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ABSTRACT
Objective: To investigate high-density lipoprotein cholesterol (HDL-C) levels in children with COVID-19.
Study Design: Descriptive study.
Place and Duration of the Study: Goztepe Professor Suleyman Yalcin City Hospital, Istanbul, Turkiye, between 2020 and 2022.
Methodology: The hospital data were examined to find children (<18 years) who presented with COVID-19. The associations between
HDL-C, inflammatory biomarkers, hospital admission requirements, and prolonged hospital stays in children with COVID-19 were analysed.
Results: During the study period, 1,056 children were diagnosed with COVID-19. Lipid levels were measured in 193 patients during
outpatient clinic visits from the same hospital records. One hundred and twenty-seven (65.5%) patients displayed low HDL-C levels. One
hundred and nine (86.5%) of the patients with low HDL-C and 33 (50.0%) of the patients with normal HDL-C were hospitalised (p=0.012).
Patients with lower HDL-C exhibited higher triglyceride (median 124 vs.  81 mg/dl, p<0.001), glucose (median 116 vs. 101 mg/dl,
p=0.001), lactate dehydrogenase (LDH) (median 343 vs. 251 mg/dl, p<0.001), C-reactive protein (CRP) (median 0.6 vs. 0.5 mg/L,
p=0.009), D-dimer (median 1.3 vs. 0.3 mcg/mL, p<0.001), ferritin (median 127 vs. 40 µg/L, p<0.001), and uric acid (median 5.5 vs. 4.5
mg/dL, p=0.002) levels compared to children with normal HDL-C. Logistic regression (LR) analysis showed that age (OR = 0.87, CI for OR
0.80-0.94, p < 0.001), ferritin (OR = 1.004, CI for OR 1.001-1.006, p = 0.003), and D-dimer (OR = 2.171, CI for OR 1.183-3.984, p =
0.012) were associated with lower HDL-C level in children with COVID-19.
Conclusion: Low HDL-C levels were common in children with COVID-19. Children with COVID-19 and low HDL-C were more frequently
hospitalised and had higher inflammatory biomarkers of COVID-19 than children with COVID-19 and normal HDL-C levels.
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INTRODUCTION
The  coronavirus  disease  2019  (COVID-19)  is  a  result  of  the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection. Global reports from more than 80 countries reported
that COVID-19 did not cause excess mortality among children.1

However,  caution is  needed that  the available COVID-19 data
disproportionally represents high-income countries. The COVID-19
outcomes in developing countries are underrepresented in the
literature. Poor health services, populational differences, and lack
of immunisation can confound the mortality and morbidity from
COVID-19 in children. In Turkiye, from 44 intensive care units, 335
childhood mortality has been reported in chıldren.2 The predictors
of poor prognosis and death from COVID-19 in children remain
obscure.
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The COVID-19 pandemic  in  children  has  often  been asympto-
matic or mildly symptomatic. However, there have been reports of
severe COVID-19 cases in children.3 Patients under 21 are diag-
nosed with multisystemic inflammatory syndrome (MIS-C). MIS-C
is  characterised  by  severely  elevated  fever  even  before  the
onset  of  symptoms  and  elevated  biomarkers  of  inflamma-
tion.4

Various  studies  in  adults  examine  changes  in  the  lipid  profile
during  SARS-CoV-2  infection.  Reports  indicate  that  reduced
high-density lipoprotein cholesterol (HDL-C) levels correlate with
a worse prognosis.5 Apolipoprotein A1 (apo A1), a component of
HDL-C, is also known to be antithrombotic. In a large case-control
study, Morelli et al. observed that the probability of venous throm-
bosis was significantly increased with low HDL-C and LDL levels.6

Low HDL-C and LDL levels have been related to disease severity
and  progression7  and  increased  hospital  stay.8  Wang  et  al.
reported that HDL-C was significantly lower among those who
developed  severe  events  in  a  cohort  of  228  adult  COVID-19
patients.7 However, the causes of COVID-19 disease severity in
children differ from adults. Challenges exist in studying HDL-C
levels in children. First, 'normal' levels of HDL-C in children are
population,  gender,  and age-specific.  Ethnic  differences  exist.
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Secondly,  percentile  nomograms  are  only  available  for  some
world populations. Thirdly, the regional endemic of low HDL-C has
been reported in countries and regions such as Turkiye.9

This study discusses the HDL-C levels in children with COVID-19
from a large COVID-19 centre in Turkiye. The objective of the
study was to examine the association between HDL-C levels and
COVID-19 outcomes in children.

METHODOLOGY

This  research  was  performed  at  the  Goztepe  Professor
Suleyman Yalcin City Hospital after obtaining approval from the
institutional  review  board  (IRB)  with  the  protocol  number
2022/0156. Paediatric patients under the age of 18 years, who
visted the hospital between 2020 and 2022 and were diagnosed
with COVID-19 infection, were retrospectively identified from
hospital records. HDL-C levels of 193 patients were obtained
during outpatient clinic visits within their COVID-19 infection
period. Out of these patients, 66 exhibited normal HDL-C levels,
while 127 had low HDL-C levels, as defined by the National Heart
Lung and Blood Institute Growth and Health Study (NGHS) paedi-
atric guidelines (Figure 1).10

Figure  1:  Study  population.

Upon admission  to  the  emergency  room,  a  nasopharyngeal
swab was obtained. Real-time reverse-transcription PCR (RT-
PCR) test was administered using test kits Biospeedy COVID-19
RT-qPCR.  COVID-19  was  confirmed  through  a  positive  PCR
result. The enzymatic colorimetric assay method (Abbott Archi-
tect c16000 automated system) was used to evaluate the lipid
profile and glucose levels. The complete blood count (CBC) was
conducted with an automated haematology analyser.  Blood
samples were reserved at 4°C and handled within 12 hours after
being collected. Standard electrochemiluminescence immuno-
assay techniques were employed to measure biomarkers CRP,
ferritin, troponin I, LDH, D-dimer, and uric acid using diagnostic
kits and the Roche Cobas 6,000 analyser (Roche Diagnostics).
Other  laboratory  tests  were  conducted  using  conventional
biochemical methods.

HDL-C  levels  were  ascertained  by  the  Roche  Cobas  6,000
automated platform equipped with a c501 analyser, utilising
FDA-approved HDL-CC4 kits  supplied by Roche Diagnostics.
The underlying principle of the Roche HDL-CC4 test is a direct
homogeneous enzymatic  colorimetric  procedure.  This  assay
amalgamates non-HDL-C lipoproteins, including LDL, VLDL, and

chylomicrons,  with  polyanions  and  a  detergent  to  create  a
water-soluble complex. The HDL-C interacts with cholesterol
esterase (CHER), cholesterol oxidase (CHOD), and peroxidase,
culminating in forming a coloured compound measurable by
optical means.

Continuous variables were expressed as mean ± SD or median
with an interquartile range depending on data distribution. Cate-
gorical variables were presented as percentages. Continuous
variable distributions were analysed through visual histogram
inspection and the Shapiro-Wilk test. For group comparisons,
the t-test for independent samples or the Mann-Whitney U test
was used. Either the χ2 test or Fisher's exact test was applied for
categorical variables. The Pearson test or Spearman's rho was
used to conduct correlation analyses. The critical parameters
affecting low HDL status are determined by using univariate
analysis. These parameters were then integrated into a logistic
regression  (LR)  multivariate  analysis  to  ascertain  their
influence on hospitalisation status. Statistical significance was
determined  by  a  p-value  below  0.05.  All  evaluations  were
performed using SPSS 25.0 (IBM Inc, USA).

RESULTS

The study  encompassed 1,056 children,  with  a  median  age
of  12  years.  The  male  and  female  cohorts  comprised  564
(53.4%) and 492 (46.6%) children, respectively. The lipid levels
of 193 patients  were categorised into  two groups according
to  their  HDL-C  levels,  as  set  by  age  and  gender  reference
values.10

Ideal HDL-C levels in children are population-specific, as racial
and  ethnic  differences  occur  in  HDL-C  levels  of  children.
National  Growth  and  Health  Study,  Bogalusa  Heart  Study,
National Health and Nutrition Examination Survey (NHANES)
survey, Muscatine Study, and other large-scale studies have
provided age- and gender-specific percentiles for lipid levels in
children  from  different  populations.  Many  populations  lack
populational-specific  age-  and  gender-specific  lipid  percen-
tiles. In some studies, HDL-C < 45 mg/dl in males and < 50 mg/dl
in females are considered low HDL-C in adolescents.11,12 In this
study, according to this definition, 108 children (55.7 %) with
COVID-19 displayed low HDL-C. Numerous studies have used
the National Heart Lung and Blood Institute Growth and Health
Study (NGHS) as a reference population.

Based on age-specific and gender-specific cut-off values,10 127
children  (65.5%)  had  low  HDL-C  levels,  and  66  (34.2%)
presented with normal HDL-C levels (Figure 1). Although gender
distribution between children with low and normal HDL-C levels
was similar, children with lower HDL-C levels were significantly
younger than children with normal HDL-C (Table I).

Table I contrasts the hospitalisation status, diagnosis, hospital
services, mortality rates, and laboratory findings between low
and normal HDL-C groups. Children exhibiting reduced HDL-C
were more often hospitalised than children with normal HDL-C:
109 (86.5%) with low HDL-C and 33 (50.0%) with normal HDL-C
required hospitalisation (p=0.012, Figure 2). Those with low
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HDL-C had notably elevated levels  of  triglycerides,  glucose,
lactate dehydrogenase (LDH), C-reactive protein (CRP), D-dimer,
ferritin, and uric acid.

To identify predictors of low HDL-C in children with COVID-19,
logistic  regression  (LR)  was  employed.  Age,  ferritin,  and  D-
dimer were found to be linked with decreased HDL-C levels.

The  hospitalised  children's  haemoglobin  (Hgb)  levels  were
significantly lower, and glucose, LDH, CRP, D-dimer, and ferritin
levels  were  higher  than  those  of  non-hospitalised  children
(Table II).
Table  I:  Comparison  of  clinical  outcome  and  laboratory  findings  bet-
ween  low  and  normal  HDL-C  groups.

HDL-C Low HDL-C
(n=127)*

Normal HDL-C
(n=66)*

Statistical
Analysis *

Female/Male (%) 42.5 / 57.5 56.1 / 43.9 p = 0.074
Age (year) 10.1 ± 5.5 14.0 ± 2.6 p < 0.001
Hospitalisation
No / Yes (%)

31.5 / 86.5 50 / 50 p = 0.012

Exitus
No / Yes (%)

97.7 / 2.3 100 / - p = 0.377

Hospitalisation diagnosis (%)**
Urinary System
Pneumonia
URTI
Respiratory System
Infection
Endocrine System
Other

 
4.3
20.6
7.3
4.3
11.6
9.8
42.1

 
6.3
10.9
4.7
7.8
6.3
15.6
48.4

p = 0.275

Hospitalisation departments (%)**
General Paediatrics
Paediatric Hematology/Oncology
Infection
Paediatric COVID Service
Paediatric Endocrine
Paediatric Surgery
Other

 
18.5
8.9
12.3
11.6
9.6
8.2
30.8

 
13.7
9.9
5.9
7.8
17.6
3.9
41.2

p = 0.339

Total cholesterol 153.0 [78.0-694.0] 162.0 [109.0-372.0] p = 0.022
Triglyceride 147.4 ± 74.8 78.7 ± 30.6 p < 0.001
LDL 84.1 ± 33.4 96.4 ± 39 p = 0.515
Glucose 116.0 [81.0-747.0] 101.0 [71.0-553.0] p = 0.001
LDH 343.0 [150.0-6989.0] 251.0 [146.0-529.0] p < 0.001
CRP 0.6 [0.6-283.9] 0.5 [0.1-80.9] p = 0.009
D-dimer 2.4 ± 4.7 0.5 ± 0.7 p < 0.001
Ferritin 984 ± 2265 109.4 ± 118.3 p < 0.001
Uric acid 6.3 ± 2.2 4.5 ± 2.0 p = 0.002
*Pearson-χ2 crosstabs were used to analyse the relationships between two qualitative variables. Parametric
variables are expressed with mean ± SD, and non-parametric variables are expressed with median [min-
max]. Independent Sample t-test (t-table value) statistics were used to compare the measurement values
of two independent groups in data with normal distribution. The Mann-Whitney U test statistics were used
to compare the measurement values of two independent groups in the data that did not have a normal
distribution. **More than one answer was given to the question, and the percentages were determined
according to the increasing number of samples.
CRP: C reactive protein, HDL-C: High-density lipoprotein cholesterol, LDL: Low-density lipoprotein, LDH:
Lactate Dehydrogenase.
 

Table II: Comparison of parameters according to hospitalisation status.

Hospitalisation No (n=51)* Yes (n=142)* Statistical
analysis**

Age (year) 12.0 ± 4.1 11.3 ± 5.3 p = 0.399
Hgb 12.2 ± 2.1 10.6 ± 2.8 p < 0.001
Anti-Hbs 59.6 [0.5-654.7] 59.0 [0.9-1000.0] p = 0.502
Total Cholesterol 154.0 [78.0-256.0] 149.5 [89.0-279.0] p = 0.933
Triglyceride 112.5 ± 63.0 144.7 ± 100.4 p = 0.301
LDL 86.1 ± 31.6 87.0 ± 32.3 p = 0.938
Glucose 97.0 [47.0-1161.0] 121.0 [51.0-747.0] p < 0.001
LDH 214.5 [152.0-1553.0] 356.0 [161.0-3483.0] p < 0.001
CRP 0.5 [0.2-102.87] 0.6 [0.2-283.9] p = 0.005
D-dimer 2.1 ± 7.0 1.7 ± 2.0 p = 0.015
Troponin I 0.1 [0.0-4.1] 0.1 [0.0-23.6] p = 0.114
Ferritin 310.4 ± 1.95.6 455.5 ± 1213.5 p = 0.002
Uric acid 4.9 ± 2.1 5.6 ± 2.5 p = 0.059
Procalcitonin 0.1 [0.1-65.2] 0.2 [0.1-63.7] p = 0.656
HDL 47.5 [16.0-84.0] 39.0 [16.0-95.0] p < 0.001
WBC 6.2 ± 2.4 6.7 ± 2.9 p = 0.922
Neutrophil 2.9 ± 1.5 3.1 ± 1.7 p = 0.930
Lymphocyte 2.1 ± 1.4 2.4 ± 1.5 p = 0.816
Eosinophil 0.1 [0.0-1.1] 0.1 [0.1-0.6] p = 0.798
PLT 242.2 ± 104.5 257.7 ± 99.2 p = 0.967
*Parametric variables are expressed with mean± SD and non-parametric variables are expressed with median
[min-max]. **Independent Sample-t test (t-table value) statistics were used to compare the measurement
values of two independent groups in data with normal distribution. The Mann-Whitney U test statistics were
used to compare the measurement values of two independent groups in the data that did not have a normal
distribution. The p-values < 0.05 are considered to be significant.
CRP: C reactive protein, HDL-C: High-density lipoprotein cholesterol, Hgb: Haemoglobin, LDL: Low-density
lipoprotein, LDH: Lactate Dehydrogenase, PLT: Platelet, WBC: White blood cells.
 

Table  III:  Comparison  of  parameters  according  to  long  hospitali-
sation.

Hospitalisation days ≤15 days (n=75)* >15 days (n=67)* Statistical
analysis**

Age (year) 11.9 ± 5.1 10.3 ± 5.5 p = 0.913
Hgb 12.0 ± 2.1 8.6 ± 2.6 p < 0.001
Anti-Hbs 27.3

[0.9-1000.0]
82.9
[2.0-1000.0]

p = 0.125

Total Cholesterol 137.0
[89.0-239.0]

151.0
[94.0-279.0]

p = 0.700

Triglyceride 132.6 ± 91.9 163.2 ± 111.1 p = 0.667
LDL 87.5 ± 30.6 86.1 ± 35.6 p = 0.977
Glucose 106.0

[51.0-486.0]
141.0
[95.0-747.0]

p < 0.001

LDH 311.5
[161.0-718.0]

397.0
[176.0-3483.0]

p < 0.001

CRP 0.6
[0.2-250.7]

0.6
[0.6-283.9]

p = 0.926

D-dimer 1.3 ± 1.6 2.3 ± 2.3 p = 0.052
Troponin I 0.1

[0.1-23.6]
0.1
[0.1-16.3]

p = 0.618

Ferritin 185.7 ± 40.8.1 885.9 ± 1823.7 p < 0.001
Uric acid 5.3 ± 1.9 5.9 ± 3.2 p = 0.066
Procalcitonin 0.1

[0.1-6.5]
0.6
[0.1-63.7]

p = 0.008

HDL 42.0
[16.0-95.0]

35.0
[17.0-61.0]

p = 0.010

WBC 6.7 ± 3.4 6.6 ± 2.1 p = 0.153
Neutrophil 3.1 ± 1.8 3.0 ± 1.4 p = 0.380
Lymphocyte 2.4 ± 1.5 2.4 ± 1.5 p = 0.762
Eosinophil 0.1

[0.1-0.6]
0.1
[0.1-0.5]

p = 0.762

PLT 270.3 ± 97.5 240.8 ± 100.2 p = 0.369
*Parametric variables are expressed with mean ± SD, and non-parametric variables are
expressed with median [min-max]. **Independent Sample t-test (t-table value) statistics were
used to compare the measurement values of two independent groups in data with normal
distribution. The Mann-Whitney U test statistics were used to compare the measurement
values of two independent groups in the data with the abnormal distribution. The p-values
<0.05 are considered to be significant.
CRP: C reactive protein, HDL-C: High-density lipoprotein cholesterol, Hgb: Haemoglobin, LDL:
Low-density lipoprotein, LDH: Lactate Dehydrogenase, PLT: Platelet, WBC: White blood cells.

 

Figure 2: HDL-C groups and hospitalisation status. A statistically notable
correlation was determined between HDL-C groups and hospitalisation
status. It was found that 109 (86.5%) with low HDL-C and 33 (50.0%) with
normal HDL-C were hospitalised (p=0.012).

Patients  who  were  hospitalised  had  a  median  stay  of  15
days. Those with extended hospital stays (>median) exhibited
significantly higher glucose, LDH, ferritin, procalcitonin levels,
and lower  Hgb levels  compared to  those with  shorter  stays
(<median,  Table  III).  An  LR  analysis  revealed  that  Hgb  and
glucose were associated with prolonged hospitalisation risk.

DISCUSSION

The study indicates low HDL-C values are commonly observed
in paediatric patients with COVID-19. Children with low HDL-C
are hospitalised more continually than those with normal HDL-
C. Diminished HDL-C was linked with increased inflammatory
biomarkers of COVID-19. Future clinical studies are required to
interpret the impacts of HDL-C on COVID-19 outcomes in chil-
dren.
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Prior studies reported that HDL-C values are inversely related to
inflammation markers, notably CRP levels—a biomarker previ-
ously linked to COVID severity.13 In healthy children, a positive
correlation exists between the total cholesterol (TC) / HDL-C
ratio and high-sensitivity CRP (hs-CRP) levels.14

To date, no reports discuss the impact of COVID-19 infections on
paediatric  lipid  profiles.  Nevertheless,  shifts  in  lipid  profiles
mirror the severity of the underlying infection in adults.15 Individ-
uals with genetically low HDL-C levels have increased disease
risk and severity of infectious disease.16 Paediatric patients with
MIS-C consistently exhibit low HDL-C levels, even without any
discernible pre-existing confounding factors. It remains uncer-
tain whether intricate genetic factors influencing HDL-C func-
tion also determine susceptibility to MIS-C. Yet, several studies
have indicated that dysfunctional HDL-C can lead to conditions,
such as infections and autoimmune disorders.17 Epidemiolog-
ical studies have displayed that the Turks have diminished HDL-
C and increased triglyceride concentrations.18,19 Genetic inkage
analysis  indicates  the  localisation  of  quantitative-trait  loci
(QTLs) influencing high-density lipoprotein-cholesterol (HDL-
C). Plasma HDL-C levels are associated with variations on chro-
mosome 15q21-23 loci in Turkish families.20

The findings of this study resonate with other studies that docu-
mented decrease in TC, HDL-C, and LDL-C, variable shifts in trig-
lycerides among COVID-19 patients.21 Wei et al. reported that
LDL-C  and  TC  levels  were  substantially  lower  in  COVID-19
patients than the healthy control group. A significant drop in
HDL-C levels was monitored in severe cases.13

Despite  existing  recommendations,  lipid  screenings  were
performed  on  only  a  scarcity  of  children  and  adolescents.22

Lipids were not conventionally screened in paediatric popula-
tions. Aligning with the authors’ observations, pre-hospitalisa-
tion lipid levels in adults display that low HDL-C is a determinant
of increases in the hospitalisation need in COVID-19.23 Low HDL-
C  serum  levels  at  admission  are  associated  with  extended
hospital stays in adults with COVID-19.8

The role of HDL-C in immunity has been defined by its immuno-
modulatory activities. Sphingosine 1 phosphate (S1P), a bioac-
tive lipid in HDL, modulates transcriptional pathways through
its  receptors.  A  secondary  mechanism involves  pronounced
neutrophil  activation and degranulation patterns with abun-
dant  NET  formations  in  MIS-C  paediatric  patient  blood
samples.24 Recombinant HDL is under examination as a conceiv-
able therapy for extreme cases of COVID-19.25

This research was cross-sectional and had various limitations.
Lipid levels in children were not monitored after COVID-19 due
to research limitations during the pandemic. The lipid levels in
children at baseline before COVID-19 were not known. Other
parameters affecting lipid levels in children, such as physical
activity,  diet,  and  socioeconomic  class,  were  not  assessed.
Several factors can majorly affect COVID-19 outcomes in chil-
dren,  including  the  host  country,  population,  available
resources,  distinct  SARS-CoV-2  variants,  and  vaccination

status. The study group was small and lacked the power to asso-
ciate lipid levels with COVID-19 outcomes.

CONCLUSION

Low HDL-C levels are associated with an escalated requirement
for  hospitalisation  and  inflammatory  biomarkers  in  children
with  COVID-19.  Future  studies  and  screening  lipid  levels  in
healthy children can provide insights to understand the effects
of HDL-C on infection outcomes in the paediatric population.
Such efforts are required to qualify for future global ecological
crises affecting children. Every child on earth is increasingly at
risk from wars, climate, and environmental hazards. Poor coun-
tries are the worst affected. Understanding the impact of protec-
tive proteins, such as HDL-C, throughout the lifespan is worth-
while for preparedness for future global ecological crises in chil-
dren.
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