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ABSTRACT

Objective: This study endeavored to assess the lipid profile and atherogenic lipid indexes in
children with transfusion-dependent thalassemia (TDT) and to compare them with
matched healthy children.
Method: The study group consisted of a total of 72 TDT patients aged 3 tol14 years, while the
control group had 83 age- and sex-matched healthy children. The fastinglipid profile and lipid
indexes were estimated and the atherogenic index of plasma (AIP), Castelli’s risk indexes I
and II, atherogenic coefficient were calculated and compared between the two groups.
Result: Compared to the control group, the mean LDL, HDL and cholesterol levels were sig-
nificantly lower among the case group (p-value < 0.001). The mean VLDL and triglycerides
were significantly higher in the case group (p-value < 0.001). Lipid indexes, including the
atherogenic index of plasma (AIP), Castelli’s risk indexes I and II and atherogenic coeffi-
cients were significantly higher in TDT children.
Conclusion: Dyslipidemia and increased risk of atherosclerosis were found in TDT children,
as they had elevated atherogenic lipid indexes. Our study underlines the importance of the
routine use of these indexes in TDT children. Future studies should focus on lipid indexes
in this high-lipid group of children so that preventive strategies can be planned accord-
ingly.
© 2023 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by
Elsevier Espafia, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Thalassemia is the most common monogenic disorder
causing hemoglobinopathy worldwide. It is an autosomal
recessive disorder, in which there is the reduced or absent
production of a- or 8- hemoglobin chains, the imbalance of
which leads to hemolysis and ineffective erythropoiesis,
which are the main causative factors of its pathophysiol-

ogy.
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The homozygous beta thalassemia, non-deletional HbH
and severe HbE/B-thalassemia are categorized as transfusion-
dependent thalassemia (TDT) which is the most severe form
of the spectrum.’ These TDT patients need regular blood
transfusion for survival, which in the long term causes iron
overload, leading to an increase in the non-transferrin-bound
iron and labile iron pool, causing oxidative damage, chronic
hypoxia, metabolic dysregulations and cellular damage. Both
elevated oxidative stress due to iron overload and increased
hemolysis lead to the over-utilization of minerals required for
antioxidant enzyme activities.” The TDT is also associated
with altered lipid levels because of oxidative stress that can
lead to early atherosclerosis, adding to the morbidity and
even early mortality, by increasing the incidence of cardiovas-
cular disease and stroke. Lipid peroxidation is one of the caus-
ative factors for dyslipidemia in thalassemia.’ Previous
studies have found that children with TDT are at risk of devel-
oping premature atherosclerosis, as a result of chronic hemo-
lysis, iron overload and dyslipidemia.* To predict the risk of
early atherosclerosis and cardiac morbidity, few lipid indexes
are being used in the adult population, such as the athero-
genic index of plasma (AIP), atherogenic coefficient (AC), Cas-
telli’s risk indexes I & IL.° Very few studies have assessed the
risk of premature atherosclerosis using these lipid indexes in
adult thalassemia patients.® There is scanty research work to
date evaluating these lipid indexes as a predictor of early ath-
erosclerosis and cardiovascular disease in children with
transfusion-dependent thalassemia. Hence, we assessed the
lipid profile and atherogenic indexes in children with TDT
and compared them with age- and sex-matched healthy chil-
dren.

Method

This was a cross-sectional study conducted between Novem-
ber 2020 and October 2021 including the children with trans-
fusion-dependent thalassemia registered at the thalassemia
day-care center of a tertiary care pediatric hospital in Delhi,
India. The study was approved by the institutional ethics
committee. Informed written consent for participation in the
study was obtained from parents of all children and assent
was also obtained from children who were over 7 years of
age.

All consecutive children with TDT aged 3—14 years of age
registered at our thalassemia day-care center receiving regu-
lar blood transfusions and chelation therapy were enrolled.
Children with TDT who were not on regular blood transfu-
sions due to poor compliance, those with diabetes mellitus,
renal failure, hereditary hyperlipidemia and hypothyroidism
were excluded. Age- and sex-matched healthy children were
enrolled for comparison of the serum lipid levels. Healthy
matched controls were obtained from children visiting the
hospital’s outpatient department for immunization, some
unrelated minor illnesses, such as upper respiratory infec-
tion, or for routine check-up.

A thorough medical history was obtained from the
enrolled children, with special emphasis on the age at first
transfusion, frequency of red cell transfusion and duration of
blood transfusion. The dietary history was analyzed, based

on dietary intake as vegetarian and non-vegetarian diet; those
consuming non-vegetarian items at least three times a week
were included in the non-vegetarian group. In the detailed
clinical examination including the anthropometric measure-
ments, clinical evidence of systemic complications of iron
overload were noted. Children were asked to come after an
overnight fasting of at least 12 h on the day of their regular
transfusion for blood sampling. Liver function tests, including
serum bilirubin and liver enzymes, and the kidney function
test were performed on the same day on the Beckman Coulter
AU 680 biochemistry analyzer. Estimation of plasma lipids,
including total cholesterol (TC), triglycerides (TG), high-den-
sity lipoprotein (HDL), low-density lipoprotein (LDL) and very-
low-density lipoprotein (VLDL) were evaluated. Atherogenic
lipid indexes, the atherogenic index of plasma [(logio)(TG/
HDL)], atherogenic coefficient (AC) [(TC — HDL)/HDL], Castelli’s
risk indexes I (TC/HDL) & II (LDL/HDL), were calculated, and
compared with the age- and sex-matched healthy controls
for better prediction of early atherosclerosis. The potential
relationships between these parameters were assessed with
anthropometric parameters, frequency of transfusion, pre-
transfusion hemoglobin (Hb) (average of 3 months), serum
ferritin and liver enzymes in children with TDT.

Statistical analysis

The data were entered into a Microsoft Excel sheet and were
analyzed using the Statistical Package for Social Sciences
(SPSS) Version 25.0 for Windows. The measure of central ten-
dencies (mean), and the variability (standard deviation (SD))
were calculated. The results were presented as mean =+ SD.
The Student’s t-test was used to compare differences between
two means. The chi-square test or Fisher-exact test was used
to compare categorical variables. The Pearson correlation and
Spearman’s correlation coefficient were used for correlation
in parametric and non-parametric data, respectively. The p-
value <0.05 was considered significant.

Results

Eighty-five children with TDT registered at the thalassemia
day-care center were screened and, of these, seventy-two
aged 3 to14 years were enrolled. Another 102 healthy children
(age- and sex-matched) were approached and screened,
among which eighty-three children were finally enrolled as
the comparison group. Figure 1 depicts the flow of partici-
pants in the study. In both the groups, the prevalence of male
predominance was seen. The mean (SD) age was 8.5 (3.2)
years and 8.6 (2.8) years in the case and control groups,
respectively. On anthropometric assessment, 40% (29/72) of
children with TDT were underweight, compared to 8.4% (7/83)
in the comparison group, which was significantly higher
(p < 0.001). The mean BMI was significantly lower in cases
(14.6 kg/m?), compared to the control group (15.7 kg/m?
(p < 0.001). There was no statistically significant difference
between the two groups in terms of the dietary pattern.

The comparison of the hematological parameters in the
two groups of children is shown in Table 1. The mean age at
diagnosis of children with TDT was 11.8 &+ 1.5 months. The
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Children with TDT

Children screened (n = 85)

Hypothyroidism (1)

Lost to follow-up during Covid
pandemic (3)

Included 72
Male:Female (48:24)

Total excluded 13
Age less than 3 years (7)
Poor compliance to treatment (2)

Healthy children

- Children screened (n = 102)

( Total excluded 19 h
Did not present for fasting samples
2

Non-fasting (7)

Included 83
Male:Female (34:49)

Figure 1-Inclusion flowchart for cases and controls in the study.

mean age at first blood transfusion was 11.4 + 1.4 months in
children with TDT. These patients were receiving around 17
(mean value) transfusions per year, which means one packed
red blood cell transfusion every 3 weeks. The median (range)
ferritin level in children with TDT was 1500 (123.0—8543.0) g/
L. Among the children with TDT, 86.1% (62/72) had abnormal
ferritin levels. The majority of the patients had a ferritin value
between 1000 and 2000 ng/L, while only 6 of our patients had
a ferritin value over 5000 pg/L.

Levels of ALT and AST were significantly increased in the
case group than control group (p = 0.011 and p < 0.001, respec-
tively). Compared to healthy controls, significantly elevated
levels of serum bilirubin were observed in the case group
(p < 0.001) because of ongoing hemolysis in thalassemia.
Compared to the control group, the mean LDL, HDL and cho-
lesterol levels were significantly lower among the case group
(p-value < 0.001). The mean VLDL and triglycerides were sig-
nificantly higher in the case group, compared to controls (p-
value < 0.001) (Table 2).

On comparing the atherogenic lipid indexes, including
Castelli’s risk indexes I and II, the atherogenic index of

plasma and the atherogenic coefficient between children
with TDT and healthy children, the values were significantly
higher in children with TDT (Table 3).

Castelli s risk indexes I and II and the atherogenic coeffi-
cient had a significant correlation with the serum ferritin
level. The lipid indexes also had significant negative correla-
tions with the hemoglobin of children with TDT (Table 4).
There were no significant correlation between lipid indexes
and anthropometric parameters in the study group.

Discussion

The aim of this research was to assess the lipid profile and
lipid indexes in children with TDT. The mean LDL, HDL and
cholesterol levels were significantly lower among children
with TDT (p-value < 0.001), while the mean VLDL and trigly-
cerides were significantly higher in children with TDT, com-
pared to age- and sex-matched healthy children (p-value <
0.001) in our study. The atherogenic lipid indexes, including
Castelli’s risk indexes I and II, atherogenic index of plasma

Table 1 - Comparison of hematological parameters in children with TDT and healthy children.

Parameter Children with Healthy children p-value
TDT (n=72) (n=83)

Hemoglobin (g/dL) 8.0 (1.6) 12.3(0.9) <0.001
Severe anemia (<7 g/dL)* 19 (26.4) 0 <0.001
Moderate anemia (7—11 g/dL)* 52(72.2) 12 (14.5)

Normal Hemoglobin (>11 g/dL)* 1(1.4) 71 (85.5)

Total leucocyte count (x10%/L) 8.1(4.3) 8.1(1.7) 0.158
Platelet count (x10%/L) 280 (12) 300 (8) 0.021
Mean corpuscular volume (fL) 81.6 (7.0) 82.3 (5.8) 0.411

Data expressed as mean (SD) *Data given as n (%).
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Table 2 - Comparison of biochemical parameters in children with TDT and healthy children.

Parameter Children with Healthy children p-value
TDT (n =72) (n =83)
Serum bilirubin total (mg/dL) .6 (0.4—6.9) .5(0.2-1.1) <0.001
Bilirubin direct (mg/dL) .3(0.0-1.2) .1(0.0-0.4) <0.001
ALT (units/L) .0 (8.0-315.0) 30 0 (10.0-68.0) 0.011
AST (units/L) .0 (15.0-218.0) 19.0 (11.0-78.0) <0.001
ALP (units/L) 211 0 (43.0—567.0) 234.0 (105.0—400.0) 0.073
LDL (mg/dL) 57.5 (16.0—150.0) 82.7 (40.0—147.0) <0.001
HDL (mg/dL) 26.0 (14.0—56.0) 45.0 (4.2—64.0) <0.001
VLDL (mg/dL) 20.4 (7.4-55.0) 14.0 (7.4—124.0) <0.001
Cholesterol (mg/dL) 95.5 (45.0—184.0) 133.0 (41.0—180.0) <0.001
Triglycerides (mg/dL) 102 0 (37.0—275.0) 73 0 (18.0—158.0) <0.001
Creatinine (mg/dL) .2 (0.1-0.4) .3(0.1-0.5) 0.001
Urea (mg/dL) 23 0 (11.0-41.0) 20 0(10.0-30.0) 0.001
Uric acid (mg/dL) 9 (1.7-77.0) 5(1.6-6.8) 0.015
Albumin (g/L) 2 (3.4-9.0) 2(3.5-4.9) 0.711
Total protein (g/L) .9 (1.6—8.4) .3(6.2-8.3) <0.001

Data shown as median (range); ALT: alanine transaminase; AST: aspartate transaminase; ALP: alkaline phosphatase; HDL: high-density lipopro-

tein; LDL: low-density lipoprotein; VLDL: very-low-density lipoprotein.

and atherogenic coefficient, were significantly higher in chil-
dren with TDT, as compared to healthy children. Castelli’s
risk indexes I and II and the atherogenic coefficient had a sig-
nificant correlation with the pre-transfusion Hb level (average
of latest 3 months) and serum ferritin levels. Low pre-transfu-
sion hemoglobin was strongly associated with increased dys-
lipidemia, meaning that ineffective erythropoiesis was not
inhibited and led to greater oxidative stress and, thus, a
greater degree of dyslipidemia. This finding re-emphasizes
the need to keep pre-transfusion hemoglobin above 9.5 g/dL,
according to the Thalassemia International Federation (TIF)
guidelines.

The liver is the earliest organ affected by excess iron depo-
sition in children with TDT, which leads to gradual damage to
the hepatocytes and reticulo-endothelial cells, resulting in
hepatic fibrosis.”® It is manifested by increased liver enzymes,
low serum levels of total cholesterol, low high-density lipo-
protein and low-density lipoprotein and high triglycerides
levels. The serum level of lipids and lipoproteins are affected
by a number of physiological and pathological factors. Age,
gender, population-based variables, such as nutritional habits
and ethnicity, are a few of the important factors affecting lipid

homeostasis in children with TDT. The increased incidence of
early atherogenesis, thromboembolic events and endothelial
dysfunctions has been found in adult TDT patients, probably
due to dyslipidemia and its consequences. The lipid profile
abnormality increases the risk of cardiovascular and cerebro-
vascular complications due to increased atherogenesis, as
well as increasing the risk of pancreatitis due to elevated
serum TG levels. Lipid and carbohydrate metabolisms are
also affected by insulin resistance and liver damage due to
transfusional iron overload in these patients.” This alteration
in the lipid profile is likely due to diminished hepatic biosyn-
thesis because of anemia, iron overload, hormonal disturban-
ces and the rapid degradation of HDL and LDL by activated
monocytes and macrophages, while a reduced extrahepatic
lipolytic action could be responsible for the rise in circulating
TG.'° Similar to our study, some studies have also docu-
mented low blood cholesterol levels in patients with TDT,
which has been attributed to the increased erythropoiesis
and increased LDL uptake by macrophage and histiocytes in
the reticuloendothelial system (RES).** Dyslipidemia in thal-
assemia is a consequence of lipid peroxidation associated
with iron overload.'” The low cholesterol levels were related

Table 3 - Atherogenic indexes among children with TDT and healthy children.

Parameters Children with Healthy p-value
TDT children

Castelli’s risk index I 3.59 (0.93) 3.12 (0.65) <0.001

(TC:HDL ratio)

Castelli’s risk index II 2.22 (0.90) 1.93 (0.59) 0.019

(LDL:HDL ratio)

TG:HDL ratio 4.43 (2.55) 1.78 (0.915) <0.001

Atherogenic index of plasma (AIP) 0.57 (0.25) 0.20 (0.19) <0.001

Log (TG/HDL)

Atherogenic coefficient (AC) 2.59 (0.92) 2.12 (0.65) <0.001

(TC — HDL)/ HDL

Data shown as mean (SD).
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Table 4 - Association of lipid indexes with various parameters among the children with TDT.

Lipid indexes Weight (kg) Height (cm) BMI (kg/m?) Hemoglobin (g/dL) Serum ferritin (ng/mL)
Castelli’s risk index I 0.020 (0.870) 0.034(0.778)  —0.138(0.2470)  —0.320 (0.001) 0.286 (0.015)

(TC:HDL ratio)

Castelli’s risk index II —0.035(0.773)  —0.013(0.916)  —0.185 (0.120) —0.266 (< 0.001) 0.273 (0.020)

(LDL:HDL ratio)

TG: HDL ratio 0.134 (0.262) 0.095 (0.428)  —0.160 (0.179) —0.634 (<0.001) 0.226 (0.056)

Atherogenic index of plasma 0.095 (0.428) 0.134 (0.262) —0.160 (0.179) —0.647 (< 0.001) 0.226 (0.056)

Log(TG/HDL)

Atherogenic coefficient (AC) 0.024 (0.839) 0.034 (0.778) —0.138 (0.247) —0.320 (< 0.001) 0.286 (0.015)

(TC — HDL)/HDL

All values as Spearman correlation (p-value), p-value < 0.05 is considered significant.

to depletion of vitamin E and severity of thalassemia.'® Oxida-
tive modification of thalassemic LDL had been reported,
which was related to the increased protein and triglyceride
(TG) content, but decreased cholesterol and vitamin E con-
tent."* Hartman et al.’> described the mechanisms of hypo-
cholesterolemia in TDT patients as hemodilution due to
anemia, excessive requirement of cholesterol due to erythroid
hyperplasia, increased cytokine release due to the activated
macrophage system, increased cholesterol uptake by the acti-
vated reticuloendothelial system and hepatic damage sec-
ondary to iron overload. Research by Sharif et al.’® also
showed similar increase in serum TG levels similar to our
study. A study by Mashaali et al.”’ also found comparatively
lower total cholesterol, HDL and high TG in TDT groups. The
suggested mechanisms for the reduction in lipids were
increased erythropoiesis and cholesterol consumption, iron
overload, hormonal change and oxidative stress in TDT. The
study by Shams et al. found that serum TG was significantly
higher in patients, compared to controls and correlated well
with serum glucose, cholesterol, AST, ALT, iron, ferritin and
age.'® In the study by Papanastasiou et al.’® hypertriglyceride-
mia was observed in 34.6% of the patients, while it was seen
in 6.6% of the controls, and a positive correlation was found
between the serum TG and age of the patients. On the con-
trary, a few researchers found no significant difference in the
serum TG level between healthy individuals, in comparison
with TDT patients.?” These discrepancies might be due to var-
iations in lifestyle and nutrition habits and ethnicities in vari-
ous studied populations, which need further validation
through research.

The atherogenic index of plasma (AIP) is calculated based
on serum TG and HDL, both of which are independent risk
factors for coronary artery disease (CAD).”’ Castelli’s risk
indexes (CRI-I) and (CRI-II) and the atherogenic coefficient
(AC) are among the few other clinically significant indexes
which are used to predict risk factors for CAD.?>** Recent
studies have indicated that AIP not only reflects the relation-
ship between protective and atherogenic lipoproteins, butis a
strong predictor of atherosclerosis and coronary heart dis-
ease.”® The use of triglycerides and HDL in AIP reflects the
complex interactions among the metabolism of different lipo-
proteins and is an important marker for predicting plasma
atherogenicity. A recent study by Sujatha et al.” evaluated 290
adult patients with stroke and found that the CRI-I and AC
significantly contributed to the risk of stroke. The authors

also suggested that AIP values of —0.3 t0 0.1, 0.10 to 0.24 and >
0.24, associated with low, medium and high cardiovascular
risk in the adult population, respectively. A study by Dobia-
sova et al. also found that the atherogenic index plasma value
of over 0.24 is a significant predictor for cardiovascular dis-
eases.” In our study, the mean AIP of the study group was
0.57 + 0.25, which is quite high, as compared to the values
given by adult studies. Though we could not find any separate
cutoff for these indexes for the pediatric population, a higher
AIP index indicates the significantly increased risk atheroscle-
rosis in this group. In this study, children with TDT had signif-
icantly high CRI-I and CRI-II. A recent meta-analysis and
systematic review in an adult population showed that a
higher TG/HDL ratio was associated with a 43% higher risk of
cardiovascular events, whereas the per unit increment of the
TG/HDL-C ratio was associated with an 8% higher risk of car-
diovascular complications, and it was concluded that the TG/
HDL-C ratio may be useful in the prediction and prevention of
cardiovascular disease.”

Most studies evaluating the significance of these indexes
were performed on the adult population and we could only
find very few studies which included pediatric patients. One
such study, performed by Nogay et al. studied 400 healthy
children of 6 to 18 years of age and concluded that an increase
in the AIP is associated with cardiovascular risk factors and it
is superior among other indexes in the assessment of cardio-
metabolic risks in children and adolescents.”” The LDL/HDL
ratio is also important, as these both are components of total
cholesterol and each have been suggested to be linked to the
risk of sudden cardiac death. The higher the LDL/HDL ratio is,
the higher the risk, but there is hardly any pediatric literature
on this ratio and data on this ratio in TDT children are still
rare.”® We could find very few studies analyzing lipid indexes
in children with TDT. A recent study performed on children
with TDT found the elevated levels of AIP and CRI-1 similar to
those in our study.?’ Another study published in 2018 showed
that the indexes of atherogenicity, particularly the AIP, also
correlate well with nutritional status, abdominal obesity and
parameters of insulin resistance in the pediatric population.*

Strengths of the study
This is one of the very few studies analyzing atherogenic

indexes in children with TDT. The lipid profile and indexes
were compared with age- and sex-matched healthy controls.
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Children not on regular transfusion and chelation therapy
were excluded.

Limitations of the study

A detailed dietary evaluation was not performed on the study
subjects and control group. A long-term follow-up was not
performed to document the effects of dyslipidemia and
abnormal atherogenic indexes.

Conclusion

The observations from our study suggest that, despite regular
transfusion and chelation, most TDT children had dyslipide-
mia and grossly deranged atherogenic indexes, as compared
to the healthy children, which makes them prone to the
development of early atherosclerosis. Thus, the study adds to
the importance of the screening and monitoring of TDT chil-
dren for atherosclerotic complications, such as cardiovascular
morbidities and cerebrovascular accidents. As very few stud-
ies have looked into this aspect of lipid indexes in TDT chil-
dren, more research is needed in this field for the
development of effective preventive strategies in this cohort
of children.
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