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Abstract.  Background: Patients with β-thalassemia major (BTM) had variable prevalence of undernutrition 
and abnormal body composition.  Methods: We performed an electronic search in PubMed, Scopus, Research 
gate, and Web of Sciences to evaluate the prevalence of nutritional disorders in patients with BTM worldwide 
in relation to their body composition and possible etiological factors. In addition, we reviewed the published 
nutritional intervention studies.  Results: 22 studies on the prevalence of undernutrition (12 countries) and 23 
nutritional intervention studies were analyzed.  Undernutrition occurred in a considerable number of patients 
but varied greatly among different countries (from 5.2% to 70%). The lower middle income (LMI) countries 
(India, Pakistan, Iran, Egypt) had higher prevalence, while (high -middle and high income (Turkey, Greece, 
North America, USA, Canada) had lower prevalence.  Even in patients with normal BMI, abnormalities of 
body composition are common with decreased muscle mass, lean-body mass, and bone mineral density. 65% 
to 75% of them had lower energy intake with low levels of circulating nutrients, minerals (zinc, selenium, 
and copper), and vitamins (D, E) versus controls. Increased macro and micronutrient requirements decreased 
absorption and /or increased loss or excretion are etiologic factors. Undernutrition was associated with short 
stature and lower quality of life (QOL). High prevalence of endocrinopathies, poor transfusion regimen (tis-
sue hypoxia), improper chelation, and lack of maternal education, represented important risk factors in the 
production of poor growth in weight and stature. Conclusions: Timely detection of undernutrition in patients 
with BTM and proper nutritional intervention could prevent growth delay and comorbidities. (www.actabio-
medica.it) 
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Introduction

Nutritional status is important for growth, im-
mune function, bone health and pubertal develop-
ment. Patients with β-thalassemia major (BTM) 
suffer from several patterns of growth retardation 
including short stature, underweight, wasting, and 
decreased bone density. Previous reports suggested 

that nutritional factors play an important role in the 
etiology of their faltered growth (1,2). 

The definition of optimum nutritional provision 
in thalassemic patients and how to provide it remain 
indefinable. In β-TM, the negative effect of impaired 
nutrition on growth intermingles with many other 
factors including chronic anemia, iron overload, and 
endocrine disorders. Overall, only a few well-designed 
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studies examined the causes, treatment, and prevention 
of common comorbidities and quality of life in thalas-
semic patients in relation to dietary and/or specific 
macro- and micronutrients. A few short-term studies 
investigated the effects of interventions on nutritional 
deficiencies in children with BTM and reported some 
beneficial effects on linear growth and bone health. 
However, the long-term advantages of these interven-
tions still need to be evaluated (3,4).

Inadequate nutritional intake due to decreased 
appetite and fatigue secondary to anemia, increased 
energy expenditure (hypermetabolism) due to hyper-
activity of bone marrow, tachycardia, increased respir-
atory rate, and gastrointestinal disturbances that can 
induce anorexia and diminished foods digestion and 
absorption, reduction of functions of the liver, second-
ary to liver siderosis, dysglycemia (insulin resistance 
and/or deficiency) and decreased insulin-like growth 
factor 1 (IGF-1). In addition, the high oxidative injury 
associated with iron overload can decrease anabolism 
and increase catabolism in these patients (5-7).

Moreover, many studies have reported decreased 
circulating levels of essential amino acids, vitamins and 
minerals compared to the normal population which 
advocates that thalassemia patients may probably re-
quire higher requirements and supplements (8,9).

Body composition is affected by many factors in-
cluding nutrition, age, sex, endocrine system status, 
and the level of activity (exercise), but there are limited 
published data regarding the body composition status 
in this population, especially during adulthood. Lean 
tissue mass has been shown to be highly correlated 
with bone mineral density until the middle age when 
fat mass begins to account for a larger variance there-
after (10,11).

Aims of the review

To evaluate the prevalence of nutritional disor-
ders (underweight and wasting) in patients with BTM 
worldwide in relation to their body composition and 
investigate the potential mechanisms that may con-
tribute to undernutrition and disturbed body com-
position in these including the intake of macro and 
micronutrients. 

Patients and Methods

We performed an electronic search in PubMed, 
Scopus, Research Gate, and Web of Sciences to evalu-
ate the worldwide prevalence of nutritional disorders 
(underweight and wasting) in β-TM patients in rela-
tion to their body composition, and nutritional assess-
ment including intake of macro and micronutrients. 
We used the following words in our search: Thalas-
semia Major, and Weight, and body mass index (BMI), 
and Underweight, And Malnutrition, And Wasting, 
and Body Composition, And Food Intake, And Ma-
cronutrients, And, Micronutrients, And Calories, And 
Protein, And Iron, And Ferritin, And Zinc, And Vita-
mins (D, E, C) and L-Carnitine, And Dietary Inter-
vention. We focused on and reviewed the relationships 
between nutritional status and other comorbidities, in 
particular the low bone mass, growth deficiency, and 
endocrinopathies.

Inclusion criteria: papers [cross-sectional (CS), 
longitudinal (LS), controlled and uncontrolled, re-
views and metanalysis] that studied patients with 
BTM, anthropometry, body composition, nutritional 
and dietary assessment, macro, and micronutrients be-
tween 1995 and 2022 were included. 

Exclusion criteria: studies on other forms of 
hemoglobinopathies and those unrelated to the inclu-
sion criteria or published before 1995 and those not 
written in English were excluded. 

Three reviewers did the search separately and 
the selected manuscripts were pooled and reviewed 
by the 2 main authors after removing the duplicates. 
The NIH Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies was used to de-
cide about the quality of the research papers. The im-
portant findings related to the review were extracted, 
tabulated, and analyzed. 

Results

Twenty-three studies (n = 6561 children, adoles-
cents and young adults with β-TM) published between 
1995 and 2022, from USA, UK, Greece, Turkey, Iran, 
Egypt, Iraq, India, Pakistan, Bangladesh, Thailand, 
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and Malesia were included and analyzed for the fol-
lowing points:   
1. Prevalence of underweight, wasting, and low BMI.  
2. Abnormal body composition. 
3. Different macro and micronutrients deficiencies; 

and 
4. Different mechanisms are involved in the produc-

tion of undernutrition. 
In addition, 23 studies on different nutritional in-

tervention in patients with BTM were included and 
analyzed for the possible effects of nutritional inter-
vention on growth, bones, and general health.  The 
PRISMA process was followed for the selection of 
papers (Figure 1).

Summary of the nutritional studies in BTM is 
presented in Table 1.

The following information were extracted from 
our research review:
1. Undernutrition occurred in a considerable number 

of patients with BTM, especially during childhood 
and adolescence.

 The prevalence varied greatly among different coun-
tries (from 5.2% to 74.5%). This great variability 
can be explained by the income/nutritional status 

of each country. The developing (lower middle-in-
come countries: India, Pakistan, Iran, Egypt) had 
the higher prevalence versus (high -middle and high 

Figure 1 Identification of studies via literature search 

Table 1. Nutritional studies in β-thalassemia major (BTM) 
Study Author

Year and Reference
Number

Age
Country

Type of study

Percent of low body 
mass index (BMI)

Free mass index (FFM/FFMI)
Fat mass (FM)

Bone mass

Vitamin and mineral deficiencies

Lidoriki et al. Cu-
reus.2022;14(8): 
e27985.(12)

67 patients
Adults
Greece

CS

Low BMI < 5th centile 
=34.3%

Patients with low BMI: 86.6% 
had a low fat-free mass index 

(FFMI) and 74.6% had a high-
fat mass (FM) index

92.2% Vitamin D deficiency (VDD).

Fung EB et al. J Acad 
Nutr Diet. 2012; 112 
(7): 980-90. (13)

221 patients 
19.7±11.3 yrs.
106 females

USA
CS

ND ND 30% consumed inadequate levels of 
vitamin A, D, E, K, folate, calcium 

and magnesium. 61% had Vitamin D 
insufficiency (VDI).

Claster S, et al. Am 
J Hematol.2009;84 
(6):344-8. (14)

24 patients 
1.5 -31.4 yrs.

USA
CS

ND ND 40–75% were deficient in A, C, D and 
selenium. 28–38% had low levels of B 

vitamins and folate.

Fung EB, et al. J Pedi-
atr. 2010;157 (4):641-
7. (15)

257 patients
23.7 ± 11 yrs.

51% male
USA
CS

BMI-Z score: 
< -2

5.2 % of 136 adults 
and 7.8 % of 115 

children 

Low bone mass,
Adults 52.1%

Children 43.4%.
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Table 1. Nutritional studies in β-thalassemia major (BTM) 
Study Author

Year and Reference
Number

Age
Country

Type of study

Percent of low body 
mass index (BMI)

Free mass index (FFM/FFMI)
Fat mass (FM)

Bone mass

Vitamin and mineral deficiencies

Vogiatzi MG, et 
al. Br J Haematol. 
2009;146(5):546-56. 
(16)

361 patients
49% male (6.1- 75 

yrs.
North America

CS

Height-SDS < -2 SD 
= 25%

ND 12% VDD and 82% VDI. 

Bulgurcu SC, et 
al. Medeni Med J. 
2021;36(4):325-32.
(17)

29 patients 
12.2±4.7 yrs.

Turkey
CS

BMI< 5th centile = 
31% 

Height <5th centile= 
24.5%

ND Hypomagnesemia in 3.5%, decreased 
ceruloplasmin in 10.3% and hypocal-

cemia in 17.2%.

Moiz B, et al. He-
matology.2018; 
23(4):248-52. (18)

367 children 
10.6 ± 3.3 yrs.

Pakistan
CS

BMI -Z score <- 2 SD 
=42%

Height-SDS:
 < -< 2 = 65.4%  

ND ND

Biswas B, et al. Korean 
J Fam Med. 2021 
;42(1):66-72.(19)

328 children
NR

India
CS

BMI -Z score <- 2 SD 
= 48.2% 

ND ND

Tienboon P, et al. 
Southeast Asian J 
Trop Med Public 
Health.1996 ;27 
(2):356-61. (20)

115 children (61 
girls) 
NR

Thailand
CS

Weight for age SDS 
(WAZ) < -2 
Males: 64%

Females:78 %

ND ND

Shaidaton N, et al.
Tech Nutr Food. 
Sci.2020 5(2). (21)

110 patients
18-40 yrs.

Bangladesh
CS

BMI: < 3rd centile = 
62.4%

25% had poor food consumption, 
32.5% consumed borderline food 

diet and only 6.7% of patients 
consumed acceptable high food 

diet.

Only 8.7% of patients consumed 
highly diversified food.

Vlychou M, et al. 
Int J Endocrinol. 
2016;6218437. (22)

62 patients 
Mean age 36.4 yrs.

Greece
CS- controlled

BMI was lower in 
males vs. controls

Whole body lean mass and bone 
mineral density were lower in 

both male and female adult pa-
tients compared to controls.

ND

Asadi-Pooya AA,  et 
al. Turk J Haematol. 
2004 ;21(4):177-80. 
(23)

565 patients 
< 18 yrs. 
Turkey

CS

BMI: < 10 th centile = 
12.4% < 10 yrs of age 
and = 46.5% > 10 yrs 

of age

ND ND

Prakash A and Ag-
garwal R. North 
Am J Med Sci 2012; 
4:141-4.
(24)

 19 adults 
>18 yrs.
India
CS

BMI: < 3rd centile = 
42.1%  

ND ND

Seikh M A, et al.
PJMHS. 2017; 11 (1). 
(25)

Three age groups: 
from 2-16 years 
(305 patients). 

 Pakistan
CS

In age group 2-6 yrs, 
underweight = 51.24%

In age group 7-11 
years = 56.45%

ND
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Table 1. Nutritional studies in β-thalassemia major (BTM) 
Study Author

Year and Reference
Number

Age
Country

Type of study

Percent of low body 
mass index (BMI)

Free mass index (FFM/FFMI)
Fat mass (FM)

Bone mass

Vitamin and mineral deficiencies

Mahmoud RA, et 
al. Ital J Pediatr. 
2021;47(1):165. (26)

120 children with 
BTM
< 12yr
Egypt

CS

BMI- Z score: <-2 = 
70%

ND

Farmaki K, et al. 
Br J Haematol. 
2010;148(3):466-75. 
(27)

52 patients with 
BTM

LS

Significant increase 
BMI after chelation 

therapy

ND

Badfar G, et al. Iran 
J Ped
Hematol Oncol. 
2017;7(4)245-59. (28)

 Metanalysis 
18 studies: 2,446 

BTM 
Iran

Prevalence of 
underweight =    

47.6%
Delayed puberty: 

67.5%
Short stature: 52.3%

ND

Shahar S, et al. 
Mediterr J Nutr Me-
tab. 2013: 6: 45–51.
(29)

140 BTM 
8–18 yrs. Mash-

had, Iran,
CS

BMI-Z score:  < -2 = 
44.3 % for boys and 

19.6 % for girls

Height-SDS: 
< -2 = 44.3 % of boys 
and 37.7 % of girls 

Sum of triceps and subscapular 
skinfold thickness and arm mus-
cle area (AMA): 7.4 % leanness 

and 60.7 % wasting. 
The average of energy intake met 

74 % of recommended dietary 
allowance.

The intake of energy, macronutrients, 
zinc, iron and vitamin E was positively 
correlated with anthropometric mea-

surements.

Pemde H, et al. Pedi-
atr Health Med Ther. 
2011; 2:13-9. (30)

 154 BTM
9.19 yrs.

India 
CS

 BMI-SDS: 
< -2 = 13%, and BMI- 
SDS: < -3 = 10.82% 
Height-SDS:   < -2 = 

33.1%

ND

 Nasr MR, et al. 
 Egypt J Food Sci.  
2003;31 (1-2):227-  
36. (31)

63 
2-18 yrs.
Egypt

CS

BMI- Z score:  < -2 
=20%, 

Height-SDS:   < -2 
= 33%. 

Serum levels of alpha-tocopherol, 
retinol and zinc, selenium, and copper 

levels were significantly decreased 
among BTM vs. controls.

Voravarn S, et al, Asia 
Pacific J Clin Nutr 
1995, 4:133-5. (32)

47 children 
4-5 yrs.
Thailand

CS

WAZ:  <-2 = 74.5%, 
small muscle arm cir-

cumference= 75%

Children were receiving only 
65% of the recommended energy 

intake for age 

Hb level correlated with weight for 
age.

Zinc deficiency correlated with linear 
growth

Yousefian  S, et al.  
Iran J Ped Hematol 
Oncol. 2022;12(1)34-
40. (33)

740 
14 ±38 yrs.

Iran
CS

60.4% had BMI < 5th 
percentile 

ND A negative relation between BMI per-
centile and mean serum ferritin level

Saad H, et al. Farma-
col Terapéut.2021;40, 
5.8-0264.(34) 

163
12.6 ±3.5 yrs.

Iraq
CS

Height- SDS: < -2 = 
36.2% 

ND Significant correlation between BMI, 
Height- SDS and ferritin levels

Legend: CS = cross sectional, LS = longitudinal study, ND = not reported, WAZ: weight-for-age.
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hypoxia, iron overload of different organs, inadequate 
use of chelating agents, and endocrinopathies (hypog-
onadism, delayed puberty, hypothyroidism, and GH-
IGF-1 axis deregulations (Figure 2).

Decreased intake and increased loss of macro and micro-
nutrients.

Few studies have specifically focused on aspects 
of nutritional status and health in patients with β-TM. 
Most of the published work has summarized observa-
tions in small numbers of subjects primarily conducted 
outside North America (35-39).

In many studies, the intake of energy, macronu-
trients, and micronutrients (zinc, vitamin D, selenium, 
chromium, alpha tocopherol, and vitamin E) have 
been shown to be correlated with all anthropometric 
parameters of BTM patients. The antioxidant effect 
of zinc and vitamin E have been suggested to play a 
significant role in maintaining good nutritional sta-
tus by reducing the oxidative stress (induced by iron 
overload) that causes damage in different organs. The 
decreased intake of vitamin D was negatively related 
to all anthropometric parameters. In addition, the as-
sociation between low vitamin D status and decreased 

income) Turkey, Greece, North America, USA, 
Canada.

2. Even in patients with normal BMI, abnormalities of 
body composition were documented with decreased 
muscle mass, lean-body mass, and BMD, while the 
fat mass was variable.

3. Many thalassemic patients who described normal 
dietary intake had low levels of circulating nutri-
ents, that may signify nutrient excretion or loss, or 
higher micronutrient requirements.

4. The energy intake met 65% to 75% of the recom-
mended dietary allowance.

5. There was a high prevalence of decreased blood 
levels of vitamin D, alpha-tocopherol, retinol, zinc, 
selenium, and copper levels in BTM patients versus 
controls.

6. Decreased BMI was associated with short stature in 
a relevant number of patients (nutritional stunting).

Potential mechanisms that contribute to under-
nutrition and disturbed body composition in patients 
with β-TM. 

The pathogenesis of poor weight gain, low BMI 
and disturbed body composition appears to be multi-
factorial and is mainly due to nutritional deficiency 
(macro and micronutrients), chronic anemia and 

Figure 2. Potential mechanisms that contribute to malnutrition and abnormal body composition in BTM. Legend: AA= amino acids, 
Vit = vitamin, GHD = growth hormone deficiency
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The increased oxidative stress in BTM patients 
was due to iron overload and unstable hemoglobin to-
gether stimulate the production of excess free radicals. 
Malondialdehyde (MDA), a product of lipid peroxi-
dation and protein carbonyls, representing oxidation 
of the circulating proteins, is elevated in BTM. This 
marker is correlated with elevated REE (55-57). 

Intervention studies performed to increase ca-
loric intake in children with BTM proved that high 
caloric diet had significantly increased IGF-I levels, 
BMI, mid-arm circumference and skin fold thickness 
(37,38).

Iron overload (serum ferritin and BMI) and chelation 
therapy

In BTM patients multiple blood transfusions, 
ineffective erythropoiesis and upregulated iron ab-
sorption from the gastrointestinal system led to iron 
overload in the body. This secondary hemosiderosis has 
a deleterious effect on their different body organs, in-
cluding heart, liver, and endocrine system.  Serum fer-
ritin is a commonly used marker of iron status in BTM 
patients. In 2 large cohorts of thalassemic children 
and adolescents in Iran (n= 740) and Iraq (n = 165) a 
negative relationship has been recognized between the 
BMI percentile and mean serum ferritin levels (58).

Intensive/effective chelation therapy has been 
shown to prevent or reduce iron accumulation and 
iron-mediated organ damage, resulting in a consistent 
decrease in the rate of new endocrine disorders. Poor 
chelation increased the risk of developing growth and 
pubertal disorders and glucose homeostasis that affect 
body composition status (59-62).

Blood transfusion and level of hemoglobin (correction of 
anemia) in relation to BMI and nutrition

Chronic anemia and low Hb level markedly af-
fect growth in children with BTM. One of the criteria 
to start transfusion in infants with BTM (<2 years) is 
failure to gain weight for 3 months without another 
etiology (63).

Patients with non-transfusion dependent thalas-
semia had significantly lower BMI compared to 
those on regular transfusion (higher Hb). In addition, 

growth [BMI, weight-for-age (WAZ) and skinfold 
thickness] was reported in several studies (40-44).

Goldberg et al. (45), reviewed 97 studies on nu-
trition in BTM patients.  The authors reported that 
patients with BTM frequently had deficiencies in vi-
tamins A, C, D, selenium, and zinc. The prevalence of 
these nutritional deficiencies was positively associated 
with age and iron overload. Evidence to support the 
role of vitamin D and zinc for bone health was ob-
served. Zinc was found to improve glucose metabolism 
and bone mineral density. Authors recommended rou-
tine supplementation with vitamin D and zinc. In ad-
dition to decreased intake of micronutrients, increased 
loss of some minerals has been found in BTM due to 
chelation therapy. Increased urinary zinc excretion has 
also been reported in these patients (46). 

A significant decrease in intestinal calcium trans-
port has been reported in thalassemic patients.  Gen-
erally, iron hyperabsorption in these patients leads to 
impaired calcium absorption. Negative correlation 
between iron and calcium transport has been demon-
strated in the duodenum of thalassemic mice (47,48). 

In addition, iron overload has been shown to in-
duce intestinal leakage, gut translocation of organismal 
molecules, and reshapes gut microflora. These changes 
can adversely affect absorption, energy metabolism and 
immune function in patients with thalassemia (49-52).

Abdulrazzaq, et al. (53), reported lower plasma 
values of essential amino acids and a decrease in uri-
nary amino acids in BTM patients compared to nor-
mal controls. 

Increased energy expenditure in BTM patients

Vaisman et al. (54) reported that in thalassemic 
patients (n = 7, age 22-30 years) the resting energy 
expenditure (REE) was greater before blood transfu-
sion in absolute numbers and as a percentage of the 
predicted value. REE returned to normal range after 
blood transfusion (6138 ±112 vs. 5678 ± 738 kJ.kg-1. 
d-1 and 111.7 ± 11.3% vs. 103.2 ±7.8%, respectively). 
Protein contribution to REE was (9.7 ± 4.2%) before 
blood transfusion and increased to (15.3 ± 5.2%) af-
ter transfusion. They proposed that increased protein 
turnover and increased cardiac work contributed to the 
observed increase in REE (54).
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function and mass, sarcopenia. These steroid hormones 
can interact with different signaling pathways through 
their receptors (78).

In BTM patients, the common occurrence of 
delayed and/or failure of puberty due to hypo gon-
adotropic hypogonadism with or without gonadal 
dysfunction and low IGF-1 secretion can negatively 
impact growth (weight and height) and body composi-
tion via the modulation of cellular response to IGF-1. 
This can explain the loss and/or attenuation of puber-
tal growth spurt (weight and height) and abnormali-
ties of body composition and decreased bone mineral 
density in BTM patients (79,80). 

In addition, low leptin and high ghrelin levels 
have been described in patients with BTM.  A signifi-
cant correlation was observed between BMI and leptin 
in two studies (81-84). 

Effect of undernutrition on Quality of Life (QoL) in pa-
tients with BTM

In an Indian analytical observational study among 
328 BTM children attending the thalassemia day care 
unit, 48.2% were malnourished with a mean body mass 
index of 13.9 kg/m2. Malnutrition negatively impacted 
total QoL and various domains of the study partici-
pants (85). Two other studies from Egypt, on 67 and 
64 BTM children and adolescents reported that the 
QOL improved with attaining higher weight percen-
tile, Hb > 8 g/dL and decreasing serum ferritin <1,500 
ng/ml (86,87).

Nutritional intervention studies in patients with BTM

Patients with thalassemia have a high prevalence 
of malnutrition, underweight and low BMI. They had 
low circulating levels of many nutrients, but the nutri-
tional intervention (NI) studies were scarce. Two NI 
studies investigated the effect/s of increasing mean en-
ergy intake by 20 and 30-50%, respectively, in 12 and 
15 children with β-TM for 4 and 8 weeks, respectively. 
Authors reported significant increase in body weight, 
BMI, fat-free mass, fat mass and accelerated height 
velocity associated with increased IGF-1 (38). On the 
other hand, NI using micronutrients discovered vari-
able clinical and biochemical effects. One controlled 

hemoglobin level has been positively correlated to lean 
mass (P=0.008). This effect of increased Hb on weight 
gain can be achieved through improving the appetite, 
increasing oxygen supply to the growing organs, and 
increasing IGF-1 secretion (64-67).

Endocrinopathies in BTM patients, effect on weight gain, 
BMI, and body composition

Decreased IGF-1 secretion with or without 
growth hormone deficiency (GHD) is common in 
children and adolescents with BTM especially those 
with slow growth and pubertal delay.   Although GHD 
can explain in part the low IGF-I synthesis, many 
other factors contribute to this decreased synthesis 
of IGF-I including decreased nutritional intake (ma-
cronutrients, zinc, vitamin D), severe anemia, hepatic 
dysfunction, thyroid dysfunction and delayed or absent 
puberty (hypogonadism) (3, 68-70).

During pubertal development, significant posi-
tive correlations exist between IGF-1 and testosterone, 
IGF-1 and estradiol serum concentrations as well as 
between IGF-1 serum concentration, BMI and sum of 
skin folds thicknesses. The interactions between GH-
IGF-1 and sex steroids (especially androgens) express 
an anabolic effect on muscle mass, bone mineraliza-
tion and body proportion which constitutes the male 
and the female adult body composition. From early 
pubertal stage until late puberty, IGF-I levels correlate 
directly with weight, BMI, height, and fat free mass 
(FFM) in pre-pubertal girls, but these by late puberty. 
The lean body mass (LBM) and the mean bone min-
eral content (BMC) for age and bone area (BA) for age 
Z-score is greater in children with higher IGF-1 Z-
score versus those with lower IGF-1 Z-score. IGF-1, 
height, the sex steroids, and Tanner stages, rises steeply 
in individuals during puberty, with the timings of the 
rises tightly synchronized within individuals (71-76).

IGF-1 is a major regulator of muscle mass during 
development, thanks to its effect on myogenic cell pro-
liferation and differentiation. As to the role of IGF-1 
in adult skeletal muscle, several studies indicate that 
IGF-1 can induce hypertrophy and block atrophy (77).

Sex steroids influence the maintenance and 
growth of muscles. Decline in androgens, estrogens, 
and progesterone by aging leads to the loss of muscular 
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vitamin D, vitamin E, zinc and vitamin C in thalas-
semic patients (45). 

Suggested Diet and food items suitable for patients with 
BTM:

Because of the variable degree of iron overload in 
BMT patients as well as their increased gut absorption 
of iron they can be advised to consume low-iron foods 
that satisfy their age and sex recommended intake of 
macro and micronutrients.

A) Foods suggested to encourage:  
1. Fruits and vegetables: Green leafy vegetables 

have good antioxidant properties that inhibit free 
radical production. Although some vegetables and 
fruits contain oxalates, which impairs non-heme iron 
absorption: kale, rhubarb, spinach, and strawberries.  
In addition, apples, artichokes, Berries, plums, sweet 
cherries, chicory, and red onions contain polyphenols. 
which impairs heme iron absorption (107,108).

2. Lean protein, eggs, and dairy foods: Lean protein 
with relatively lower iron content compared to red 
meat like chicken, white-meat turkey, cod, mackerel, 
and salmon can be used to satisfy the recommended 
intake of proteins.  Eggs contain Phosvitin, a phospho-
protein which binds to iron and helps limit the amount 
of iron the body absorbs, and egg white is a high-
quality protein. Egg protein has been demonstrated to 
be important to skeletal muscle health and protective 
against sarcopenia. Dairy products like milk, yogurt, 
and white cheese, and are good source of protein and 
calcium and poor sources of iron that make them very 
useful in thalassemic patients (109,110).

3. Legumes, grains, nuts, seeds, and beans: Whole 
grains, legumes, seeds, beans, and some nuts contain 
phytates or phytic acid, which can decrease the absorp-
tion of iron. In addition, their high content of fiber 
decreases absorption of non-heme iron (111,112).

4. Tea: Drinking tea which contains tannins may 
impair iron bioavailability especially when taken with 
meals (113,114).

B) Foods suggested to avoid: 
A low-iron diet for patients with BTM requires 

avoiding foods that are rich sources of heme iron, 

study proved that zinc (Zn) supplementation for 18 
months increased serum Zn and bone mineral content 
of patients with BTM (n = 40) versus controls (88). 
Longer term-controlled trial using Zn supplementa-
tion (n = 32 patients, aged 1-7 years) increased linear 
growth compared to thalassemic children without Zn 
supplementation (89). 

A study on 64 patients found that Zn supple-
ments reduced anti-heat shock protein (anti-HSP27) 
titers in patients with BTM suggesting a potential 
antioxidant and anti-inflammatory effects. Another 
placebo-controlled study (n = 120) showed that sup-
plementations of Zn and vitamin E, increased BMI, 
superoxide dismutase (SOD), glutathione peroxidase 
(GPX) and total antioxidant capacity (TAC) (90,91).

In 3 nutritional intervention (NI) studies, vita-
min E supplementation for 1- 9 months improved the 
antioxidant/ oxidant balance in plasma and red blood 
cells, counteracted lipid peroxidation processes and 
increased red blood cells membrane fluidity (92-94). 
In one study, daily vitamin C supplementation for a 
year potentiated the efficacy of DFO to reduce iron 
overload (95).

Vitamin D supplementation studies (intermit-
tent mega dose, orally or IM, or daily oral dose) indi-
cated increased serum 25-OHD level and significant 
improvement of symptoms related to vitamin D defi-
ciency in adolescents with BTM (96-98) . In one study 
on 30 children with BTM, oral vitamin D and calcium 
supplementation for 1-year increased BMC (99).

Oral supplementation of L-carnitine for 1 month 
decreased lipid peroxidation and improved RBC de-
formability while supplementation for 6 months 
improved pubertal development, cardiac perfor-
mance, and physical fitness and in BTM adolescents 
(100-103).

In another RCT study, folate supplementation 
for 3 months in children with β -thalassemia minor, 
but not BTM β-TM increased hemoglobin levels and 
decreased symptoms of bone pain fatigue and myalgia. 
However, one study suggested a positive role of folic 
acid in preventing progression of arteriosclerosis and 
decreasing thromboembolic events (104-106).

Based on these data and others a recent review of 
nutritional deficiencies, in relation to morbidity, sug-
gested a moderate useful evidence of supplementing 
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which is more easily absorbed by the body.  Here are 
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