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REVIEW ARTICLE

Nutrition in Thalassemia: A Systematic Review of Deficiency,
Relations to Morbidity, and Supplementation
Recommendations

Elijah K. Goldberg™* Ashutosh Lal MD,f and Ellen B. Fung PhD, RD, CCD*#

Background: Reports of nutritional deficiencies in patients with
thalassemia (Thal) are common. Despite its importance, however,
nutritionally focused research in Thal has been limited by inad-
equate sample size, inconsistent methodology, a lack of control
comparisons, and few interventional trials. Due to these limitations,
clinicians lack evidence-based nutrition recommendations to sup-
port clinical decision-making. This systematic review summarizes
observed relationships between nutrition and morbidity in Thal
published in the last 3 decades.

Methods: PubMed, Web of Science, and Embase were screened for
articles pertaining to nutrition in Thal using comprehensive search
terms. Studies performed in humans, written in English, and pub-
lished between 1990 and 2020 were included. Over 2100 manuscripts
were identified, from which 97 were included.

Results: Patients with Thal were most often deficient in vitamins A,
C, D, selenium, and zinc. Prevalence of nutritional deficiency was
positively correlated with age and iron overload. Evidence to sup-
port the role of vitamin D and zinc for bone health was observed;
zinc was also found to improve glucose metabolism.

Conclusions: Due to the risk for multinutrient deficiency, nutritional
status should be assessed annually in patients with Thal with
prompt nutrient replacement when deficiency is detected. Routine
supplementation with vitamin D and zinc is recommended.

Key Words: thalassemia, nutrition, trace elements, vitamins, dietary
supplements

(J Pediatr Hematol Oncol 2022;44:1-11)

he thalassemias (Thal) are a heterogenous group of

hemoglobin synthesis disorders which lead to chronic
anemia and ineffective erythropoiesis. Thal prevalence is
high in countries surrounding the Mediterranean Sea, where
the disease was first documented. However, the incidence
has been steadily increasing in Asian Indian and Southeast
Asian populations where carrier rates of some forms of Thal
are reportedly as high as 70%.1:2
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The 2 major categories of Thal are alpha and beta
Thal, which are named in correspondence to the affected
gene(s). The occurrence of Thal mutations in both beta-
globin genes usually leads to severe anemia. Patients with
beta Thal major require regular red cell transfusions, while
those with beta Thal intermedia may need intermittent
transfusions. In alpha Thal, the loss of 3 of the 4 normal
alpha-globin genes is associated with hemoglobin H disease,
where some patients may require intermittent or regular
transfusions. The loss of all 4 alpha genes leads to hemo-
globin Bart’s hydrops fetalis which is usually fatal in the
intrauterine period. More recently, Thal disorders are being
further classified by transfusion status as transfusion-
dependent, or non-transfusion-dependent Thal.

Chronic transfusion leads to heavy iron deposition in
major organs, frequently resulting in multiorgan morbidity.3
Chelation therapy is used to curtail iron related morbidities,
however, challenges arise in achieving optimal iron:chelator
balance. Chelation toxicity is common when liver iron
concentration is low leading to gastrointestinal, renal,
hematopoietic, and skeletal abnormalities.*

As transfusion and chelation therapies are optimized,
patients with Thal are living longer, which has led to an
interest in nutrition. Nutritional status is an integral part of
wellbeing, and an element of health patients have control
over. In recent years, more patients are experimenting with
supplementation, hoping to ameliorate chronic fatigue,
pain, or enhance wellness.’> Unfortunately, there are few
evidenced based nutritional guidelines, resulting in patients
turning to biased or unsubstantiated reports on the internet.

The paucity of formal nutritional recommendations for
patients with Thal stems from limitations in the medical lit-
erature. Case reports of nutritional deficiencies and small
observational studies which suggest associations between
deficiency and comorbidity in patients with Thal are common,
though many of these reports have come from countries with
high rates of malnutrition and insufficient medical care in non-
Thal populations. Very few prospective, longitudinal, large-
scale interventional studies have been completed that provide a
robust analysis of the relationship between nutrition and
morbidity in Thal. Moreover, the etiology of nutritional
inadequacy in Thal is multifactorial, associated with poor
nutrient intake (poor appetite, cultural preferences, decreased
nutrient density, gastrointestinal distress), increased nutrient
requirements (due to red blood cell turnover, oxidative stress),
and increased nutrient loss or sequestration.®® Despite these
challenges, a thorough synopsis of currently available infor-
mation is a crucial first step towards generating nutritional
recommendations for patients with Thal.

This systematic review will summarize published
reports of nutritional deficiencies and analyze the pro-
posed relationships to morbidity. Using these data and
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results from interventional studies, evidence-based rec-
ommendations for nutritional assessment and supple-
mentation strategies are provided.

METHODS

Study Identification

A systematic literature search was performed using
PubMed, Web of Science, and Embase to identify articles
published between 1990 and 2020, in English and conducted in
human subjects. Keywords and index terms (Mesh and
Emtree) used to develop the search included: “thalassemia”
combined with nutritional concepts such as nutritional
requirements, nutritional status, specific vitamins/minerals,
plus disease concepts including stunting and osteoporosis. For
full search strategies by database, see Table (Supplemental
Digital Content 1, http:/links.lww.com/JPHO/A471). Searches
of the “gray” literature included screening relevant abstracts
downloaded from Embase, and hand-searching the literature
for additional references.

Study Selection

After excluding duplicates, studies were reviewed by 2
authors (E.K.G. and E.B.F.) and included based on title/abstract
if they met either (1) and (2), or (1) and (3) of the following
criterion: (1) included a cohort of individuals diagnosed with
Thal—all genotypes and transfusion histories were included; (2)
reported nutritional deficiency prevalence and/or correlations
between circulating nutrients and physiological parameters or
outcomes; (3) provided a nutritional supplement and reported
physiological or serologic outcomes pre/post intervention. Eligi-
ble abstracts were subsequently obtained as a full-text article,
reviewed, and excluded if they were found to be reviews, con-
ference proceedings, not sufficiently focused on nutrition or did
not provide sufficient details to determine relevancy. Twelve
abstracts were unable to be located as full-text articles by Uni-
versity of California, San Francisco library resource staff.

Study Inclusion

A total of 2121 abstracts were identified as possible
candidates for review through literature searches (Fig. 1).
Two additional abstracts were identified by hand-searching
preexisting literature. After duplicates were removed, 1087
abstracts were screened for inclusion criteria; 930 were
excluded. Full-text articles of the remaining 157 were
reviewed of which 60 were excluded. A total of 97 articles
were included.

Data Extraction

After a review of full-text manuscripts, authors recor-
ded study characteristics, deficiency prevalence, correla-
tions between nutrients and physiological outcomes,
intervention details and outcomes, limitations/adverse
events, and level of evidence provided by the study. The
level of evidence was assigned based on previously pub-
lished guidelines described by Burns et al.® Statistically
significant results were summarized at a P-value <0.05
unless stated otherwise. For the purposes of this report,
children are defined as individuals below 18 years of age,
while adults are 18 years of age and older.

Deficiency Definitions

Serum benchmarks for deficiency used in this review were
as follows (ranges indicate differing deficiency thresholds
between studies): alpha tocopherol: < 5.7 mg/dL (132 pmol/L),

2 | www.jpho-online.com

copper: <59 to 70 ug/dL (9.3 to 11.0 umol/L), folate: <3 ng/mL
(< 6.8 nmol/L), magnesium: <1.5 mg/dL (<0.6 mmol/L), sele-
nium: <110 ug/L (< 1.4 pmol/L), vitamin A: <20 to 38 ug/dL
(0.7 to 1.3 pmol/L), vitamin C: <0.2mg/dL (< 11.4 pmol/L),
vitamin D: <20 ng/mL (<50 nmol/L), zinc: <50 to 74 ug/dL
(<7.7 to 11.3 pmol/L). Deficiency prevalence is presented as an
average of all reported deficiencies by studies in which the
nutrient was assessed.

RESULTS

Nutrient Deficiencies

Patients with Thal exhibited circulating deficiencies in
most of the vitamins and minerals routinely assessed (Fig. 2).
Four nutrients demonstrated a deficiency prevalence of > 40%:
vitamin A (mean*SD: 42+ 14%), vitamin D (49 £26%),
selenium (451 39%), and zinc (49 *29%). Deficiencies were
slightly less common for the water-soluble vitamins C
(36 £27%) and folate (33 = 7%); while vitamin E (10 £ 17%),
copper (29 *24%), and magnesium (13 +22%) had the lowest
prevalence of deficiency. See Table (Supplemental Digital
Content 2, http://links.lww.com/JPHO/A472), for a full list of
references used to determine deficiency prevalence. Some of
the more common essential nutrients for which there were
insufficient data available to determine the level of deficiency
included: vitamin K, vitamins Bg, Bj,, sodium, potassium,
thiamin, riboflavin, niacin, chromium, and iodine. Dietary iron
poses a unique challenge for patients with Thal given their
propensity towards iron loading. The discussion of dietary iron
in relation to whole-body iron load is beyond the scope of this
review. The reader is referred to Fung,]0 for a more detailed
discussion.

Copper

Copper, an essential trace element, is crucial for
mitochondrial respiration, iron absorption, and free-radical
scavenging. Copper deficiency in non-Thal populations is
quite rare except in cases of zinc toxicity. Studies which have
evaluated copper status in Thal are varied and inconclusive.
Eight studies reported lower serum copper levels in Thal
compared with healthy controls. From those that reported
prevalence, 29% (range: 0% to 68%) of subjects measured
were deficient (Table, Supplemental Digital Content 2,
http://links.lww.com/JPHO/A472). However, 2 other studies
conducted in Iran and the US found no copper deficiency
despite hypozincemia.!l:12 Five separate investigators obser-
ved elevated serum copper and/or copper:zinc ratios in
comparison to healthy controls.!*17 Confounding these
observations is the fact that few studies have controlled for
the influence of inflammation, hormone replacement or
ceruloplasmin level. Inflammation and infection have been
associated with increased serum copper as part of an acute-
phase response, while a reduced level of ceruloplasmin, the
primary copper-binding protein, is an indication of true
copper deficiency. Moreover, estrogen, commonly replaced
in Thal, is known to increase serum copper. In a 2009 report
by Claster et al,!> C-reactive protein was not elevated, and
none of the 24 iron-overloaded patients with Thal were
copper deficient. Only Claster et al'2 and Goldberg et al!®
measured ceruloplasmin, observing that deficiency was
present in 17% and 6% of their cohorts, respectively.
Claster et al'? also observed a negative correlation between
age and serum copper. No copper interventions were iden-
tified despite frequent copper monitoring and replacement in
zinc supplementation trials.
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study assessment and
selection. A total of 97 articles were reviewed and included in this report and in Supplemental tables (Supplemental Digital Content 1 and
2 http://links.lww.com/JPHO/A471, http://links.lww.com/|PHO/A472).

Folate

Invaluable for its role in cell division and effective
erythropoiesis, folate supplementation is common for patients
with hemoglobinopathies despite limited justification for the
clinical practice. Claster et al'> found serum folate to be
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FIGURE 2. Summary of nutritional deficiency from published
reports in patients with thalassemia. Histogram and error bars
represent mean + SD for studies reported, parentheses provide the
total number of studies from which the average deficiency prev-
alence data were generated. Only studies which report deficiency
prevalence statistics were included in this figure. See text for
description of other studies not included herein.
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negatively correlated with age. Supplementation with high-
dose folate (1 mg/d) was shown to significantly increase serum
folic acid in one 4-week randomized controlled trial (RCT)
conducted in 56 Thal patients (Table 1).!° No changes in
erythrocyte parameters were observed. Of interest, Baghersa-
limi et al®* reported that in Thal patients taking clinically
prescribed folate supplements (1 mg/d) for a minimum of
6 months, cessation of supplement use led to significantly
increased serum homocysteine, and decreased serum folic acid.

Magnesium

Magnesium serves as an important cofactor to enzymes
involved in oxidative phosphorylation, neuron and myocyte
function, as well as bone formation. Serum or erythrocyte
magnesium concentration was often lower in subjects with
Thal compared with healthy controls.233-37 Despite fre-
quently displaying lower absolute concentrations of magne-
sium compared with controls, there are reports of patients with
Thal who g)ossess magnesium concentrations within the nor-
mal range.’® Fahmy et al’® observed a negative correlation
between serum magnesium and serum ferritin suggesting an
inverse association with iron overload. Recently, Sahin et al®
found 41 Turkish patients with transfusion-dependent beta
Thal had elevated serum magnesium in comparison to age-
matched and sex-matched controls. Incidentally, iron, zinc,
and manganese were also significantly elevated in this cohort.

Supplementation with magnesium (0.6 mEq/kg/d) for
1 month improved erythrocyte descriptors and circulating
magnesium while reducing erythrocyte density (Table 1).
Given the short study length, bone outcomes were not
explored. Mild adverse events were noted during the initial
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TABLE 1. Summary of Nutritional Intervention Studies and Related Outcomes

Nutrient References, Subjects  Male:F Age Intervention Duration Outcome Variable A Post
Location emale  (MeaniSD) Supplementation
(v)
Folate Mojtahedzadeh 28 Thalw/ 20:8 17.0£5.0 RCT 1:1 folate/placebo 4 weeks
19 Folate Placebo
etal, folate 1mg folate/day or placebo
Iran 28 Thalw/ 16:12 16.846.0 Serum Folic Acid N -
placebo Erythrocyte Descriptors (Hb, _ _
HCT, MCV, MCH, MCHC)
Magnesium  De Franceschi 11 Thal 3:4t NR 7/11 cases given 0.6mEq/kgt 28 days (1) 28Ds 56DIl
etal® of magnesium pidolate 56 days (2)
! Eryth te M,
United States divided into two doses taken rvthrocyte Vg - 0 0
daily (study 1). Erythrocyte Osmotic S
After this period, 5/11 of the Fragility
cohort continued with an Erythrocyte Na and K T T
17 control  NR NR increased dose of 1.2mEq/kg, Plasma Mg - ™
divided into two daily doses Na/K and K/CI Co-transport NA N
(study 2) Erythrocyte Density NA A
Reticulocyte Count - N
Selenium Aboutalebi et 34 Thal 25:9 214445 200ug selenium yeast/day 1 month Plasma Selenium ™
21
al, Hepatic + Renal Function ~
Iran .
Hair Loss
v
Vitamin C Elalfy et al,” 180 Thall  NR NR 90 subjects with Thal took 1year Vit C No Vit C
Cairo 60 control 100mg vitamin C/day. Hemoglobin ™ -
Remaining 90 did not receive Serum Vitamin C T -
vitamin C or placebo. Cardiac MRI T2* N -
Controls did not receive Transfusion Index ¢ -
vitamin C or placebo. >70% Serum Ferritin ¢ -
compliance LiC ¢ _
Vitamin D Altincik and 45 Thal 22:23 12.44¢3.7 50,000 IU vitamin D/weeks 8 weeks BL:  8Ws W+
Akin,? for 8 weeks. After 8 weeks, if —
Turkey 25-OHD <20ng/mL, an 250H Vltamln.D Post- 18+ 22.9% 46.7+
additional 300,000 1U was Sup.pl.ementatlon (ng/mL) 4.6 10.2 21.1
delivered (to n=11) Deficiency (%) 3 6
Insufficiency (%) 54 15
Fung et al® 96 Thal 48:48 25.2+12.9 Mean of 5 doses (range: 1- Mean: 129 days ~ 250H Vitamin D ™
United States 15) of 50,0001U vitamin D, Circulating Vitamin D 8
Months Post-Intervention N
Cessation
Hiradfar et al,z5 16 Thal 9:7 11.243.6 50,000 IU/week vitamin D3 6 months 250H Vitamin D ™
Iran Left Ventricular Ejection N
Fraction
Serum PTH N
Vitamin D+  Thiagarajan et 29 Thal” 19:10 5.0+1.4 10001U vit D/day** + 500mg 1year Bone Mineral Density N
Calcium aI,25 calcium carbonate/day
India If 25-OHD <20ng/mL at 25-0H Vitamin D N
baseline, 2000IU vitamin D
Forni et al,”’ 64 Thal 37:27 33.1+8.8 4001U vit D/day + 500mg 1year Bone Mineral Density -
Italy Ca/day Bone Biomarker (CTx) NG
Serum Phosphorus N
Vitamin E Suthutvoravut 65 Thal NR 10.4+4.0 10 subjects with Thal with 8 weeks Plasma Vitamin E S
etal,® vitamin E deficiency given
Thailand 16 control  NR 10.543.1 200mg alpha tocopherol/day H202 Hemolysis N
RBC Glutathione peroxidase N
Hashemian et 45 Thal 24:21 1648 If <20kg, 400mg vit E/day 3 months Serum aspartate ¢
aI,2 If >20kg, 600mg vit E/day aminotransferase
Iran Hb St
RBC Lo
Prothrombin N
Unchern etal,® 25 Thal 10:15 w/ Spleen: 351mg vit E/day or placebo 3 months with Plasma a-tocopherol ™
Thailand 28416 initial condition,  Platelet Activity
w/o Spleen: 1 month (splenectomized cohort T~
1543 washout, then only)
cross-over TBARS (lipid peroxidation) NA
Zinc Fung et al,31 24 Thalw/ 12:12 17.545.7 RCT: 1:1 zn/placebo 18 months Zinc Placebo
United States Zn 25mg elemental zinc/day as Serum Zinc N _
zinc sulfate .
B A4, - -
18 Thalw/ 9:9 17.444.7 Mean adherence 83% IGF-1 (adolescent subjects) T~
placebo Lateral Spine BMC & aBMD 2 B
Whole Body BMC & aBMD
Fung et aI,” 29 Thal 14:25 w/ DMit: 25 mg elemental zinc/dayas 3 months Serum Zinc ™
United States 38+2 zinc sulfate Glucose Clearance
w/o DM: Adherence >70% ™
2844
10 control  3:7 3549 Insulin Sensitivity ™
Fasting Glucose N
Matter et al,33 40 Thalw/  18:22 16.4+1.4 RCT: 1:1 zn/placebo 12 weeks Fasting C-Peptide ™
Egypt Zn 20mg zinc gluconate twice Fasting Glucose
daily in half of cohort, or v
40 Thalw/  20:20 16.1+1.4 placebo Insulin Resistance N
placebo Adherence >80% Fructosamine v
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supplementation period in 1 subject who experienced diar-
rhea and chose not to continue. During the second month of
supplementation, at a higher dose of 1.2mEq/kg/d, all
subjects experienced mild, though tolerable, diarrhea.?’ Of
note, the dose provided in this study would equate to
roughly 600 mg/d for a 50kg subject; the Recommended
Dietary Allowance (RDA) for magnesium is currently 310
to 420 mg/d for adults.

Phosphorus

Optimal dietary phosphorus is critical to DNA syn-
thesis, endogenous energy production, cell membrane
integrity, and the formation of bones and teeth. However,
hyperphosphatemia may lead to bone resorption, osteopo-
rosis, and renal damage. Inconsistent levels of phosphorus
have been reported in patients with Thal. Six studies have
found serum phosphorus to be higher in subjects with Thal
compared with healthy controls.!”3740-43 Up to 70% of
Turkish patients and 21% of Iranian patients with Thal
presented with hyperphosphatemia.!”37:43 Elevated phos-
phorus was often accompanied by depressed circulating
calcium and/or parathyroid hormone.!74%-4* Benigno et al*’
and Elsehmawy et al,*® however, observed phosphorus to be
in the normal range for their pediatric subjects studied in
Italy and Egypt. In contrast, a single study of 158 adult iron-
overloaded subjects with Thal residing in London had lower
serum phosphorus than age-matched controls.*’” No phos-
phorus intervention studies were identified.

Selenium

Acting through various selenoproteins, selenium plays
a vital role in thyroid hormone metabolism, DNA synthesis,
and protection against free-radical damage. Serum sele-
nium, as well as plasma activity of glutathione peroxidase,
were commonly found to be lower in adult subjects with
Thal compared with healthy controls, regardless of chelator
type.*3-30 Nasr et al’! also reported a negative relationship
between selenium and serum ferritin in 64 transfusion-
dependent Egyptian children with Thal.

Only 1 intervention study was identified, a single-arm
trial. Aboutalebi and colleagues administered 200 pg sele-
nium derived from yeast to 34 adult Iranian patients with
Thal for 1 month. Outcomes included increased serum
selenium, reduced hair loss, lowered alanine transaminase,
and reduced serum creatinine compared with baseline
(Table 1). Of note, 2 of 34 subjects (6%) suffered gastro-
intestinal side effects.?!

—_—

Vitamin A

Vitamin A is the name given to a group of fat-soluble
retinoids including retinol, retinal, and its esterified form, retinyl
ester. It is invaluable for immune function, epithelial cell, and
mucous membrane integrity and is a precursor to rhodopsin,
critical for night vision. Circulating vitamin A was consistently
lower in patients with Thal compared with healthy controls for
all 5 published studies where case-control comparisons were
reported.’®>* Livrea and colleagues recruited 42 homozygous
beta Thal patients, 30 of whom were hepatitis C positive and
identified significant inverse correlations between vitamin A and
transaminase levels. Authors suggest this reflects improved
hepatic function with increasing vitamin A. Nasr and colleagues
expanded upon these results in a cohort of 64 Egyptian children
with transfusion-dependent Thal, finding a significant negative
relationship between serum retinol and serum ferritin.>'~? No
interventional studies involving vitamin A or its metabolites
were identified.

Vitamin C

Vitamin C is best known for its antioxidant functions and
ability to regenerate other antioxidants. As a water-soluble
vitamin, it also supports collagen synthesis, connective tissue,
and bone repair. For patients with Thal, vitamin C can stim-
ulate iron mobilization and increase chelator efficacy but also
detrimentally elevate absorption of nonheme iron from the
gastrointestinal tract. Circulating vitamin C was frequently
reported to be lower in Thal compared with healthy controls in
4 of 7 published studies.?>*%>>>* Of interest, multiple studies
observed a depressed serum vitamin C coinciding with reduced
vitamins A and E, consistent with an environment of elevated
oxidative stress.>>* Vitamin C, similar to many other nutrients
studied, was negatively correlated with liver iron concentration
and serum ferritin.'$>* Allen and colleagues identified a single
19-year-old female patient with hemoglobin E (HbE) beta Thal
who experienced chronically elevated methemoglobin, an oxi-
dized form of hemoglobin. Supplementing the patient with
S0mg vitamin C every other day resulted in significantly
reduced methemoglobin and increased serum vitamin C. A
follow-up study identified 10 of 45 adults with HbE had vitamin
C deficiency with increased methemoglobin. However, there
were too few cases to ascertain a correlation between the 2
variables.>

The only formalized vitamin C supplementation study
was an RCT of 100 mg ascorbate provided for 1 year in 180
vitamin C-deficient patients with Thal equally divided by
chelator type: deferasirox (DFX), deferiprone (DFP), or
deferoxamine (DFO).22 Serum vitamin C increased following

*Arrows represent a significant (P < 0.05) change in the outcome variable. 1 represents a significant increase, | a significant decrease, — indicates no significant

change.
fTMale:female ratio provided is for those who took the supplement.

$Within De Franceschi and colleagues’ study, 1 mEq =12 mg of magnesium.

§Changes are compared with baseline levels.

[|All subjects were vitamin C deficient at baseline. In addition, n =60 subjects were taking Desferal at time of study, with an additional 60 taking Exjade, and

the final 60 taking L1.
9The type of vitamin D used in Altincik and Akin was not specified.

#BL = baseline, 8W =results 8 weeks post initiation of intervention, W+ = results of the individuals who received an additional 300,000 IU vitamin D due to

insufficient circulating 25(OH)D after 8 weeks of 50,000 I[U/wk supplementation.

**If left unspecified within this table, vitamin D formulation (D, or Dj) is not provided within the source manuscript.
TTAuthors claim that vitamin E supplementation was unlikely to have caused the observed change in hematological variables.

1iSubjects with Thal without DM, zinc only provided to those without DM.

aBMD indicates areal bone mineral density; BMC, bone mineral content; DM, diabetes mellitus; Hb, hemoglobin; HCT, hematocrit; IGF-1, insulin-like
growth factor-1; LIC, liver iron concentration; MCH, mean corpuscular hemoglobin, MCHC, mean corpuscular hemoglobin concentration; MCV, mean
corpuscular volume; MRI, magnetic resonance imaging; NR, none reported; 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; RBC, red blood cell;
RCT, randomized controlled trial; TBARS, thiobarbituric acid reactive substances; Thal, thalassemia; TE, trace element.
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TABLE 2. Supplementation and Assessment Strategy Recommendations

Level of Possible Adverse Recommended
Nutrient RDA (UL)* Recommendation Evidencet Effects Assessment Strategy
Folate 200-400 mg 1000 mg daily Weak None reported Annually
(400-1000 mg) Serum folate: >3 ng/mL
Selenium 30-55 pg (150-400 pg) 100-200 pg daily Weak Gastrointestinal Annually
reaction Serum selenium: 70-150 ng/mL
Vitamin C 25-90 mg (650-2000 mg) 100 mg daily Moderate None reported Annually, more frequent if
unsatisfactory response to
chelation
Plasma ascorbate: > 0.4 mg/dL
Vitamin D 600 TU (3000-40001U) 50,000 IU weeklyZ Strong/moderate None reported Every 6 mo
Serum 25(OH)D: 30-50 ng/mL
Vitamin E 7-15mg (300-1000mg) 200 mg daily Moderate None reported Annually
Serum a and y tocopherol:
reference values age and sex
dependent
Zinc 5-11 mg (12-40 mg) 20-25 mg daily Strong/moderate Nausea§ Annually
Serum zinc

TE free fasting: > 70 pg/dL

*RDA =Recommended Dietary Allowance. RDA is assigned by the Institute of Medicine (IOM) and is the average daily level of intake sufficient to meet the
nutrient requirements of nearly 98% of healthy individuals. RDA’s listed here are based on recommendations for healthy children 4 to 8 years of age up to males
of 19 years and older. UL: upper limit, the tolerable upper limit set by the IOM above which adverse effects have been observed in healthy populations, the range
is provided for healthy children 4 to 8 years of age, lower, to 19+ years of age, upper range.

fLevels of evidence generated from the 2016 publication by the American Society of Plastic Surgeons (ASPS) available at: www.plasticsurgery.org/
documents/medical-professionals/quality-resources/ ASPS-Evidence0E2%80%:90Based-Clinical-Practice-Guideline-Methodology.pdf. Strong: represents a rec-
ommendation based on 2 or more “high” quality studies with consistent findings, where benefit to the patient is evident. Care providers should implement these
interventions if possible, vast majority of well-informed patients would implement this patient-care strategy. Moderate: 2 “moderate” quality studies or 1 “high”
quality study, with consistent findings. Care providers should consider these recommendations for a patient, but intervention is not paramount. Weak: evidence

from one or more low quality studies, or a single moderate quality study. Benefit is unclear.
fSupplementation with 50,000 ITU/wk should continue until serum 25(OH)D reaches 30 ng/mL. After reaching this threshold, a lower maintenance dose

should be provided. 25(OH)D should not be maintained above 50 ng/mL.

§Nausea was frequently related to zinc provided as zinc sulfate. Alternate formulations may be advised to reduce potential nausea.

TE indicates trace element.

supplementation along with additional hematologic parame-
ters, while indicators of iron overload decreased regardless of
chelator group (Table 1). In addition, a decrease in the total
quantity of red blood cells transfused per year per patient
(transfusion index) was observed following supplementation
with vitamin C, suggesting reduced lipid peroxidation. No
serious adverse events were reported, and only 5 subjects
dropped due to poor compliance. These findings were prom-
ising, yet there remains skepticism regarding the widespread
use of vitamin C in iron-overloaded patients who are not
deficient given its ability to mobilize tissue iron.

Vitamin D and Calcium

This review finds vitamin D to be the most common
nutrient deficiency in patients with Thal, with nearly half of
all patients assessed reported to be vitamin D deficient.
Vitamin D plays a leading role in bone metabolism and
calcium absorption. Combined with reduced physical
activity, a lack of vitamin D results in weak, brittle, or
misshapen bones: co-morbidities frequently observed in
patients with Thal. More recently, there has been an interest
of the role vitamin D may play in optimal cardiac function.

Circulating 25-hydroxyvitamin D [25(OH)D], the storage
form of vitamin D is consistently lower in subjects with Thal
compared with healthy controls with similar UV expo-
sures.*0:41:44:47.56 Hepatic iron concentration is negatively corre-
lated with 25(OH)D levels,'>*7-8 and serum ferritin is higher in
vitamin D-deficient subjects.*>%% Nasir et al* found that cir-
culating 25(0OH)D displayed a positive relationship with total
cholesterol and high-density lipoproteins. Isik et al®® found that 3
subjects with secondary hyperparathyroidism all had vitamin D
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deficiency. Both Nakavachara and Viprakasit®' and Fung et a
found that non-transfusion-dependent subjects with Thal had
significantly lower 25(OH)D than transfusion-dependent sub-
jects, perhaps due to infrequent visits with medical personnel and
inadequate nutrition monitoring. Lumbar spine bone mineral
density (BMD) positively correlated with 25(OH)D.42-63.64

Both Claster et al'> and Wood et al’’ found that age was
negatively correlated with 25(OH)D. Furthermore, Yu et al**
found older subjects with Thal to have lower absolute 25(OH)
D, perhaps related to reduced time spent outdoors compared
with younger subjects. In contrast, Vogiatzi et al®® observed
that adolescents with Thal residing in the United States had
lower 25(OH)D than children or adults, possibly related to
increased time indoors at school.

Serum vitamin D has been found to correlate with several
measures of cardiac output and stress. Left ventricular ejection
fraction and shortening fraction were positively correlated with
25(OH)D, while indices of cardiac stress (NT-proBNP) were
negatively correlated with serum vitamin D.% In addition, car-
diac T2*, a marker of cardiac iron unloading, was positively
associated with 25(OH)D.2* Wood et al’’ found that cardiac
R2*, reflecting cardiac iron, was inversely related with the ratio of
25(OH)D to 1,25-dihydroxyvitamin D [1,25(OH)D], while left
ventricular ejection fraction was garoportional to the 25(OH)D/
1,25(0H)D ratio. Hiradfar et al* supplemented 16 transfusion-
dependent children with Thal with 50,000 IU/wk vitamin D5 and
reported left ventricular ejection fraction increased post-
supplementation, while serum parathyroid hormone dropped.
Intervention with high-dose  supplemental vitamin D
(> 50,000 IU/MWKk) consistentlzy increases serum 25(OH)D in sub-
jects with Thal (Table 1).26% In a single-arm study conducted in

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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29 children with transfusion-dependent Thal, supplementation
with 1000 to 2000 IU/d vitamin D plus 500 mg/d calcium car-
bonate increased serum 25(OH)D while also improving bone
mineral content.® In a separate study, 64 adult patients with
transfusion-dependent Thal were provided 400 IU/d vitamin D
and 500 mg/d calcium for 12 months as the control arm of a
bisphosphonate trial. Within this study, BMD did not change
significantly but serum phosphorus decreased as did a marker of
bone resorption, C-terminal telopeptide.?’

While high-dose supplemental vitamin D (50,000 IU) has
been effective at increasing 25(OH)D, when supplementation
stops, serum 25(OH)D drops rapidly. Fung et al°Z found that
in a cohort of 96 patients with Thal, 8§ months post-
intervention with 50,000 IU vitamin D,, serum 25(OH)D
declined at an average rate of 1.5 ng/mL/month.

Of interest, Vogiatzi et al® has reported increased hyper-
calciuria in patients with 25(OH)D levels above 30 ng/mL. The
impact of hypercalciuria on renal stone formation was not
studied, however, nephrolithiasis is of concern for adult patients
with Thal.®’” Though the optimal concentration of vitamin D
remains somewhat elusive, a maintenance dose of vitamin D to
support serum 25(OH)D within 30 to 40 ng/mL is suggested to
promote bone formation and heart health while minimizing
hypercalciuria and nephrolithiasis.

Vitamin E

Vitamin E exists in 8 chemical forms, though a-toco-
pherol is the only one with significant biological activity to
meet endogenous requirements. Similar to vitamin C, o-
tocopherol is an antioxidant, though it is fat-soluble thereby
its actions focus on reducing reactive oxygen species during
fat oxidation. Multiple observational studies reported sub-
jects with Thal have lower serum a-tocopherol than healthy
controls, though reports of population prevalence were
limited.>**68 Serum vitamin E has been observed to neg-
atively correlate with liver iron concentration,!® ferritin, and
biomarkers of hepatic damage,’>>* while a positive corre-
lation was found with hemoglobin.’> While most studies
focused on a-tocopherol, a 2018 study reported 97% of 41
US subjects with Thal to have y-tocopherol deficiency, the
primary form of vitamin E in the US diet.!3 In addition,
Claster et al'? found hepatic iron concentration positively
correlated with y-tocopherol.

Three vitamin E supplementation studies were iden-
tified, conducted in Thailand and Iran. Unchern et al®®
recruited a cohort of 9 splenectomized and 16 non-
splenectomized subjects with HbE beta Thal and supple-
mented them with 351 mg/d «-tocopherol for 3 months.
Plasma o-tocopherol increased, and lipid peroxidation
dropped in all subjects, while platelet reactivity dropped in
the splenectomized group (Table 1). These results were
reinforced by Suthutvoravut et al,?® who reported that
supplementing 10 Thai Thal children with 200 mg/d
a-tocopherol reduced H,O, hemolysis and red blood cell
glutathione peroxidase. Hashemian et al® found that
hemoglobin, red blood cell count, and prothrombin also
dropped across their cohort postintervention with 400 to
600 mg/d vitamin E but attributed some of these changes
to external causes.

Zinc

Zinc, an essential trace element, is critical for optimal
immune function, pubertal development, insulin metabo-
lism, and bone mineral accrual. Zinc deficiency commonly
manifests as growth failure in children and increased
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susceptibility to infection. Similar to previous observations
with hepatic iron stores, Goldberg et al'® found serum zinc
negatively correlated with liver iron concentration. Zinc
deficiency in Thal is partly caused by elevated urinary zinc
excretion and reduced zinc binding capacity to serum carrier
proteins in the face of increased requirements.32%-71 Oral
chelator use has also been implicated in zinc deficiency
though research to support this claim is limited.”? Al-Refaie
et al’? reported up to 14% prevalence of zinc deficiency in
Thal treated with DFP, with 67% of those with low serum
zinc developing symptoms of zinc deficiency which
improved with supplementation. Edrogan et al’* found that
individuals taking DFO or DFP excreted more urinary zinc
than controls or subjects taking DFX. Widad et al' found
serum zinc to be significantly lower in 52 Iraqi children with
Thal who were taking DFO, in comparison to 30 who were
unchelated. In opposition to other findings, Bekheirnia
et al”> observed that within a cohort of 131 transfusion-
dependent Iranian patients with Thal, serum zinc was sig-
nificantly lower in individuals who had started chelation
later in life. In addition, Uysal et al’® found no correlation
between urinary zinc excretion and DFO dose. Zinc sup-
plementation is common practice for patients on DFP,
however, zinc deficiency does not appear to be more com-
mon in those on DFP compared with other chelators.”®

Fuchs et al'® found that thalassemic children with
wasting had significantly lower zinc than those without
wasting; Fahmy et al®® found zinc and height trended
together (P=0.066), and Bekheirnia et al’”®> reported
height for age and body mass index positively correlated
with serum zinc. These findings are further reinforced by
Mirhosseini et al,”” who within a sample of 140 patients
with transfusion-dependent Thal, observed that height,
weight, mid-upper arm circumference, and waist circum-
ference positively correlated with zinc. The association
between zinc and growth is not universal, however,
Banihashem et al’® found no correlation between zinc
and height in their cohort of 140 Iranian children with
transfusion-dependent Thal.

A positive association between zinc and bone density
has also been observed. With a cohort of 220 patients with
homozygous beta Thal, Shamshirsaz et al’”” found that
serum zinc significantly correlated with lumbar BMD.
Bekheirnia et al”® also found that female Thal patients with
low serum zinc to have significantly lower lumbar BMD
than those with normal zinc status.

One Italian study found zinc to be related to immune
function in patients with Thal. Consolini and colleagues
observed low serum zinc levels in 18 transfusion-dependent
subjects with Thal to correlate with low thymulin levels;
addition of ZnCl, to patient sera in vitro significantly
increased active thymulin levels. Consolini et al*® also found
10 of the 18 patients to have significantly higher numbers of
CD19* cells and lower numbers CD3™ cells in comparison
to healthy controls, though the altered cell counts were not
correlated with low thymulin levels.3° Two years earlier, in a
cohort of slightly older Ttalian Thal patients, Malizia et al®!
did not observe an association between zinc deficiency and
abnormal immune function.

Glucose metabolism is also associated with zinc in
patients with Thal; Dehshal and colleagues assessed serum
zinc and oral glucose tolerance test in 70 individuals with a
recent diagnosis of transfusion-dependent beta Thal. Deh-
shal et al®? found that fasting insulin was depressed in zinc-
deficient subjects, low zinc was common in those with
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abnormal oral glucose tolerance test, and there was a pos-
itive correlation between plasma zinc and insulin concen-
tration. Fung and colleagues mirrored many of these results
and further demonstrated that 2 hours post-oral glucose
tolerance test, subjects with low serum zinc had higher
plasma glucose than subjects with normal circulating zinc.
Fung et al®3 further found that subjects with zinc deficiency
had a 30% lower insulinogenic response than those with
adequate zinc. In a subsequent study, a positive association
between beta-cell function and serum zinc was observed.3?
Supplementation with high-dose zinc (2 to 3x RDA) has
led to significant increases in serum zinc within cohorts of
subjects with Thal. Glucose clearance, insulin sensitivity, and
fasting C-peptide are additionally increased postsupple-
mentation, while fasting glucose, insulin resistance, and circu-
lating fructosamine dropped.3!3* In 2013, Fung et al*! reported
that 25 mg zinc for 18 months increased BMD in adolescent
and young adults with low bone mass. Nausea has been
reported in 2 adult subjects who subsequently dropped from
their respective zinc supplementation studies.>'*> These adverse
events are attributable to the sulfate salt in the zinc sulfate
compound, which may induce nausea and vomiting.

DISCUSSION

Nutritional deficiency is common in Thal and cannot be
ignored. Though not addressed directly in this review, the
etiology of nutrient deficiency in Thal is multifactorial, relating
to a combination of inadequate dietary intake, increased
mineral excretion or sequestration, and elevated nutrient
requirements.!%!8 A nutrient-dense diet, rich in antioxidants,
should be routinely recommended for all patients, yet may be
insufficient to maintain optimal nutritional status, without
support from supplementation.

Given the prevalence of deficiency, nutritional assessment
should be routine. Unfortunately, there are no universally
accepted nutrition consensus statements to suggest a standard of
care. Guidelines on the clinical management of transfusion (2014)
and non-transfusion-dependent Thal (2017) have been published
by the Thalassemia International Federation (TTF).$*85 While
recognizing the risk of nutrient deficiency, TIF does not recom-
mend routine supplementation of any individual micronutrient
other than zinc in transfusion-dependent patients identified as
zinc deficient (2014). Rather, a diverse, high calcium, high vege-
table, and low simple carbohydrate diet is recommended to
maximize skeletal development and delay the onset of impaired
glucose tolerance. However, most experts agree that there should
be close monitoring of the nutritional status of patients with Thal
and correction of nutritional deficiencies when suspected. The
Northern California Comprehensive Thalassemia Center pub-
lished a set of nutritional monitoring recommendations (2012)
which may provide a useful guide for clinicians.®

Supplementation Recommendations

Recommendations suggested herein are based based on
the strengths and limitations of the reviewed literature as well as
our clinical experience. The level of evidence of the studies
reviewed was considered in the generation of recommendations;
a greater number of concordant RCTs or interventional studies
pertaining to a nutrient correlated with greater confidence in
providing recommendations for that nutrient.

Vitamin D and zinc were most often found to be
deficient, and their supplementation presents the greatest
potential benefit for patients with Thal (Table 2). Zinc is
commonly prescribed prophylactically to patients taking
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DFP; the present review finds zinc deficiency common but
no more frequent in patients given DFP than those pre-
scribed other chelators. Serum zinc should be monitored and
replaced as necessary in all patients with Thal, especially
those with diabetes or glucose metabolism abnormalities,
regardless of chelator type.®” Supplementation with vita-
mins C and E presents potential moderate benefits to
patients with Thal, but the literature is insufficient to rec-
ommend routine supplementation. Evidence regarding the
benefit of folate, magnesium, and selenium supplements is
poor. Though supplementation with nutrients aside from
vitamin D and zinc is not paramount, a daily multivitamin/
mineral supplement without iron is suggested. For young
children, a multivitamin/mineral supplement designed for
children’s needs can be considered; however, it is crucial to
ensure that the supplement does not contain iron, to prevent
further iron-loading of the patient. It is advised that nutri-
tional status be monitored regularly and before the intro-
duction of any supplementation regimen. Apart from vita-
min D, levels of circulating nutrients should be assessed on
an annual basis, and corrections made when deficiencies are
observed. While these recommendations are broadly appli-
cable, dosing should be titrated to the needs of the patient.

e Vitamin D: When serum 25(OH)D is <30 ng/mL, 50,000 [U
vitamin D3 weekly. When serum 25(OH)D is >40ng/mL,
reduce dosing to 2000 IU/d. Continue supplementation at
2000 IU/d between 30 and 40ng/mL. If above 50 ng/mL,
supplementation should cease.

e Zinc: When serum zinc <70pg/dL, 20 to 25mg zinc/d.
Nausea may occur when using sulfate formulations of zinc—
if this transpires, switch to a different formulation. Assess
serum zinc and copper annually to maintain > 70 pg/dL, with
particular attention to diabetics.

Limitations of This Review

The recommendations provided within this paper are
limited by the published literature. Due to a paucity of pub-
lished literature, some nutrients such as manganese, which
plays a valuable role in iron metabolism and erythropoiesis,
were unable to be reviewed in detail due to the lack of sup-
porting evidence. Observational studies were occasionally
confounded by the lack of a control group when conducted in
environments where malnutrition and poor access to medical
care are commonplace. Deficiency prevalence were highly
variable between studies due to inconsistent reference values
and nutrition assessment techniques. The error within these
measurements likely contributed to an underrepresentation of
the magnitude of deficiency prevalence. Though some inter-
ventional studies included children and adolescents, dose-esca-
lation studies were not performed to test the relative merits of
different levels of supplementation based on age or body size.
These difficulties contribute to challenges in developing defini-
tive conclusions regarding which patients are at greatest risk for
nutritional deficiencies and how best to support those at risk.

There are few well-designed, adequately powered RCTs,
the gold standard for scientific extrapolation. In the few
published intervention trials, nutrients were supplemented for
short time periods (<3 mo), in isolation, and at levels far
greater than the RDA. By recommending high-dose supple-
mentation to patients with Thal, there is potential for inter-
actions that may be detrimental. Clinicians should be aware of
this possibility and be prepared to alter dosages in the event of
an adverse reaction. While water-soluble nutrients can be
excreted from the body without harm, chronic high-dose
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supplementation of fat-soluble vitamins and minerals has been
associated with organ damage in non-Thal populations.38:8°

Future Directions

Additional nutrition intervention studies are para-
mount to creating nuanced and accurate nutrition recom-
mendations for patients with Thal. To increase the external
validity of supplementation recommendations, future stud-
ies should include cohorts of nontransfused patients with
Thal. When conducting future studies, if the goal is to
reduce or delay organ damage, or optimize growth and
skeletal development, the length of the study must be suffi-
cient to observe the health outcome. Particular attention
should be placed on drug-nutrient interactions, supplement
adherence, and disease-specific considerations, for example,
particular needs of diabetics. Finally, testing multinutrient
“cocktails” would be of interest to explore optimal multi-
vitamin/mineral supplement dosing.

CONCLUSIONS

Patients with Thal are at high-risk for nutritional defi-
ciency in vitamins A, C, D, selenium, and zinc. The etiology of
these nutritional deficiencies is multifactorial and includes poor
intake, elevated loss, increased nutrient turnover, and require-
ments. The present review finds high-dose supplementation
with vitamin D and zinc to be warranted in almost all patients
with Thal. For other nutrients, there remains inadequate evi-
dence to recommend routine supplementation for all patients
with Thal in the absence of individual deficiency. Therefore, it
remains the burden of the clinician to perform routine nutri-
tional assessment and replacement to correct nutritional defi-
ciencies when observed.
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