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The Evaluation of Relationship between Monocyte/High-

Density Lipoprotein Ratio (MHR) and COVID-19

ABSTRACT

Objective: Early diagnosis is important for severe diseases in COVID-19. Monocyte/high dansity
lipoprotein ratio (MHR) is a new prognostic marker indicating inflammation. We aimed to
investigate the relationship between MHR and diseases severity in COVID-19.

Methods: Patients with laboratory confirmed COVID-19, were retrospectively analyzed. Clinical
symptoms, signs and laboratory data on the first day of hospitalization were obtained from medical
records of hospital. The clinical data of 301 patients were included in study. Cases were diagnosed
on the basis of interim guidance of World Health Organization (WHO). Patients were classified
into two groups as non-severe COVID-19 and severe COVID-19. MHR were calculated with
laboratory data on the first day of hospitalization. The relationship between MHR level and
COVID-19 severity was evaluated. Statistical analysis of the data was performed by using SPSS
25 (SPSS Inc., Chicago, IL, USA) package program. Statistical significance level was accepted
as p<0.05.

Results: One hundred ninety-six patients (65.1 %) had non-severe COVID-19,105 patients (34.9
%) had severe COVID-19. In our study, it was found that the mean age was higher in severe
patients and comorbid diseases were more common. Although monocyte count values were not
statistically significantly different, MHR was significantly higher in severe COVID-19 than non-
severe COVID-109.

Conclusions: Monocytes are very important to cytokine storm in COVID-19. Dyslipidemia can
occur in viral infection because of inflammation. MHR can be used as an inflammatory marker in
COVID-19.

Keywords: COVID-19, High-Density lipoprotein, Inflammation, Monocyte, Severe Diseases.

Monosit/ Yiiksek Dansiteli Lipoprotein (MHR) ve COVID-19

Arasindaki Iliskinin Degerlendirilmesi

OZET

Amacg: COVID-19’da siddetli hastaligi erken tanimak onemlidir. Monosit / yiiksek dansiteli
lipoprotein oran1 (MHR), inflamasyon seyrini belirlemede kullanilan yeni bir belirtectir. Bu
calismada MHR ile COVID-19 seyri arasindaki iliskiyi incelemek amaglanmigtir.

Gere¢ ve Yontem: Laboratuvar ile konfirme edilmis COVID-19 hastalar1 retrospektif olarak
analiz edildi. Hastanemize bagvuran hastanin ilk giinki klinik semptomlari, bulgulari ve
laboratuvar sonuglar1 hastane bilgi islem sisteminden taranarak kayit altina alindi. Calismamiza
toplam 301 hasta dahil edildi. Hastalar Diinya Saglik Orgiitii (DSO) klavuzu dikkate alinarak
smiflandirildi. MHR hastalarin hastaneye kabul edildigi ilk giin bakilan laboratuvar verileri
kullanilarak hesaplandi. MHR ile COVID-19 siddeti arasindaki iligki degerlendirildi. Hasta
verileri SPSS 25 (SPSS Inc., Chicago, IL, USA) kullamlarak analiz edildi. Istatistiksel olarak
P<0.05 olan farkliliklar anlamli kabul edildi.

Bulgular: Hastalarin 196 (%65,1)’s1 hafif ve orta semptomlu COVID-19 iken, 105 (%34,9)’i
siddetli COVID-19 idi. Calismamizda siddetli COVID-19 hastalarinda yas ortalamasinin daha
yiiksek oldugu ve komorbid hastaliklarin daha sik goriildiigii bulunmustur. Caligmamizda grublar
arasinda monosit sayisinda anlamli fark izlenmez iken, siddetli COVID-19 hasta grubunda MHR
anlaml olarak daha yiiksek saptanmistir.

Sonug¢: COVID-19’da gergeklesen sitokin firtinasinda monositler énemli rol iistlenir. Gelisen
inflamasyon nedeni ile hastalarda dislipidemi izlenirr, MHR COVID-19°da inflamatuar
biyobelirte¢ olarak kullanilabilir.

Anahtar Kelimeler: COVID-19, Yiiksek dansiteli lipoprotein, inflamasyon, Monosit, Siddetli
Hastalik
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INTRODUCTION

In December 2019, cases of pneumonia with
unknown etiology have been reported in Wuhan,
China (1). On February 11 2020, the Word Health
Organization (WHO) named the pneumonia with
unknown etiology as coronavirus disease 2019
(COVID-19). On March 11 2020, first case of
COVID-19 has been reported in Turkey. Clinical
features and risk factors are highly variable. For
patients with a non-severe diseases of COVID-19,
clinical symptoms are fever, cough, fatigue and
pneumonia. For patients with severe diseases of
COVID-19, acute respiratory distress syndrome
(ARDS) and organ failure may develop (2-4). Some
patients with pneumonia may progress rapidly and
may need mechanical ventilation. Mortality rate for
these patients is quite high even reaching a level of
60 % (5). Early diagnosis and early treatment are
very important especially for severe disease.

Immune response of severe patients may
cause macrophage-activation syndrome (MAS).
Low expression of HLA-DR on CD14 monocytes
causes immune dysregulation. Immune
dysregulation is  triggered by  monocyte
hyperactivation, releases of interleukin-6 (IL-6), and
profound lymphopenia. This immune response is
different from in either ARDS caused by 2009 HIN1
influenza or bacterial sepsis (6).

Lipids are very important for viral infections
such as human immunodeficiency virus (7). High-
density lipoprotein cholesterol (HDL-C) has got an
immunregulatory effect. It has anti-inflamatory and
anti-oxidant effects (8).

Inflammation is very important for the
progression of COVID-19. So inflammation
biomarkers can be used to determine prognosis of
COVID-19 patients (9). The ratio of monocyte
count to the HDL-C level (MHR) was used to
determine oxidative stress and inflammation (8, 10).
MHR is one of the indicators of systematic
inflammatory response. Therefore, we aimed to
investigate the relationship between MHR and
COVID-19 diseases.

MATERIAL AND METHODS

Patients: Patients with laboratory confirmed
COVID-19 who were admitted to the hospital,
between March 11 2020 and April 30 2020, were
retrospectively screened. Patients with COVID-19
were confirmed by a positive result from real-time
reverse transcriptase-polymerase chain reaction
(RT-PCR) assay with nasal and pharyngeal swab
specimens for SARS-CoV-2 RNA (Bio-speedy
COVID-19 RT-qPCR test kit). The clinical data of
380 patients have been obtained. Patients who were
under the age of 18, pregnant, using steroid therapy,
who had malignancy, hyperlipidemia and
hematological diseases were excluded. A total of 301
patients were included in the final analysis. Cases
were diagnosed on the basis of interim guidance of

WHO (11). Patients have got positive results of RT-
PCR for SARS-CoV-2, were classified into two
groups as non-severe disease and severe diseases. A
respiratory rate >30 and an oxygen saturation
(resting state) <93 on room air were accepted for
severe diseases.

The endpoint of follow up was the admission
to the intensive care unit, discharge or cure. This
study was approved by Locals Ethics committee
(day: 21.05.2020 , number: E1-20-624 )

Clinical Characteristics and Laboratory
Data: Clinical symptoms, signs and laboratory data
were obtained from medical records of hospital.
Blood samples were taken from patients on the first
day of admission. Laboratory assessments consisted
of complete blood count, blood lipid profiles, blood
chemistry, coagulation tests (D-dimer, prothrombin
time (PT), activated partial prothrombin time
(@aPTT), international normalized ratio(INR),
thrombin time(TT)), C-reaktive protein (CRP)
levels, procalcitonin (PCT). MHR was calculated as
the ratio of the monocyte count to the level of HDL-
C.

Statistical Analysis: Statistical analysis of
the data was performed by using SPSS 25 (SPSS
Inc., Chicago, IL, USA) package program. The
normal distribution of the data was tested with the
Shapiro-Wilk test. Descriptive statistics of
categorical variables were reported as numbers and
percentages (%). Descriptive statistics of continuous
variables were presented with meantstandard
deviation (SD) and median (min-max) according to
data normality distribution. The relationships
between severity of COoVID-19 and
sociodemographic  characteristics, comorbidity
status, were performed using Chi-square test or
Fisher's exact test in accordance with the number of
data in crosstab cells. Statistical significance level
was accepted as p<0.05.

RESULTS

Three hundred and one patients were
included in the study. Comparison of demographic,
comorbidity status of patients and patient outcome
between study groups were presented in table 1. One
hundred and twenty one (65.2 %) of patients were
women and 105 (34.8 %) were men. There was no
statistically difference for gender distribution
between study groups (p = 0.033, Table 1). The mean
age was 42.48 + 15.24 in non-severe diseases. The
mean age was 64.35 + 13.06 in severe diseases. Ages
of patients were statistically different between
groups (p <0.001). One hundred ninety six patients
(65.1 %) had non-severe disease, 105 patients (34.9
%) had severe diseases.

The mean length of stay at intensive care unit
(ICU) in the severe group was 7 (0-41) days. The
length of hospital stay of patients with severe
diseases was 15 (4-52) days. The length of hospital
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stay and length of stay at ICU was significantly
different between groups (p <0.001). Comorbidities
(Coronary artery disease, hypertension (HT),

diabetes mellitus (DM), chronic lung disease,
chronic kidney disease) were statistically different
between study groups (Table 1).

Table 1. Comparison of demographic, comorbidity status of patients and patient outcome between research

groups
Groups P values

Non-Severe Severe

(n=196) (n=105)
Gender Male 100(51%) 70(63.6%) 0,033

n (%)

Age Mean (+/- SD) 42.48 +/- 15.24 64.35 +/- 13.06 <0.001
Coronary Artery Disease 8 (4.1%) 18 (17.1%) <0.001
HT 27 (13.8%) 41 (39.0%) <0.001
DM 16 (8.2%) 33 (31.4%) <0.001
Chronic Lung Disease 11 (5.6%) 21 (20.0%) <0.001
Chronic Kidney Disease 3 (1.5%) 9 (8.6%) 0.005
Intensive Care Unit Status 0 (0%) 32 (30,5%) <0.001
Mechanical Ventilation 0 (0%) 8 (7.6%) <0.001
Mortality 0 (0%) 16 (15.2%) <0.001

In the severe groups, 30.5% of patients were
admitted to ICU and 7.6% needed mechanical
ventilation.

The comparison of laboratory blood values
between research groups is given in Table 2. Although
monocyte count values were not statistically
significantly different, MHR was significantly different
between the groups. MHR level was higher in the
severe groups than in the non-severe groups. White

blood cell (WBC), neutrophil, lymphocyte, neutropil-
to-lymphocyte ratio (NLR), HDL-C, hemoglobin,
creatinine, glomerular filtration rate (GFR), aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), albumin, CRP, procalcitonin (PCT), troponin,
total cholesterol (TC), triglyceride (TG), PT, INR,
ferritin, D-dimer and fibrinojen values were
significantly different between the study groups (Table
2).

Table 2. Comparison of clinical laboratory values between research groups

Groups P values
Non-Severe Severe
(n=196) (n=105)

WBC 4755 (1450-16180) 7320 (3030-19730) <0.001
Neutrophil 2855 (200-12810) 6110 (2290-18550) <0.001
Lymphocyte 1270 (186-7360) 640 (260-2190) <0.001
NLR 2.095 (0-15) 9.600 (1.9-42.2) <0.001
Monocytes 360 (100-1670) 360 (60-1530) 0.53
HDL 37 (20-98) 28 (11-66) <0.001
MHR 9.7 (2.4-31.1) 11.3 (1.6-34.8) <0.015
Hemoglobin 13.8 (9.5-17) 13.1 (7.9-16.8) <0.001
PLT 215500 (75000-451000) 226000 (31000-591000) 0.044
Creatinine 0.8(0-2) 0.92 (0-5) <0.001
GFR 103.5(26-148) 78 (9-123) <0.001
AST 23 (4-166) 41 (15-500) <0.001
ALT 27 (7-248) 34 (9-634) <0.001
Total bilirubin 0.5 (0.1-4) 0.5 (0.2-1.9) 0.051
Albumin 45 (36-54) 38 (21-47) <0.001
CK 100 (12-1186) 123 (15-5395) 0.053
LDH 210.5 (40-551) 372 (45-1000) <0.001
CRP (g/L) 0.005 (0.001-0.168) 66 (0.001-258) <0.001
PCT 0.03 (0.01-0.79) 0.11 (0.01-9.7) <0.001
Troponin 2.5 (0.01-5033) 8 (1-25000) <0.001
Total Cholesterol 150 (45-318) 140 (61-351) 0.041
LDL 91 (4-270) 83 (26-240) 0.081
TG 99 (10-591) 124 (16-313) <0.001
PT 12 (10-48) 12.7 (10-44.3) <0.001
aPTT 24.6 (19.7-95.6) 25 (16.7-49.5) 0.866
INR 1 (0.89-4.40) 1.08 (0.8-4.03) <0.001
Ferritin 100 (1-1448) 431 (17-2131) <0.001
D-Dimer 0.32 (0.1-35.2) 0.9 (0.1-35.2) <0.001
Fibrinogen 2.92 (1.32-7.01) 5.9 (2.2-10.1) <0.001
Length Of Hospital Stay 10 (2-31) 15 (4-52) <0.001
Length Of Intensive Stay 0 7 (0-41) <0.001
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DISCUSSION

Most people with COVID-19 develop mild
illness. Rate of severe disease development is 14%.
And 5% of severe diseases patients require
admission to an intensive care unit (ICU) (11). The
risk factors associated with disease severity were
reported as DM, increased age and organ failure (12-
14). Early diagnosis and early treatment is very
important for decrease the mortality. It is as
important to evaluate laboratory tests as to know the
risk groups to know severe patients early. In various
studies, some laboratory parameters such as
WABC,neutrophil count, lymphocytes count, NLR,
creatinine, AST, ALT, CRP, PCT, D-dimer, ferritin
were found to be significantly different for severe
disease,as in our study (16-18). Could MHR be a
new inflammatory marker for COVID-19?

MHR is a new inflammatory marker for
several diseases such as cardiovascular diseases.

In this study, count of monocytes was not
significantly different between severe and non
severe diseases. Some studies showed that, in the
severe ICU group, severe non-ICU group and
common group were compared. There is not
statistically significant difference between the study
groups in the number of monocytes (17). Monocytes
are cells of the innate immune system are
participating in inflammatory response,
phagocytosis and antigen presentation. Three types
of monocytes are classified according to their CD14
and CD16 expression. These are classical (CD14+,
CD16-), intermediate (CD14+, CD16+) and non-
classical (CD14dim CD16+) (19). Intermediate
monocytes significantly increase in patients with
COVID-19. The rate which is 5% of total monocyte
in the healthy population increases to over 45% in
patients with COVID-19. These monocytes are
producing interleukin-6 (IL-6) (20). So that,
monocytes are very important to cytokine storm in
COVID-19. We couldn’t assess monocyte subtypes
and IL-6 levels in our study population. This was a
limitation of our study.

Dyslipidemia is one of the outcome of
inflammation in viral infections (21). SARS-CoV-2
is an enveloped virus surrounded by a lipid bilayer,
with a genome of 30.000 nucleotides, encoding four
structural proteins. These are nucleocapsid (N)
protein, spike (S) protein, nucleocapsid (N) protein,
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