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ABSTRACT

Background: Managing the consequences of Covid-19 on vital organs is more crucial than the infection itself. This respiratory
illness can significantly alter various biomarkers, impacting vital organs such as the heart. This study aims to investigate the
relationship between serum ferritin levels and acquired heart diseases in children who suffered from Covid-19.

Methods: This retrospective study examined ferritin levels measured in children with a positive PCR result. It also examined
children who underwent echocardiography from March 2019 to one year later. The research evaluated the age, gender,
echocardiography results and ferritin levels of these children.

Results: Among 116 patients with COVID-19 examined, 62 (53.45%) were female and 54 (46.55%) were male. The highest
ferritin levels were found in patients aged six months to one year, followed by those aged one to three years. Of the children
studied, 90% had normal cardiac health. However, 4.3% presented with mild tricuspid regurgitation (TR), 2.6% with both mild
TR and mitral regurgitation (MR) and another 2.6% with moderate TR, severe MR and right and left ventricular hypertrophy.
Ferritin was lower in female infants and children infected with COVID-19. Statistical analysis revealed a significant association
between ferritin and cardiac complications in female COVID-19 patients, but not in males. In addition, ferritin levels were
significantly greater in COVID-19 patients younger than six months old with cardiac disease, even though the correlation was
negligible in other age groups.

Conclusion: Serum ferritin levels can predict acquired cardiovascular disorders. Higher ferritin levels significantly correlate with
the severity of heart diseases, making it a strong prognostic indicator, especially in children affected by Covid-19.
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1. Introduction

Acquired heart failure (AHF), which frequently has its o
rigins  during childhood, continues to  be a significant cause
of public ~ healthin  developing countries'.  The types of
childhood AHF are variable worldwide and include idiopathic
cardiomegaly, endomyocardial fibrosis (EMF), rheumatic
heart disease (RHD) and infectious pericarditis as the
most common types of acquired heart disease (AHD)**. COVID-
19 affects numerous body systems, especially the cardiovascular
and respiratory systems. COVID-19-infected children have
demonstrated an increased prevalence of AHF*‘. Furthermore,
previous CVD has the potential to aggravate disease severity
and impact patient mortality’.

As of mid-October 2020, the globe had over 50 million
confirmed COVID-19 cases and one million fatalities®. COVID-
19 is an extremely contagious illness with an initial presentation
of an acute respiratory infection’. While numerous studies
have examined cardiovascular complications of COVID-19,
significant gaps remain in current understanding, especially for
pediatric cardiac manifestations. Of the various iron biomarkers
studied, serum ferritin (SF) has been particularly significant as it
is the most widely used marker of body iron status'*'".

As established, COVID-19 patients typically exhibit
decreased hemoglobin levels alongside elevated ferritin levels,
enhancing diagnostic potential. AU.S. study of 5,700 hospitalized
COVID-19 patients found pathologically high ferritin levels
in this population'”. Ironisa crucial micronutrient for human
cells and pathogens; the innate immune system can restrict
iron turnover to deprive pathogens during infection'’. This
protective reaction paradoxically causes anemia, which can
cause hypoxia and organ failure later on, particularly cardiac
tissue. The correlation of anemia with hyper-ferritinemia is a
significant prognostic mortality factor irrespective of the history
of patients'®. Elevated ferritin may either predate impending inf
lammatory responses in COVID-19 or be correlated with viral
dissemination and resultant disturbances in iron metabolism".

The current research attempts to investigate the relationship
between hyperferritinemia and acquired heart failure (AHF) in
children suffering from COVID-19. In an attempt to learn about
such a relationship, we performed a retrospective study assessing
ferritin level and AHF occurrence in southern Iranian children.

2. Methods

The STROBE checklist has improved this retrospective,
cross-sectional article this retrospective, cross-sectional article'®.

*  Study design
*  Study Design and Setting

This cross-sectional study was carried out at Bandar Abbas
Children’s Hospital, Iran, from March 2019 to March 2020, with
ethical permission from the Ethics Committee of Hormozgan
University of Medical Sciences. This study specifically
examined the relationship of serum ferritin levels with acquired
cardiac conditions in pediatric cases of COVID-19 in all hospital
departments. The research recruited all 0-14-year-old patients
with clinically confirmed COVID-19 diagnosis and underwent
both echocardiographic evaluation and ferritin level testing.
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2.1. Participants

Newborns to 14-year-olds who tested positive for Covid-19
via PCR and received a confirmed diagnosis at the hospital were
included in the study. These patients underwent echocardiography
and had their ferritin levels measured. The following exclusion
criteria were applied for selection:

»  Patients with cyanotic congenital heart disease
*  Cases with family refusal to participate

* Patients with comorbid chronic conditions (chronic kidney
disease, hypertension, diabetes mellitus or malignancy)

¢« COVID-19 patients without concurrent cardiac involvement

Researchers examined acquired heart diseases using the
ICD-11 guidelines. At Bandar Abbas Children’s Hospital, all
tests are conducted following clinical standards and promptly
sent to the hospital’s lab. One limitation of this study was
ensuring the accuracy of ferritin measurements. In this study, a
high ferritin level was considered 140 ng/mL, while a low level
was 50 ng/mL.

2.2. Data and outcome

In the first phase, patients with confirmed COVID-19
diagnoses were chosen. Next, ferritin levels were measured
to screen for acquired heart disease. Patient selection was
made regardless of gender, race, skin color or native status.
Demographic data such as age, sex and weight were obtained
on standardized forms. Treatment protocols such as ferritin
level monitoring were used. The checklist was validated
by Hormozgan University of Medical Sciences’ Children’s
Department as reliable and valid. Structured interviewing,
examination of medical records and a questionnaire designed
by the researcher and answered under pediatricians’ supervision
with expertise in hematology, cardiology, infectious diseases and
statisticians was used for collecting data. The study protected
patient data confidentiality (by collecting data anonymously),
ensured methodological fidelity, honest reporting, objective
analysis of results and adherence to research ethics principles.

2.2.1. Data synthesis and analysis: The gathered data were
analyzed using SPSS software version 23. Descriptive statistics
indicators such as frequency, frequency percentage, mean and
standard deviation were used to evaluate all the gathered data.
The required number of individuals for the study was calculated
to be 116 individuals (form in Appendix 1). The 95% level of
normal distribution for p=0.10 was estimated to be d=0.036.
Patients were selected by convenience sampling from children
with COVID-19 referring and following the application of
exclusion criteria. Thus, the sampling continued until the
end of the group of 116 eligible children and was traced in a
non-random manner.

2.2.2. Participant and demographic data: The research team
initially identified all patients with PCR-confirmed COVID-
19 diagnoses, with results verified by a pediatric infectious
disease specialist. Subsequently, the study focused on patients
who had undergone echocardiography, with findings carefully
reviewed by a pediatric cardiologist to confirm acquired heart
failure (AHF) diagnoses. For eligible patients meeting discharge
criteria, comprehensive medical histories and laboratory results
were compiled (Figure 1).
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with the lowest weights also had the most severe manifestations
of the heart. While female patients had a tendency toward higher
baseline weights, males were predominantly represented in the
mild tricuspid regurgitation (MILD TR) group. This small but
possibly important pattern deserves particular attention to viral
infection screening in female children (Table 1).

Table 1: this table show relation of Weight, Sex and Age by
Echo results.

Figure 1: patients selection steps and exclusion criteria.

detailed age distribution data presented in (Figure 2).

MOD TR +
SEVER MR | MILD TR P
MILD TR Normal
+ RV, LV & MR value
HYPERTROPHY
set patients on timeline and choose participant and ‘ Age
data collection under 1 year 3 . 1 38
1-3 years . . 1 28
X . . . 3-5 years . 1 2 10
Patient selection followed reverse chronological order, with vears - . - 5 0.06
the 116 most recent hospital admissions included in the analysis. [— vears - i - "
The cohort was stratified into age-specific categories, wWith [ —rore man 10 : 1 .
years
Sex
AGE
Daughter 3 2 2 55
0.357
Boy 0 1 3 50
Weight
Numerus 3 3 5 105
Weight (mean
+  standard | 4/160/28+ 15/503/50= | 14/686/58+ | 13/288/16= | 0.03
deviation) Kg

more than 10 years

Echo results

120

100

& & =

MILD TR MILD TR & MR MOD TR + SEVER
MR + RV, LV

HYPERTROPHY

Normal Echo

Figure 2: patients’ distributions, the upper one shows the
normal age distribution among the participants, the lower one
shows the classification of children based on their echo results.
TR: Tricuspid regurgitation, MR: mitral regurgitation, RV: Right
ventricle, LV: left ventricle.

2.3. AHF in children with Covid-19 is a function of the child’s
weight but is not affected by age

No correlation was found between age and cardiac
complications (p>0.05), which suggests that post-COVID-19
acquired heart disease prevalence in children cannot be explained
by normal developmental health or physiology at birth. Infants
less than one year old did have the most severe manifestations of
disease, though this trend was not statistically significant (Table

1).

A strong inverse correlation was also observed between
patient weight and cardiac involvement (p<0.05), with disease
severity being significantly reduced as weight increased. Patients

2.4. Ferritin levels in children with Covid-19 are different
between males and females

Female children with COVID-19 and no heart disorders had
significantly elevated ferritin levels than males, a pattern that
persisted in the MILD TR category even though boys were
higher in the MILD TR & MR group. There was a significant
association between ferritin levels and cardiac status in female
COVID-19 patients and children as a whole, with significantly
elevated ferritin in females with heart disease. Significantly,
this ferritin-cardiac disease correlation was observed in both
genders, as male COVID-19 patients’ cases of heart-disease also
presented with increased levels of ferritin. This indicates the
diagnostic value and possible therapeutic significance of ferritin
in COVID-19 patients below the age of one with acquired
cardiac diseases (Table 2).

Table 2: ferritin blood level in male and female patients, based
on their Echo results.

Ferritin ~ (mean
+ standard | Numerus | P-value
deviation) ng/mL
Female
Normal 239/38218/74 + 55
MILD TR 37/47228/50 +
MILD TR & MR 196/57565/00 + 2 0.00
MOD TR + SEVER MR +
RV, LV HYPERTROPHY 188/211110/66 = | 3
Male
Normal 178/43162/94 + 50
MILD TR 103/34208/33 + 3
MILD TR & MR 833/00 1 0.15
MOD TR + SEVER MR + | i
RV, LV HYPERTROPHY
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2.4.1. Ferritin level in children with Covid-19 is a function of the child’s age: Results in (Table 3) present age-specific relations
between ferritin levels and cardiac involvement in COVID-19 patients. The statistically significant correlation was observed in
infants younger than six months, while this tendency was absent in children younger than one year. The most powerful, though
statistically nonsignificant, relation was seen in the six-month to one-year age group with cardiac disorders. Across other age
categories, this correlation existed but was limited by low sample sizes. Notably, all ages were uniform in showing that heightened
cardiac damage was linked to more highly elevated ferritin levels. These findings support the measurement of ferritin levels as a
uniform criterion for ascertaining risk of acquired heart failure, particularly for children less than one year old.

Table 3: The relationship between ferritin and heart diseases in covid patients at different ages.

MOD TR + SEVER MR + RV, LV HYPERTROPHY | MILD TR & MR MILD TR Normal P-value
Age
Under 6 month =
Under 6 months=1002/00 246/12167/27%
under 1 year - 255/00
Upper 6 month =
Upper 6 month = 132800 253/70238/00+
1-3 years - - 89/00 118/89143/26+ 0.06
3-5 years - 426/00 268/00 147/20103/84+
5-7 years - 704/00 - 142/11159/48+
more than 7 years 833/00 202/00 66/7569/27+

3. Discussion

The analysis of the current research findings indicates a
notable correlation between ferritin levels and the prevalence
of cardiovascular conditions (P<0.05). Following the onset
of Covid-19 infection among individuals, the likelihood of
developing cardiovascularissuesrises, aligning with the outcomes
of this investigation. The findings demonstrate that ferritin
levels in COVID-19 patients serve as a predictive biomarker
for disease complications and cardiac failure development in
pediatric cases. Both age and gender significantly influenced
the relationship between ferritin and acquired cardiovascular
disorders (P<0.05). The highest infection rates occurred among
females under six months of age'’. Ahmed’s research confirmed
ferritin’s significant association with COVID-19 complications
and cardiac issues, particularly in younger patients and females'®.
While no significant correlation emerged between Z Score,
weight and cardiovascular risk in COVID-19 patients, Reyes’
study found that elevated serum ferritin levels during follow-
up indicated higher coronary heart disease risk!’. The results
clearly revealed that heavier children had reduced heart failure
susceptibility. Furthermore, ferritin serves as an inflammatory
marker for predicting disease severity and cardiac complications,
showing differential relationships based on age and gender.

Ferritin, the major intracellular iron storage protein and
acute-phase reactant, becomes elevated in inflammatory
conditions including infections, hyperferritinemia syndromes
(macrophage activation syndrome, antiphospholipid syndrome)
and septic shock?'??. Recent evidence establishes ferritin
as a predictor of ischemic heart disease mortality**!. while
Liu’s work extends this association to heart failure and
cardiac ischemia®. Our findings confirm this cardiac-ferritin
relationship, particularly noting ferritin’s role in cardiac cellular
mechanisms. Elevated ferritin with other inflammatory markers
(CRP, IL-6) predicts worse COVID-19 outcomes***” and links to
aortic valve calcification via TNF-a-associated inflammation?.
Additionally, these element concentrations in patients with
Covid-19 hyperferritinemia (ferritin level greater than 400 ng/
ml) are associated with disease severity in patients””. COVID-
19 hyperferritinemia (>400 ng/ml) directly correlates with
disease severity”. Proposed mechanisms for COVID-19 cardiac
complications include direct -cardiotoxicity, inflammatory
responses, supply-demand mismatch, thromboembolism, drug

effects, DIC and electrolyte disturbances®**. with escalating risk
as disease progresses, making critically ill patients particularly
vulnerable to cardiac involvement.

Eventually, ferritin levels have a high value for the prognosis
of heart disorders in pediatric patients with Covid-19. The
increase in ferritin is related to the child’s weight and shows a
higher sensitivity for heart diseases in children under one year of
age. The obtained results showed that serum ferritin levels is a
predictive factor for acquired cardiovascular disorders, although
they cannot reliably predict their severity.

4. Conclusion

Measuring ferritin levels in children, particularly those under
one year, is strongly advised as a prognostic indicator for heart
diseases, as ferritin is a biomarker associated with iron. Despite
the limited sample size, this study proposes further clinical
investigations to explore the significance of this marker. Future
studies are anticipated to help reconcile any discrepancies
observed in the current research findings.
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