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Abstract
Background: Thalassemia, as an autosomal recessive disorder, leads to life-threatening anemia, in which
patient's life depends on long term blood transfusion and regular medical care. In this study, body
composition, nutritional intake and biochemical  parameters of blood transfusing dependent major
thalassemia patients were evaluated.

Methods: In this cross-sectional study, 74 major thalassemia volunteers referred to educational hospital
in Yasuj city  were recruited. Body composition, demographic and biochemical parameters were
measured. Data were statistically analyzed using parametric and non-parametric statistical tests. P-
values less than 0.05 were de�ned as statistically signi�cant.

Results: Data analysis showed that mean of age of participants in this cross-sectional study was 21.09±
7.7 years old.  21.6% of our patients were underweight, 68.9% of them were normal weight, 9.5% were
overweight and none of them were obese. 8.1% of < 20 years old patients were short stature. About 80%
of patients had   low  blood HDL concentration. About 30% of participants were at borderline levels  and
42% of patients  were at  high and toxic levels of Ferritin. Approximately, all patients had hemoglobin
lower than standard of healthy individuals.  The mean body fat percent of patients was 24 ± 6.6%, which
was higher than the normal value   (P <0.001), with exception of copper, phosphorus and vitamin K and
percent of protein and carbohydrates from total energy were signi�cantly lower than standard values. The
Binary logistic regression analysis also showed that the interval between sessions of blood transfusion
(P=0.03), daily intake of vitamin D (P=0.01) and vitamin K (P=0.028) and fatness (0.006) were signi�cant
predictors of the  Ferritin equation as iron overload in thalassemia patients.

Discussion and Conclusion: Malnutrition, especially underweight was evident among our patients. Intake
of the energy and most nutrients were lower than standard values. Biochemical parameters such as
Ferritin and hemoglobin were also abnormal. Blood levels of vitamin D in thalassemia patients should be
routinely monitored.  Clinical trials on the effect of supplementation with nutrients such as vitamin D and
calcium and zinc are recommended. Blood levels of vitamin D in thalassemia patients should be routinely
monitored every six months.

Background:
In thalassemia, the most common worldwide autosomal recessive Monogenic disease (1), lack of
hemoglobin chain synthesis and ineffective the erythropoiesis (2) leads to severe anemia, in which,
person life depends on continuous blood transfusions and medical care (3). According to the World
Health Organization, more than 5.2% of people worldwide are thalassemia gene carrier (4) and more than
56,000 new cases of thalassemia(5) are added each year, mainly in the Middle East and Mediterranean
countries (1). Bone marrow transplantation is the de�nitive treatment for thalassemia, but is less
commonly used due to its side effects and high mortality rate (6). The common treatment procedure is
the frequent blood transfusion; without it, the patients will die of severe anemia. Since each unit of blood
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has about 250-300 mg of iron, which is equivalent to two years of iron absorption from the
gastrointestinal tract, frequent blood transfusions in thalassemia patients cause the accumulation of iron
in the body (7). Receiving an average of 25 units per year can cause the accumulation of more than 5gr
irons in the body per year, which results in impaired liver, heart and endocrine gland function. Cardiac
hemosiderosis with the manifestation of heart defects, arrhythmias, myocarditis, pericarditis and
myocardial infarction is the cause of more than 70% of deaths in these patients(8). Iron chelation therapy
is unavoidable to prevent the side effects of blood transfusion hemosiderosis. Iron Chelators prevent cells
from iron toxic by removing excess of it and neutralizing free iron (9). These drugs and increased
hemolysis of red blood cells, can lead to urinary excretion of the nutrients including zinc; causes anorexia,
delayed puberty, reduced wound healing and short stature. Growth failure in these patients can be due to
insu�cient energy and essential amino acid intake and poor nutrition, followed by a decrease in insulin-
like growth factor and growth hormone. Also, high oxidative stress due to lack of essential antioxidants
such as vitamin C and vitamin E, as well as bone abnormalities such as osteoporosis and bone deformity
from vitamin D and calcium insu�ciency cause many problems for these patients(10). Food sources of
iron are prohibited in these patients, while these food sources contain many other essential nutrients, so
this in turn can increase the possibility of nutrient de�ciency (11). Symptoms and clinical manifestations
of this disease affect individual and family life. Pain, discomfort related to complications to treatment
procedures, frequent absences from school and work, decreased academic performance, decreased self-
esteem, feeling helpless due to dependence on others to receive care, fear of premature death and this
thought that their lives are different from others, causing them isolation and depression (12,13). Various
factors such as the endocrine system, nutrition and level of physical activity , In addition to age and
gender, affect the body composition, all of which are impaired in thalassemia patients(14); also,
overactive bone marrow, more and more accumulation of iron and impaired bone density, damage the
body composition of major thalassemia patients (15,16). A study in Iran showed that 23% of thalassemia
major patients were the Stunt and more than 20% of them had Hypogonadism (17). Egyptian
thalassemia patients, 49% were short stature and 40% underweight (2). In the Fung EB study, patients
with thalassemia, despite adequate diet, had low serum fat-soluble and water-soluble vitamins and
minerals, which may indicate an increased need for some nutrients due to low absorption, high excretion
or high turnover (18). A systematic review and meta-analysis study indicated that Prevalence of short
stature (ST) and growth retardation (GR) were 48.9% and 41.1% respectively in Iran (18). In the other
systematic review and meta-analysis study, 25% of thalassemia major patients in the worldwide had
cardiac iron overload/myocardial siderosis and 42% of them had cardiac complications cardiac
complications (20). In the other study, bone mineral density (BMD) and whole lean body mass (LBM) was
lower in adult thalassemia patients compared with controls (21). However, the evaluation of body
composition in these patients had received less attention in studies. We conducted this study to
determine body composition, growth indices, nutritional intake and blood indices of thalassemia major
patients in southwest of Iran.

Methods:
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In this cross-sectional study, 74 patients with a de�nitive diagnosis of thalassemia major with at least
1course mouthy blood transfusions were recruited by random sampling. Exclusion criteria included
steroid therapy or any other drug affecting the body composition and not accompanying to end of the
study (19). Participation in the study was voluntary and written consent was obtained from patients
before entering the study. It should be noted that in the case of patients under 16 years old, written
consent was obtained from their parents. The study protocol was reviewed and approved by the ethical
committee of Yasuj University of Medical Sciences (ethics code: IR.YUMS.REC: 1396.25). Patients’ weight
was measured without shoes and with light clothing by a hand scale (Seca, Germany) with an accuracy
of 0.1 kg. The scale was tested at the beginning and at intervals of working time with speci�c standard
weights. Standing height of participants was also measured by a vertical scale gauge with an accuracy
of 0.5 cm (Seca, Germany). Body mass index (BMI) was calculated by dividing weight (kg) by the square
of height (m2). In patients over 18 years old, BMI< 18.5 kg/m2 were considered as underweight, 18.5-24.9
as normal weight, 25-29.9 as overweight and higher values as obesity. In participants under the age of
18y, also, according to the BMI tables, values < 3th percentile were considered as underweight, 3th-85th

percentile as normal weight, 85th-95th as Overweight and values ≥95th percentile as obesity (Appendix 1,
2). Also, height values less than the 3rd percentile of the height table of the Centers for Disease Control
(CDC) were considered as short stature and higher values were considered as normal height (2)
(Appendix 3, 4). Blood pressure was measured using a sphygmomanometer (DDM, Inc. Castelculier,
France). However, the patients must not be active before the blood pressure measurement, have not
consumed heavy food, coffee, drugs and stimulant drinks and have not smoked. Dietary intake was also
obtained using a 24-hour food recall questionnaire during interviews with patients. Food recall
information was processed by NUT4 software. The amount of macro and micronutrients were extracted
and compared with the recommended daily allowance (RDA) values. It should be noted that the energy
required for each person was calculated based on three groups of 3 to 8 years old (children), 9 to 18 years
old (adolescents) and ≥19 years old (adults) by standard energy formulas for the above three age
groups(22). Also, the standard daily intake of protein, fat and carbohydrates were 15, 30 and 55% of total
daily energy intake, respectively. Standard values for other nutrients were also determined according to
standard tables (Appendix 5, 6). Body fat percent (BFP), Visceral fat mass, Subcutaneous fat mass,
Visceral fat area, Body fat mass in both left and right arm, Basal metabolic rate, total energy expenditure,
soft non-adipose tissue mass, Whole body water, non-adipose tissue mass, body cell mass and body
mineral content were measured using a Body Composition Analyzer (ZEUS 9.9 PLUS, Korea). This device
measures body composition using a non-invasive bio electrical resistance analysis method. To measure
the blood parameters, after 12 hours fasting, blood sampling was done by a trained technician. Blood
samples were kept at room temperature for 20 minutes and then centrifuged at 3000 rpm for 20 minutes.
Their serum was then isolated and coded to reduce the likelihood of bias and human error. Total
cholesterol (TC), High Density Lipoprotein cholesterol (HDL-C), ferritin and hemoglobin (Hb) were
measured according to the instructions of laboratory kits (Tehran Biochemistry) by BT-3500, 3000 model
of the analyser (Bio Technica Company, Italy). It should be noted that concentration of Ferritin as a long-
term indicator of iron overload, up to 1500 ng/ml was considered as the acceptable upper limit values for
these patients and therefore patients were divided in two groups with acceptable Ferritin level (�rst group)
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and high Ferritin level (second group) (23) and Anthropometric and biochemical indices in these two
groups were compared.

Statistical Analysis: Data were analyzed by SPSS software ((SPSS Inc., Version 26, and Chicago, IL, USA).
Numerical variables were expressed as the mean±standard (M±S.D) and categorical ones as number
(percent). The normality of the data was measured using Smirnov-Kolmograph test. Comparison of
nutrient intake with standard values was done using Paired Samples T-test (parametric) and Wilcoxon
(Nonparametric). Comparison of nutrient intake and biochemical parameters in two groups of patients
based on Ferritin level was done by independent t-test and Mann-Whitney test (numerical variables) and
Chi-Square test(categorical variables). The Binary Logistic regression test was used for identi�cation of
affecting variables for predicting equation of Ferritin levels. P-values less than 0.05 were considered
statistically signi�cant.

Results:
Data analysis showed that 34 patients (45.9%) had acceptable Ferritin levels and 40 patients (54.15%)
had high Ferritin. The mean serum ferritin (3290±360ng/ml) was much higher than normal. Even Ferritin
> 18000 ng/ml there were among patients. The mean age of patients was 21.09 ±7.7 years old. Mean
systolic (96.9±6.1mHg) and diastolic (60±2.6mHg) blood pressure were in normal range. Serum
cholesterol level (134.8±26.5 mg/dl ) was normal but serum HDL level (35±16.3 mg/dl ) was lower than
normal. Hemoglobin concentration (9.6±1g/l) was lower than normal, which indicates the presence of
anemia.. The mean transfusion sessions intervals in two groups of patients with acceptable and high
Ferritin concentration was signi�cantly different (P=0.044), so that in the acceptable Ferritin
concentration group was 23.08 ± 4.26 days, while for the group with high Ferritin was 21.69 ± 4.42 days.

According to Table 1, 21.6% of studied patients were underweight, 68.9% of them were normal weight,
9.5% were overweight and none of them were obese. The 8.1% of patients< 20 years old were Stunt.
About 80% of patients had HDL concentration lower than standard values and only about 20% of them
had normal HDL. More than 28% of patients were in the acceptable range of serum ferritin and about 30%
of participants were in borderline values and 42% of them were in high and toxic levels. If hemoglobin
(Hb) concentration >10 g/l, be considered as the goal in thalassemia patients, it can be said that about
40% of patients had acceptable Hb and in 60% of them, Hb was low. Blood pressure and cholesterol
levels of almost all patients were within the normal range.



Page 6/18

Table 1

Frequency distribution of anthropometric and biochemical parameters of thalassemia patients 

variable Number (%) P-valueα

Gender Male 32(43.2) 0.043

Female 41(56.8)

BMI Underweight (<18.5kg/m2) 16(21.6) 0.162

Normal(18.5-24.9 kg/m2 ) 51(65.9)

Overweight (25-29.9 kg/m2) 7(9.5)

Obesity (≥30 kg/m2) 0(0)

Stunting yes 6(25) 0.592

no 16(75)

Hypertension(BP>130/85mHg) yes 1(1.4) 0.071

no 73(98.6)

Diabetes(FBS≥126mg/dl) yes 8(10.8) 0.808

no 66(89.2)

Cholesterol <median(<130 mg/dl) 34(45.9) 0.522

>median(≥130 mg/dl) 40(54.1)

HDL Normal(male:≥40mg/dl,
Female:≥50mg/dl)

15(20.3) 0.071

Low(male:<40mg/dl,
female:<50mg/dl)

59(79.7)

Hemoglobin Acceptable( 10 gr/l) 34(45.9) 0.143

Low (<10 gr/l ) 40(54.1)

α : Comparison based on ferritin levels by chi-square test FBS: Fasting Blood Sugar, M: Male, F:
Female.

 

All patients were in normal range of cholesterol concentration; so, the comparison was done based on
cholesterol median.The diabetes prevalence was about 11%. It should be noted that the frequency
distribution of patients who were in different classes of these parameters were not signi�cant difference
among the two groups of patients. The gender variable was signi�cant difference, only; 36%of patients
that had high and toxic Ferritin concentration were male and 64% of them were women.
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Table 2

Mean and standard deviation of body composition parameters in thalassemia patients

Variable Mean ± Standard
Deviation

P-Value
(comparison of acceptable and high level of
Ferritin)

Biological Age 7.8±22.45 0.942#

Body Fat Percent (BFP)
(%)

6.6±24 0.566#

Body Fat Mass (kg) 5.4±12.3 0.521

Visceral Fat (kg) 4.1±2.72 0.235

Visceral Fat Area (cm2) 21.7±48.77 0.618#

Fatness (%) 11.6±4.11- 0.024

Triceps Skin Fold (mm) 4.6±11.1 0.554#

Lean Body Mass (LBM)
(kg)

10.2±35.97 0.935

Soft Lean Mass (kg) 10.15±32.85 0.849#

Total Body Water (TBW)
(kg)

7.9±25.44 0.749#

Total Body Protein (kg) 2.23±7.3 0.888

Total Body Mineral (kg) 0.75±3.1 0.107

TBW/LBM (%) 68.86±4.02 0.047

Left Upper Fat Mass (kg) 0.54±1.73 0.862#

Right Upper Fat Mass
(kg)

1.75±0.54 0.849

Left Lower Fat Mass
(kg)

1.4±4.56 0.974

Right Lower Fat Mass
(kg)

1.4±4.6 0.799#

Trunk Fat Mass (kg) 4.5±13.9 0.922#

Left Upper Lean Mass
(kg)

0.7±2.2 0.866

#: Independent T-test. Others with Man-Whitney test.
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Variable Mean ± Standard
Deviation

P-Value
(comparison of acceptable and high level of
Ferritin)

Right Upper Lean Mass
(kg)

0.7±2.2 0.884#

Left Lower Lean Mass
(kg)

1.8±5.7 0.871

Right Lower Lean Mass
(kg)

1.8±5.7 0.888

Trunk Lean Mass (kg) 5.8±17.7 0.901#

#: Independent T-test. Others with Man-Whitney test.

 

According to Table 2, the mean biological age of the patients was 22.45± 7.8 years, which was slightly
higher than their chronological age, but not signi�cant (P = 0.228). The mean BFP of patients was 24.6 ±
6.9%; if we consider the standard BFP of men and women as 15% and 25%, respectively, (average of
20.54± 5 5%), so the BFP of Participants was signi�cantly higher than standard measures (P <0.001). It
should be noted that BFP in men was 20.7 6± 6.2% and in women was 26.65 ±5.8%, this means that the
difference of their BFP was signi�cant (P <0.001). Also, the excess fat percent in the body of male and
female patients was 6.2 ± 5.7% and 1.7 ± 5.8%, respectively. However, this excess fat percent in male
patients was signi�cantly higher (P = 0.007). Mean SLM or body muscular tissue in patients was 32.85 ±
10.15 kg. If the standard of this measure for men and women were 45% and 36% by weight, respectively,
(average of 40 ± 4.01 kg); this means that SLM of patients was less than the standard values (P <0.001).
The Fatness (relationship between BFP and BMI) and TBW/LBM were signi�cantly different between two
groups of patients, so that the average of these indices in the acceptable level Ferritin group was -1.93 ±
7.5% and 68.6±4.7%, respectively. These values in high level Ferritin group were -6.05 ± 14 and 70.9 ±
2.9%, respectively; this means that fatness was more in the �rst group, while the second group had more
TBW/LBM.
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Table 3

Mean and standard deviation of energy intake and nutrients and comparison with RDA values in
thalassemia patients

 

Variable

Daily Intake

M±S.D

Standard
Daily Intake

M±S.D

P-Value

(Comparison with
standard Values)

P-Value

(comparison in two
groups of Ferritin)

Daily Energy
(kcal)

263.2±1398.4 450±2078.3 0.001>a 0.141*

Protein (% from
kcal)

14.7±1.9 0±15 0.459b 0.501**

Carbohydrate
(%from kcal)

4.37±55.05 0±55 0.489b 0.048**

Fat (%from kcal) 4.2±32.05 0±30 0.001>a 0.106*

Fiber (gr/day) 9.2±1.78 4.2±25.32 0.001>b 0.233**

Ca (mg/day) 566.8±276.3 151.2±1044 0.001>b 0.324**

Zn mg/day) 4.3±6.2 1.02±9.6 0.001>b 0.72**

Fe (mg/day) 11.35±3.) 4.1±13.51 0.001a 0.677*

Se (µg/day) 24.1±13.5 8.8±51 0.001>b 0.108**

Cru(µg/day) 26.3 ±0.9 6.7±27.8 0.001>b 0.951**

P (mg/day) 161.2±659 72.5±670.8 0.802a 0.173*

Mg (mg/day) 27.5±141.8 89±312 0.001a 0.069*

Cu (µg/day) 21.3±850 12.3±850 0.893b 0.043**

Vit. B1 (mg/day) 0.23±1.08 0.23±1.4 0.001>b 0.464**

Vit.B2 (mg/day) 0.27±0.84 0.23±1.4 0.001>a 0.124*

Vit.B3 (mg/day) 3±13.2 2.2±14 0.034a 0.654*

Vit. B6 (mg/day) 0.37±1.06 0.28±1.89 0.001>a 0.003*

Folic Acid
(µg/day)

296.7±339.2 29.3±388 0.001>b 0.305**

Vit. B12 (µg/day) 1.96±1.3 0.15±2.36 0.001>b 0.474**

Ascorbic Acid
(mg/day)

63.4±22.2 14.36±74.12 0.001b 0.606**
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Vit.D (µg/day) 3.64±8.2 0±15 0.001>b 0.045**

Vit.A (µg/day) 518.7±245 10±793.5 0.001>b 0.293**

Vit.E (mg/day) 4.7±2.6 3.2±13.35 0.001>b 0.795**

Vit.K (µg/day) 88.7±37.1 22.1±98.6 0.239b 0.03**

a: Paired Samples T-Test b: Wilcoxon test * Independent T-test **Man-Witney test

 

According to the Table 3, total energy and intake of most nutrients, with exception of copper, phosphorus,
vitamin K and the percentage of protein and carbohydrates from total energy, were signi�cantly less than
standard values. It should be noted that underweight patients consumed 50.9 ± 11.3gr proteins; normal
weight group consumed 50.3 ± 12.5gr and overweight patients consumed 64 ± 13.4gr ; according to the
ANOWA One Way test, the third group consumed signi�cantly more protein than the other two groups (P =
0.021).

Daily intake of vitamin K, D, B6 and carbohydrate percent of total energy also differed signi�cantly based
on blood ferritin levels, but intake of other nutrients did not differ signi�cantly.

Next, due to signi�cant differences of fatness, TBW/LBM, gender, interval between blood transfusion
sessions, carbohydrate percent from total energy, daily intake of vitamin D and vitamin E in the two
groups of patients (acceptable and high ferritin levels), Binary logistic regression analysis for them were
implemented and the following results were obtained.

Table 4

Logistic regression analysis of in�uential variables in the two groups of thalassemia
patients

  EX(B) B CI P-Value

Ferritin
(><1500ng/ml)

Session Interval(day) 0.842 0.171- 0.983-0.723 0.03

Vit.D intake(µg/day) 1.142 0.132 1.278-1.29 0.01

Vit.K intake(µg/day) 0.978 -0.023 0.959-0.998 0.028

Fatness (%) 0.921 -0.171 0.723-0.984 0.006

 

According to Table 4, the effect of the interval between two blood transfusion sessions of blood, daily
intake of vitamin D and vitamin K and fatness percent was signi�cant in predicting the Ferritin equation
(iron overload measure in thalassemia patients) and the other variables did not show a signi�cant effect



Page 11/18

Discussion:
In our study, the mean daily energy intake of thalassemia patients was about 1400 kcal, while the
standard mean energy intake of them was more than 2000 kcal, means that they received 70% of the
required standard daily energy. Although our patients had a standard 55, 15, and 30 percent contribution
to the three energy-producing macro nutrient: carbohydrates, protein and fat in their diet, because the total
energy was less than standard values, macronutrients intake were low. In a similar study (18) with age
groups of children, adolescents and adults, the daily energy intake was estimated at an average of 1,800
kcal and the share of protein, carbohydrate, and fat was 15.7, 49.1, and 35.9 percent, respectively and
daily protein intake was 71.7 ± 38 gr, While for the patients participating in our study, was 51.8±12.6gr.
Calcium and vitamin D intake in our study were 566.8±276.3 mg/d and 3.64±8.2, respectively, while in the
same study (18), were reported 417± 791mg and 3.2±2.2 µg/d µg/d, respectively. In addition to its role in
bone health and reducing the bone fracture risk, vitamin D can be effective in improving immunity,
cardiovascular function, blood pressure and even cancer prevention. Nutritional de�ciencies in
thalassemia patients can be due to reduced energy intake and increased energy expenditure and
increased Protein turnover (24). These nutritional de�ciencies, in addition to the effects of iron overload
from forced blood transfusions in these patients, can cause the growth failure and malnutrition. The
nutrient intake was much lower than the RDA of healthy peoples, which can be due to physiological
complications and pathological effects and the in�ammatory process and loss of appetite. Although
nutritional needs of thalassemia patients are higher than healthy individuals, it has been shown that their
blood concentration is below the normal range. (18). Many of these nutrients play a vital role in bone
health and the prevention of osteopenia. De�ciency of these nutrients can cause decreased bone mass
and increased bone fracture risk (25), therefore, daily and routine supplementation of vitamin D and its
periodic monitoring every six months to cover the seasonal changes were recommended for these
patients(26).

In this study, iron intake was signi�cantly lower than standard values. Apart from the fact that there is a
possibility of iron de�ciency in healthy people, in major thalassemia patients, the possibility of iron
de�ciency is more severe due to fear and anxiety from iron accumulation. Due to the fact that each unit
of blood has 200 mg of iron and patients receive an average of two units of blood every three weeks,
mean of 19.5 mg of iron enters the body's reserves from blood transfusion every day; Whereas, for
example, the patients we studied, considering that on average 1.135 mg (11.35 mg of iron with a 10%
absorption ) enter their body reserves from diet (27), it does not seem that dietary iron has such an effect
on iron reserves; Therefore, current common recommendations for iron and even vitamin C restriction can
be reconsidered. This reconsideration becomes serious when we know that iron food sources restriction,
inadvertently, results in restriction of the intake of many nutrients such as zinc, because their food
sources, mostly, are same. Zinc is necessary for maintaining the immune system, bone health, growth,
cell division and differentiation, gene expression and thyroid hormone function, metabolism of vitamin A
and testosterone (28, 29).
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In our study, zinc intake was lower than standard values. When, strategies such as excessive and chronic
consumption of tea with food is taken into consideration to reducing iron absorption, it can reduce milk
and dairy intake, which are rich sources of nutrients such as zinc, calcium and protein needed for growth.

In our study, only about 30% of people reported taking supplements, most of which were calcium and
vitamin D. However, multivitamin-mineral supplements with no iron, due to their role in providing daily
need of many vitamins and minerals can be a suitable strategy.

More than 21% of our patients were underweight, 69% had normal weight, a little over 9% were overweight
and none were obese. 25% of patients<20 years old were short stature. A study conducted about 20 years
ago on thalassemia major patients referred to the our studied hospital(30) found that more than 65% of
thalassemia patients were Stunt and more than 50% were underweight. A comparison of the results of
these two studies suggests the improvement of growth indices in patients with thalassemia major in
Yasuj city (Kohkiluyeh and Boyerahmad Province), which can be from health services improvment and
increase the patients’ awareness. In a European study, 18% of thalassemia adolescents had stunted
growth (31), which was consistent with the results of our study. A meta-analysis study on the growth
indices of Iranian thalassemia patients (32) showed that the rate of short stature in Iranian thalassemia
patients is very high and more than 50% of patients have short stature. In the latest review and meta-
analysis of studies conducted worldwide (33), the short stature of thalassemia major patients was
estimated at 48.9%.

FBP was signi�cantly higher than the standard values in our patients; the excess fat percent (more than
the standard values for any gender) was higher in male patients than females. LBM of the patients was
less than the standard. The fatness was higher in the group with acceptable Ferritin than in high level
Ferritin group, while the TBW/LBM was exactly opposite. In most other studies, the body composition of
thalassemia major patients was compared with healthy individuals and even with thalassemia minor
patients and the differences in body composition of major thalassemia and minor patients were shown
(21,34). Some studies have shown a decrease in fat mass and an increase in the muscle mass of these
patients (24). Different and sometimes contradictory results of different studies on fat mass and muscle
tissue in thalassemia patients can be attributed to the rate of progression and the prevalence of
malnutrition in these patients because the more the malnutrition indicates that these patients use more
their body fat reserves. Therefore, the adipose tissue in their body decreases and therefore the percentage
of muscle tissue increases. Also, if the prevalence of malnutrition is low, the better control of this disease
and patients’ bodies has not used fat reserves. It should be noted that the analysis of body composition
can be examined using various components. In two-component analysis, fat mass (FM) and LBM are
examined. LBM includes soft lean mass (SLM) and whole body mineral; Therefore, three-component
analysis includes FM, SLM and whole body mineral. Since SLM contains total body water (TBW) and
total body protein (TBP), it can be said that the four-component analysis includes FM, whole body
mineral, TBW and TBP.
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In our study, mean blood cholesterol concentration was low, which was apparently desirable, but blood
HDL was also lower than normal. It should be noted that lipid pro�le abnormality has been identi�ed in a
few studies, but almost all of them indicated a decrease of lipid pro�les in these patients (24). Lipid
pro�le abnormality can be due to blood dilution from anemia, increased cholesterol macrophage uptake
due to accelerated Erythropoiesis, decreased hepatic and non-hepatic Lipase enzyme activity, rapid
uptake of altered LDL and HDL by the Monocytes and macrophages and iron accumulation (35).
Because these biomarkers are used to assess the cardiovascular function, regular monitoring of lipid
pro�les in these high-risk patients was recommended.

In our study, serum ferritin level was high and hemoglobin was low, which can lead to an increase the iron
absorption from the diet, which exacerbates the problem of iron accumulation. In our study, 42% of
patients had Ferritin concentration > 2000 ng/ml; even in some studies (36), more than 60% of
thalassemia patients had Ferritin > 2000 ng/ml. After transfusing 20 units of dense red blood cells, the
amount of excess iron reaches 4gr, which is equivalent to the iron stores of an adult male. This
accumulation of iron is inevitable because there is no way to excrete it from the body. Accumulation of
excess iron in the body can cause complications such as enlarged liver, spleen, cardiomyopathy, growth
and development abnormality, hypothyroidism, diabetes and premature death. Pathologically, tissue
damage is attributed to active radicals such as hydroxyl free radicals that can cause the damage of
proteins, fats and even DNA. Therefore, evaluation of an indicator of excess iron load on a regular basis
is necessary, which in most cases, blood Ferritin is considered as an indicator of iron accumulation in the
body (37, 38); but it is an indirect method of estimating iron accumulation and Some genetic
arrangements of speci�c genes such as HFE gene (human factors engineering), Transferrin gene and
other genes involved in iron accumulation and therefore the interpretation of blood Ferritin level is
complex (36).

Our patients had normal blood pressure or predisposed to hypotension, which other studies have also
come to this conclusion to some extent (39); this despite the continuous blood transfusion can; because
the increase in blood volume due to long-term blood transfusion causes the stimulation of mechanical
receptors in the thoracic duct, which in turn leads to inhibition of sympathetic nerve activity and this
causes long-term hypotension in thalassemia patients. However, immediately after blood transfusion, due
to a sudden increase in blood volume, the blood pressure increases, which can lead to confusion or even
cerebral hemorrhage (40-42).

From the strengths of the study, in addition to analyzing the body composition using a standard device, is
the comparison of nutritional intake of patients with the recommended standard values, while in most
previous studies was compared with that of healthy individuals.

Limitation of our study were its cross-sectional design and relatively low number of patients, while to
discover the causal relationships requires long-term studies with a larger population and even
intervention studies.
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Conclusion:
In our patients, decrease of growth indices was quite evident and malnutrition, especially chronic
malnutrition, was observed as short stature. Although growth indices of our blood transfusion dependent
major thalassemia patients showed a marked improvement compared to the previous decade, their intake
of nutrients, both macronutrients and micronutrients, was still lower than the standard recommended
amounts. Blood parameters such as ferritin and hemoglobin were also abnormal. Routine monitoring of
vitamin D in thalassemia patients every six months and interventional clinical trial studies of
supplementation with many micronutrients such as vitamin D and antioxidants are recommended. In
future studies, it is recommended to include minor and the Intermedia patients in the Subsequent studies
to generalization of the study results.

Abbreviations:
ST: short stature; GF: growth retardation; BMD: bone mineral density; FM: Fat mass; Hb: Hemoglobin;
HFE: human factors engineering; LBM: lean body mass; BMI: body mass index; CDC: centers for disease
control; RDA: recommended daily allowance; BFP:body fat percent; FM: fat mass ; LBM:lean body mass;
TBW: total body water; TBP: total body protein; SLM:soft lean mass; LDL:low density lipoprotein;
HDL:high density lipoprotein; DNA: Deoxyribonucleic acid.
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