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Abstract
Background—Patients with thalassemia have low circulating levels of many nutrients, but the
contribution of dietary intake has not been assessed.

Objective—Assess dietary intake in a large contemporary sample of patients with thalassemia.

Design—Prospective, longitudinal cohort study using a validated food frequency questionnaire

Participants—221 patients (19.7±11.3 yrs, 106 female) categorized into three age groups: young
children (3–7.9 y), older children/adolescents (8–18.9 yr), and adult (≥ 19 yr). 78.8% β-
thalassemia; 90% chronically transfused.

Setting—10 hematology outpatient clinics in the United States and Canada.

Main outcome measures—Comparison of intake with U.S. Dietary Reference Intakes, and
correlation with serum 25-OH vitamin D and total body iron stores.

Statistical Analyses Performed—Intake was defined as inadequate if less than the estimated
average requirement (EAR). Chi-square, Fisher’s exact and Student’s t-test were utilized to
compare intake between age categories and logistic regression analysis to test the relationship
between intake and outcomes, controlling for age, gender and race.

Results—Over 30% of patients consumed inadequate levels of vitamin A, D, E, K, folate,
calcium, and magnesium. The only nutrients for which >90% of patients consumed adequate
amounts were riboflavin, vitamin B12 and selenium. Dietary inadequacy increased with increasing
age group (p<0.01) for vitamins A, C, E, B6, folate, thiamin, calcium, magnesium and zinc. Over
half the sample took additional supplements of calcium and vitamin D, although circulating levels
of 25-OH vitamin D remained insufficient in 61% of patients. Dietary iron intake was not related
to total body iron stores.

Conclusion—Patients with thalassemia have reduced intake of many key nutrients. These
preliminary findings of dietary inadequacy is concerning and supports the need for nutritional
monitoring to determine which patients are at greatest risk for nutritional deficiency. Future
research should focus on the effect of dietary quality and nutritional status on health outcomes in
thalassemia.
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Introduction
Thalassemia, a term that defines a group of deficiencies in the production of the alpha or
beta globin chain of hemoglobin, is one of the most common single gene disorders in
humans. Nearly 60% of the total population is affected in some regions of Thailand, Laos
and Cambodia (1), and although a much smaller prevalence is found in North American
(0.1%) its incidence is increasing (1, 2,3). Over 200 alpha and beta globin gene mutations
have been identified. In its most severe form, individuals with either alpha- (especially
Hemoglobin H constant spring) or beta-thalassemia require routine red blood cell
transfusions soon after birth for survival.

The most common cause of death is cardiac failure resulting from transfusional iron
overload(4,5). However, as chelation therapies have improved, patients are living longer and
nutritional status is becoming increasingly important. Patients with thalassemia commonly
exhibit inadequate growth, poor immune function, increased oxidative stress and decreased
bone mineralization all morbidities with linkages to poor nutritional status(6,7,8). Recently
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it has been shown that patients with thalassemia have reduced body fat and lean mass and
that these alterations in body composition are related to both reduced growth and decreased
bone density.(9) Additionally, Claster et al (2009) reported that over half of a sample of
regularly transfused patients with thalassemia residing in Los Angeles had deficient
circulating levels of vitamin A, C, D and selenium(10). However, there is a paucity of data
on the contribution of dietary intake to these possible nutritional deficiencies in thalassemia.

The objective of this study was to assess the dietary intake of key nutrients in a large,
contemporary sample of patients with thalassemia, identified through the Thalassemia
Clinical Research Network (TCRN), and to compare their intake to the United States
Dietary Reference Intakes. The specific hypotheses for this study were as follows: (a)
patients with thalassemia have an inadequate dietary intake of key nutrients in comparison
with age and gender specific recommendations, (b) dietary intake of vitamin D is
insufficient to maintain adequate vitamin D status and (c) dietary intake of iron is unrelated
to total body iron stores, particularly in chronically transfused patients.

Methods
This study was conducted as part of the TCRN Thalassemia Longitudinal Cohort study. The
TCRN is an National Heart Lung and Blood Institute funded research network composed of
six core centers in the United States, Canada and the United Kingdom and their 10
associated satellite centers. Patients with thalassemia who were regularly cared for at one of
these centers were invited to participate in the longitudinal cohort study between May, 2007
and December, 2009. The overall goal of the longitudinal cohort study was to describe the
prevalence and incidence of complications related to thalassemia. The study is a prospective,
longitudinal, cohort study with baseline and annual collection of routine clinical care data
through chart review, patient questionnaires and detailed genotyping characterization.
Patient inclusion criteria were: diagnosis of thalassemia regardless of genotype but in
general, more severe phenotypes who required a minimum of annual monitoring of co-
morbidities at their local clinic, both genders and all ages. Exclusion criteria included
subjects with thalassemia trait, those with alpha thalassemias and a hemoglobin >9 g/dL
with no history of significant complications, those who had received a bone marrow
transplant, or those subjects unwilling to be followed on an annual basis. The protocol was
approved by the TCRN Data and Safety Monitoring Board and by the ethical review boards
of all participating TCRN institutions. Informed written consent, and assent in the case of a
minor, was obtained from all participants.

At baseline and again one year later subjects were asked to complete a validated, self
administered food frequency questionnaire. The adults (19+ years) completed the 110 food
item, Block 2005© (Nutrition Quest, Berkeley, CA) questionnaire (11,12), the older children
and adolescents (aged 8 – 18 years) completed the 77 food item Block 2004©, and the care-
givers of young children (<8 years) completed the 90 food item Block 2004© for kids
(13,14,15). All questionnaires were designed to estimate usual intake from a wide array of
commonly consumed foods. The food lists were developed from National Health and
Nutrition Examination Survey (1999–2002) dietary recall data; the nutrient database was
developed from the United States Department of Agriculture Food and Nutrient Database
for Dietary Studies, version 1.0 (16,17). For most individuals the questionnaire takes 30
minutes to complete. Portion size was quantified for each food according to a series of
pictures and at the end of each questionnaire, a series of "adjustment" questions improved
the accuracy in assessing fat and carbohydrate intake. On the adult and adolescent
questionnaires, supplement usage was also quantified. Questionnaires were sent to Nutrition
Quest (Berkeley, CA) for analysis and then results forwarded to the TCRN data coordinating
center (New England Research Institutes, Watertown, MA). Intake of individual nutrients
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were quantified and defined as inadequate if less than the estimated average requirement
(EAR) for age and gender (18,19,20,21,22). By definition, the EAR is the intake level at
which the reference data indicate that the needs of 50% of a healthy population will be met.
It is typically used to assess the diets of groups of individuals after corrections have been
made for day-to-day variation (23,24). For vitamin K where an EAR was not available, the
adequate intake recommendation was used in its place. The tolerable upper intake level for a
nutrient was defined as the level above which the habitual intake of a particular nutrient may
result in adverse effects. Additionally individual food choices were quantified into
‘MyPyramid’ food group servings within each food frequency questionnaire. These servings
were then compared to the USDA recommended servings for dairy, whole grains, fruits,
vegetables and meat [http://www.mypyramid.gov]. Since the time when the analytical and
statistical analyses were performed in this study, the United States Department of
Agriculture recommendations have been changed from ‘MyPyramid’ food group servings to
‘MyPlate’. Unfortunately, data from the Block Food Frequency could not be reanalyzed to
reflect this change.

Circulating 25-OH vitamin D (ng/mL) and liver iron concentration, a proxy for total body
iron stores, were assessed clinically and recorded if performed within the previous year.
Height and weight were self-reported as part of the food frequency questionnaire. Other
relevant medical history, such as, thalassemia genotype, year chronic transfusion was
initiated, and serum ferritin and liver iron concentration values were obtained by review of
medical records. As medical history and laboratory data were obtained primarily through
chart review, not all patients have all data points, therefore sample size is included in each
table when the sample is less than the total.

Statistical Analysis
Calculated Variables and Definitions—Age groups were defined as young children
(3–7.9 years), older children and adolescents (8.0–18.9 year), and adults (≥ 19+ years).
Subjects were categorized as transfused if they were currently receiving transfusion therapy
on a routine basis, eight or more transfusions during the 12 months prior to entering the
study. They were categorized as non-transfused, if they were receiving fewer than eight
transfusions per year or were not currently receiving transfusion therapy. Body mass index
was calculated as kilogram of body weight per height in square meters. Estimated energy
requirement (EER) was calculated for each individual using their age, gender, height and
weight according to the Institute of Medicine Dietary Reference Intake equations (25).
Given anecdotal evidence which suggests that the majority of patients with thalassemia
participate in limited physical activity outside the home (26), EER was estimated based on a
sedentary lifestyle activity coefficient of 1.0. Percentage of EER was calculated as %EER=
(kcal/EER) multiplied by 100.

Analyses—Continuous variables were summarized as means with standard deviations and
categorical variables were summarized as percentages. General linear models were used to
model the effect of iron and vitamin D intake on total body iron stores and circulating
vitamin D levels after controlling for age, gender, race and transfusion status. When the
influence of race was explored, racial categories were collapsed to compare Caucasian vs.
non-caucasian races (asian, black, mixed, other). Subgroup analyses were also performed in
the non-transfused thalassemia group alone. All inferences are based on two-tailed tests with
a threshold of alpha = 0.05 for declaring significance. All analyses were conducted using
Statistical Analysis Software (version 9.1.3, 2006, SAS Institute, Cary, NC).
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Results
Subject Characteristics

A total of 302 subjects with thalassemia from sites which submitted food frequency
questionnaire surveys were originally recruited and consented to participate in the larger
trial, of which 221 completed the baseline nutritional assessments (73.2%). There were no
significant differences between those who completed or did not complete the food frequency
questionnaire in terms of gender, ethnicity or transfusion status. However, in the adult
cohort, subjects who completed the food frequency questionnaire were younger compared to
the non-completers, 29.4 vs. 33.8 years, p=0.02; and in the child cohort, the subjects who
completed the questionnaire were 2 years older (5.9 vs. 3.7 years, p<0.001) compared to
those who did not. Of the 221 subjects included in this study, 60 were from Canada (14
younger children, 32 older children/adolescents, 14 adults).

The majority of the subjects were receiving chronic transfusion therapy (Table 1), as this
type of subject commonly received routine clinical monitoring and was therefore more
likely to be included in the Thalassemia Longitudinal Cohort Study selection process. Iron
overload, reflected in elevated serum ferritin and liver iron concentration, was significantly
higher in the adult group of subjects who were on transfusion therapy for a longer duration
(10.3 yrs vs. 9.3 to 9.4 yrs in the younger subjects, p<0.001). There was a non-significant
correlation between liver iron concentration and years of chronic transfusion therapy for the
group as a whole (r=0.09, p=0.26). A slightly different distribution of thalassemia genotype
and race were exhibited by age group (Table 1), with a larger percentage of Asians in the
youngest cohort. There were, however, no differences in gender distribution by age
category. Serum 25OH vitamin D was insufficient (<30 ng/dL) in 63% of the subject
population [mean: 27.2 ± 13.1 ng/dL].

When data were analyzed for the adult sub-group who completed the food frequency
questionnaire at both time points (n=46), there were no differences between the average
intakes at baseline and those at year 1 in any of the macro- or micronutrients assessed (data
not shown), that is the variability within the nutrient studied was greater than the change
observed between the baseline and year 1 visits. Given the stability of the dietary intake
data, for simplicity, only the baseline data are presented herein.

The average servings of many of the major food groups were lower than that recommended
for healthy adolescents and adults (Table 2; 27). In particular, servings of dairy products
(milk, yogurt, cheese), and whole grains (cereals, grains, bread) were significantly lower for
both the older children/adolescents and adult groups (all p<0.01). Adult patients with
thalassemia consumed an adequate number of servings per day of vegetables, particularly
dark green vegetables, and meat (meat, poultry, legumes).

Macronutrient Intake
Body mass index was in the normal range (18–25) for 74% of adult thalassemia subjects
studied, and weight (Δ=1.2±4.6 kg) and body mass index (Δ=0.4±2.1kg/m2) did not change
significantly between the baseline and year 1 assessment for the adults in this study.
Estimated average kilocalorie intake was between 107 to 163% of estimated caloric
requirement based on age, weight, height and an assumed sedentary lifestyle. The difference
between intake and expenditure was much greater in younger children compared to adults
(p=0.021), but not different between the adolescents and adults (Table 3). Older children and
adolescents with thalassemia met the acceptable macronutrient distribution range for fat
intake (Table 3: 25–35% of kcal as fat), carbohydrate (45–65% of kcal) and protein (10–
30% of kcal). However, adults were consuming more kilocalories as fat on average than is
considered acceptable for healthy adult individuals (~38% vs. acceptable range: 20–35%).
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Average dietary fiber intake was far less than recommendations (25 to 38 grams), regardless
of age group considered.

Vitamins and Mineral Intake from Dietary Sources
Over 30% of patients consumed less than the estimated average requirement (EAR) of
vitamin A, D, E, folate, calcium and magnesium (Figure 1). The only nutrients for which
>90% of patients consumed at least the EAR were vitamin B12, riboflavin and selenium. No
subjects consumed greater than the upper limit for vitamin D or E. Two adult subjects
consumed more than 2500 mg/d of calcium, the upper limit for adults, and 68% of young
children consumed more than the upper limit of vitamin A (900 ug/day), although it is
unclear what proportion of these are pro-vitamin A sources. Adults were more likely than
children to consume less than the EAR of most every nutrient studied (Figure 2). These
differences by age group were statistically significant with the exception of vitamin D, K,
B12, niacin, riboflavin, copper and selenium.

Supplementation
Many subjects (31–57%) took multivitamin and mineral supplements in addition to their
usual diet. The most common supplements consumed were calcium and vitamin D (Table 4).
Multivitamin/mineral supplements were also commonly consumed by nearly half of all
adolescents and adults. Whether or not the multivitamin/mineral supplements most
commonly chosen contained iron, were data that were unfortunately not available in the
from the Block food frequency questionnaire.

Relationship of intake to body iron or circulating vitamin D levels
General linear models were used to explore the relationship between dietary iron intake and
liver iron concentration, a proxy for total body iron. Liver iron concentration was assessed
on average within 4.4 ± 3.4 months of the food frequency evaluation by either magnetic
resonance imaging (72.1% of patients), liver biopsy (4.1%) or Ferritometer™ (23.8%).
There was no significant relationship between dietary iron intake and liver iron
concentration in the group as a whole (p=0.13) or after controlling for age, transfusion
status, gender and race (p=0.11). Similar results were observed when total body iron was
estimated from serum ferritin; no relationship was observed between dietary iron intake and
ferritin after controlling for age, gender, race and transfusion status (p=0.3). There was also
no significant relationship between iron intake and total body iron when the same analysis
was limited to only transfused subjects (n=105) [p=0.09 for liver iron concentration and
p=0.4 for ferritin]. There was also no relationship between dietary vitamin D intake or
supplemental vitamin D and serum levels of 25OH vitamin D after controlling for age,
transfusion status, gender, and race (both p=NS).

Discussion
This is the first study of dietary intake patterns in patients with thalassemia, a population
identified previously as having a multitude of risk factors for altered nutritional
status(6,7,10). What is clear from these data is that many patients with thalassemia residing
in the United States and Canada consume inadequate intakes of key food groups and
essential nutrients, and that intake appears to worsen with increasing age. Nutrients of
particular concern are vitamin A, D, E, calcium and magnesium. The level of inadequacy is
particularly relevant given previous reports of reduced circulating levels of essential
nutrients (7,10,28,29,34) which suggest that nutrient requirements for patients with
thalassemia may actually be higher than recommendations for the U.S. population.
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In this observational study, the dietary intake patterns may be linked to some major health
concerns that occur frequently in thalassemia. Most convincingly, the limited intake of dairy
products and the key nutrients found in these foods, vitamin D, calcium and magnesium may
play a role in the development of osteoporosis. Vogiatzi et al (2009) has shown that nearly
half of all transfused patients with thalassemia have low bone mass and are at a significant
increased risk for fracture.(8) Low bone mass was strongly predicted by reduced serum
vitamin D after controlling for age, weight and hypogonadism. In the present study, over
half the sample consumed less than the EAR for calcium and magnesium, and nearly all
subjects, regardless of age were consuming less than the EAR for vitamin D. Furthermore,
serum vitamin D remained deficient in over 60% of the sample despite routine
supplementation with both calcium and vitamin D. This is similar to what has been observed
in other cross-sectional samples of patients with thalassemia (7,10). Recently, it has been
found that supplementation with vitamin D must be at a much higher dose, over 2000 IU/
day, in order to maintain sufficiency (29). Additionally, given that many patients revert back
to deficient levels when supplementation is stopped, it is recommended that vitamin D levels
be monitored every 6 months in this population (29). Clearly, focus on improving intake of
dairy foods and/or the adequacy of bone forming nutrients through higher dose
supplementation is crucial and may have lasting effects on preventing one of the most
common ailments in these patients.

It must also be noted that osteoporosis is a multi-factorial disease, particularly in patients
with thalassemia. Hypogonadism is common and also strongly linked to the development of
low bone mass at a young age (8). Additionally, given the nature of the bone deficits
observed with reduced bone geometries and cortical bone deficits (30), the role of limited
physical activity and increased sedentary behaviors cannot be dismissed.

Cardiomyopathy due to transfusional iron overload is the most common cause of death in
thalassemia (4,5,31). Iron overload can be successfully managed with chelation; however,
vitamin C deficiency diminishes its effectiveness (32,33). Others have observed
significantly reduced levels of ascorbate in transfused subjects (10,34). Additionally, iron
overload, leads to an increase in non-transferrin bound iron and a sequential reduction in
circulating antioxidants (35,36). In this study, adolescent and adult subjects consumed few
orange vegetables, foods known to be rich in antioxidants. Furthermore, the inadequacy of
dietary intake of key antioxidants (vitamin E, C and zinc) increased with advancing age.
Some subjects, perhaps recognizing their diets were inadequate, or who were prescribed
them by their physicians, supplemented with either a multivitamin or vitamin C or E alone.
However, the supplemental amount required to reduce oxidative stress in this iron-toxic
population remains an unanswered question.

Dietary iron reduction has for decades been the focus of nutritional intervention in patients
with thalassemia given that iron overload is a cause of significant morbidity in both
transfused and non-transfused subjects (37). However, there is a paucity of data which link
dietary iron intake with total body iron stores in thalassemia. In this study, there was not a
significant relationship between dietary iron intake and total body iron stores estimated by
either recent liver iron concentration or average serum ferritin measurement after correction
for age, gender, race and transfusion status. Clearly, for transfused subjects, the transfusional
load of iron [200 mg iron/unit × 2 units every 3 weeks= 19 mg/day] far outweighs the
estimated absorption of iron from the diet [average iron intake in this study: 12.5 mg/day ×
10% absorption= 1.25 mg/day]. However, classic studies have shown that with very low
hemoglobin levels (<9 g/dL) iron absorption increases dramatically and can approach 20%
(38). Therefore, the relationship between dietary iron intake and iron stores is likely to be
quite different in the non-transfused patient with thalassemia, and could not be explored
thoroughly in this study due to the limited number of non-chronically transfused subjects.
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Given these preliminary dietary data in adequately transfused patients with thalassemia, it is
suggested that dietitians shift the focus of the nutritional message away from avoiding iron-
rich diets towards concentrating on a more well-balanced diet rich in antioxidants and
minerals (6). When iron is avoided in the diet, frequently zinc intake is reduced; an essential
nutrient which as been shown to be particularly beneficial to immune status, bone health and
growth in thalassemia (39,40). As noted, intake of dairy foods is also low, which may in part
be related to lactose intolerance. Therefore strategies for increasing dietary calcium and
magnesium should emphasize non-dairy foods. Finally, shifting the focus towards more
fruits, vegetables and whole grains will not only enhance antioxidant intake, but also fiber
and folate, critically important to red cell metabolism.

Whole grain and dairy intake was surprisingly low in this group of subjects. However, when
compared to the general population, intake of many of these food groups was not that
different. In a recent publication from the National Cancer Institute, over 90% of adult
females from the National Health and Nutrition Examination Survey database do not meet
the minimum recommendations for whole grains, dairy, fruit or orange and dark green leafy
vegetables (41). The majority of adult males and adolescents also did not meet the dietary
guidelines for many nutrient rich food groups; though an overconsumption of fats and added
sugars was ubiquitous. The United States Department of Agriculture recently shifted its
recommendations away from the “pyramid” structure to the “my plate” approach
(http://www.choosemyplate.gov/). Perhaps this approach will aid all Americans, including
patients with thalassemia, a simpler way to plan their meals and meet their overall dietary
guidelines.

In the present study, many subjects with thalassemia reported taking additional dietary
supplements. The most common single nutrient supplements were calcium and vitamin D,
presumably because so many patients are known to have low bone mass. Nearly half of all
subjects also reported taking multivitamin mineral supplements, presumably without iron.
Supplemental intake is much higher than what is typically observed in another prevalent
hemoglobinopathy, sickle cell disease (42). Dietary and supplemental intake are presented
separately in this manuscript, however, if multivitamins are adhered to in this population,
they may serve to significantly augment the daily dietary intake of many patients with
thalassemia.

Capturing the true dietary intake of groups of individuals is challenging, and every
assessment technique has its flaws. Though the tools used in this study have been
extensively validated and compared with other tools (11–15, 43), food frequency
questionnaires in general have been shown to both underestimate (44) and overestimate
intake in individuals (45). The benefit to the use of food frequency questionnaires is that
they tend to capture intake patterns over time compared to 24 hour recalls or records that
may alter intake and are less representative of overall intake patterns. Additionally, the food
frequency tool has been shown recently to be suitable for testing many diet-disease
associations (46). The aim of this study was to compare the usual intake of a population
(thalassemia) with the current United States dietary recommendations, which by definition
are not intended for daily consideration. If subjects in this study tended to overestimate
intake, then a very conservative estimate of the prevalence of deficiency would have been
made in patients with thalassemia. One way to estimate validity of intake data are to
compare to energy expenditure estimates. Adults in this cohort were relatively weight stable
during the period of observation, baseline to year one. Given this information, the adults
estimated kilocalorie intake should be similar to their estimated energy requirement. For
these adult subjects, %EER was close to 100% (Table 3); therefore, the assumption was
made that these subjects lived a relatively sedentary lifestyle. In other words, the actual
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caloric intake and the percentage of estimated intake required for sedentary individuals was
rather similar.

This study was limited with respect to the size of the cohort of non-transfused subjects. The
majority of the subjects (90%) were chronically transfused, therefore, the generalizability of
these results to non-transfused subjects with thalassemia is limited. Additionally, due to the
present study design, circulating levels of many nutrients were not measured and therefore
the relationship between dietary intake and other co-morbidities in thalassemia could not be
explored further. This was beyond the scope of this study; however, it is the obvious next
step in understanding the full effects of nutritional status on overall health in patients with
thalassemia.

Conclusions
Patients with thalassemia have reduced intake of many key nutrients (vitamin A, D, E, K,
folate, calcium and magnesium). Furthermore, intake of some essential nutrients appears to
worsen with age. The level of dietary inadequacy is concerning particularly when these data
are combined with previous reports of decreased circulating essential nutrients and the
prevalence of many co-morbidities with nutritional linkages. These preliminary findings
support the need for nutritional monitoring to determine which patients are at greatest risk
for nutritional deficiency. Optimizing dietary intake through nutrient dense foods and
appropriate use of supplementation where necessary may improve overall health in these
patients. Given the limitations of this study, future research should focus more directly on
the effect of dietary quality and nutritional status on health outcomes in thalassemia.
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Figure 1.
Percentage of Subjects with Dietary Intake less than the Estimated Average Intake (EAR)
for Specific Nutrients (All subjects, n=221)
Footnote: Fat soluble vitamins (black bars), water soluble vitamins (striped bars), minerals
(light bars)
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Figure 2.
Dietary Inadequacy Increases with Advancing Age for Some Essential Nutrients
Footnote: **denotes significance between age groups in individual nutrients by p<0.001,
and * by p<0.05. Only nutrients for which there was a significant difference by age group
are included herein (omitted Vitamins B12, D, K, niacin, riboflavin, copper and selenium)
For some nutrients (Vitamins A & B6, thiamin and iron), none of the young children were
consuming less than the EAR, therefore, the % in this figure is zero. Adult subjects are
represented by the black bars, older children & adolescents by the striped bars, and younger
children by the light grey bars.

Fung et al. Page 13

J Acad Nutr Diet. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fung et al. Page 14

Ta
bl

e 
1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 s
ub

je
ct

s 
w

ith
 th

al
as

se
m

ia
, i

nc
lu

di
ng

 a
nt

hr
op

om
et

ri
cs

, g
en

ot
yp

e,
 tr

an
sf

us
io

n 
hi

st
or

y 
an

d 
to

ta
l b

od
y 

ir
on

 s
to

re
s

T
ot

al
Y

ou
ng

 C
hi

ld
re

n
O

ld
er

 C
hi

ld
re

n
&

 A
do

le
sc

en
ts

A
du

lt
s

p-
va

lu
e2

N
um

be
r 

of
 S

ub
je

ct
s

22
1

30
83

10
8

-

A
ge

, y
ea

rs
 1

19
.7

±
11

.3
5.

4 
±

1.
4

12
.6

±
3.

3
29

.0
 ±

8.
3

-

G
en

de
r,

 %
 m

al
e

48
.0

%
40

.0
%

54
.2

%
45

.4
%

0.
31

R
ac

e,
 %

A
si

an
, 5

1.
6%

 C
au

ca
si

an
,

43
.4

%
 O

th
er

, 5
.0

%
A

si
an

, 8
0.

0%
 C

au
ca

si
an

, 1
3.

3%
O

th
er

, 6
.7

%
A

si
an

, 5
3.

0%
 C

au
ca

si
an

, 3
8.

6%
O

th
er

, 8
.4

 %
A

si
an

, 4
2.

6%
 C

au
ca

si
an

,
55

.6
%

 O
th

er
, 1

.9
%

<
0.

00
01

B
od

y 
M

as
s 

In
de

x,
 k

g/
m

2
20

.3
±

4.
5

15
.9

±
2.

7
18

.3
±

4.
1

22
.9

 ±
3.

3
-

T
ha

la
ss

em
ia

 G
en

ot
yp

e,
3  

%
 o

f 
sa

m
pl

e
β-

th
al

as
se

m
ia

, 7
8.

8%
 E

- 
β

T
ha

l, 
13

.8
%

 H
b 

H
/C

S,
 4

.6
%

O
th

er
, 2

.8
%

β-
th

al
as

se
m

ia
, 7

3.
3%

 E
- 
β 

T
ha

l,
10

.0
%

 H
b 

H
/C

S,
 1

3.
3%

 O
th

er
,

3.
3%

β-
th

al
as

se
m

ia
, 8

0.
5%

 E
- 
β 

T
ha

l,
8.

5%
 H

b 
H

/C
S,

 6
.0

%
 O

th
er

, 5
.0

%
β-

th
al

as
se

m
ia

, 7
9.

0%
 E

- 
β

T
ha

l, 
19

.0
%

 H
b 

H
/C

S,
 1

.0
%

O
th

er
, 1

.0
%

0.
01

C
hr

on
ic

al
ly

 tr
an

sf
us

ed
, %

 o
f 

sa
m

pl
e

90
.0

%
96

.0
%

94
.5

%
85

.4
%

0.
09

Y
ea

rs
 o

n 
ch

ro
ni

c 
tr

an
sf

us
io

n 
th

er
ap

y
16

.5
±

11
.0

3.
8±

1.
7

10
.5

±
4.

0
24

.7
±

9.
6

<
0.

00
01

Se
ru

m
 f

er
ri

tin
, n

g/
m

L
 (

ra
ng

e)
 4

,5
12

36
 (

85
 to

 1
4,

83
5)

 {
n=

21
6}

92
1 

(8
9 

to
 3

21
8)

 {
n=

29
}

11
36

 (
85

 to
 9

48
0)

 {
n=

82
}

14
41

 (
12

9 
to

 1
4,

83
5)

 {
n=

10
5}

0.
00

4

L
iv

er
 I

ro
n 

C
on

ce
nt

ra
tio

n,
 6

 m
g/

kg
(r

an
ge

)

9.
6 

(1
.0

 –
 4

2.
9)

 {
n=

19
5}

9.
4 

(3
.0

 –
 2

1.
3)

 {
n=

23
}

9.
3 

(1
.1

 –
 4

2.
9)

 {
n=

75
}

10
.0

 (
1.

0 
– 

40
.0

) 
{n

=
97

}
<

0.
00

01

1 V
al

ue
s 

ar
e 

pr
es

en
te

d 
as

 M
ea

n±
SD

 (
ra

ng
e)

2 Fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

, p
-v

al
ue

s 
ar

e 
fr

om
 A

N
O

V
A

, f
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
, p

-v
al

ue
s 

ar
e 

fr
om

 F
is

he
r’

s 
E

xa
ct

 te
st

.

3 T
ha

la
ss

em
ia

 G
en

ot
yp

e:
 E

-B
 T

ha
l: 

E
-b

et
a 

th
al

as
se

m
ia

, H
bH

/C
S:

 H
em

og
lo

bi
n 

H
/c

on
st

an
t s

pr
in

g

4 W
he

re
 n

um
be

rs
 o

f 
su

bj
ec

ts
 a

re
 d

if
fe

re
nt

 th
an

 th
e 

gr
ou

p 
as

 a
 w

ho
le

, s
am

pl
e 

si
ze

 is
 in

cl
ud

ed
 in

 {
}.

5 D
ue

 to
 s

ke
w

ne
ss

 o
f 

th
e 

da
ta

, s
er

um
 f

er
ri

tin
 a

nd
 li

ve
r 

ir
on

 c
on

ce
nt

ra
tio

n 
ar

e 
pr

es
en

te
d 

as
 M

ed
ia

n 
(r

an
ge

) 
an

d 
al

l a
na

ly
se

s 
ar

e 
pe

rf
or

m
ed

 in
 lo

g 
sc

al
e

6 L
iv

er
 ir

on
 c

on
ce

nt
ra

tio
n:

 d
et

er
m

in
ed

 f
ro

m
 e

ith
er

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g,
 li

ve
r 

bi
op

sy
 o

r 
Fe

rr
ito

m
et

er
.

J Acad Nutr Diet. Author manuscript; available in PMC 2013 July 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fung et al. Page 15

Table 2

Food Group Servings: Comparison between Subjects with Thalassemia and 2006 USDA Recommendations

Older Children & Adolescents Adults

Food Group USDA
Recommendation*

Thalassemia
N=83

USDA
Recommendation

Thalassemia
N=108

Whole Grains, oz 3.0 – 3.5 0.9 ± 1.1 3.0 – 4.0 0.8 ± 0.7

Fruits, cups 1.5 – 2.0 1.3 ± 1.2 1.5 – 2.0 1.0 ± 0.8

Vegetables, cups 2.0 – 3.0 1.7 ± 1.4 2.5 – 3.0 2.9 ± 2.6

Dark Green Vegetables, cups 0.29 – 0.43 0.3 ± 0.3 0.43 0.4 ± 0.5

Orange Vegetables, cups 0.21 – 0.29 0.1 ± 0.1 0.29 0.1 ± 0.2

Dairy, cups 3.0 1.3 ± 1.0 3.0 1.3 ± 1.2

Meat, oz 5.0 – 6.0 4.4 ± 4.0 5.0 – 6.5 5.1 ± 4.7

Food Groups: collection of foods that share similar nutritional properties.
The Food Guide Pyramid was designed to educate consumers about daily servings of each food group which comprise a healthy diet based on the
2005 Dietary Guidelines for Americans [27].

*
USDA Recommendation- ‘My Pyramid’ food group recommendations are the minimum number of servings for an individual who participates in

less than 30 minutes of activity per day (www.mypyramid.gov). Ranges (in shaded columns) are provided for gender differences. My food group
servings were not calculated in the Block kids FFQ; therefore, are not available for the “young child” group.
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Table 3

Average Dietary Intake of Energy, Macro-Nutrients, and Micro-Nutrients in Subjects with Thalassemia
Separated by Age Group 1

Total Young Children
Older Children &

Adolescents Adults

Number of Subjects 221 30 83 108

Energy Intake & Requirements

Total kilo-calories 1813 ± 908 1852 ± 853 1752 ± 813 1850 ± 996

Estimated Energy Requirement (kcal/d) 1749 ± 439 1203 ± 110 1580 ± 346 2008 ± 360

%Estimated Energy Requirement 2 116.9 ± 91.7% 163.4 ± 79.1% 114.8 ± 52.9% 106.9 ± 111.9%

Macro-Nutrients

Protein, grams 70.7 ± 38.6 66 ± 30.3 66.7 ± 33.6 75.2 ± 43.8

Protein, % of kcal 15.7 ± 3.4 14.4 ± 2.4 15.2 ± 3.0 16.5 ± 3.7

Carbohydrate, % of kcal 49.1 ± 8.4 52.9 ± 5.2 51.9 ± 6.7 45.8 ± 9.1

Dietary fiber, grams 13.8 ± 7.9 13.4 ± 6.8 13.7 ± 7.7 14 ± 8.3

Fat, % of kcal 35.9 ± 6.3 34.4 ± 4.7 34.0 ± 5.4 37.8 ± 6.8

Saturated Fat, grams 23.6 ± 13.1 25.3 ± 11.7 22.1 ± 11.0 24.3 ± 14.8

Cholesterol, mg 256.1 ± 161.6 240.3 ± 115.1 242.9 ± 168.7 270.9 ± 167.1

Fat Soluble Vitamins

Vitamin A, RAE 724.6 ± 554.3 1250.1 ± 766.9 539.3 ± 306.1 720.9 ± 544.3

Vitamin D, IU 149.1 ± 103.7 194.7 ± 96.2 153.1 ± 101 133 ± 104.7

Vitamin E, mg 6.9 ± 3.9 7.2 ± 3 6.0 ± 3.7 7.5 ± 4.1

Vitamin K, ug 143.1 ± 151.7 57.7 ± 39.3 85.8 ± 84.8 189.6 ± 176.4

Water soluble vitamins

Vitamin C, mg 121.0 ± 83.3 122.6 ± 92.2 135.2 ± 86.6 109.5 ± 76.8

Folate, mcg 292.5 ± 162.1 352 ± 192.1 315.8 ± 154.9 257.5 ± 151.5

Thiamin, mg 1.4 ± 0.7 1.6 ± 0.8 1.4 ± 0.7 1.4 ± 0.8

Niacin, mg 19.0 ± 10.7 18.0 ± 9.1 17.5 ± 9 20.5 ± 12.1

Riboflavin, mg 1.8 ± 0.9 2 ± 0.9 1.7 ± 0.8 1.8 ± 0.9

Minerals

Calcium, mg 792.1 ± 417 858.7 ± 354.6 785.6 ± 404.3 778.4 ± 444.1

Magnesium, mg 245.6 ± 126 234.9 ± 110.4 227.3 ± 111.6 263 ± 138.8

Selenium, mcg 93.9 ± 52.5 89.1 ± 41.1 87.0 ± 45.0 100.7 ± 59.8

Phosphorus, mg 1158.1 ± 577.1 1210.3 ± 528.3 1124.4 ± 535.9 1169.8 ± 623.2

Copper, mg 1.2 ± 0.7 1.1 ± 0.5 1.1 ± 0.6 1.3 ± 0.8

Iron, mg 12.5 ± 6.7 13.1 ± 7.5 12.1 ± 6.1 12.5 ± 7

Zinc, mg 10.2 ± 6.3 8.6 ± 4.2 9.7 ± 5.0 11.0 ± 7.6
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1
Data expressed as Mean ± SD. All data in this table are total nutrient intakes from diet alone, supplementation not included.

2
% Estimated Energy Requirement (EER): Kilocalorie intake/EER, where EER is calculated from individual patient age, weight, height, and

physical activity coefficient of 1.0 = sedentary physical activity.
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