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Abstract

Background: Multisystem inflammatory syndrome in children (MIS-C) is a post infectious hyper inflammatory syndrome
that develops 2-4 weeks after COVID-19. Impaired glucose-insulin metabolism and hypertriglyceridemia have been shown
as risk factors for MIS-C. Triglyceride-glucose index (TyG) is a simple, cheap, and easily accessible marker calculated
using fasting serum glucose and triglyceride values. Therefore, we aimed to evaluate the association between metabolic
disorders and MIS-C development and to compare it with COVID-19.

Methods: A retrospective case-control study, which included 49 COVID-19 patients, and 68 MIS-C patients, was conducted
at a tertiary-level university hospital. All demographic characteristics, laboratory findings, and hospital courses were
retrospectively recruited from electronic medical records.

Results: Gender, standard deviation scores (SDS) of weights, and height did not significantly differ among the groups (p >
0.05). Higher triglyceride (TG) levels and lower high-density lipoprotein (HDL-C) levels were associated significantly with
MIS-C; p levels were < 0.001 and < 0.001, respectively. The mean level of the homeostatic model assessment of insulin
resistance (HOMA-IR) was significantly higher (5.5 vs.2.5; p < 0.001), insulin resistance was more common (60.3% vs.
22.4%; p <0.001), and the mean level of TyG was significantly higher (4.8 £ 0.28 vs. 4.4 + 0.25; p < 0.001) in MIS-C patients
than COVID-19 patients. Increased age, lymphopenia, thrombocytopenia, monocytopenia, hypoalbuminemia, and higher
levels of NT-pro BNP were significantly associated with pediatric intensive care unit (PICU) admission, p levels were 0.02,
< 0.001, 0.013, 0.007, 0.002, < 0.001, 0.006 respectively. The ROC curve analysis showed HDL-C (< 30 mg/dL) with the
highest AUC value of 0.902 and a sensitivity of 83.3 and a specificity of 100%. The AUC values of TyG, TG, and HOMA-IR
were 0.871, 0.866, and 0.686, respectively.

Conclusions: Metabolic abnormalities, including lower HDL-C and higher levels of HOMA-IR and TyG index associated
with MIS-C.
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Introduction

Coronavirus Disease (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was
first reported from Wuhan City, China, and subsequently
spread worldwide and leading to more than 659 million
cases and 6.6 million deaths as of January 9, 2023 [1].
Initially, children appear to be less affected than adults,
showing milder symptoms until the emergence of the novel
hyper inflammatory condition MIS-C: Multi-inflammatory
syndrome associated with Severe acute respiratory syndrome
coronavirus 2 [2-4]. Until January 3, 2023, the Centers for
Diseases and Prevention (CDC) reported over 9333 MIS-C
cases in the United States, and mortality occurred in nearly
0.81% of the cases [5]. SARS-CoV-2 polymerase chain reaction
(PCR) is usually negative and antibody testing positive in
MIS-C patients; therefore, MIS-C has been suggested as a
post infectious hyper inflammatory syndrome caused by
delayed interferon response and slow viral clearance [6-9]. It
is still unclear why only 1% of SARS-CoV-2 infected children
subsequently developed MIS-C. In recent studies, overweight,
asthma, ethnicity (black or Asian), and genetic abnormalities
in the SOCS1, XIAP, or CYBB genes have been reported as risk
factors for MIS-C [9,10]. Although the severity of COVID-19
is likely multifactorial, studies have shown that people with
COVID-19 who have comorbidities such as prematurity,
diabetes, complex genetic disorders, chronic lung disease or
asthma, heart disease, neurologic disorders, obesity have a
high risk of poor prognosis [11,12]. Recently, obesity has been
recognized as a significant risk factor for coronavirus disease-
related prognosis [13]. During the COVID-19 pandemic,
quarantine precautions, including lockdown and distance
education, have mostly affected children, contributing to
increased obesity among all age groups. Although impaired
metabolic conditions (characterized by hypertension,
dyslipidemia, and hyperglycemia) are associated significantly
with obesity, impaired metabolic conditions might also be
present in those with normal weight or overweight [14].

Insulin resistance has been reported to be associated
with the severity of the disease and poor clinical outcomes
in COVID-19 patients [14]. Several studies demonstrated the
triglyceride-glucose (TyG) index, a reliable, simple marker of
insulin resistance which is calculated using fasting triglyceride
and fasting glucose measurements [15,16]. A high TyG index
is a significant predictor of poor prognosis in both the general
population and patients with various diseases [17,18]. A
recent study showed insulin resistance, evaluated through
the TyG index, positively correlated with total and central
body adiposity and shorter time spent in lively activities [19].
From the beginning of the pandemic, we observed that most
MIS-C patients had high triglyceride levels, even in patients
with normal weight.

The first aim of this study was to evaluate the association
of TyG index and metabolic abnormalities with MIS-C and
COVID-19. To the best of our knowledge, this is the third
and the largest comprehensive study which evaluated higher
TyG index and the homeostatic model assessment of insulin
resistance (HOMA-IR) association with MIS-C.

Study Design and Study Population

A single-center retrospective study was conducted
between March 11, 2020, and September 30, 2022, at Ege
University Children's Hospital, a tertiary-level university
hospital in Turkey. According to the Turkish Ministry of
Health's COVID-19 Guideline, diagnosed and confirmed as
COVID-19 were defined as cases in which SARS-CoV-2 was
detected by molecular methods from nasal and throat swab
samples [20]. The MIS-C group consisted of 68 children, and
the COVID-19 group consisted of 49 children. The patients
in the COVID-19 group were suitable if they did not develop
MIS-C at least three months after primer infection and did not
have a history of severe COVID-19 because any patients in
the MIS-C group have a history of severe or critical COVID-19.
None of the patients has been vaccinated against COVID-19.
COVID-19 vaccines have been available since September
2021 in Turkey and have been recommended by the Turkish
Ministry of Health. The diagnosis of MIS-C was established
according to the criteria defined by the Centers for Disease
Control and Prevention in May 2020 [5].

The patients with an underlying disease, including
metabolic disorders and chronic medical conditions such as
cardiopulmonary diseases, liver diseases, diabetes mellitus,
steroid therapy, endocrinological and neuromuscular
disorders, and the patients under any treatment that can
alter the TyG index were excluded.

Data Collection

A standardized form was used to collect epidemiological
data, clinical symptoms, and laboratory findings. Body mass
index (BMI) is a person's weight in kilograms divided by the
square of height in meters. Obesity was defined as more
than 2 SDS of the World Health Organization (WHO) Growth
Reference median for children 5-19 years of age and as
height-weight greater than 3 SDS of the WHO Child Growth
Standards median for children under five years of age [21].

Laboratory analysis on admissions, such as whole blood
count [white blood cell (WBC), absolute neutrophil count
(ANC), absolute lymphocyte count (ALC), hemoglobin (Hb),
platelet count (PLT), eosinophil, monocytes], biochemical
parameters including triglyceride (TG), total cholesterol, high-
density lipoprotein (HDL-C), low-density lipoprotein (LDL-C),
insulin and Glucose, albumin, C-reactive protein (CRP),
D-dimer, fibrinogen and N-terminal pro-brain natriuretic
peptide (NT-proBNP) values were recorded. A complete
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blood count (CBC) was performed on Sysmex XN-3100™
Automated Hematology System (Sysmex). CRP was measured
immunoturbidimetrically (CRPL4, Tina-quant CRP 1V) in
human serum on Cobas c systems (Roche Diagnostics GmbH)
(Roche, Cobas®).

The guideline has recommended that TG and LDL-C levels
>130 mg/dL, total cholesterol > 200 mg/dL, and HDL-C levels <
40 mg/dLbe considered abnormal for children and adolescents
[22]. Enzymatic, colorimetric assays measured cholesterol
and triglyceride. HDL-C was measured by a homogeneous
enzymatic colorimetric assay. The Fried wald equation
calculated LDL-C for 'patients' TG levels < 400 mg/dL and
directly measured by homogeneous enzymatic colorimetric
assay for 'patients' TG levels > 400 mg/dL. Glucose, insulin, and
lipid values were measured in the first three days and under
fasting conditions of all patients. Glucose was measured by
the enzymatic reference method with hexokinase. Insulin was
measured by the electrochemiluminescence immunoassay
method using the sandwich principle with two monoclonal
antibodies specific for human insulin.

All chemistry parameters were measured on Roche
Cobas® 8000 modular analyzers (Roche Diagnostics).

The homeostatic model assessment of insulin resistance,
our primary outcome measure, was calculated as a product of
fasting insulin and Glucose using a standard equation (fasting
insulin [ulU/mL] x fasting blood glucose [mg/dL]/405) [23,24].
Based on this score and previously published studies, clinically
significant insulin resistance was defined using the HOMA-IR
cut-point > 3 in children [25,26]. The TyG was calculated as
the Ln[fasting triglycerides (mg/dL) x fasting glucose (mg/
dL)/2]. A logarithmic scale expresses the TyG index [27].

Combined nasopharyngeal and or opharyngeal swab
specimenswerecollectedinaviraltransportmedium, including
VNat (Bioeksen, Turkey). Our Molecular Virology laboratories
tested all samples using the Bio-speedy’ SARS CoV-2 Double
Gene RT-gPCR (Bioeksen, Turkey). This assay amplifies and
detects two targets (ORFlab and N) of the virus with a limit
of 200 genomes per mL. The human gene target RNAse P
(RP) was measured in each sample for use in internal control.
Reverse transcription-polymerase chain reaction (RT-PCR)
was performed using the Rotor-Gene (Qiagen, Luxemburg).
Results were considered positive if the signal was detected
(Ct < 35) for RP, ORF1ab, and N genes.

Anti-Spike immunoglobulin G(IgG) and IgM antibodies
were detected in serum samples using rapid lateral flow
immunoassay (LFIA) (Colloidal Gold-Hotgen, Germany).

Echocardio graphic data were recorded from clinical notes
and electronic record systems. Depressed left ventricular (LV)
function was defined as an LV ejection fraction (EF) of < 55%.

Ethics and Consent

All parents/legal guardians gave signed informed consent
to this study. The Research Ethics Committee of Ege University
and the Turkish Ministry of Health obtained approval for the
study (Ethical decision No. 21-8T/61).

Statistical Analysis

Statistical analysis was performed using SPSS statistical
package (version 25 for Windows). Data were expressed as
means + SD or medians (interquartile range) for continuous
variables or percentages for categorical variables, depending
on the normality distribution. The Shapiro-Wilk test was
used to evaluate our data's normal distribution of the
parameters. The Student t-test and the Chi-square test were
appropriate for statistical comparisons between the groups.
The Mann-Whitney U test was used to compare differences in
nonparametric data. The Kruskal Wallis One-Way ANOVA test
was used to compare the three groups. Correlation analysis
was used to determine the correlation between HOMA-
IR and TyG levels.To identify the TyG index cutoff point for
prediction in MIS-C children, the ROC curve was analyzed using
software (MedCalc® software). Binary logistic regression was
performed to identify TyG index levels associated with the
risk of glucose metabolic condition. Statistical significance of
differences and correlations were defined p-value of < 0.05.

Results

The study groups consisted of 49 patients with confirmed
COVID-19 and 68 MIS-C cases. The mean age was 146.2 + 50
and 104.1 £ 58.7 months in the COVID-19 and MIS-C groups,
respectively. The mean age was significantly higher in the
COVID-19 group thanin other groups (p <0.001). 22 (44.9%) of
COVID-19 and 36 (52.9%) of MIS-C patients were male. There
was no significant difference between COVID-19, and MIS-C
patients regarding gender, weight-SDS, height-SDS, and BMI-
SDS (p = 0.391, p = 0.087, p = 0.527, p = 0.104 respectively)
(Table 1). The clinical characteristics and laboratory data are
shown in Table 1. SARS-CoV-2 IgG antibodies were positive in
68 (100%) of the MIS-C group. Mortality was not observed in
COVID-19 and MIS-C cases.

MIS-C patients had significantly higher mean values of TG
and lower mean values of cholesterol, HDL-C, and LDL-C than
COVID-19 patients (p < 0.001, p < 0.001, p =0.043, p < 0.001,
respectively).

The mean value of insulin and glucose was significantly
higher in MIS-C patients than in the COVID-19 group (22.3 +
19 vs. 11.7 + 8.7 mU/L, 93.6 + 24.8 vs. 86.3 + 6.7 mg/dL) (p
< 0.001, p = 0.024). MIS-C patients significantly had higher
mean HOMA-IR levels than the COVID-19 group (p < 0.001).
The results are shown in Table 1. The rate of insulin resistance
was significantly higher in the MIS-C group than in the
COVID-19 group (p < 0.001).

The mean level of the TyG index was significantly higher
in the MIS-C group than in the COVID-19 group (p < 0.001).
However, it was not significantly different among pediatric
intensive care unit (PICU) and non-PICU groups (Table 2).

The mean platelet and albumin in the PICU group were
significantly lower than in the non-PICU group (p = 0.013, p <
0.001). The PICU group had significantly higher mean values
of NT-pro BNP than non-PICU (p = 0.006), (Table 2).

Thirty-six (52.9%) MIS-C patients presented with features
of circulatory shock and required PICU care for circulatory
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Table 1: Baseline characteristics, laboratory data of children with MIS-C, and COVID-19.

COVID-19 MIS-C Patients, n:68 | p-value Odds ratio (95% Confidence
Patients, n:49 interval)

Gender

Male (n, %) 22 (44.9) 36 (52.9) 0.391

Age, Months, (median * SD) 146.2 £ 50 104.1 £ 58.7 <0.001

Weight-SDS (median, IQR) 0.49 (2.3) -0.06 (1.35) 0.087

Height-SDS (median, IQR) 0.21(1.18) 0.39 (2.39) 0.527

Obesity (n, %) 7 (14.3) 5(7.5) 0.233

BMI-SDS (median, IQR kg/m?) 0.3 (1.95) -0.43 (2.14) 0.204

WBC (mean % SD,/mm3) 6992 + 1989 11228 + 6403 <0.001

Hb (mean + SD, gr/dL) 13.1+1.6 111+1.4 <0.001

Platelet (mean + SD,/mm?3) 295449 + 66065 20638 + 11359 <0.001

CRP (mean + SD, mg/L) 25+53 172+ 76 <0.001

ESR (mean + SD, mm/h) 7.4+7.6 60.3+33.4 <0.001

Ferritin (median, IQR, ug/L) 40.5 (52) 390 (409) <0.001

Albumin (mean % SD, mg/dL) 4.5+0.45 3.5+0.7 <0.001

NT-pro BNP (median % IQR, ng/L) 37.5(59.5) 2582 (7717) <0.001

Troponin T (mean % SD, ng/L) 13+0 34.9+589 0.003

Cholesterol (mean + SD, mg/dL) 146 + 29 128 +37 0.02

Hypercholesterolemia (n, %) 2(4.1) 2(3) 1

Triglyceride (mean £ SD, mg/dL) 86 +52 181+ 89 <0.001

Hypertriglyceridemia (n, %) 6(12.2) 10 (15.2) 0.656

HDL- C (median, IQR, mg/dL) 56+ 18 25+ 24 <0.001

Low HDL-C (n, %) 7(14.3) 57 (86.4) <0.001 38 (13.098-110.244)

LDL- C (mean £ SD, mg/dL) 77.8+22.4 66.8 + 34 0.043

High LDL-C (n, %) 1(2) 5(7.8) 0.231

Insulin (mean = SD, mU/L) 11.7+8.7 22.3+19 <0.001

Glucose (mean + SD, mg/dL) 86.3+6.7 93.6 +£24.8 0.024

HOMA-IR (mean + SD) 25+18 55+5.2 <0.001

Insulin Resistance (n, %) 11 (22.4) 38 (60.3) <0.001 5.251(2.268-12.159)

TyG index (mean + SD) 4.4+0.25 4.8+0.28 <0.001

High Tyg index (n, %) 12 (24.5) 57 (87.7) <0.001 21.969 (8.199-58.867)

BMI: Body Mass Index; HDL: High-Density Lipoprotein; LDL: Low-Density Lipoprotein; HOMA-IR: Homeostatic Model Assessment of Insulin
Resistance; Tyg Index: Triglyceride-Glucose Index; WBC: White Blood Count; HB: Hemoglobin; ESR: Erythrocyte Sedimentation Rate; NT-Pro
BNP: N- Terminal Pro- Brain Natriuretic Peptide

Table 2: Demographic and laboratory data of children with MIS-C in PICU and non-PICU.

Non-PICU(N:36) PICU (N:32) p-value Odds ratio (95%
confidence interval)

Gender

Male (n, %) 21 (58.3) 15 (46.9) 0.345
Age, Months, (median + SD) 83.5+ 59 127 +50 0.002
Obesity (n, %) 4(11.4) 1(3.1) 0.196
BMI-SDS (median, IQR kg/m?) -0.6 (2.5) -0.43 (2) 0.781
WBC (mean £ SD, /mm?3) 11219 + 5970 11239 + 6956 0.990
Hb (mean £ SD, gr/dL) 11.1+13 109+1.5 0.665
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ANC (mean £ SD, /mm3) 8063 + 4023
ALC (mean £ SD, /mm?) 2217 + 1546
Monocyte count (mean £ SD, /mm3) 741 £ 583
Platelet (mean * SD, /mm3) 238194 + 12897
CRP (mean + SD, mg/L) 159 + 81
ESR (mean = SD, mm/h) 56.9+31.3
Ferritin (median, IQR, ug/L) 293 (8433)
Albumin (mean % SD, mg/dL) 3.7%0.6
NT-pro BNP (median + IQR, ng/L) 1314 (3968)
Troponin T (median, IQR, ng/L) 13 (0.75)
D-Dimer (mean + SD, pg/L FEU) 3368 + 2988
Cholesterol (mean % SD, mg/dL) 127 +36.5
Hypercholesterolemia (n,%) 0(0)
Triglyceride (mean £ SD, mg/dL) 176 £ 59
Hypertriglyceridemia (n,%) 8(23.5)
HDL- C (median, IQR, mg/dL) 21.5+21.4
Low HDL-C (n, %) 31(91.2)
LDL- C (mean + SD, mg/dL) 73135
High LDL-C (n, %) 3(9.4)
Insulin (mean  SD, mU/L) 20.2+21
Glucose (mean % SD, mg/dL) 90.6 + 19
HOMA-IR (mean * SD) 5.01+5.8
Insulin Resistance (n,%) 15 (45.5)
TyG index (mean + SD) 4.8+0.21
High Tyg index (n,%) 32(94.1)
Ejection fraction (mean + SD) 62.8+6
Ejection Fraction < 55% (n,%) 0(0)
Coronary artery involvement (n,%) 6 (16.7)
Unresponsive to IVIG Therapy (n,%) 11 (30.6)
The total length of hospital stay, days, 8.8+4.4

mean + SD

9695 + 6825 0.265
1005 + 784 <0.001

409 + 390 0.007

170593 + 81308 0.013

187 + 67 0.137

63.9+35.9 0.399

524 (678) 0.057

3.1£0.6 <0.001

3365 (9119) 0.006

13 (20) 0.111

3934 +3261 0.458

124 +38 0.787

2(6.3) 0.231

186 + 114 0.679

2(6.3) 0.084

28 +27 0.292

26 (81.3) 0.240

61+ 33 0.176

2(6.3) 1

24.6+16.5 0.360

96.9+29.9 0.316

6+4.5 0.434

23 (76.7) 0.011 3.943 (1.327-11.712)
4.8+0.35 0.961

26 (81.3) 0.109

54.6+9.3 <0.001

8 (25) 0.001 2.5 (1.834-3.408)

8 (25) 0.396

27 (84.4) <0.001 0.081 (0.025-0.268)
12.9+53 0.001

MIS-C: A Multisystem Inflammatory Syndrome in Children; SD: Standard Deviation; BMI: Body Mass Index; WBC: White Blood Count; HB:
Hemoglobin; ANC: Absolute Neutrophil Count; ALC: Absolute Lymphocyte Count; ESR: Erythrocyte Sedimentation Rate; NT-Pro BNP: N-
Terminal Pro- Brain Natriuretic Peptide; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; HOMA-
IR: Homeostatic Model Assessment of Insulin Resistance; TYG Index: Triglyceride-Glucose Index; IVIG: Intravenous Immunoglobulin; PICU:

Pediatric Intensive Care Unit

Table 3: Multivariate logistic regression analysis of factors associated
with the MIS-C.

Variables OR (95% ClI) p-value
HOMA-IR 1.016 (0.745-1.384) 0.921
Cholesterol 0.515 (0.027-9.996) 0.661
Trigliseride 17.319 (1.983-151.24) 0.010
Low HDL-C 28.317 (6.706-119.578) <0.001
High LDL-C 0.373 (0.014-9.880) 0.555
TyG index 590.115 (15.361-22670.588) 0.001

support. Thirty-eight of the 68MIS-C patients did not response
to intravenous immunoglobuline (IVIG) therapy. Eight of the

68 MIS-C patients had low ejection fraction. When children
with MIS-C in the PICU are classified according to coronary
artery involvement, IVIG response, inotropic support, and
levels of HOMA-IR, we evaluated for TyG index; we did not
find a significant difference in these data. However, the TyG
index was higher in MIS-C patients with unresponsive to IVIG,
coronary artery involvement, and higher HOMA-IR levels (p
>0.05).

TyG index was negatively correlated with HDL-C (r =
-0.321, p = 0.009), LDL-C (r = -0.396, p = 0.001), and albumin
(r=-0.359, p = 0.003) and positively correlated with WBC (r =
0.390, p =0.018), ANC (r =0.334, p = 0.006), insulin (r = 0.380,
p = 0.002) and HOMA-IR (r = 0.518, p < 0.001) in the MIS-C
group (Figure 1).
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Figure 1: Correlation with TyG index in MIS-C patients.

HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; HDL: High-Density Lipoprotein; LDL: Low-Density Lipoprotein; ANC:
Absolute Neutrophil Count; WBC: White Blood Cell; Tyg Index: Triglyceride-Glucose Index

Table 4: Analysis of the ROC curve of the lipid profile, TyG index, and HOMA-IR.

Variables Cut off Sensitivity Specificity P-value AUC %95CI

TG (mg/dL). > 105 84.8 85.7 <0.001 0.866 0.790-0.922
HDL-C (mg/dL) <30 83.3 100 <0.001 0.902 0.832-0.949
HOMA-IR >3.6 55.6 85.7 <0.001 0.686 0.592-0.770
TyG index >4.51 86.36 81.63 <0.001 0.871 0.795-0.926

The p-value for Significant differences with 0.5.

TG: Triglyceride; HDL: High-Density Lipoprotein; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; Tyg Index: Triglyceride-

Glucose Index; Cl: Confidence Interval

HOMA-IR was negatively correlated with LDL-C (r =-0.316,
p = 0.015), response to the IVIG (r = -0.316, p = 0.012), and
positively correlated with age (r = 0.306, p = 0.015), TG (r =
0.399, p = 0.001), coronary artery involvement (r = 0.279, p =
0.027) in the MIS-C group.

Response to the IVIG treatment, coronary artery
involvement, admission to PICU, and needing inotropes
weren't correlating with the TyG index.

Multivariate logistic regression analysis revealed that
predictors of MIS-C were the TyG index, HDL-C, and TG (Table 3).

ROC analysis showed the best area under curve (AUC)
level of 0.902 (95% Confidence interval (Cl ): 0.832-0.949)
with a sensitivity of 83.3% and specificity of 100% for HDL-C
with a cutoff < 30 mg/dL. The sensitivity, specificity, and AUC
values for the TyG index, TG, and HOMA-IR were 0.87, 0.866,
and 0.686, respectively (Table 4). The ROC curves are shown
in Figure 2.

Discussion
The COVID-19 pandemic affected over 660 million people

and caused over 6 million deaths. Children seemed luckier
and developed less severe diseases until the appearance of
MIS-C. However, the mechanism was still unclear, and it is still
an open question "Why only less than 1% of children develop
MIS-C after COVID-19?". We investigated this possible
interaction and showed a significant association between
elevated TyG index and HOMA-IR levels and low levels of
HDL-C with MIS-C, even in non-obese patients. Furthermore,
higher levels of HOMA-IR were associated with PICU
admission of MIS-C patients. To the best of our knowledge,
this is the third and the largest study demonstrating this
significant association. The first study had a control group
consisting of confirmed COVID-19 cases who did not develop
MIS-C. This study adds the significant associations between
low HDL-C, higher levels of TyG, and HOMA-IR and MISC;
meanwhile, insulin resistance significantly increases the risk
of PICU admission in MIS-C patients.

Hyperglycemia can also be seen in severe diseases, not
only in diabetes. Due to increased hormone and cytokine
levels, unexplained hyperglycemia may be a sign of infection
or inflammation [28]. In the short term, hyperglycemia
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Figure 2: ROC analyses of TyG index, HDL-C, LDL-C, and HOMA-IR in MIS-C children.

can impair fluid balance and the immune system, as well
as cause inflammation [29,30]. The studies showed that
white blood cell function abnormalities are associated with
hyperglycemia. However, glucose control improves these
abnormalities [31]. Observational studies showed that
hyperglycemia was a risk factor for severe complications
during acute illness in patients without diabetes [32,33].
Insulin secretion increases to prevent hyperglycemia. Our
study showed that MIS-C patients with the more noticeable
cytokine release and inflammation also had higher insulin
and glucose values. Insulin resistance was significantly more
frequent in MIS-C than in COVID-19.The TyG index is a simple
surrogate marker of insulin resistance. Previous studies,
including COVID-19 adults, showed the potential role of the
TyG index and markers of insulin resistance as an indicator for
the severe complications of COVID-19 [17,18,34,35].

Calcaterra, et al. [36] evaluated 30 MIS-C patients and
found all patients had pathological levels of TyG index, and 17
of 18 patients, of whom HOMA-IR levels were available, had
pathological levels. In our study, 87.7% of the MIS-C cases had

elevated TyG indexes nearly three-fold more common than
COVID-19 cases, and 60.3% had insulin resistance. Moreover,
the low level of HDL-C was 5-fold more frequently detected
in MIS-C cases. The current study adds to the literature by
showing the significant association between MIS-C and
metabolic abnormalities, including elevated TyG index, higher
basal insulin, HOMA-IR, and low HDL-C levels, contributing to
MIS-C pathogenesis.

Ren, et al. [35] demonstrated a higher TyG index was
significantly more common in severe and deceased COVID-19
patients. We did not determine an association between
MIS-C severity and elevated TyG index. However, we showed
a significant association between insulin resistance and PICU
admission. None of the MIS-C patients died during the study
period. A large population-based study from Korea by Chang,
et al. [34] evaluated 3887 patients and suggested the TyG
index was a good predictor of disease severity in COVID-19
patients. They defined the study's primary outcomes as the
development of severe complications of COVID-19, such as
mechanical ventilation, intensive care unit care, high-flow
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oxygen therapy, and mortality within two months after the
diagnosis of COVID-19. They determined that the TyG index
was positively associated with severe complications of
COVID-19 (adjusted odds ratio: 1.42, 95%Cl [1.12-1.79]) by
the multivariate logistic regression analysis.

Zheng, et al. [37] showed TyG index decreased at the
positive and re-positive SARS-CoV-2 RNA stages and increased
at the negative stage. They suggested the TyG index may be
a reliable marker for identifying the re-positive of COVID-19
patients and determining the stage of the patient's disease.
MIS-C has dined as a post-infection hyper inflammatory
syndrome that can be accepted as the negative stage. As
they suggested, we found a high proportion of patients
with elevated TyG index, and all patients' PCR results were
negative for SARS-CoV-2 on admission. However, we did
not re-check their TG levels in the follow-up period. Biter,
et al. [38] investigated the predictive value of the TyG index
for in-hospital mortality in non diabetic COVID-19 patients
with myocardial injury. They showed TyG index cutoff value
greater than 4.97 showed 82% sensitivity and 66% specificity
in the prediction of in-hospital death in non diabetic COVID-19
patients with myocardial damage. MIS-C can be presented
with myocardial injury and diminished EF. However, we did
not show a significant correlation between an elevated TyG
index and a lower EF.

Chen, et al. [39] demonstrated that an increased TyG
index is associated with impaired b-cell function regardless
of the Glucose metabolic conditions. The TyG index is an
alternative indicator for predicting b-cell dysfunction. A
large study by Rohani-Rasaf, et al. [40] investigating 1288
confirmed COVID-19 cases showed that an elevated TyG index
was significantly associated with the severity and mortality of
the disease. In this study, we also showed that MIS-C cases
had significantly higher HOMA-IR levels, and higher HOMA-IR
levels were associated with PICU admission.

Hypertriglyceridemia and low levels of HDL-C were
associated considerably with MIS-C. Chen, et al. [41] showed
that changes in total cholesterol and HDL-C levels were
significantly associated with the TyG index. Similarly, we
showed a significant correlation between lower HDL-C and
TYG index and both significantly associated MIS-C. The ROC
curve analysis showed the highest AUC level for HDL-C lower
than 30 mg/dL. Furthermore, it showed 100% specificity in
the prediction of MIS-C. It is an easy and cheap marker that
can rule out MIS-C. Despite the low patient numbers in our
study, it showed great specificity, which may be confirmed
with larger and prospective studies. Rohani-Rasaf, et al. [40]
revealed that the TyG and TG/HDL-C indexes are biochemical
markers of the severe prognosis of COVID-19. Zinello, et al.
[42] highlighted that increased proinflammatory cytokines
may causethese changes in lipid profile in COVID-19 infection
via upregulation of scavenger receptor class B type 1. We
showed that TG levels and TYG index were higher, and HDL-C
was lower in MIS-C.

Several studies have found a positive correlation between
the TyG index, white blood cell count, and CRP levels
[43,44]. Inflammation can result in damage of the vascular

endothelium. This can lead blood contents to leak into the
perivascular spaces, causing further vascular damage [45].
Monocytopenia is related to the severity of COVID-19 and ICU
admissioninastudy (OR, 3.28 [95% Cl, 1.4-7.68]) [46]. Abrams,
et al. [6] also demonstrated a significant association with
decreased levels of thrombocyte and lymphocyte with PICU
admission, whereas they did not evaluate monocyte levels
in MIS-C cases. We evaluated the hematological parameters;
we showed that patients with decreased thrombocyte,
lymphocyte, and monocyte levels were associated with PICU
admission.

The treatment protocol for MIS-C includes glucocorticoids
and intravenous immunoglobulin, which may cause glycemic
fluctuation. However, the initial HOMA-IR and TyG indexes
before treatment protocol initiation were considered in this
study. Therefore, the effects of glucocorticoids have been
excluded.

Limitations

This is a retrospective, single-center, and small-size study.
Some data may be missed due to retrospective design.
Another limitation is the lack of longitudinal follow of the
patients.

On the other hand, this study has several advantages, to
be the third and the largest study evaluating the association
between elevated TyG index and higher HOMA-IR and lower
HDL-C with MIS-C. The second advantage of this study is
having a control group including confirmed COVID-19 cases
who did not develop MIS-C.

Conclusions

This  study first demonstrated a  significant
association between metabolic abnormalities such as
hypertriglyceridemia, higher HOMA-IR levels, TyG index,
low HDL-C levels, and MIS-C. Elevated HOMA-IR levels
were significantly associated with PICU admission in MIS-C
patients. Furthermore, fasting triglyceride and Glucose are
cheap and widely available. Therefore, the TyG index may
be helpful in limited settings. MIS-C cases should be followed
for long-term outcomes such as diabetes and metabolic
abnormalities and consulted with a Pediatric Endocrinologist.
Further prospective and more extensive studies are needed.
By the end of the pandemic, new variants of SARS-CoV-2 may
result in increased cases of MIS-C, and pediatricians should
still be conscious of MIS-C.

What is Already Known on this Topic?

Potential risk factors for MIS-C are impaired glucose-
insulin metabolism and hypertriglyceridemia.

What does this Study add?

Metabolic abnormalities, including lower HDL-C and
higher levels of HOMA-IR and TyG index associated with
MIS-C patients.
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