity of 80.5%.

The AIP value is statistically higher in confirmed pneumonia
patients compared to patients without pneumonia (p = 0.002).
Patients who were intubated during hospitalization have higher AIP
values (p < 0.001). Patients who were followed in intensive care unit
also have higher AIP values than patients followed in normal hospital
room (p < 0.001) (Table 3).

Logistic regression analysis was performed with the AIP, gender, age
and comorbidities of the patients to evaluate the explanatory power of
the variables on mortality. Regression analysis showed that age and the
AIP are independently associated withmortality (Table 4).

Since there was a significant difference between age and underly-
ing diseases in the deceased and survivor groups, a new analysis was
performed by excluding random patients from both study groups. In
this analysis, the deceased and survivor groups consisted of 21
patients each, and these two groups did not differ in terms of age,
gender and underlying disease status (Table 5). This statistical analy-
sis showed similar results with the analysis of the whole study popu-
lation. Triglyceride levels were higher [163.0 (110.0�207.0) and 77.0
(36.0�119.5); p = 0.001] and HDL-C (27.0 (21.5�33.0) and 40.0
(33.0�73.0); p < 0.001) and LDL-C (65.9 § 42.7 and 115.8 § 47.4;
p = 0.005) levels were lower in deceased group compared to the sur-
vivor group (Table 6).



Table 2
Lipid profiles and the atherogenic index of plasma values of the patients with COVID-19

Variable Total (n = 139) Deceased (n = 26) Survivors (n = 113) p-value

Total cholesterol (mg/dL) 144.5 § 38.4 121.0 § 46.6 150.7 § 33.7 0.004
Triglyceride (mg/dL) 69.0 (39.2�131.5) 136.0 (113.0�198.0) 64.0 (38.5�125.0) < 0.001
HDL-C (mg/dL) 39.0 (30.5�74.5) 28.5 (21.5�32.0) 44.0 (32.5�77.0) < 0.001
LDL-C (mg/dL) 112.0 § 53.6 63.2 § 39.8 118.1 § 52.1 < 0.001
AIP 0.21 § 0.53 0.77 § 0.23 0.14 § 0.52 < 0.001

Data are presented as mean§standart deviation or median (interquartile range) unless otherwise stated.
Abb. AIP: The atherogenic index of plasma; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol.

Fig. 1. Receiver operator characteristic curve for the atherogenic index of plasma to
predict mortality

Table 3
The Atherogenic index of plasma values of patients with and without pneumonia;
intubated patients and patients without intubation period; patient followed in inten-
sive care and patients followed in normal patient room.

Patients with pneumonia
(n = 87)

Patients without pneumonia
(n = 52)

p

AIP 0.33 § 0.58 0.04 § 0.39 0.002

Intubated patients (n = 26) Patients without intubation
period (n = 113)

p

AIP 0.78 § 0.23 0.14 § 0.52 < 0.001

Patients followed in
intensive care (n = 27)

Patients followed in normal
patient room (n = 112)

p

AIP 0.76 § 0.24 0.14 § 0.52 < 0.001

Abb. AIP: The atherogenic index of plasma

Table 4
Logistic regression analysis of baseline characteristics of the study population and
AIP on mortality

Variable Odds Ratio 95% Confidence Interval p-value

Age 1.131 1.026�1.247 0.013
The Atherogenic Index of
Plasma

1253.371 1.547�1015343.021 0.037

Gender 1.212 0.128�11.460 0.866
Hypertension 1.149 0.000�80.731 0.545
Diabetes mellitus 0.335 0.040�2.840 0.316
Cardiovascular diseases 0.290 0.001�164.884 0.702
COPD/Asthma 1.718 0.054�54.939 0.759
Hypotiroidism 0.077 0.002�3.631 0.192
Chronic renal insufficiency 0.141 0.000�80.731 0.545
Atrial fibrillation 0.000 0.000-. 1.000
Malignancy 0.139 0.004�4.455 0.264
Cerebrovascular diseases 118789.095 0.000-. 1.000
Constant 232.544 1.000

Abb. COPD; chronic obstructive pulmonary disease

Table 5
Age, sex and underlying disease matched baseline characteristics of the patients
with COVID-19

Variable Deceased (n, %) Survivors (n, %) p-value

Patients 21 21
Age years 72.4 § 7.4 70.9 § 9.2 0.570
Gender
Male 19 (73.1) 15 (71.4) 0.204

Underlying diseases
Hypertension 10 (47.6) 13 (61.9) 0.352
Diabetes mellitus 7 (33.3) 6 (28.6) 0.739
Cardiovascular diseases 4 (19.0) 1 (4.8) 0.153
COPD/Asthma 1 (4.8) 3 (1.4) 0.293
Hypotiroidism 1 (4.8) 1 (4.8) 0.756
Chronic renal insufficiency 3 (1.4) 0 (0) 0.072
Atrial fibrillation 2 (9.5) 0 (0) 0.147
Malignancy 2 (9.5) 1 (4.8) 0.549
Cerebrovascular diseases 0 (0) 0 (0) -

Data are presented as n, mean§standart deviation or n (%) unless otherwise stated.

Table 6
Age, sex and underlying disease matched lipid profiles and the atherogenic index of
plasma values of the patients with COVID-19

Variable Deceased (n = 21) Survivors (n = 21) p-value

Total cholesterol (mg/dL) 125.4 § 50.4 147.3 § 34.4 0.215
Triglyceride (mg/dL) 163.0 (110.0�207.0) 77.0 (36.0�119.5) 0.001
HDL-C (mg/dL) 27.0 (21.5�33.0) 40.0 (33.0�73.0) < 0.001
LDL-C (mg/dL) 65.9 § 42.7 115.8 § 47.4 0.005
AIP 0.79 § 0.24 0.12 § 0.51 < 0.001

Data are presented as mean§standart deviation or median (interquartile range)
unless otherwise stated.
Abb. AIP: The atherogenic index of plasma; HDL-C, high density lipoprotein choles-
terol; LDL-C, low density lipoprotein cholesterol.
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Discussion

Our study states that patients that are deceased due to COVID-19
have higher AIP and triglyceride values and lower total cholesterol,
HDL-C, LDL-C values compared to survivors of COVID-19. The AIP val-
ues are also higher in patients with pneumonia, intubated patients,
patients followed in intensive care unit for COVID-19.
Although SARS-CoV-2 entered our lives only recently in 2019, the
coronavirus family has longer history among humans; passing from
animal to human and causing serious infections among humans.23
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SARS-CoV had spread to 26 countries in 2002 and killed 774 people;
MERS-CoV had spread to 27 countries in 2012 resulting in 659 related
deaths.24,25 The Coronaviridae family is an enveloped virus family
containing non-segmented single-stranded, positive-sense RNA
genome.26 All viruses in the Coronaviridae family require host cells
for viral replication and the host cell must increase metabolism in
order to cope with the virus.27

The lipid metabolism is also affected in viral infections.28 Lipids
are part of both viral and cellular membranes.11 Viruses need to regu-
late the lipid synthesis of the host cell to produce the lipids needed
for their own membranes and envelopes.28,29 Especially cholesterol
and fatty acids are an important component of the viral membranes
and these lipids are required for the replication of the viruses. Yan
et al.12 showed that viruses can modulate the lipid metabolism of the
host cell for its optimal viral replication. The data for SARS-CoV-2 and
its effect on the lipid metabolism is limited since its emergence is rel-
atively recent. In our study total cholesterol, HDL-C and LDL-C was
lower at the patients who are deceased. We may speculate that the
viral load may be higher in these patients and SARS-CoV-2 may have
used up the required lipid for their metabolism and replication. Hea-
ton et al.30 reports that Dengue virus, which is also a RNA virus,
causes an autophagy-dependent processing of lipid droplets to
release fatty acids. This causes increase in b-oxidation and ATP for-
mation which are used for viral replication. HIV-infected patients
were shown to have lower total cholesterol and LDL-C and higher tri-
glyceride values.13 Constans et al.14 showed that triglycerides
increase at a late stage of the disease in HIV positive patients. The
study explains this alteration on lipid metabolism with lipid peroxi-
dation. Tumor necrosis factor-a regulates the plasma lipoprotein per-
oxidation in HIV positive patients and stimulates the reactive oxygen
species production.31 Also the lipoprotein lipases and the hepatic
lipases decrease their function in HIV positive patients and this may
cause increase in triglycerides.32�34

In this study we have not compared the COVID-19 patients with
non-infected population, but rather we compared patients who have
survived the disease with patients who have deceased. The deceased
patients had higher triglyceride levels which shows patients with
worse prognosis has higher triglyceride levels. Even though the pre-
viously mentioned studies are on other RNA viruses, results seem
similar, hence an identical mechanism may play a role on lipid
metabolism of the host.

High triglyceride and low HDL-C levels are both risk factors for
cardiovascular diseases.35 The AIP combines these two risk factors
and several studies performed on this subject and showed that the
AIP is associated with atherosclerosis, cardiovascular diseases, diabe-
tes mellitus, hypertension, vascular and endothelial damage16�20.
SARS-CoV-2 affects cardiovascular system on different levels. The
patients may have myocardial injury, myocarditis, heart failure and it
may cause acute myocardial infarction due to increased hypercoagu-
lability and inflammation.26�38 In our study, the deceased patient
group had higher AIP levels when compared to the survivor group.
This finding suggests that higher AIP is related to worse prognosis in
COVID-19 patients. Even though patients with in-hospital death out-
come had lower total cholesterol and LDL-C values, they are at higher
risk of atherosclerosis compared to survivor group according to our
results. Myocardial injury is very common at COVID-19 patients and
it is a predictor of mortality.38,39 Myocardial injury is caused by car-
diac physiologic stress or hypoxia in COVID-19 patients but increased
atherosclerotic tendency may be one of the reasons for increased tro-
ponin I levels, myocardial injury and mortality in COVID-19
patients.36,40,41 Interestingly, similar results are seen in HIV positive
patients. The AIP values were higher in acute HIV infection which
shows that the relationship between viral load and the AIP.21 Previ-
ous reports on 2002 SARS-CoV epidemic shows that higher viral load
of SARS-CoV is associated with overall worse prognosis.42�44

Although there are major differences between the disease caused by
SARS-CoV and the pandemic driven by SARS-CoV-2, studies show
that viral load of SARS-CoV-2 is also related to worse outcomes.10

Huang et al.45 show that viral load is higher in patients who died
compared to patients whom recovered during COVID-19 pandemic.
There are also studies that show the correlation between viral load
and biochemical and hematological markers. For example, higher
LDH, troponin I and lower lymphocyte levels are associated with viral
load.45�48 Likewise, the patients in the deceased group, patients with
pneumonia, intubation history and intensive care need have higher
AIP values in our study. These results show that patients with worse
outcomes have higher AIP. Based on these results, we suggest that
elevated AIP may be associated with increased viral load and an indi-
cator for worse prognosis in COVID-19 patients.

We found out that an AIP level of 0.6285 can be used as a cut-off
value for mortality with a sensitivity of 78.6% and specificity of 80.5%.
As far as we know this is the first study to evaluate the relationship
between the AIP and mortality in COVID-19 patients. The AIP values
are also higher in patients with pneumonia, intubated patients and
patients in intensive care unit. This results show that along with mor-
tality, higher AIP values also predicts pneumonia incidence, intensive
care unit and intubation need in COVID-19 patients.

Several chronic disorders like cardiovascular diseases, hyperten-
sion, diabetes mellitus, atrial fibrillation and chronic renal insuffi-
ciency are associated with worse outcomes in COVID-19
patients.28,49�51 In our study, patients in the deceased group have
higher rates of cardiovascular diseases, hypertension, diabetes melli-
tus, chronic renal insufficiency and atrial fibrillation history than sur-
vivor group. As already discussed, previous studies support these
findings as well. Finally, patients with pre-existing morbidities
should be evaluated more carefully to prevent worse outcomes and
mortality in these patients.
Limitations

Major limitation of our study is the small sample size. A multicen-
ter study with a larger sample size should be performed to
strengthen and improve upon the findings in this study. Additionally,
majority of the confirmed cases did not have lipid profile values due
to the retrospective design of the study. The exclusion of these
patients at the beginning further reduces the size of the patients
enrolled in the study. Furthermore, our study only includes hospital-
ized patients. It would be superior to perform the study on every con-
firmed COVID-19 case.
Conclusion

COVID-19 quickly became a global pandemic and still continues to
cause death among people especially with previous
comorbidities.1�3,28,49�51 Several hematological and biochemical
parameters have been shown to be related to mortality among
COVID-19 patients.45�48 Our study showed that the AIP may be used
as a biomarker for mortality. The AIP on admission greater than
0.6285 value can be an indicator of in-hospital mortality in patients
with COVID-19. Patients with higher AIP values should be treated
carefully and followed up for clinically worse outcomes. In addition,
higher triglyceride level and lower total cholesterol, LDL-C and HDL-
C values are observed in COVID-patients who were deceased in the
process which may be an effect of the SARS-CoV-2 on lipid metabo-
lism of the host subject.
Declaration of Competing Interest

No funding was taken for this study. The authors declare that they
have no conflict of interest.
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