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A B S T R A C T

Background

Sickle cell disease (SCD) is a group of disorders that aGects haemoglobin, which causes distorted sickle- or crescent-shaped red blood cells.
It is characterized by anaemia, increased susceptibility to infections and episodes of pain. The disease is acquired by inheriting abnormal
genes from both parents, the combination giving rise to diGerent forms of the disease. Due to increased erythropoiesis in people with SCD,
it is hypothesized that they are at an increased risk for folate deficiency. For this reason, children and adults with SCD, particularly those
with sickle cell anaemia, commonly take 1 mg of folic acid orally every day on the premise that this will replace depleted folate stores and
reduce the symptoms of anaemia. It is thus important to evaluate the role of folate supplementation in treating SCD.

Objectives

To analyse the eGicacy and possible adverse eGects of folate supplementation (folate occurring naturally in foods, provided as fortified
foods or additional supplements such as tablets) in people with SCD.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group’s Haemoglobinopathies Trials Register comprising references
identified from comprehensive electronic database searches and handsearches of relevant journals and abstract books of conference
proceedings. We also conducted additional searches in both electronic databases and clinical trial registries.

Date of last search of the Cochrane Cystic Fibrosis and Genetic Disorders Group’s Haemoglobinopathies Trials Register: 17 November 2017.

Selection criteria

Randomised, placebo-controlled trials of folate supplementation for SCD.

Data collection and analysis

Four review authors assessed We used the standard Cochrane-defined methodological procedures.

Four review authors independently assessed the eligibility and risk of bias of the included trials and extracted and analysed the data
included in the review. The quality of the evidence was assessed using GRADE.

Folate supplementation in people with sickle cell disease (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

1

mailto:drruchitadixit@gmail.com
https://doi.org/10.1002%2F14651858.CD011130.pub3


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Main results

One trial, undertaken in 1983, was eligible for inclusion in the review. This was a double-blind placebo-controlled quasi-randomised triaI
of supplementation of folic acid in people with SCD. A total of 117 children with homozygous sickle cell (SS) disease aged six months to
four years of age participated over a one-year period (analysis was restricted to 115 children).

Serum folate measures, obtained aLer trial entry at six and 12 months, were available in 80 of 115 (70%) participants. There were significant
diGerences between the folic acid and placebo groups with regards to serum folate values above 18 µg/L and values below 5 µg/L (low-
quality evidence). In the folic acid group, values above 18 µg/L were observed in 33 of 41 (81%) compared to six of 39 (15%) participants in
the placebo (calcium lactate) group. Additionally, there were no participants in the folic acid group with serum folate levels below 5 µg/L,
whereas in the placebo group, 15 of 39 (39%) participants had levels below this threshold. Haematological indices were measured in 100 of
115 (87%) participants at baseline and at one year. ALer adjusting for sex and age group, the investigators reported no significant diGerences
between the trial groups with regards to total haemoglobin concentrations, either at baseline or at one year (low-quality evidence). It is
important to note that none of the raw data for the outcomes listed above were available for analysis.

The proportions of participants who experienced certain clinical events were analysed in all 115 participants, for which raw data were
available. There were no statistically significant diGerences noted; however, the trial was not powered to investigate diGerences between
the folic acid and placebo groups with regards to: minor infections, risk ratio (RR) 0.99 (95% confidence interval (CI) 0.85 to 1.15) (low-
quality evidence); major infections, RR 0.89 (95% CI 0.47 to 1.66) (low-quality evidence); dactylitis, RR 0.67 (95% CI 0.35 to 1.27) (low-quality
evidence); acute splenic sequestration, RR 1.07 (95% CI 0.44 to 2.57) (low-quality evidence); or episodes of pain, RR 1.16 (95% CI 0.70 to
1.92) (low-quality evidence). However, the investigators reported a higher proportion of repeat dactylitis episodes in the placebo group,
with two or more attacks occurring in 10 of 56 participants compared to two of 59 in the folic acid group (P < 0.05).

Growth, determined by height-for-age and weight-for-age, as well as height and growth velocity, was measured in 103 of the 115
participants (90%), for which raw data were not available. The investigators reported no significant diGerences in growth between the two
groups.

The trial had a high risk of bias with regards to random sequence generation and incomplete outcome data. There was an unclear risk of
bias in relation to allocation concealment, outcome assessment, and selective reporting. Finally, There was a low risk of bias with regards
to blinding of participants and personnel. Overall the quality of the evidence in the review was low.

There were no trials identified for other eligible comparisons, namely: folate supplementation (fortified foods and physical
supplementation with tablets) versus placebo; folate supplementation (naturally occurring in diet) versus placebo; folate supplementation
(fortified foods and physical supplementation with tablets) versus folate supplementation (naturally occurring in diet).

Authors' conclusions

One doubIe-blind, placebo-controlled triaI on folic acid supplementation in children with SCD was included in the review. Overall, the trial
presented mixed evidence on the review's outcomes. No trials in adults were identified. With the limited evidence provided, we conclude
that, while it is possible that folic acid supplementation may increase serum folate levels, the eGect of supplementation on anaemia and
any symptoms of anaemia remains unclear.

If further trials were conducted, these may add evidence regarding the eGicacy of folate supplementation. Future trials should assess
clinical outcomes such as folate concentration, haemoglobin concentration, adverse eGects and benefits of the intervention, especially
with regards to SCD-related morbidity. Such trials should include people with SCD of all ages and both sexes, in any setting. To investigate
the eGects of folate supplementation, trials should recruit more participants and be of longer duration, with long-term follow-up, than
the trial currently included in this review. However, we do not envisage further trials of this intervention will be conducted, and hence the
review will no longer be regularly updated.

P L A I N   L A N G U A G E   S U M M A R Y

Folate supplementation in people with sickle cell disease

Review question

We wanted to assess how eGective and safe folate supplementation (folate occurring naturally in foods, provided as fortified foods or
additional supplements such as tablets) is in people with sickle cell disease (SCD).

Background

SCD is a group of disorders aGecting haemoglobin (the molecule in red blood cells that delivers oxygen to cells throughout the body),
leading to distorted sickle or crescent-shaped red blood cells. It is characterized by anaemia (the blood cannot carry enough oxygen around
the body), repeated infections and episodes of pain. While SCD was originally found in the tropics and subtropics, due to migration, it is
now common worldwide. There are three widely-used preventative measures for managing SCD, these include penicillin, immunisation
against pneumococcal infection and folate supplementation. Folate is a water-soluble B vitamin needed for erythropoiesis (the process

Folate supplementation in people with sickle cell disease (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

which produces red blood cells). Given there is increased erythropoiesis in people with SCD, it is thought they may require increased folate
intake, by supplements or through diet. However, a lack of evidence-based research means it is still not clear whether the benefits of
supplementation outweigh the risk of possible adverse eGects.

Search date

The evidence is current to: 17 November 2017.

Study characteristics

We included one trial with 117 children with SCD aged between six months and four years. This was a one-year doubIe-blind (both
participants and doctors did not know which treatment group the participants were allocated to) controlled triaI comparing children taking
folic acid supplements to those taking a placebo (a 'dummy' treatment).

Key results

The trial investigators reported that folic acid supplementation led to higher levels of folic acid measured in the blood. However, there
were no diGerences in haemoglobin concentrations at the end of one year.

The trial also reported on clinical factors linked to treatment, including growth, major and minor infections, acute splenic sequestration,
episodes of bone or abdominal pains. The investigators reported no diGerences in these outcomes from baseline to the end of the trial;
however, the trial was not large enough to detect any possible diGerences reported between the folic acid group and the placebo group.

Quality of the evidence

In the included trial it was not clear how participants were allocated to receive folic acid or placebo. The method of making sure that
participants and trial staG did not know what treatment each person was receiving (called allocation concealment) was also not described.
These two factors mean that the trial had a high risk of biased results.

The trial did not contain many participants. For many of its clinical endpoints, it was not designed to show diGerences between people
taking folic acid and those taking a placebo. This means that the results from this trial are imprecise, and therefore hard to interpret.

Finally, our review was meant to investigate folate supplementation (folate occurring naturally in foods, provided as fortified foods
or additional supplements such as tablets) in children and adults. Because we only identified one trial that investigated one form of
supplementation in children, the results are not useful for other populations.

Therefore, we judged the evidence from the included trial to be of low quality. Based on just one low quality study with evidence only to
show that folate supplementation raises the blood levels of folic acid, we cannot state whether this treatment is eGective or not.

More trials with more people and longer treatment duration (and follow-up) of folate supplementation in people with SCD are needed
to strengthen this review; however, we do not envisage further trials of this intervention will be conducted, and hence the review will no
longer be regularly updated.
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Summary of findings 1.   Summary of findings

Folic acid compared with calcium lactate for sickle cell (SS) disease

Patient or population: 117 children with homozygous sickle cell (SS) disease

Settings: hospital

Intervention: folic acid 5 mg

Comparison: calcium lactate (placebo)

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes1

calcium lactate
(placebo)

folic acid 5 mg

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Folate concentration

Serum folate levels, measured between
6 and 12 months after entry to the study

1. values in ex-
cess of 18 pg/L
occurring in 6/39
(15%) children
in the placebo
group.

2. levels below 5
pg/L occurring in
15/39 (39%)

1. values in ex-
cess of 18 pg/
L occurring in
33/41 (81 %) in
the folic acid
group.

2. levels below 5
pg/L None in the
folic acid group.

NA 80/115 (70%)

(1 study)

⊕⊕⊝⊝

low2

There were marked differ-
ences between trial groups
in the distribution of serum
folate levels.

Haemoglobin concentration

Haematological analyses were per-
formed in the 100/115 (87%) children in
whom baseline (within 2 months of en-
try to study) and 1 year (between 10 and
14 months after entry)

See comment See comment NA 100/115 (87%)

(1 study)

⊕⊕⊝⊝

low2

There were no significant
differences in total haemo-
globin (Hb) either at base-
line or after 1 year.

Adverse events - acute splenic seques-
tration

8/56

Total episodes

9/59

Total episodes

RR 1.07

(95% CI 0.44 to
2.57)

115

(1 study)

⊕⊕⊝⊝

low2

There were no significant
differences in these mea-
sures of growth between
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Clinical events experienced by children
during the 1 year period commencing at
entry to the trial

15 12 the folic acid and placebo
groups.

Adverse events - painful episodes

Clinical events experienced by children
during the 1 year period commencing at
entry to the trial

18/56

Total episodes

27

22/59

Total episodes

39

RR

1.16

(95% CI 0.70 to
1.92)

115

(1 study)

⊕⊕⊝⊝

low2

There were no signifi-
cant differences in painful
episodes
between the folic acid and
placebo groups.

Adverse events - minor Infections

Clinical events experienced by children
during the 1 year period commencing at
entry to the trial

48 out of 56 chil-
dren

Total episodes/
child: 2.3

50 out of 59 chil-
dren

Total episodes/
child: 2.7

RR 0.99

(95% CI 0.85 to
1.15)

115

(1 study)

⊕⊕⊝⊝

low2

There were no differences in
minor infections
between the folic acid and
placebo groups.

Adverse events - major infections

Clinical events experienced by children
during the 1 year period commencing at
entry to the trial

15 out of 56 chil-
dren

Total episodes/
child: 19

14 out of 59 chil-
dren

Total episodes/
child: 18

RR 0.89

(95% CI 0.47 to
1.66)

115

(1 study)

⊕⊕⊝⊝

low2

There were no differences in
major infections
between the folic acid and
placebo group.

Adverse events - dactylitis

Clinical events experienced by children
during the 1 year period commencing at
entry to the trial

17 out of 56 chil-
dren

Total episodes:
32

12 out of 59 chil-
dren

Total episodes:15

RR 0.67 (95% CI
0.37 to 1.27)

115

(1 study)

⊕⊕⊝⊝

low2

There were no differences in
dactylitis events
between the folic acid and
placebo group.

*The basis for the assumed risk is the risk in the control group. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the rela-
tive effect of the intervention (and its 95% CI).
CI: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Pre-specified adverse events of 'Increased incidence of priapism' and 'The risk of masking cobalamin deficiency with consequent neuropsychiatric manifestations (nanogram
per litre (ng/L))' were not assessed in the included trial (Rabb 1983). In the included trial, there was no diGerence between the folic acid and placebo groups for growth, determined
by height-for-age and weight-for-age as well as height and growth velocity.
2. Reason for downgrading evidence to low - very serious risk of bias (two domains of high risk of bias).
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B A C K G R O U N D

Description of the condition

Sickle cell disease (SCD) is a group of disorders aGecting
haemoglobin leading to distorted sickle or crescent shaped red
blood cells; it is characterized by anaemia, increased susceptibility
to infections and episodes of pain. Pauling first showed the
abnormal electrophoretic mobility of haemoglobin in an aGected
individual (Pauling 1949) and in 1957 Ingram discovered that the
defect of the disease was a single amino acid substitution in
the haemoglobin molecule of sickle cells (HbS) (Ingram 1957).
The disease is acquired by inheriting abnormal genes from both
parents, the combination giving rise to diGerent forms of SCD. The
SCD genotypes are as follows (Stuart 2004).

• HbSS disease or sickle cell anaemia: homozygote for the βs

globin with a severe or moderately severe phenotype.

• HbS/β° thalassaemia: severe double heterozygote for HbS and
βº thalassaemia, and almost indistinguishable from sickle cell
anaemia phenotypically.

• HbSC disease: double heterozygote for HbS and HbC with
intermediate clinical severity.

• HbS/β+ thalassaemia: double heterozygote for HbS and β+
thalassaemia with mild to moderate severity, but variable in
diGerent ethnic groups.

• HbS/hereditary persistence of fetal Hb (S/HPHP): very mild
phenotype or symptom-free.

• HbS/HbE syndrome: double heterozygote for HbS and HbE, very
rare and generally very mild clinical course.

• Rare combinations of HbS with HbD Los Angeles, HbO Arab, G-
Philadelphia, among others.

In most of sub-Saharan Africa, SCD is very common, aGecting
up to 3% of births (Grosse 2011). While inherited haemoglobin
disorders (SCD and thalassemias) were originally characteristic of
the tropics and subtropics, due to migration, they are now common
worldwide. The occurrence of the HbS gene is more common,
spreading across parts of Sicily, Italy, Greece, Turkey, Africa, Saudi
Arabia and India. In some regions of northern Greece, eastern Saudi
Arabia and central India the prevalence varies from 20% to 30%
(Serjeant 1997).

The cause of SCD is the substitution of valine for glutamic acid
at the sixth position of beta-globin.This leads to the production
of an abnormal form of haemoglobin, haemoglobin S (HbS)
(Aliyu 2006). The deleterious eGects of SCD can aGect nearly
every organ system in the body. The two predominant pathologic
features of SCD are haemolytic anaemia and vaso-occlusion (Rees
2010). Important clinical manifestations of SCD are haemolysis,
chronic anaemia, aplastic crises, vaso-occlusion, acute chest
syndrome, recurrent acute pain (e.g. dactylitis, musculoskeletal,
or abdominal), functional asplenia, increased susceptibility to
infections, jaundice, stroke, and pulmonary hypertension (Lane
1996).

Three measures have been widely used as prophylaxis for
the management of SCD, these include penicillin prophylaxis,
immunization against pneumococcal infection and folic acid
supplementation (Aliyu 2006). Hydroxyurea is another highly
eGicacious prophylactic and therapeutic chemotherapeutic agent
used in people with SCD, but it has limited international availability

and accessibility (Wong 2014). Bone marrow transplantation (BMT)
is the only cure for SCD; however, BMT requires a human
lymphocyte antigen (HLA)-identical donor. The diGiculty in finding
a suitable donor for BMT limits its widespread use. Therefore,
the primary mode of disease management for SCD remains drug
therapy aimed at decreasing the complications of this disease
(Ndefo 2008).

In most people with homozygous SCD, the red blood cell (RBC)
count is lower than normal because the average life span of sickled
RBCs is about 17 days, in contrast to 120 days for normal RBCs
(Schnog 2004). This high cell turnover may deplete the folate stores
(Ndefo 2008). It is proposed that folate supplementation in the
setting of anaemia raises haemoglobin levels and helps provide
a healthy reticulocyte response. Hence, in the management of
haemolytic anaemia in SCD, folic acid may replenish the depleted
folate stores necessary for erythropoiesis (Stuart 2004).

Description of the intervention

Folic acid is available as multivitamin tablets in combination
with other B-complex vitamins (frequently at a dose of 400
micrograms (mcg)), or as a stand-alone supplement. Paediatric
doses commonly contain between 200 mcg and 400 mcg folic
acid (Yeung 2011). Approximately 85% of supplemental folic acid,
when taken with food, is bioavailable; however, when consumed
without food, nearly 100% of supplemental folic acid is bioavailable
(Carmel 2005; Standing Committee 1998). Folate is a water-soluble
B vitamin. The term folate includes both naturally occurring food
folate and folic acid that is used in dietary supplements and
fortified foods. Folic acid contains one molecule of glutamic acid,
whereas the food folates are polyglutamates. The presence of
polyglutamates in the food folates limits its bioavailability as
compared to folic acid present in dietary supplements (Bailey
2004).

Folate is found naturally in a wide variety of foods, including
vegetables (especially dark green leafy vegetables), fruits and fruit
juices, nuts, beans, peas, dairy products, poultry and meat, eggs,
seafood, and grains (Carmel 2005). Spinach, liver, yeast, asparagus,
and Brussels sprouts are among the foods with the highest levels
of folate.

The Food and Nutrition Board (FNB) developed dietary folate
equivalents (DFE) to reflect the higher bioavailability of folic acid
than that of food folate. At least 85% of folic acid is estimated to
be bioavailable when taken with food, whereas only about 50%
of folate naturally present in food is bioavailable (Carmel 2005;
Standing Committee 1998).

Based on these values, the FNB defined DFE as follows:

• 1 mcg DFE = 1 mcg food folate;

• 1 mcg DFE = 0.6 mcg folic acid from fortified foods or dietary
supplements consumed with foods;

• 1 mcg DFE = 0.5 mcg folic acid from dietary supplements taken
on an empty stomach.

How the intervention might work

Folate acts as a co-enzyme that carries and activates single
carbons for the synthesis of purine nucleic acids (for DNA and RNA
synthesis), thimidylate (for DNA synthesis) and for the conversion of
homocysteine to methionine. Folate is required for DNA synthesis

Folate supplementation in people with sickle cell disease (Review)
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and hence proper cell division, the impairment of which can lead
to megaloblastic anaemia (Bailey 2012; Carmel 2005; Standing
Committee 1998). Due to increased erythropoiesis in people with
SCD, it is hypothesized that they are at an increased risk for
folate deficiency. For this reason, children and adults with SCD,
particularly those with sickle cell anaemia, commonly take 1 mg
of folic acid orally every day on the premise that this will replete
depleted folate stores and reduce the symptoms of anaemia. In
SCD, folate intake leads to a decrease in symptoms of anaemia
(Falletta 1995). Other potential advantages of folate therapy in
people with SCD include the prevention of hyperhomocysteinemia
that may predispose to thrombotic events (Selhub 1995), which, in
turn, may lead to painful episodes.

However, some studies note that in people with SCD, folate
supplementation did not improve folate status or megaloblastic
changes and folic acid supplementation did not elevate the serum
and erythrocyte folate levels (Al-Yassin 2012).

Possible side eGects of folate supplementation include increased
priapism and increased twin pregnancy rates in people with SCD
(Al-Yassin 2012). However, the relationship between twinning and
folic acid supplementation is not supported (WolG 2009). Early
case reports suggested that a daily folic acid intake of 5000 μg
or more could mask a vitamin B12 deficiency by preventing the
development of anaemia. In turn, this could delay the diagnosis
of an underlying vitamin B12 deficiency and thereby allow vitamin
B12 deficiency-associated neuropathies to progress (Dhar 2003
). However, anaemia is no longer the recommended diagnostic
indicator of vitamin B12 deficiency.

Potential side eGects of folate supplementation have also been
described in the general population. A randomised controlled trial
(RCT) found adverse eGects of routine supplementation of iron
and folic acid in pre-school children in a malaria-prevalent area,
with the supplemented group showing an increased risk of severe
illness (malaria and other infections) and death (Sazawal 2006).
Another side eGect of supplementation may be an increased risk
of some neoplasms depending on the dosage and timing of the
exposure. For example, with regard to colorectal carcinoma, folate
intervention aLer the microscopic neoplastic foci are established
may promote colorectal carcinogenesis (Kim 2006). Another single
study found a detrimental eGect of high folate intake on cancer-
protective natural killer cells (Troen 2006). However, meta-analyses
of RCTs have not supported a role for folic acid supplementation in
cancer risk (Vollset 2013).

There are also many potential benefits of folate supplementation
within the general population. An RCT found folic acid helpful in
preventing miscarriage and birth defects (spina bifida) in women
who were pregnant or planning for pregnancy (Blencowe 2010).
Folate supplementation combined with other B vitamins was
shown to have some benefits in primary stroke prevention (Huo
2015; Lee 2010). A Cochrane review on the eGectiveness of folate
supplementation for depressive disorders concluded that folates
may have a potential role when combined with other treatment
(Taylor 2003). In a further RCT, it was observed that folic acid
supplementation for three years significantly improved domains of
cognitive function that tend to decline with age (Durga 2007).

An elevated homocysteine level has been associated with an
increased risk of cardiovascular disease. Folate and other B
vitamins are involved in homocysteine metabolism and researchers

have hypothesized that they reduce cardiovascular disease risk by
lowering homocysteine levels (Clarke 1998; Stott 2005). However,
clinical trails indicate that folic acid supplementation does not
reduce the risk of cardio-vascular disease (CVD) (Clarke 2010).

Serum or erythrocyte folate concentration are used to diagnose
folate deficiency. A serum folate value of more than 3 ng/mL
and an erythrocyte folate concentration of more than 140 ng/mL
indicates adequate folate status (Bailey 2012; Standing Committee
1998; Yetley 2011). Erythrocyte folate concentration provides a
longer-term measure of folate intake, unlike serum folate that
varies with recent dietary intake (Standing Committee 1998; Yetley
2011). Another functional indicator of folate status is plasma
homocysteine concentration. However, plasma homocysteine
concentration is not specific for folate status, as it is influenced by
other factors such as kidney dysfunction, vitamin B12 deficiency
and levels of other micronutrients (Bailey 2012; Carmel 2005; Green
2011).

Why it is important to do this review

Folic acid supplementation in SCD is based on the premise that
chronic haemolysis, inherent to the disease, leads to increased
erythropoiesis which thereby depletes folate stores. It is therefore
hypothesized that folate supplementation may replete these stores
and thereby reduce the symptoms of anaemia. However, folic acid
has been found to have possible deleterious eGects in selected
populations such as those with increased severity of malarial illness
(Sazawal 2006). Furthermore, there is contrasting research-based
evidence regarding the eGicacy of folate supplementation in SCD.
It remains unclear whether the possible deleterious eGects of high
folic acid outweigh the potential benefits. For this reason we need a
better understanding of the relevant biological and clinical eGicacy
of folate supplementation as compared to the potential adverse
eGects. Hence, the rationale for this review is to analyse the benefits
and risks of folic acid supplementation (folic acid supplements or
folate supplementation, or provision, through diet) in people with
SCD.

O B J E C T I V E S

To analyse the eGicacy and possible adverse eGects of folate
supplementation (folate occurring naturally in foods, provided as
fortified foods or additional supplements such as tablets) in people
with SCD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) or quasi-RCTs, including
cluster-randomised trials.

Types of participants

People with known SCD (SS, SC, Sβ+ and Sβº, proven by
electrophoresis and sickle solubility test, with family studies or DNA
tests as appropriate) of all ages and both sexes, in any setting.

Types of interventions

• Folic acid supplements versus placebo

Folate supplementation in people with sickle cell disease (Review)
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• Folate supplementation, or provision, through diet versus
placebo

• Folic acid supplements versus folate supplementation through
diet

Types of outcome measures

Primary outcomes

1. Folate concentration (using serum or plasma folate or
erythrocyte folate)

2. Hemoglobin concentration (grams per decilitre (g/dL))

3. Adverse eGects of the intervention, including but not limited to:
a. increased incidence of priapism;

b. the risk of masking cobalamin deficiency with consequent
neuropsychiatric manifestations (nanogram per litre (ng/L));

c. any other side eGects (e.g. twin pregnancy, etc.),
including SCD-related morbidities (e.g. pain, acute splenic
sequestration, strokes, priapism, recurrent infections).

Secondary outcomes

1. Homocysteine levels (micromoles per litre (μmol/L))

2. Quality of life (as measured by validated scales, e.g. the Health-
related Quality of Life Assessment (HRQL) Scale)

Search methods for identification of studies

Electronic searches

We searched the Cochrane Cystic Fibrosis and Genetic Disorders
Group's Haemoglobinopathies Trials Register using the terms:
((sickle cell OR (haemoglobinopathies AND general)) and (folate OR
folic acid*).

The Haemoglobinopathies Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) (updated each new issue of the Cochrane
Library) and weekly searches of MEDLINE. Unpublished work
is identified by searching the abstract books of five major
conferences: the European Haematology Association conference;
the American Society of Hematology conference; the British Society
for Haematology Annual Scientific Meeting; the Caribbean Public
Health Agency Annual Scientific Meeting (formerly the Caribbean
Health Research Council Meeting); and the National Sickle Cell
Disease Program Annual Meeting. For full details of all searching
activities for the register, please see the relevant section of the
Cochrane Cystic Fibrosis and Genetic Disorders Group's website.

Date of the most recent search of the Cystic Fibrosis and
Genetic Disorders Group's Haemoglobinopathies Trials Register: 17
November 2017.

Four review authors (R Dixit, S Nettem, HH Soe, L Vance)
conducted additional searches to minimize publication and
reporting biases. We searched the following electronic databases
(with no language or date restrictions): Ovid Embase (http://
ospguides.ovid.com/OSPguides/embase.htm) (02 August 2015)
(Appendix 1); PubMed (http://www.ncbi.nlm.nih.gov/pubmed) (31
July 2015) (Appendix 2); CINAHL (https://www.ebscohost.com/
nursing/cinahl-databases) (31 July 2015) (Appendix 3), (EBSCO
Health) and CABI (http://www.cabi.org/publishing-products/
resources-for-database-users/) (31 July 2015) (Web of Science)
(Appendix 4). We also searched three trial registries: ISRCTN (http://

www.isrctn.com/) (02 August 2015) (Appendix 5); ClinicalTrials.gov
(http://clinicaltrials.gov/) (Appendix 6) (31 July 2015 and 02
February 2018) and; ICTRP (http://apps.who.int/trialsearch/) (03
Aug 2015 and 02 February 2018) (Appendix 7).

Searching other resources

We checked reference lists of articles and reviews for possible
relevant trials. We also contacted other researchers or nutritional
and SCD experts working in this field to identify additional trials
(including unpublished and ongoing trials).

Data collection and analysis

Selection of studies

Four review authors (R Dixit, S Nettem, L Vance, P Stover)
independently assessed the eligibility of the trials identified by the
searches. When we did not find the relevant information in the
abstract, we retrieved the relevant full text report(s) (if published)
in order to complete this task. Two review authors (R Dixit, S
Nettem) also assessed the eligibility criteria by completing the
eligibility form that was designed in accordance with the inclusion
criteria. We tabulated the excluded studies under ‘Characteristics
of excluded studies’ and gave reasons for the exclusion.

The review authors were not blinded to the trial authors,
institutions and trial results during their assessments.

We dealt with any issues or concerns by discussion or with help
from the third review author whenever needed.

Data extraction and management

Two review authors (R Dixit, HH Soe) independently extracted
data for primary and secondary outcomes in a customised data
collection form developed by the Cochrane Cystic Fibrosis &
Genetic Disorders Group. Following data extraction one author (R
Dixit) entered the data into the Review Manager soLware (RevMan
2014) and a second author (SS Madan) cross checked for any errors
or inconsistencies. We used a standard data extraction form which
included at least the following items.

1. Method: year of the trial; trial duration; type of randomisation;
allocation; concealment method; blinding; trial area; and
sampling method.

2. Participants: number of participants in control and intervention
groups; age; sex; similarity of group at baseline; and loss to
follow-up with reasons.

3. Interventions: interventions (dose, route and duration);
comparison intervention (dose, route and duration); and co-
medication (dose, route and duration).

4. Outcomes: primary and secondary outcomes as mentioned
above; any other outcomes assessed; times of assessment; and
length of follow-up.

5. Notes: published or unpublished data; title; authors; source;
contact address; language of publication; year of publication;
and funding sources, if any.

We resolved any issues and concerns in data extraction by
discussion and consensus.
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Assessment of risk of bias in included studies

Three review authors (R Dixit, S Nettem, L Vance) independently
assessed the risk of bias of the included trials by using the criteria
outlined in chapter 8 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011a).

We assessed the following five components for each trial:

1. random sequence generation (selection bias);

2. allocation concealment (selection bias);

3. masking (blinding) of participants and personnel (performance
bias), and masking of outcome assessment;

4. incomplete outcome data (attrition bias) through withdrawals,
dropouts and protocol deviations; and

5. selective reporting bias.

We also assessed for any other sources of bias as reported in the
Cochrane Handbook for Systematic Reviews of Interventions (bias
related to the specific trial design, early or abrupt end of trials,
fraudulent trial).

For each of the mentioned components, we assigned judgements
of either low, unclear or high risk of bias.

We recorded the results in the relevant Characteristics of
included studies tables in Review Manager 5 (RevMan 2014), and
summarised the findings in a ‘Risk of bias’ table or graph.

We resolved any concerns or issues by discussion or with opinion of
a third review author (AL Abas).

Measures of treatment e>ect

For data analysis, we followed the guidelines set out in chapter 9
of the Cochrane Handbook for Systematic Review of Interventions
(Deeks 2011).

For dichotomous data (cobalamin deficiency), we presented results
as summary risk ratio (RR) with 95% confidence intervals (CI).

For event rates (recurrent infections and Increased incidence risk of
priapism), we will present results as summary rate ratio.

For continuous data (folate concentration, haemoglobin
concentration and homocysteine levels, quality of life), we will use
the mean diGerence (MD) and corresponding 95% CIs. For future
updates, if diGerent scales have been used for assessing the quality
of life outcome, we will present the results as a standardized mean
diGerence (SMD). Also, if necessary, original outcome data will be
transformed to substantially reduce skewness. If we find data that
has not been transformed we will try to retrieve individual patient
data (IPD) so that we can apply log transformation. Reports of trials
may present results on a transformed scale (Higgins 2011b).

Given that meta-analysis was not possible, we have presented a
narrative summary along with tabulated data.

Unit of analysis issues

The unit of analysis was the participant with SCD.

Along with individually-randomised trials, in future updates of this
review, we plan to include (if found) cluster-randomised trials.
If we identify such trials for future updates, we will adjust the

standard error (SE) of the eGect estimate from cluster trials using
the methods described in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011b). We will only make the
necessary adjustments if that cluster trial has not been analysed
correctly. We will undertake meta-analyses using the generic
inverse-variance method available in Review Manager 5 (RevMan
2011). We will use an estimate of the intra-cluster correlation co-
eGicient (ICC) derived from the trial (if possible), or from another
source. If we use ICCs from other sources, we will report this and
conduct sensitivity analyses to investigate the eGect of variation in
the ICC.

If, for future updates, we identify both cluster-randomised trials and
individually-randomised trials, we plan to synthesise the relevant
information. We will consider it reasonable to combine the results
from both if there is little heterogeneity between the trial designs.
We will also combine the results from both if the interaction
between the eGect of intervention and the choice of randomisation
unit is considered to be unlikely.

We will also acknowledge heterogeneity in the randomisation unit
and perform a separate meta-analysis if appropriate.

For cross-over trials, we plan to always use a paired analysis from
the two participants' periods in the meta-analysis (Higgins 2011b).

Dealing with missing data

In order to allow an intention-to-treat analysis, we would have
searched for full reports from the trial investigators if the included
trial had only been published in abstract form, presented at
meetings or reported to the co-authors. In the future, if information
is missing or unclear, we will contact the trial investigators for
further details.

Although we recognise that intention-to-treat analysis in RCTs is
the analysis methodology of choice, for future updates, in trials
where data are missing due to participant dropout, we will conduct
a primary analysis based on participants with complete data. It
will be assumed that missing outcomes will not be a problem if
loss to follow-up is well documented and unrelated to outcomes
in both trial arms, as per chapter 16 of the Cochrane Handbook
for Systematic Review of Interventions (Higgins 2011b). In future
updates with more trials, we will be able to perform a sensitivity
analyses that will determine the eGect of leaving out papers
without complete data.

Assessment of heterogeneity

For future updates, if more trials are included we will use the Chi2
test for assessing heterogeneity (significance level P < 0.1). We will
quantify the degree of heterogeneity using the I2 statistic (Deeks
2011).

The guidelines for interpretation of the I2 values are as follows:

0% to 40% indicates unimportant levels of heterogeneity;
30% to 60% indicates moderate heterogeneity;
50% to 90% indicates substantial heterogeneity;
75% to 100% indicates considerable heterogeneity

We will also consider a visual inspection of the forest plot to see
whether CIs overlap.
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Assessment of reporting biases

Four review authors (R Dixit, S Nettem, HH Soe, L Vance) conducted
extensive searches to minimize publication and reporting biases.

While searching trial registries we also looked for trial protocols;
however, we did not find any for comparison with final trial reports.
Within trials, we compared the 'Methods' section to the 'Results'
section of the fully published paper to ensure that all of the
outcomes that were mentioned in the objectives were reported in
the results.

For future updates of the review, if 10 or more trials are included,
we plan to use funnel plots to assess publication bias. In cases were
asymmetry is detected, we will explore the causes(s).

Data synthesis

We carried out statistical analysis using Review Manager soLware
(RevMan 2014). We meta-analysed data where trials investigated
similar comparisons and the same outcomes. We used a fixed-
eGect meta-analysis for combining data where it was reasonable to
assume that trials were estimating the same underlying treatment
eGect, i.e. where trials are examining the same intervention, and
the populations and methods are suGiciently similar.

For future updates, if we find significant heterogeneity, we plan
to use a random-eGects model. No meta-analysis was performed
in this review, but meta-analyses will be performed if appropriate
studies are found in future.

Subgroup analysis and investigation of heterogeneity

We did not perform any subgroup analyses for this review.

Sensitivity analysis

If in the future, when we include more trials, we plan to carry
out sensitivity analyses to investigate the robustness of the results
regarding the various components of the risk of bias. We examined
the eGect on the primary outcome of excluding any trial judged
to be at a high risk of bias by three of the domains: sequence
generation; allocation concealment; and masking.

Summary of findings table

We have created a 'Summary of findings' table using the GRADE
pro soLware (version 3.5) (Summary of findings 1). In the table we
have assessed several parameters, such as limitations of design,
inconsistency, indirectness, imprecision and publication bias. We
included the primary outcomes of diGerences in red blood cell
folate concentration level, haemoglobin concentration and adverse
events including any reduction in recurrent infections.

R E S U L T S

Description of studies

Please refer to the tables section of the review (Included studies;
Excluded studies).

Results of the search

Of the four trials identified through the Cochrane Cystic Fibrosis and
Genetic Disorders Group's Haemoglobinopathies Trials Register
and the 328 trials and reports identified through other sources such
as PubMed and ICTRP, we removed 24 duplicate records, leaving
a total of 305 trials or reports. ALer initial screening of the 305
records, 300 were excluded. Then we proceeded to obtain the full
text of all five trials out of which one trial including 117 participants
met the inclusion criteria (Rabb 1983) and four studies were
excluded (V-FIT 2014; Hendrickse 1966; Liu 1975; Mojtahedzadeh
2006) (Figure 1).
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Figure 1.   Study flow diagram
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Figure 1.   (Continued)

 
Included studies

We identified one trial that met our inclusion criteria (Rabb
1983). This trial reported on folic acid supplementation in children
with sickle cell anaemia. No trials on folate supplementation or
provision through diet versus placebo or folic acid supplements
versus folate supplementation or provision through diet were
found.

Folic acid supplements versus placebo

The included trial was in 117 children with sickle cell anaemia (Rabb
1983). This trial, conducted in Jamaica, was a quasi-randomised
double-blind controlled triaI of supplementation with folic acid.
Each participant was allocated to one of two treatment groups,
one group receiving tablets designated 'tablet A' (containing
calcium lactate), and the other receiving tablets designated 'tablet
B' (containing folic acid 5 mg). Participants in both groups took one
tablet daily for at least one year. The analyses were restricted to
115 of 117 participants who were followed for one or more years,
56 of 115 (49%) were allocated to take tablet A and 59 of 115 (51%)
were allocated to take tablet B. A total of 64 of 115 (56%) of all
participants were male, and 40 of 115 (35%) were 6 to 11 months,
23 of 115 (20%) 12 to 23 months, 24 of 115 (21%) 24 to 35 months,
and 28 of 115 (24%) 36 to 47 months. Outcomes of this trial included
serum folate, haemoglobin concentrations, growth, and clinical
events including acute splenic sequestration, dactylitis or episodes
of bone or abdominal pain.

Excluded studies

Four trials were excluded; for one trial, the participants and the
outcomes were not relevant to our review (Mojtahedzadeh 2006) a
further two trials did not have any control group without folate or
even at a diGerent dosage (V-FIT 2014; Hendrickse 1966) and one
was not a RCT (Liu 1975).

Ongoing trials

While we were unable to identify any ongoing RCTs involving folic
acid supplementation or folate provision through diet, we did
identify a Phase 2 clinical trial investigating the safety of beet
juice (“Unbeetable”) in adults with sickle cell anemia (Kim-Shapiro
2014). The trial is focused on the provision of nitrates through
the beet juice, however, the beet juice also contains a substantial
quantity of folate (23% to 46% of daily value, depending on amount
consumed). As the trial may ultimately progress to a Phase 3
RCT, it is important to document in this review as potential future
research. However, on 08 November 2017 this trial was suspended
due to the fact that enrolment was very slow. The investigators
hope to reopen this as a multi-site study.

Risk of bias in included studies

Please refer to the figures for an overall assessment of the risk of
bias (Figure 2; Figure 3)

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes

Incomplete outcome data (attrition bias): All outcomes
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Generation of the randomisation sequence

The trial reported that randomisation ".... was achieved by
allocating the children alternately to tablets A and B...." (Rabb
1983). Since alternative allocation is a form of quasi-randomisation,
introducing a source of selection bias, we have assessed this trial as
having high risk of bias for this domain.

Allocation concealment

The method of allocation concealment was not clearly stated and
we have therefore assessed this trial as having an unclear risk of
bias for this domain (Rabb 1983).

Blinding

In the Rabb trial it was reported that "Tablets A and B were identical
in appearance and neither the patients nor the paediatricians
involved in the clinical management of the study were aware of
the code" (Rabb 1983). We therefore classified this trial as low risk
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for performance bias. Since in the same trial it was not further
mentioned about the blinding of outcome assessment, we have
assessed this trial as having unclear risk for detection bias.

Incomplete outcome data

The included trial states that out of 117 participants recruited to
the trial, only 115 were analysed further, with no reason cited for
the missing numbers. In addition, there was variable availability
of data regarding outcome measures for which the reasons were
not cited. Folate measures were available in only 80 of 115 (70%)
of the participants; hematological analyses for 100 of 115 (87%)
of participants; and growth performance for 103 of 115 (90%) of
participants. Additionally, the only outcome for which distribution
of missing data was available was that of serum folate measures:
approximately 70% of data were missing from each group. In
contrast, information regarding clinical events was collected for
all 115 participants (100%) included in the analyses. Due to the
fact that there was a large proportion of missing data for one of
our primary outcomes (folate measurements) and a substantial
proportion of missing data for other primary and secondary
outcomes (haemoglobin, growth), we have determined that there
is a high risk of bias with regards to incomplete outcome data (Rabb
1983).

Selective reporting

All the parameters mentioned in the methodology section were
included in results section. The trial included in the analysis had
no protocol or like resource outlining previously defined outcomes,
therefore, it was diGicult to assess for reporting bias. For this
reason, have determined the trial to have an unclear bias with
regards to selective reporting (Rabb 1983).

Other potential sources of bias

The included trial did not report any other potential sources of bias.
We also found no clear evidence of any other bias in the included
trial, and we have therefore assessed this as having a low risk for
other potential biases.

E>ects of interventions

See: Summary of findings 1 Summary of findings

We identified one trial that met our inclusion criteria (Rabb 1983).
This trial reported on children with sickle cell anaemia with
folic acid supplementation. No trials on folate supplementation
through diet versus placebo or folic acid supplements versus folate
supplementation through diet were found. Additionally, no trials
undertaken on adults were found.

Folic acid supplements versus placebo

We identified one trial for inclusion (Rabb 1983). In this trial (n =
117), folic acid 5 mg per day was used as supplementation versus a
placebo group receiving calcium lactate.

Primary outcomes

1. Folate concentration (using serum or plasma folate or erythrocyte
folate)

This outcome was assessed in the included trial (Rabb 1983). The
investigators state that serum folate levels, measured between six
and 12 months aLer entry to the trial, were available in 80 of 115
(70%) participants. No data were available in the trial report that

could be entered into the review, but it was reported in the paper
that serum folate levels diGered significantly between the two
trial groups, with 33 of 41 (81%) of the folic acid supplementation
group having values above 18 µg/L compared to 6 of 39 (15%) in
the placebo group (low-quality evidence). Additionally, while there
were no participants in the folic acid group with serum folate levels
below 5 µg/L, 15 of 39 (39%) participants in the placebo group had
levels below this threshold (low-quality evidence).

2. Hemoglobin concentration (grams per decilitre (g/dl))

This outcome was assessed in the included trial (Rabb 1983).
Hematological indices were performed in 100 of 115 (87%)
participants at baseline and at one year. No data were available
in the trial report that could be entered in the review, but it was
reported in the trial that there were no significant diGerences in
total haemoglobin concentrations either at baseline or aLer one
year baseline, aLer adjusting for age group and sex (low-quality
evidence).

3. Adverse e>ects of the intervention

a. Increased incidence of priapism

This was not assessed in the included trial (Rabb 1983).

b.The risk of masking cobalamin deficiency with consequent
neuropsychiatric manifestations (nanogram per litre (ng/L))

This was not assessed in the included trial (Rabb 1983).

c. Any other side e>ects and SCD-related morbidities

In the included trial, growth, determined by height-for-age and
weight-for-age as well as height and growth velocity, was measured
in 103 out of 115 (90%) participants. There were no significant
diGerences in these measures of growth between the two groups.
No data were available in the trial report that could be entered
in the review, but the investigators reported that there were no
significant diGerences in any growth parameters between the two
trial groups (Rabb 1983).

Additionally, there was no diGerence between the folic acid
and the placebo groups in the proportion of the participants
experiencing acute splenic sequestration, RR 1.07 (95% CI 0.44 to
2.57) (low-quality evidence) (Analysis 1.1). With regards to painful
episodes (bone or abdominal pain), in the placebo group, 18 of 56
participants were aGected and in the folic acid group, 22 of 59 were
aGected. However, no statistically significant diGerences noted in
the trial since the trial was not powered to detect any potential
diGerences between the two trial groups with regards to painful
episodes, RR 1.16 (95% CI 0.70 to 1.92) (low-quality evidence)
(Analysis 1.2).

Also, no statistically significant diGerences noted in the trial (since
it was not powered to detect any potential diGerences between
the folic acid and placebo groups) with regards to the number
of episodes of minor infections, RR 0.99 (95% CI 0.85 to 1.15)
(low-quality evidence) (Analysis 1.3); major infections, RR 0.89
(95% CI 0.47 to 1.66) (low-quality evidence) (Analysis 1.4); or
dactylitis episodes, RR 0.67 (95% CI 0.35 to 1.27) (low-quality
evidence) (Analysis 1.5). However, the investigators reported a
higher proportion of repeat dactylitis episodes in the placebo
group, with two or more attacks occurring in 10 of 56 participants
compared to two of 59 in the folic acid group (P < 0.05) (Rabb 1983).
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Secondary outcomes

1. Homocysteine levels

This was not assessed in the included trial (Rabb 1983).

2. Quality of life

This outcome was not assessed in the included trial (Rabb 1983).

D I S C U S S I O N

Summary of main results

We identified one trial for inclusion in the review (Rabb 1983).
At the end of this one-year trial, the investigators reported a
significant diGerence between the folic acid and placebo groups in
relation to the serum folate level distribution, but no diGerences
in haemoglobin concentrations. There were no summary data for
these two parameters that could be included in the review. The trial
also reported on various side eGects, including growth performance
(height for age, weight for age, height velocity, and weight velocity);
however, the investigators reported that there were no diGerences
in the above parameters at baseline or at the end of the trial.
Again, there were no summary data for these two parameters that
could be included in the review. Further side eGects reported by
this trial were on acute splenic sequestration and episodes of bone
or abdominal pains; while summary data were available for these
events, no statistically significant diGerences were noted in the
trial since it was not powered to detect any potential diGerences
between the folic acid and the placebo groups. This was also true
for the number of episodes of minor as well as major infections
between the folic acid and placebo groups.

Overall completeness and applicability of evidence

The single eligible trial presents mixed evidence on our pre-defined
outcomes with regards to folate supplementation in people with
SCD. The trial was limited in its applicability because it was
limited to one intervention (folic acid supplementation) and one
population (children in Jamaica). The results of this review may
not be applicable to other folate supplementation interventions or
other populations.

While the recently published National Heart, Lung, and Blood
Institute (NHLBI) guidelines only recommended folic acid
supplementation in pregnant women with SCD, many providers
in the USA and elsewhere still adhere to the practice of folate
supplementation among all people with SCD. In Nigeria, the
country with one of the highest burdens of SCD, a majority of
SCD clinics provide folic acid supplementation while less than
half provide penicillin, a well-studied and life-saving intervention
(Galadanci 2014). It is important that the evidence behind folic acid
supplementation is strong to improve the allocation of resources
in areas with the highest burden of SCD. Since there is currently
no supporting evidence for this common practice, we believe that
it would not only be ethical, but also necessary, to conduct a
randomized controlled trial to better answer the question of the
need for folic acid supplementation in people with SCD.

Quality of the evidence

The included trial had a high risk of bias with regards to the
randomisation of the treatment list (placebo or experimental),
which is indicative of poor overall trial quality (Rabb 1983). The
number of participants included in each of the analyses were

not consistent with the total number randomised into the trial,
with the reasons for those missing not being clearly reported,
which further points to some potential for bias. However, the trial
indicated in detail the blinding process and the included trial was
a hospital-based trial and hence ensured active case finding and
compliance to the intervention. Furthermore, the trial report no
sample size justification, and assuming the trial was powered to
detect diGerences in folate levels, it was not powered to assess
diGerences in morbidity.

For all of the above reasons, we have determined that the evidence
from the included trial was of low quality (Rabb 1983) (Summary of
findings 1).

Potential biases in the review process

We are confident that all relevant trials have been identified by
the comprehensive search strategy and do not anticipate that the
review methods could have introduced bias to the review.

Agreements and disagreements with other studies or
reviews

We are unaware of similar reviews covering this topic.

We are aware of an article by Al Yassin; however, we could
not retrieve the full text for the article (abstract only); we have
contacted the author for further details, and await their reply (Al-
Yassin 2012). From the abstract available we could ascertain that
it was a literature review which included only a small number of
studies.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is some evidence that in sickle cell disease (SCD), folate
supplementation may improve serum folate concentrations;
however, it is unclear if folate supplementation has any aGect
on haemoglobin concentration, growth, minor infections, major
infections, acute splenic sequestration, dactylitis or episodes of
bone or abdominal pain.

At present, one low-quality trial demonstrates that folate
supplementation may lead to increased serum folate
measurements, but further evidence is needed. The other eGects
(positive and negative) of folate supplementation remain unclear,
and more trials with larger cohorts are needed to determine these.

Implications for research

At present there is little evidence to support or refute the practice
of folate supplementation in people with SCD. Further trials,
involving more participants and longer treatment durations, are
needed to enhance the validity of the review. if such trials were
to be carried out, these should assess clinical outcomes such as
folate concentration, haemoglobin concentration, adverse eGects
and benefits of the intervention, especially with regards to SCD-
related morbidity. Trials should include people with SCD of all
ages and both sexes, in any setting. To investigate the eGects of
folate supplementation, these future trials should involve more
participants and should have both a longer treatment duration and
follow-up than that reported in this review. However, we do not
envisage further trials in this area will be conducted, and hence the
review will no longer be regularly updated.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Double-blind quasi-RCT.

Participants 117 children admitted to the trial (115 analysed). Children with homozygous SCD aged 6 months to 4
years.

Interventions 5 mg folic acid (treatment B) versus a placebo of calcium lactate (treatment A)

Outcomes Folate concentration, haemoglobin concentration, recurrent infections, minor infections, major infec-
tions, acute splenic sequestration, dactylitis or episodes of bone or abdominal pain.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk "A trial of pneumococcal vaccine and prophylactic penicillin, involving four
treatment regimes. was already underway in this same group of children and
it was important to ensure that the groups receiving tablets A and B were sim-
ilarly distributed between these regimes. This was achieved by allocating
the children alternately to tablets A and B within each of the four treatment
regimes".

Allocation concealment
(selection bias)

Unclear risk Not mentioned in the text.

Rabb 1983 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk "Tablets A and B were identical in appearance and neither the participants
nor the paediatricians involved in the clinical management of the study were
aware of the code."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not mentioned in the text.

Incomplete outcome data
(attrition bias)
All outcomes

High risk There was a large proportion of missing data for one of our primary outcomes
(folate measurements, only 70% data available) and a somewhat substan-
tial proportion of missing data for other primary and secondary outcomes
(haemoglobin, growth). Out of 117 children admitted to the trial, only 115 were
analysed, and further no reason cited for missing numbers.

Selective reporting (re-
porting bias)

Unclear risk There was no protocol or resource outlining previously defined outcomes.

Other bias Low risk No other biases were detected.

Rabb 1983  (Continued)

RCT: randomized controlled trial
SCD: sickle cell disease
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Hendrickse 1966 RCT with 133 child participants with SCD (HbSS) in Nigeria. Participants were randomly allocated
into 3 comparison groups, all of which took 1 to 2 tablets containing various therapeutic agents, ei-
ther alone or in a specific formula preparation, including anti-malarials, vitamins, and/or steroids.
All 3 groups' treatment regimens included 5 mgm of folic acid. Outcomes included efficacy in
malaria control, prevention of folic acid deficiency, infection control, growth indicators, and "over-
all course of the disease." The study did not contain a control group without folic acid supplemen-
tation, even at a different dosage, and was therefore not included in our analyses.

Liu 1975 Non-randomised, single-arm trial with 61 children and adult participants with SCA and 2 socio-eco-
nomically matched control groups (61 with sickle cell trait, HbAS, and 69 race-matched controls
without sickle cell trait, HbAA). Participants did not take folic acid supplements had not experi-
enced an infection or pain crisis within 2 weeks of enrolment. 24 participants with SCA who had
low baseline serum or erythrocyte folate levels (or both) were supplemented with 1 mg folic acid
per day for 3 to 12 months. Clinical and laboratory measures were taken for all participants with
SCA twice prior to folate therapy and for 24 participants with SCA, twice after therapy. This study
was not a RCT and was therefore not included in our review.

Mojtahedzadeh 2006 Randomised placebo-controlled trial with 51 adult participants (23 controls, 28 cases) in Iran with
β-thalassemia major on regular blood transfusions. Participants were stratified by baseline serum
folate levels and then randomised to receive folic acid tablets (1 mg) or placebo, taken once daily
for 4 weeks, at which point serum folate and other hematological indices were measured. Exclu-
sion criteria included pregnant or lactating women, those with chronic liver disease, or those us-
ing folic acid supplements or medications interfering with folic acid metabolism. The study partici-
pants did not match our study eligibility criteria and was therefore not included in our analyses.

V-FIT 2014 RCT with 119 child participants with SCD (HbSS) in Tanzania. Children received in random order a
daily RUSF providing 500 kcal, 1 RDA of vitamins and minerals & 1mg folate (Nutriset, France), plus
weekly anti-malarial prophylactic chloroquine syrup (150/225 mg base) (Wallace manufacturing
chemicals, UK), or a vascular-RUSF (RUSFv) fortified with arginine and citrulline (average 0.2 g/kg/d
& 0.1 g/kg/d) plus daily chloroquine syrup (3 mg base/kg/d). Both the groups’ treatment regimens
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Study Reason for exclusion

included 1 mg of folate. Outcomes included endothelium-dependent and -independent vasodilata-
tion, height, and weight and body composition. The study did not contain a control group without
folic acid supplementation, even at a different dosage, and was therefore not included in our re-
view.

RCT: randomised controlled trial
RDA: recommended daily allowance
RUSF: ready-to-use supplementary food
SCA: sickle cell anaemia
SCD: sickle cell disease
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Study of Beet Juice for Patients With Sickle Cell Anemia (NCT02162225).

Methods Phase 2 clinical trial. Single group assignment.

Participants Adults with sickle cell anaemia.

Interventions Beet juice (dietary provision of folate).

Outcomes Safety of intervention.

Starting date June 2014.

Contact information Natalia Dixon, MD ndixon@wakehealth.edu.

Notes While we were unable to identify any ongoing randomised controlled trials involving folic acid
supplementation or folate provision through diet, we did identify a Phase 2 clinical trial inves-
tigating the safety of beet juice (“Unbeetable”) in adults with sickle cell anemia (Kim-Shapiro
NCT02162225). The trial is focused on the provision of nitrates through the beet juice, however, the
beet juice also contains a substantial quantity of folate (23% - 46% of daily value, depending on
amount consumed). As the trial may ultimately progress to a Phase 3 RCT, it is important to docu-
ment in this review as potential future research.

Note: on 08 November 2017 this trial was suspended due to the fact that enrolment was very slow.
The investigators hope to reopen as multi-site study.

Kim-Shapiro 2014 

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Folic acid supplementation versus placebo

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Acute splenic seques-
tration

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

1.2 Painful episodes 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1.3 Minor Infections 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

1.4 Major Infection 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

1.5 Dactylitis 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

 
 

Analysis 1.1.   Comparison 1: Folic acid supplementation versus placebo, Outcome 1: Acute splenic sequestration

Study or Subgroup

Rabb 1983

Folic acid
Events

9

Total

59

Placebo
Events

8

Total

56

Risk Ratio
M-H, Fixed, 95% CI

1.07 [0.44 , 2.57]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours folic acid Favours placebo

 
 

Analysis 1.2.   Comparison 1: Folic acid supplementation versus placebo, Outcome 2: Painful episodes

Study or Subgroup

Rabb 1983

Folic acid
Events

22

Total

59

Placebo
Events

18

Total

56

Risk Ratio
M-H, Fixed, 95% CI

1.16 [0.70 , 1.92]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours folic acid Favours placebo

 
 

Analysis 1.3.   Comparison 1: Folic acid supplementation versus placebo, Outcome 3: Minor Infections

Study or Subgroup

Rabb 1983

Folic acid
Events

50

Total

59

Placebo
Events

48

Total

56

Risk Ratio
M-H, Fixed, 95% CI

0.99 [0.85 , 1.15]

Risk Ratio
M-H, Fixed, 95% CI

0.7 0.85 1 1.2 1.5
Favours folic acid Favours placebo
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Analysis 1.4.   Comparison 1: Folic acid supplementation versus placebo, Outcome 4: Major Infection

Study or Subgroup

Rabb 1983

Folic acid
Events

14

Total

59

Placebo
Events

15

Total

56

Risk Ratio
M-H, Fixed, 95% CI

0.89 [0.47 , 1.66]

Risk Ratio
M-H, Fixed, 95% CI

0.05 0.2 1 5 20
Favours folic acid Favours placebo

 
 

Analysis 1.5.   Comparison 1: Folic acid supplementation versus placebo, Outcome 5: Dactylitis

Study or Subgroup

Rabb 1983

Folic acid
Events

12

Total

59

Placebo
Events

17

Total

56

Risk Ratio
M-H, Fixed, 95% CI

0.67 [0.35 , 1.27]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours folic acid Favours placebo

 

 

A P P E N D I C E S

Appendix 1. Embase search strategy

 

Database Date of Search Search terms

Embase 2 August 2015 1. exp sickle cell/

2. sickle cell*:tw

3. haemoglobin S*:tw

4. HbS disease:tw

5. 1 OR 2 OR 3 OR 4

6. exp folic acid/

7. exp folic acid deficiency/

8. folic acid*:tw

9. folate:tw

10. vitamin B9:tw

11. B9 vitamin:tw

12. vitamin B-9:tw

13. metafolin:tw

14. levomefolate:tw

15. folvite:tw
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16. folacin:tw

17. 5-methyltetrahydrofolate:tw

18. 5-methylTHF:tw

19. 5-MTHF:tw

20. L-5-MTHF:tw

21. 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 17 OR 18
OR 19 OR 20

22. randomized controlled trial:tw

23. controlled clinical trial:tw

24. randomized:tw

25. placebo:tw

26. drug therapy/

27. randomly:tw

28. trial:tw

29. groups [tiab]

30. 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 29

31. 5 AND 21 AND 30

Results: 10

  (Continued)

 

Appendix 2. PubMed search strategy

 

Database Date of Search Search terms

PubMed 31 July 2015 #1 folic acid[MeSH] OR Folic Acid Deficiency [Mesh] OR folic acid[tw] OR
folate[tw] OR vitamin B9[tw] OR B9 vitamin[tw] OR vitamin B-9[tw] OR
metafolin[tw] OR levomefolate[tw] OR folvite [tw] OR folacin [tw] OR 5-methyl-
tetrahydrofolate[tw] OR 5-methylTHF[tw] OR 5-MTHF[tw] OR L-5-MTHF[tw]

#2 anaemia, sickle cell[MeSH] OR sickle cell[tw] OR haemoglobin S*[tw] OR
HbS disease[tw]

#3 (randomized controlled trial [pt] OR controlled clinical trial [pt] OR random-
ized [tiab] OR placebo [tiab] OR drug therapy [sh] OR randomly [tiab] OR trial
[tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh])

#1 AND #2 AND #3

Results: 73

 

 

Appendix 3. CINAHL search strategy
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Database Date of Search Search terms

CINAHL database 31 July 2015 #1 folic acid OR folate OR vitamin B9 OR B9 vitamin OR vitamin B-9 OR
metafolin OR levomefolate OR folvite OR folacin OR 5-methyltetrahydrofolate
OR 5-methylTHF OR 5-MTHF OR L-5-MTHF

#2 sickle cell OR haemoglobin S dis* OR HbS dis*

#3 randomized controlled trial OR controlled clinical trial OR randomized OR
placebo OR drug therapy OR randomly OR trial OR groups

#1 AND #2 AND #3

Results: 7

 

 

Appendix 4. CABI, Web of Science search strategy

 

Database Date of Search Search terms

CABI database 31 July 2015 TS = (("sickle cell" OR "haemoglobin S disease" OR "haemoglobin S disorder"
OR "HbS disease")

AND ("folic acid" OR folate OR "vitamin B9" OR "vitamin B-9" OR metafolin
OR levomefolate OR folvite OR folacin OR 5-methyltetrahydrofolate OR 5-
methylTHF)

AND (“randomized controlled trial” OR “controlled clinical trial” OR random-
ized OR placebo OR “drug therapy” OR randomly OR trial OR groups))

Results: 27

 

 

Appendix 5. ISRCTN search strategy

 

Database Date of Search Search terms

ISRCTN 2 August 2015 #1 folic acid OR folate OR vitamin B9 OR B9 vitamin OR vitamin B-9 OR
metafolin OR levomefolate OR folvite OR folacin OR 5-methyltetrahydrofolate
OR 5-methylTHF OR 5-MTHF OR L-5-MTHF

#2 sickle cell OR haemoglobin S OR HbS disease

#1 AND #2

Results: 0

 

 

Appendix 6. ClinicalTrials.gov search strategy

 

Database Date of Search Search terms
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ClinicalTrials.gov 31 July 2015 and 02
February 2018

#1 "sickle cell" OR "haemoglobin S disease" OR "haemoglobin S disorder" OR
"HbS disease"

#2 "folic acid" OR folate OR "vitamin B9" OR "vitamin B-9" OR metafolin
OR levomefolate OR folvite OR folacin OR 5-methyltetrahydrofolate OR 5-
methylTHF

#1 AND #2

Results: 9

  (Continued)

 

Appendix 7. ICTRP search strategy

 

Database Date of Search Search terms

ICTRP Database 3 Aug 2015 and 02 Fberuary 2018 #1 folate

#2 sickle cell

#1 AND #2

Results: 202

 

 

Appendix 8. Glossary

 

Term Definition

Bioavailability The extent to which a nutrient or medication can be used by the body.

Electrophoretic mobility The migration of charged colloidal particles or molecules through a solution under the influence of
an applied electric field usually provided by immersed electrodes.

Erythropoiesis The formation or production of red blood cells.

Megaloblastic anaemia A type of anaemia characterised by enlarged red cells and a relative reduction in leukocytes and
platelets.

Neoplastic foci Microscopic visualisation of the tumour cells.

Polyglutamates A polymer of glutamic acid residues in the usual peptide linkage.

Mean cell volume It is a measure of the average volume of a red blood corpuscle (or red blood cell). The measure is
attained by multiplying a volume of blood by the proportion of blood that is cellular (the haemat-
ocrit (or hematocrit)), and dividing that product by the number of erythrocytes (red blood cells) in
that volume.

Femtolitres (fL) The femtolitre (US femtoliter) is the metric unit of volume equal to 10 −15 litres, or one thousand tril-
lionth (European) or one quadrillionth (American) litre. It is abbreviated fL or fl. One femtolitre is
the same as one cubic micrometre (μm).
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W H A T ' S   N E W

 

Date Event Description

8 April 2021 Review declared as stable A search was carried out on 17 Nov, 2017 and no potentially eli-
gible trials were identified. No new studies are expected in this
area.

 

H I S T O R Y

Protocol first published: Issue 5, 2014
Review first published: Issue 2, 2016

 

Date Event Description

8 March 2018 New search has been performed A search of the Cochrane Cystic Fibrosis and Geentic Disorders
Group's Haemoglobinopathies Trials Register and two trial reg-
istries did not identify any potentially relevant trials for inclusion
in the review.

8 March 2018 New citation required but conclusions
have not changed

Minor changes have been made throughout this review. Given
this is no longer an active area of research, this review will no
longer be regularly updated.

 

C O N T R I B U T I O N S   O F   A U T H O R S

• Conceiving the review: Cochrane Cystic Fibrosis & Genetic Disorders Review Group.

• Literature search for background: RD, SN, SSM, PS, LV.

• Writing the background, objectives and inclusion criteria sections: HH, RD, PS, LV.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anemia, Sickle Cell  [blood]  [*drug therapy];  Double-Blind Method;  Erythrocyte Indices;  Folic Acid  [*administration & dosage]  [blood];
  Growth;  Hematinics  [*administration & dosage]

MeSH check words

Child, Preschool; Humans; Infant
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