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A B S T R A C T

Background

Sickle cell disease (SCD) refers to a group of genetic disorders characterized by the presence of an abnormal haemoglobin molecule called
haemoglobin S (HbS). When subjected to oxidative stress from low oxygen concentrations, HbS molecules form rigid polymers, giving
the red cell the typical sickle shape. Antioxidants have been shown to reduce oxidative stress and improve outcomes in other diseases
associated with oxidative stress. Therefore, it is important to review and synthesize the available evidence on the eKect of antioxidants
on the clinical outcomes of people with SCD.

Objectives

To assess the eKectiveness and safety of antioxidant supplementation for improving health outcomes in people with SCD.

Search methods

We used standard, extensive Cochrane search methods. The latest search date was 15 August 2023.

Selection criteria

We included randomized and quasi-randomized controlled trials comparing antioxidant supplementation to placebo, other antioxidants,
or diKerent doses of antioxidants, in people with SCD.

Data collection and analysis

Two authors independently extracted data, assessed the risk of bias and certainty of the evidence, and reported according to Cochrane
methodological procedures.

Main results

The review included 1609 participants in 26 studies, with 17 comparisons. We rated 13 studies as having a high risk of bias overall, and
13 studies as having an unclear risk of bias overall due to study limitations. We used GRADE to rate the certainty of evidence. Only eight
studies reported on our important outcomes at six months.

Vitamin C (1400 mg) plus vitamin E (800 mg) versus placebo
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Based on evidence from one study in 83 participants, vitamin C (1400 mg) plus vitamin E (800 mg) may not be better than placebo at
reducing the frequency of crisis (risk ratio (RR) 1.18, 95% confidence interval (CI) 0.64 to 2.18), the severity of pain (RR 1.33, 95% CI 0.40 to
4.37), or adverse eKects (AE), of which the most common were headache, nausea, fatigue, diarrhoea, and epigastric pain (RR 0.56, 95% CI
0.31 to 1.00). Vitamin C plus vitamin E may increase the risk of SCD-related complications (acute chest syndrome: RR 2.66, 95% CI 0.77 to
9.13; 1 study, 83 participants), and increase haemoglobin level (median (interquartile range) 90 (81 to 96) g/L versus 93.5 (84 to 105) g/L)
(1 study, 83 participants) compared to placebo. However, the evidence for all the above eKects is very uncertain. The study did not report
on quality of life (QoL) of participants and their caregivers, nor on frequency of hospitalization.

Zinc versus placebo

Zinc may not be better than placebo at reducing the frequency of crisis at six months (rate ratio 0.62, 95% CI 0.17 to 2.29; 1 study, 36
participants; low-certainty evidence). We are uncertain whether zinc is better than placebo at improving sickle cell-related complications
(complete healing of leg ulcers at six months: RR 2.00, 95% CI 0.60 to 6.72; 1 study, 34 participants; very low-certainty evidence). Zinc may be
better than placebo at increasing haemoglobin level (g/dL) (MD 1.26, 95% CI 0.44 to 1.26; 1 study, 36 participants; low-certainty evidence).
The study did not report on severity of pain, QoL, AE, and frequency of hospitalization.

N-acetylcysteine versus placebo

N-acetylcysteine (NAC) 1200 mg may not be better than placebo at reducing the frequency of crisis in SCD, reported as pain days (rate ratio
0.99 days, 95% CI 0.53 to 1.84; 1 study, 96 participants; low-certainty evidence). Low-certainty evidence from one study (96 participants)
suggests NAC (1200 mg) may not be better than placebo at reducing the severity of pain (MD 0.17, 95% CI -0.53 to 0.87). Compared to
placebo, NAC (1200 mg) may not be better at improving physical QoL (MD -1.80, 95% CI -5.01 to 1.41) and mental QoL (MD 2.00, 95% CI
-1.45 to 5.45; very low-certainty evidence), reducing the risk of adverse eKects (gastrointestinal complaints, pruritus, or rash) (RR 0.92,
95% CI 0.75 to 1.14; low-certainty evidence), reducing the frequency of hospitalizations (rate ratio 0.98, 95% CI 0.41 to 2.38; low-certainty
evidence), and sickle cell-related complications (RR 5.00, 95% CI 0.25 to 101.48; very low-certainty evidence), or increasing haemoglobin
level (MD -0.18 g/dL, 95% CI -0.40 to 0.04; low-certainty evidence).

L-arginine versus placebo

L-arginine may not be better than placebo at reducing the frequency of crisis (monthly pain) (RR 0.71, 95% CI 0.26 to 1.95; 1 study, 50
participants; low-certainty evidence). However, L-arginine may be better than placebo at reducing the severity of pain (MD -1.41, 95% CI
-1.65 to -1.18; 2 studies, 125 participants; low-certainty evidence). One participant allocated to L-arginine developed hives during infusion
of L-arginine, another experienced acute clinical deterioration, and a participant in the placebo group had clinically relevant increases
in liver function enzymes. The evidence is very uncertain whether L-arginine is better at reducing the mean number of days in hospital
compared to placebo (MD -0.85 days, 95% CI -1.87 to 0.17; 2 studies, 125 participants; very low-certainty evidence). Also, L-arginine may
not be better than placebo at increasing haemoglobin level (MD 0.4 g/dL, 95% CI -0.50 to 1.3; 2 studies, 106 participants; low-certainty
evidence). No study in this comparison reported on QoL and sickle cell-related complications.

Omega-3 versus placebo

Very low-certainty evidence shows no evidence of a diKerence in the risk of adverse eKects of omega-3 compared to placebo (RR 1.05, 95%
CI 0.74 to 1.48; 1 study, 67 participants). Very low-certainty evidence suggests that omega-3 may not be better than placebo at increasing
haemoglobin level (MD 0.36 g/L, 95% CI -0.21 to 0.93; 1 study, 67 participants). The study did not report on frequency of crisis, severity of
pain, QoL, frequency of hospitalization, and sickle cell-related complications.

Authors' conclusions

There was inconsistent evidence on all outcomes to draw conclusions on the beneficial and harmful eKects of antioxidants. However, L-
arginine may be better than placebo at reducing the severity of pain at six months, and zinc may be better than placebo at increasing
haemoglobin level. We are uncertain whether other antioxidants are beneficial for SCD. Larger studies conducted on each comparison
would reduce the current uncertainties.

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

Do antioxidant supplements help people with sickle cell disease (unusually shaped red blood cells)?

Key messages

• Compared to a dummy pill (placebo), zinc and N-acetylcysteine (NAC; 1200 mg) may not reduce the frequency of painful episodes (crises)
that people with sickle cell disease (SCD) experience.

• Zinc may improve haemoglobin status (number of red blood cells) slightly, but L-arginine may not. L-arginine also probably reduces the
severity of pain, but may not reduce the frequency of hospitalization.

Antioxidant supplementation for sickle cell disease (Review)

Copyright © 2024 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Larger studies to assess the eKects of vitamin C plus vitamin E, zinc, NAC, L-arginine, and omega-3 are needed. Future studies should
assess the number and severity of painful episodes that people with SCD experience, their quality of life, harmful eKects of treatment, and
frequency of hospitalization.

What is sickle cell disease (SCD) and how is it treated?

Sickle cell disease is an inherited condition aKecting blood cells that carry oxygen through the body. Red blood cells in people with this
condition become sickle-shaped (almost like the letter C) when oxygen levels are low. Sickle-shaped red cells lead to the production of
harmful substances called free radicals.

'Antioxidant' is a general term used to describe any substance that can protect the cells of our body against chemicals called free radicals,
which are capable of damaging the cells.

Antioxidants may help reduce the sickling process and improve recovery from sickle cell complications known as sickle cell crisis. A sickle
cell crisis is the pain that occurs when the red cells become sickle-shaped due to low oxygen in the blood.

What did we want to find out?

We wanted to find out whether giving antioxidant supplements to people with SCD reduced the frequency of crises, reduced pain, and
improved their quality of life. We also wanted to find out if there were harms associated with antioxidant supplements for people with SCD.

What did we do?

We searched for studies that compared antioxidants to placebo or other antioxidants, or compared two diKerent doses of the same
antioxidant. We compared and summarised their findings and rated our confidence in the evidence, based on factors such as study
methods and sizes.

What did we find?

We included 26 studies that looked at 11 antioxidants, involving 1609 children and adults with SCD. The studies took place in Belgium,
Brazil, India, Jamaica, the Netherlands, Nigeria, Sudan, UK, and the USA. Thirteen studies were publicly funded, three studies were funded
by pharmaceutical companies, and four studies were funded by a mixture of both. One study received no funding and five studies provided
no information on their funding sources.

Only eight studies reported on our important outcomes at six months aQer treatment:

• frequency of crisis (four studies);
• pain severity (three studies);
• quality of life (one study);
• adverse eKects (that is, unwanted eKects; two studies);
• frequency of hospitalization (two studies);
• frequency of SCD-related complications (three studies);
• change in haemoglobin status (five studies).

The eight studies investigated diKerent antioxidants: vitamin C plus E, zinc, N-acetylcysteine (NAC), L-arginine, and omega-3.

Main findings

We are very uncertain whether vitamin C (1400 mg) plus vitamin E (800 mg) are better than placebo at reducing the frequency of crises or
pain severity, or if they cause more unwanted eKects (1 study, 83 participants). We are also uncertain whether vitamin C plus vitamin E are
better than placebo at reducing SCD-related health problems and increasing blood levels in people with SCD.

Zinc may not be better than placebo at reducing the frequency of crises but may result in a slight increase in blood level (1 study, 36 people).
We are very uncertain about zinc's eKects on SCD-related complications such as leg ulcers (1 study, 34 participants).

NAC (1200 mg) may not be better than placebo at reducing the frequency of crises, severity of pain, and blood levels. We are very uncertain
about its eKect on quality of life, unwanted eKects, frequency of hospitalization, and SCD-related complications (1 study, 96 participants).

L-arginine may not be better than placebo at reducing the frequency of crises (monthly pain) (1 study, 50 participants). However, L-arginine
may be better than placebo at reducing the severity of pain (2 studies, 125 participants). Also, the rate of unwanted events was similar in
both treatment groups. L-arginine may not be better than placebo at shortening hospital stay (2 studies, 125 participants) or increasing
blood levels (2 studies, 106 participants).

We are uncertain whether omega-3 causes more unwanted eKects in people with SCD than placebo, or if it is better at increasing blood
levels (1 study, 67 participants).

Antioxidant supplementation for sickle cell disease (Review)
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What are the limitations of the evidence?

Overall, we are not very confident about the eKects of antioxidants in treating sickle cell disease because there were too few studies for
each comparison to be certain about the results. We also had concerns about how some of the studies were conducted. Further research
is likely to change these results.

How up to date is this evidence?

The evidence is current to 15 August 2023.

Antioxidant supplementation for sickle cell disease (Review)
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Summary of findings 1.   Vitamin C 1400 mg plus vitamin E 800 mg versus placebo for sickle cell disease at up to six months

Vitamin C (1400 mg) + vitamin E (800 mg) versus placebo for sickle cell disease at up to six months

Patient or population: adults with sickle cell disease (adults with homozygous SCA or sickle beta 0 thalassaemia SCD)
Setting: outpatient clinic
Intervention: vitamin C 1400 mg plus vitamin E 800 mg
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with
placebo

Risk with vitamin C
1400 mg + vitamin E
800 mg

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationFrequency of pain crisis

Follow-up: up to 6 months 308 per 1000 363 per 1000

(197 to 671)

RR 1.18
(0.64 to 2.18)

83
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

-

Study populationSeverity of pain (use of opioid anal-
gesics)

Follow-up: up to 6 months
103 per 1000 136 per 1000

(41 to 448)

RR 1.33
(0.40 to 4.37)

83
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

This outcome was also re-
ported as number of partici-
pants using NSAIDs.

QoL of participants living with SCD
and their caregivers

Not measured. -

Study populationAdverse effects

Follow-up: up to 6 months 487 per 1000 273 per 1000

(151 to 487)

RR 0.56
(0.31 to 1.00)

83
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

The most commonly re-
ported adverse effects were
headache, nausea, fatigue, di-
arrhoea, epigastric pain.

Frequency of hospitalization Not measured. -

Study populationFrequency of sickle cell-related com-
plications: acute chest syndrome

Follow-up: up to 6 months
0 out of 39 3 out of 44

RR 2.66
(CI 0.77 to 9.13)

83
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

Other sickle cell-related com-
plications reported by the tri-
al authors were stroke, pri-
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6

apism, leg ulcer healing, and
blood transfusion.

Haemoglobin status (g/L)

Follow-up: up to 6 months

The authors reported median (IQR) 90 g/L (81–96) in the vit-
amin C plus vitamin E group versus 93.5 g/L (84–105) in the
placebo group.

83
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; IQR: interquartile range; №: number; NSAIDs: non-steroidal anti-inflammatory drugs; QoL: quality of life; RCT: randomized controlled trial; RR: risk
ratio; SCA: sickle cell anaemia; SCD: sickle cell disease

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by two levels for very serious risk of bias due to study limitations, such as unclear risk of bias for random sequence generation, selective reporting, and attrition bias.
bDowngraded by one level for serious imprecision due to wide CI caused by low participant numbers from a single study.
 
 

Summary of findings 2.   Zinc versus placebo for sickle cell disease at up to six months

Zinc versus placebo for sickle cell disease at up to six months

Patient or population: children and adults with sickle cell disease
Setting: outpatient clinic
Intervention: zinc
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with place-
bo

Risk with zinc

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Frequency of crisis

Follow-up: up to 6 months

- - Rate ratio 0.62
(0.17 to 2.29)

36
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-

Severity of pain Not measured. -
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7

QoL of participants living with SCD and their
caregivers

Not measured. -

Adverse effects Not measured. -

Frequency of hospitalization Not measured. -

Study populationFrequency of sickle cell-related complications:
number of participants with completely healed
leg ulcer (assessed with sq mm per day)

Follow -up: up to 6 months

The risk with
placebo was 176
per 1000.

The risk with zinc
was 353 per 1000
(106 to 1000).

RR 2.00
(0.60 to 6.72)

34
(1 RCT)

⊕⊝⊝⊝

Very lowb,c

-

Haemoglobin status (g/dL)

Follow-up: up to 6 months

The mean
haemoglobin sta-
tus was 6.19 g/
dL.

The mean was 1.26
g/dL higher
(0.44 higher to 1.26
higher).

MD 1.26
(0.44 to 1.26)

36
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; №: number; QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio; SCD: sickle cell disease; sq mm: square mil-
limetre

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by one level for serious risk of bias due to study limitations, such as unclear risk of bias for allocation concealment and incomplete outcome reporting.
bDowngraded by one level for serious imprecision due to wide CI because of small sample size from a single study.
cDowngraded by two levels for very serious risk of bias due to study limitations, such as high risk of bias for random sequence generation, incomplete outcome data, and selective
reporting.
 
 

Summary of findings 3.   N-acetylcysteine (1200 mg) versus placebo for sickle cell disease at up to six months

N-acetylcysteine (1200 mg) versus placebo for sickle cell disease at up to six months

Patient or population: sickle cell disease
Setting: outpatient clinic
Intervention: NAC 1200 mg
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8

Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with N-acetylcysteine
(NAC 1200 mg)

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Frequency of crisis (number
of pain days)

Follow-up: up to 6 months

- - Rate ratio 0.99 
(0.53 to 1.84)

96
(1 RCT)

⊕⊕⊝⊝

Lowa,b

Sins 2018 re-
ported this out-
come as the fre-
quency of VOC.

Severity of pain (maximum
pain intensity on pain days)

Follow-up: up to 6 months

The mean severity of
pain score when taking a
placebo was 4.2.

The mean score when taking NAC
1200 mg was 0.17 higher (0.53
lower to 0.87 higher).

MD 0.17 (-0.53
to 0.87)

96
(1 RCT)

⊕⊕⊝⊝

Lowa,b

Limited to par-
ticipants with
≥ 3 pain days
and excluding
hospitalization
days

The mean score for the
physical domain when
taking a placebo was
1.4.

The mean score when taking NAC
1200 mg was 1.8 lower 
(5.01 lower to 1.41 higher).

MD -1.80 (-5.01
to 1.41)

96
(1 RCT)

⊕⊝⊝⊝

Very lowa,c

QoL of participants living
with SCD and their caregivers
(measured using SF-36 scale)

Follow-up: up to 6 months

The mean score for the
mental domain when
taking a placebo was
0.7.

The mean score when taking NAC
1200 mg was 2.00 higher (1.45
lower to 5.45 higher).

MD 2.00 (-1.45
to 5.45)

96
(1 RCT)

⊕⊝⊝⊝

Very lowa,c

-

Study populationAdverse effects

Follow-up: up to 6 months The risk of any adverse
effect was 813 per 1000.

The risk of any adverse effect was
748 per 1000
(609 to 926).

RR 0.92
(0.75 to 1.14)

96
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-

Frequency of hospitalization

Follow-up: up to 6 months

This outcome was reported by Sins 2018 as event rate per patient-year (rate ratio
0.98, 95% CI 0.41 to 2.38).

96
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-

Study populationFrequency of sickle cell-relat-
ed complications (acute chest
syndrome)

Follow-up: up to 6 months

0 out of 48 2 out of 48

RR 5.00
(0.25 to 101.48)

96
(1 RCT)

⊕⊝⊝⊝

Very lowa,c

Other complica-
tions reported
for this compar-
ison were fre-
quency of pri-
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9

apism and se-
questration.

Haemoglobin status

Follow-up: up to 6 months

The mean change in
haemoglobin level when
taking placebo was 0.06
g/dL.

The mean haemoglobin level
when taking NAC 1200 mg was
0.18 g/dL lower (0.4 lower to
0.04 higher).

MD -0.18 (-0.40
to 0.04)

96
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; NAC: N-acetylcysteine; №: number; QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio; SCD: sickle cell dis-
ease; SF-36: 36-item Short Form Health Survey; VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by one level for serious risk of bias due to study limitations, such as high risk of bias for incomplete outcome data.
bDowngraded by one level due to serious imprecision because of wide CI.
cDowngraded by two levels due to very serious imprecision because of wide CI.
 
 

Summary of findings 4.   L-arginine versus placebo for sickle cell disease at up to six months

L-arginine versus placebo for sickle cell disease at up to six months

Patient or population: sickle cell disease
Setting: inpatients and outpatients
Intervention: L-arginine 
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with L-arginine

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationFrequency of crisis
(monthly crisis)

Follow-up: up to 6 months
The risk of monthly
crisis with placebo
was 280 per 1000.

The risk of monthly cri-
sis with L-arginine was
196 per 1000
(73 to 546).

RR 0.71
(0.26 to 1.95)

50
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-
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1
0

Severity of pain (assessed
using a 10-cm visual ana-
logue scale from 0 to 10;
lower score is better)

Follow-up: up to 6 months

The mean change
in the severity of
pain when taking
placebo was -4.2.

The mean pain score
when taking L-arginine
was 1.41 lower (1.65
lower to 1.18 lower).

MD -1.41 (-1.65
to -1.18)

125
(2 RCTs)

⊕⊕⊝⊝

Lowc

Both RCTs also reported dose of
opioids consumed.

QoL of participants living
with SCD and their care-
givers

Not measured. -

Adverse effects

Follow-up: up to 6 months

See comments - 125
(2 RCTs)

- Onalo 2021 reported that "the
rate of adverse events was similar
in both treatment groups: 71.4%
vs. 78.8%, p=0.79 in the arginine
versus placebo arm, respective-
ly." The second study reported
that a "total of 37 (54.4%) patients
reported one or more adverse
events, 19 patients in the arginine
arm and 18 patients in the placebo
arm" (Morris 2013).

Morris 2013 also reported that one
participant allocated to L-arginine
developed hives during infusion
of L-arginine, another experienced
acute clinical deterioration and a
participant in the placebo group
had clinically relevant increases in
liver function enzymes.

Frequency of hospitaliza-
tion (number of days in
hospital)

Follow-up: up to 6 months

The mean number
of days in hospital
when taking place-
bo was 5.34 days.

The mean number of
days in hospital when
taking L-arginine was
0.85 lower (1.87 lower
to 0.17 higher).

MD -0.85 (-1.87
to 0.17)

125
(2 RCTs)

⊕⊝⊝⊝

Very lowb,c

-

Frequency of sickle cell-
related complications

Not measured. -

Haemoglobin status (g/
dL)

Follow-up: up to 6 months

The mean change
in haemoglobin
level when taking
placebo was -0.3 g/
dL.

The mean change in
haemoglobin level
when taking L-arginine
was 0.40 higher

MD 0.40 (-0.50
to 1.30)

106
(2 RCTs)

⊕⊕⊝⊝

Lowa,b

-
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1
1

(-0.50 lower to 1.30
higher).

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; №: number; QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio; SCD: sickle cell disease

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by one level for serious risk of bias due to unclear risk of bias for allocation concealment, selective reporting, and other bias.
bDowngraded by one level due to wide CI involving harm and benefit.
cDowngraded by two levels for very serious risk of bias due to high risk of bias for selective reporting and other bias, and unclear risk of bias for other domains.
 
 

Summary of findings 5.   Omega-3 versus placebo for sickle cell disease at up to six months

Omega-3 versus placebo for sickle cell disease at up to six months

Patient or population: sickle cell disease
Setting: outpatient clinic
Intervention: omega-3
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with omega-3

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Frequency of crisis Not measured. -

Severity of pain Not measured. -

QoL of participants living with
SCD and their caregivers

Not measured. -

Study populationAdverse effects

(any adverse effect)

Follow-up: up to six months

The risk of a serious
adverse effect was 706

The risk of a serious adverse
effect was 741 per 1000

RR 1.05
(0.74 to 1.48)

67
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

Same author re-
ported the num-
ber of participants
with serious ad-
verse events at six

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



A
n
tio

x
id

a
n
t su

p
p
le

m
e
n
ta

tio
n
 fo

r sick
le

 ce
ll d

ise
a
se

 (R
e
v
ie

w
)

C
o
p
yrig

h
t ©

 2024 T
h
e A

u
th
o
rs. C

o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s p

u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

. o
n
 b
eh
a
lf o

f T
h
e C

o
ch
ra
n
e

C
o
lla
b
o
ra
tio

n
.

1
2

per 1000 in the place-
bo group.

(522 to 1000) in the omega-3
group.

months (RR 0.60,
95% CI 0.33 to 1.11)
(67 participants)

Frequency of hospitalization Not measured. -

Frequency of sickle cell-related
complications

Not measured. -

Haemoglobin status

Follow-up: at up to six months

The mean haemoglo-
bin level when taking
placebo was 0.96 g/
dL.

The mean haemoglobin lev-
els when taking omega-3
was 0.36 higher (0.21 lower
to 0.93 higher).

MD 0.36 (-0.21
to 0.93)

67
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; №: number; QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio; SCD: sickle cell disease

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by two levels for very serious risk of bias due to study limitations, such as unclear risk of bias for allocation concealment, high risk of bias for selective reporting,
and other bias.
bDowngraded by one level for serious imprecision due to wide CI involving benefit and harm, because of small sample size from a single study.
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See Appendix 1 for a glossary of terms.

Description of the condition

Sickle cell disease (SCD) is a group of genetic disorders
characterized by the presence of an abnormal haemoglobin
molecule known as haemoglobin S (HbS). The diverse genetic
variants within the spectrum of SCD include HbSS, HbS beta-
thalassaemia, HbSC, and other related conditions where HbS is co-
inherited with another abnormal haemoglobin gene. Haemoglobin
S arises from a point mutation in the gene encoding for the
haemoglobin molecule, with adenine substituted for thymine at
the sixth amino acid codon of the globin chain (Ingram 1958). This
leads to the substitution of glutamic acid for valine, a hydrophobic
amino acid. When exposed to low oxygen concentrations, the
hydrophobic motifs of this abnormal haemoglobin tetramer are
exposed, causing globin chains of diKerent haemoglobin to bind
together, forming polymers (Pauling 1949; Sundd 2018). This
polymerization results in the stiKening of the cell membrane, a
change in red cell rheology, and the formation of the notable
crescent or sickle shape (Horiuchi 1996; Li 2017). The red blood
cell (RBC) is able to revert from this shape as oxygen concentration
improves; however, with repeated cycles of sickling and unsickling,
the cells become less stable and are cleared from circulation by the
spleen (Goodman 2004; Padilla 1973). The sickled red cells have
damaged cell membranes and are prone to adhere to leucocytes
immobilised on the activated endothelial cells as a result of
the background chronic inflammatory process in SCD, leading
to microvascular occlusion (Li 2017). Microvascular occlusion
exacerbates deoxygenation and further sickling, initiating a vicious
cycle of events referred to as 'sickle cell crises' (Li 2017; Sherman
1978).

The normal RBC can withstand the oxidants generated during
physiological processes through natural antioxidants. RBCs
containing HbS, however, suKer a great deal of oxidative stress,
as HbS is more prone to autoxidation, generating more oxidative
stress intracellularly, which overwhelms the protective mechanism
and, in turn, causes lysis (or break down) of normal RBC. The
ensuing haemolysis generates free haem and iron, leading to the
formation of stronger oxidant molecules, such as hydroxyl radical

(•OH) and ferryl Hb, through the H2O2-dependent Fenton reaction

(Vona 2021). The oxidative stress is worsened by the activation
of neutrophils, with an increase in the expression of adhesion
molecules and inflammatory cytokines. Antioxidants play a role in
ameliorating this oxidative stress and improving the overall well-
being of an individual with SCD (Chirico 2012; Gizi 2011; Morris
2008).

Inflammation and reactive oxygen species (ROS) are linked with
many chronic diseases, including SCD. While inflammatory cells
generate ROS, ROS at physiologic concentrations can initiate an
intracellular signalling cascade that enhances pro-inflammatory
gene expression. However, in excess, as may occur in SCD, it leads
to oxidative stress, which may worsen the clinical manifestation
of SCD. It also implies that the simultaneous existence of low-
grade chronic inflammation and oxidative stress can exist in
SCD (Biswas 2016). The aetiology of this chronic inflammation
is multifactorial and involves an increase in the number and
phagocytic function of leukocytes, the elaboration of cytokine
production (such as interleukin 1β, TNF-α, and interleukin 6),

and changes to the cell membrane (leading to the externalization
of phosphatidylserine and an increased expression of adhesion
molecules both on the surface of the RBC (CD36, integrin-α4β1) and
on the endothelial cells (e.g. VCAM1, ICAM 1, E-selectin, P-selectin))
(Chies 2001; Conran 2018). This leads to increased vaso-occlusion
with resultant ischaemia. Following reoxygenation, a reperfusion
injury occurs, increasing the oxidative stress and the mopping up
of nitric oxide by the free radicals, as well as further endothelial
injury, the escalation of the chronic inflammatory state and vaso-
occlusion. These repetitive episodes of inflammation, ischaemia,
and reperfusion injury have been linked to chronic organ damage,
and understanding of the role of oxidative stress in painful episodes
is evolving, though not yet proven (Antwi-Boasiako 2019; Ballas
2012; Brandow 2017; Conran 2018; Nur 2011; Ware 2017; Wang
2021).

Description of the intervention

Sickle cell disease management follows a comprehensive
care approach comprising pain management, other supportive
care, and disease-modifying therapies such as L-glutamine,
hydroxyurea, crizanzilumab, and voxeletor. While some of these
therapies might possess some antioxidant eKects, this is not
their primary mechanism (Abdel-Hadi 2023). An exception is L-
glutamine, included in this review for its antioxidant properties.
Stem cell transplantation oKers a curative treatment avenue, while
gene therapy investigations continue for people with sickle cell
disease (Abdel-Hadi 2023).

The discovery of the antioxidant properties of supplements
such as vitamins C and E created opportunities for studies on
the range of uses for vitamins and other antioxidants. Many
antioxidants are now used for managing conditions such as
diabetes, malignancies, hypertension, and neurological and heart
diseases (Ginter 2014). They exert their eKect by countering the
production of dangerous oxidants. In this review, we use the term
'antioxidant' for substances that have both direct and indirect
antioxidant properties. Some of these substances have other
known mechanisms of action unrelated to antioxidation.

Substances with direct antioxidant properties

Vitamin C. Also called ascorbic acid, vitamin C is a widely used,
over-the-counter dietary supplement that exerts its antioxidant
eKects by acting as an electron donor for free radicals. This eKect
stabilizes the radicals and prevents them from causing damage
(Didier 2023).

Vitamin E. A fat-soluble antioxidant found in cell membranes,
vitamin E prevents free radical damage by donating electrons. AQer
donating its electron, vitamin E itself can act as a free radical.
Vitamin C helps stabilize and regenerate its antioxidant properties.
Vitamin E is oQen found in vegetable oils (Didier 2023).

Vitamin A and derivatives. Vitamin A can scavenge free radicals
directly. The incorporation of retinol into cell membranes protects
them from damage caused by free radicals and lipid peroxidation
and regulates gene expression (Didier 2023; Wang 2021).

Arginine. Arganine is an amino acid that directly protects against
oxidative damage by scavenging free radicals. It can be obtained
from meat products, dairy products, nuts, and seeds. It is a source
of nitric oxide and may also be involved in glutathione synthesis.
L-arginine can also upregulate the gene for HO-1, GPx, and other

Antioxidant supplementation for sickle cell disease (Review)

Copyright © 2024 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

13



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

natural antioxidant proteins through the activation of nuclear
factor erythroid 2-related factor 2 (NRF2) and the upregulation of
antioxidant element-dependent genes (Liang 2018).

Micronutrients (e.g. folate and zinc). Folate (including vitamin B9
and folic acid) is important for DNA synthesis. It scavenges oxidizing
free radicals and inhibits lipid peroxidation. Sources include green
leafy vegetables, liver, bread, yeast, and fruit (Joshi 2001). Zinc
acts as a cofactor in DNA transcription and protein synthesis,
and exhibits antioxidant properties by chelating or antagonizing
transition metals such as iron and copper, neutralizing their ability
to generate free radicals (Marreiro 2017; Powell 2000).

Glutamine. This amino acid serves as a precursor for molecules
such as glutathione, which scavenge reactive oxygen species
(ROS) directly or act indirectly through enzymes such as
glutathione peroxidase and glutathione S-transferase, both
powerful endogenous antioxidants (Masella 2005; Nur 2011).

Carnitines (L-carnitine, propionyl-L-carnitine). These
derivatives reduce oxidative stress in the mitochondria and thus
preserve their function. L-carnitine, which transports fatty acids
across mitochondrial membranes, also has a direct cleansing
eKect and provides indirect antioxidant eKects through its anti-
inflammatory properties (Wang 2021).

Lipoic acid. Although lipoic acid does not belong to the phenol
group, it also acts as an excellent hydrogen atom donor, especially
in its dehydrated form (dihydrolipoic acid) (Wang 2021).

N-acetylcysteine (NAC). N-acetylcysteine has a direct antioxidant
eKect by acting as a free radical scavenger, metal chelator, and
also as a precursor to glutathione. It is also known to have an anti-
inflammatory eKect (Nur 2011).

Substances with indirect antioxidant properties

Omega-3. Omega-3 fatty acids (e.g. EPA (eicosapentaenoic acid)
and DHA (docosahexaenoic acid)) are known for their diverse health
benefits, including their potential antioxidant eKects. Although
they are not considered direct antioxidants like vitamins C or E,
they can exert an antioxidant eKect through various mechanisms,
including reducing inflammation and increasing the expression of
natural antioxidants, such as haem oxygenase 1 (HO-1) (Meital
2019).

Niacin. Niacin is a precursor to NAD (nicotinamide adenine
dinucleotide) and NADP (nicotinamide adenine dinucleotide
phosphate). These two coenzymes are crucial for the function of
antioxidant enzymes such as superoxide dismutase and catalase;
thus, niacin indirectly promotes antioxidant status (Ilkhani 2016).

Arginine butyrate. Arginine butyrate exerts its antioxidant
action by reducing inflammation and prompting epigenetic and
translational changes in favour of the production of natural
antioxidants (Amiri 2022).

Vitamin D. Although vitamin D has known antioxidant properties, it
also has direct eKects on bone disease unrelated to its antioxidant
properties. As there is an existing Cochrane review on vitamin D
supplementation for sickle cell disease (Soe 2020), we decided
against including vitamin D in this review.

Antioxidants act through diKerent mechanisms and at diKerent
sites, and therefore may have diKerent clinical eKects on SCD (e.g.
vitamin C is hydrophilic and acts intracellularly, while vitamin E is
lipophilic and acts on the membrane). Despite the overall expected
benefits of antioxidants, they can be harmful under conditions
where high levels of ROS are required to trigger apoptosis.
This variability in the functional need for antioxidants may also
influence the outcome of antioxidant therapy in people with SCD.
Other factors aKecting antioxidant activity include solubility in
the food matrix; pH value; temperature; activation energy; rate
constant; and oxidation-reduction potential of the antioxidant
(Brewer 2011; Kurutas 2016; Nawar 1996).

How the intervention might work

The production of ROS occurs in healthy individuals, but ROS are
neutralized by the natural antioxidant mechanisms in the body.
The role of some genetic modifiers in regulating oxidant stress
has been elucidated in the literature. One of these is the nuclear
factor erythroid 2-related factor 2 (NRF-2), which increases the
transcription of several target genes responsible for the production
of innate antioxidants (Pall 2015). In SCD, there is an increase
in free radical generation from the increased activity of many
oxidases, HbS auto-oxidation, haem iron release, and decreases
in nitric oxide concentrations (Aslan 2000). Studies have also
reported a reduction in the natural protective mechanisms, such
as superoxide dismutase, glutathione peroxidase, catalase, haem
oxygenase, glutathione, vitamin C, and vitamin E (Antwi-Boasiako
2019; Chirico 2012; Gizi 2011; Silva 2013). The reduction in these
natural antioxidants may be related to the genetic modifiers
referred to earlier. This shiQs the balance towards the increased
circulation of free radicals, resulting in increased haemolysis,
endothelial damage, increased cell adhesion, hypercoagulability,
vaso-occlusion, altered gene expression via DNA methylation,
and histone modifications (Chirico 2012; Nur 2011). The use of
antioxidants, either direct- or indirect-acting, could reverse or limit
the progression of tissue damage and haemolysis in SCD by clearing
free radicals (Belini 2012; Gizi 2011).

In clinical trials, antioxidants have been shown to be useful as
an adjunct treatment in preventing tissue injury during cancer
therapy and potentiating the anti-tumour eKects of chemotherapy
(Thyagarajan 2018). The accumulation of free radicals and the
consequent oxidation of biological molecules is considered one of
the mechanisms in ageing. The use of antioxidants in preventing
age-related organ damage is currently being explored (Fusco 2007).

Why it is important to do this review

Sickle cell disease is the most common monogenic disorder and a
major public health concern globally (Johnson 2016). It is estimated
that more than 300,000 babies are born annually with the disease,
with the majority of these being in sub-Saharan Africa, where
up to 2% of the population are aKected (with the carrier state
in some countries being as high as 30%) (WHO 2010). The high
prevalence of HbS also mirrors the prevalence of malaria in this
region (Macharia 2018; Piel 2010; Piel 2013). Although recent
interventions have improved the survival of people with SCD, early
childhood mortality in low-income countries is still as high as 50%
(Grosse 2011). SCD is characterised by the frequent punctuation
of the steady-state by crises (pain, sequestration, haemolysis, or
aplastic), and long-term complications can follow due to vaso-
occlusion and haemolysis. Frequently-encountered complications
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include stroke, retinopathy, avascular necrosis (especially that of
the femur), nephropathy, and pulmonary hypertension (Macharia
2018). Many interventions (including antioxidants) are being
evaluated to improve the clinical outcome of people with SCD. To
date, antioxidants have not been widely accepted as a treatment
for managing SCD, given the conflicting evidence in clinical trials.
However, they could be a low-cost and accessible add-on treatment
for people with SCD and help to improve their quality of life (QoL).
Therefore, it is important to review and synthesise the available
evidence on the eKect of antioxidants on clinical outcomes and the
QoL of people with SCD.

O B J E C T I V E S

To assess the eKectiveness and safety of antioxidant
supplementation for improving health outcomes in people with
SCD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomized controlled trials (RCTs) and quasi-
RCTs for inclusion. We considered a study as quasi-randomized if
investigators used inappropriate strategies (such as alternation) to
allocate participants to intervention groups.

Types of participants

All genotypes of SCD were eligible for inclusion. We included
participants with SCD (homozygous sickle cell anaemia (HbSS),
HbS-beta thalassaemia (HbSβºthal), sickle cell-haemoglobin C
(HbSc)), irrespective of age, gender, genotype, disease severity,
comorbidities, or other concomitant drug therapies. For studies
that recruited both SCD and non-SCD participants (HbAA), we
extracted data only for the subset of SCD participants when it was
feasible to do so (i.e. where an included study presented data for
SCD participants separately).

Types of interventions

We considered studies eligible if they compared antioxidants to
placebo, usual care, or other antioxidants, irrespective of the
dosage, frequency, and duration of the intervention. Antioxidants
included in this review are: L-glutamine; omega-3; lipoic acid; zinc;
N-acetylcysteine; L-arginine; niacin, arginine butyrate; vitamins A,
C, and E; folic acids; and propionyl-L-carnitine (PLC). We also
included studies that compared diKerent dosages of the same
antioxidant (vitamin A 3000 mg versus vitamin A 6000 mg, N-
acetylcysteine 1200 mg versus 2400 mg). See Description of the
intervention.

Types of outcome measures

Primary outcomes

• Frequency of crisis (defined as the number of painful episodes
within a given period of time)

• Severity of pain (as reported by study authors; for example,
as number needing opioid analgesics or non-steroidal anti-
inflammatory drugs (NSAIDs))

• QoL of participants living with SCD and their caregivers (using
a validated form; for example, the 36-item Short Form Health
Survey (SF-36) questionnaire)

Secondary outcomes

• Adverse eKects (as reported by included studies)

• Frequency of hospitalization

• Frequency of SCD-related complications (e.g. chronic organ
damage, avascular necrosis, priapism)

• Haemoglobin status

• Laboratory markers of haemolysis and inflammation

We planned to group outcome data into three-monthly intervals
for the first 12 months and then annually thereaQer. However, with
the spread of data available in the included studies, we prioritized
outcomes reported at time points up to six months (equal to or less
than six months), at up to 12 months (seven months to 12 months),
and at over 12 months.

Search methods for identification of studies

We searched for all relevant published and unpublished studies,
without restrictions on language, year, or publication status, up to
15 August 2023.

Electronic searches

The Information Specialist for Cochrane Cystic Fibrosis
(cf.cochrane.org/archive/about-cfgd-group-2023) conducted a
search of the Group's Haemoglobinopathies Trials Register for
relevant studies using the following terms: (sickle cell OR
(haemoglobinopathies AND general)) AND (antioxidants).

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.

The most recent search date of the Cochrane Cystic Fibrosis and
Genetic Disorders Group's Haemoglobinopathies Trials Register
was 15 August 2023. The other databases searched were:

• MEDLINE via PubMed (searched up to 15 August 2023; see
Appendix 2);

• Embase via OVID (searched 1969 to 15 August 2023; see
Appendix 2);

• US National Institutes of Health Ongoing Trials Register,
Clinicaltrials.gov (www.clinicaltrials.gov; searched up to 15
August 2023; Appendix 3);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP;trialsearch.who.int; searched up to 15
August 2023; Appendix 3).

For details of our search strategies, please see the Appendices.
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Searching other resources

We checked the reference lists of all relevant articles obtained
from our search and those from previously published systematic
reviews to identify additional articles. We also contacted the
authors of included studies to request any additional information
and unpublished data.

Data collection and analysis

We employed the standard methods of Cochrane Cystic Fibrosis
and referred to the methods in the Cochrane Handbook of
Systematic Reviews of Interventions (Higgins 2022a).

Selection of studies

Two review authors (ABB and ATO) checked for and removed
duplicates and entered potentially eligible studies into Covidence
(Covidence 2019). Two review authors (ABB and OEO)
independently assessed abstracts and the full text of studies to
determine which studies satisfied the inclusion criteria (Criteria
for considering studies for this review). A third review author (JO)
resolved any conflicts. The results are presented in a PRISMA flow
diagram (Moher 2015).

Data extraction and management

Two review authors (ABB and ATO) independently extracted data
using a standard data extraction form created in MicrosoQ Excel,
and a third review author (OO) resolved conflicts.

We collected data on:

• participant characteristics;

• study characteristics and design;

• interventions and comparator; and

• outcome data – reported separately for each outcome.

We referred to Chapters 4 and 5 of the Cochrane Handbook
of Systematic Reviews for Interventions (Lefebvre 2022; Li 2022).
We contacted the authors of the included studies to request
further information and clarification on incomplete data. When we
identified multiple publications from a single study, we grouped
these references together. One review author (OO) entered the
extracted data into the Review Manager (RevMan) soQware for
analysis (RevMan 2023). We had planned to group outcome data
into three-monthly intervals for the first 12 months and then
annually thereaQer. However, with the spread of data available in
the included studies, we grouped outcomes into three time points
and presented results in three intervals: at up to six months (equal
to or less than six months), at up to 12 months (seven months to 12
months), and at over 12 months.

Assessment of risk of bias in included studies

Two review authors (ABB and AAO) assessed the risk of bias in each
included study across seven domains, using the risk of bias tool
(RoB 1), described in the Cochrane Handbook (Higgins 2017). These
domains are:

• sequence generation;

• allocation concealment;

• blinding of participants and personnel (self-reported and
objective);

• blinding of outcome assessment (self-reported and objective);

• incomplete outcome data;

• selective reporting; and

• other potential sources of bias.

For each included study, we assessed each domain as having a
'low', 'unclear', or 'high' risk of bias. We resolved any discrepancies
in assessment by discussion and achieved consensus with a third
review author (OO).

Where a study described the randomization and allocation
processes, including concealment from the researchers, and at
least two review authors deem these to be adequate, we considered
the study to have an overall low risk of bias. When these processes
were inadequate or unclear, we deemed the study to have an
overall high risk of bias or unclear risk of bias, respectively. We
used the overall risk of bias of an outcome to feed into our GRADE
assessment, such that where most information was from studies at
low risk of bias (i.e. with no apparent limitations), our confidence in
the results was not aKected and we did not downgrade the certainty
of the evidence.

We did not exclude studies based on risk of bias, but we would
have performed a sensitivity analysis to explore the synthesis of
evidence with variable quality if there was a need to do so.

Measures of treatment eBect

We analysed pair-wise comparisons of the treatment eKect of the
interventions compared to controls on all outcomes using the
generic inverse-variance approach in RevMan (RevMan 2023). For
continuous outcomes, we reported the mean diKerence (MD) and
standard deviation (SD) with their corresponding 95% confidence
intervals (CI) (Deeks 2022). For binary data, we calculated the risk
ratio (RR) with 95% CIs, using the crude number of events for
dichotomous outcomes. We presented count data as a rate and
calculated rate ratios with 95% CIs. Where trials presented results
as an incidence rate ratio with its CI, we obtained the standard error
(SE) from the CI using the formula described in Section 6.3.1 of the
Cochrane Handbook (Higgins 2022b), and entered the result into
RevMan to be plotted on a log scale (RevMan 2023).

Unit of analysis issues

The unit of analysis in all studies with a parallel-group design
was the individual participant. We did not identify any cross-
over studies or cluster-randomized studies that met our inclusion
criteria. Although some eligible studies had multiple study arms
of interest, we extracted data from these arms and presented
their eKect estimates with their confidence interval independently,
comparing each arm with the common comparator separately; we
did not combine the data in meta-analysis.

Dealing with missing data

Where there were insuKicient or unclear data in the publication,
we contacted the study authors to request additional information
(Arruda 2012; Daak 2018). We assessed whether investigators
had performed an intention-to-treat (ITT) analysis and reported
the number of participants missing from each study arm, where
possible. We analysed data according to the ITT principle (all
randomized participants were analysed in the groups to which they
were originally assigned) when the authors of included studies
accounted for all included participants (Higgins 2022c).
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Assessment of heterogeneity

We assessed heterogeneity between studies using the Chi2 and I2
statistics, and by visual inspection of the overlap in confidence
intervals on the forest plots (Higgins 2003). For the Chi2 test, a P
value of less than 0.10 was considered as evidence of significant
heterogeneity, while for the I2 statistic, we applied the categories
defined in the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2022):

• 0% to 40%: no heterogeneity;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity; or

• 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

We minimized reporting bias from the non-publication of studies
or selective outcome reporting by using a broad search strategy,
which included searching study registries. We could not assess
publication bias because we did not combine up to 10 studies in a
meta-analysis (Page 2022).

To assess for selective reporting, we compared study protocols
(when feasible) with the reported outcomes in the study
publication. Where a study protocol was unavailable, we compared
the methods section and outcomes reported in the results section
and with other similar studies. We recorded information on the
sponsors and funding sources for studies and conflicts of interest of
authors in order to assess for external bias.

Data synthesis

When possible, we combined studies in a meta-analysis (Deeks
2022). We analysed the data using a fixed-eKect model where we
expected homogeneity in the data across the studies. Where there
was unexplained substantial heterogeneity between studies in a

meta-analysis (I2 > 50%), we repeated the analysis using a random-
eKects model and downgraded the certainty of the evidence due to
heterogeneity. For data presented as incidence rates, we calculated
the incidence rate ratio and obtained the SE by using the formula
square root (1/e1 +1/e2), where CI and P value were not reported,
where 'e' was the number of events. Where studies presented
results as an incidence rate ratio with its confidence interval, we
obtained the SE from the CI using the formula described in the
Cochrane Handbook (Higgins 2022b), and analysed these data using
Review Manager 5 (RevMan 5) (Review Manager 5). We presented
the main results of the review alongside a GRADE appraisal of the
certainty of evidence.

Subgroup analysis and investigation of heterogeneity

We assessed statistical heterogeneity between subgroups by
visually inspecting the forest plots for overlapping CIs, and by

applying the Chi2 test and the I2 statistic.

Sensitivity analysis

We planned to conduct sensitivity analyses to assess the eKect of
the overall risk of bias by including or excluding those studies with
an overall high risk of bias. However, this was not possible due to
having very few included studies.

Summary of findings and assessment of the certainty of the
evidence

We created summary of findings tables for the following
comparisons, and presented outcomes reported at our
prespecified shortest time point (up to six months):

• vitamin C (1400 mg) + vitamin E (800 mg) versus placebo
(Summary of findings 1);

• zinc versus placebo (Summary of findings 2);

• NAC (1200 mg) versus placebo (Summary of findings 3);

• L'arginine versus placebo (Summary of findings 4); and

• omega-3 versus placebo (Summary of findings 5).

We prioritised seven review outcomes for inclusion in the summary
of findings tables, based on clinical importance in patient care and
management:

• frequency of crisis;

• severity of pain;

• QoL (of participants living with SCD and their caregivers);

• adverse eKects;

• frequency of hospitalization;

• frequency of SCD-related complications (e.g. chronic organ
damage, avascular necrosis, priapism); and

• haemoglobin status.

For the five key comparisons listed above, we presented outcomes
reported at longer-term time points (e.g. at up to 12 months, 18
months, or both), and other outcomes, in additional summary of
findings tables (please see Appendix 4). We also created additional
summary of findings tables for the remaining 12 comparisons, and
presented the available data for the seven review outcomes listed
above (please see Appendix 4).

Two authors (OO and JO) independently used the five
GRADE considerations (study limitations, consistency of eKect,
imprecision, indirectness, and publication bias) to rate the
certainty of the body of evidence identified for the seven
prespecified outcomes that are relevant to clinicians and
consumers (Schünemann 2022a). We resolved any diKerences
through discussion to reach consensus.

We used methods and recommendations described in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2017; Schünemann 2022b), employing GRADEpro GDT soQware
(GRADEpro GDT 2015). We justified all decisions to downgrade the
certainty of the evidence with comments in the footnotes.

R E S U L T S

Description of studies

Results of the search

Our search yielded 5312 records through database searching
and 17 records through searching other sources. AQer removing
duplicates, we screened 5135 records by title and abstract and
excluded 5031 records. We assessed 104 full-text records and
included 26 RCTs (from 61 reports) (Characteristics of included
studies). We excluded 13 studies (from 14 reports) with reasons
(Characteristics of excluded studies). A further 12 studies (from
14 reports) are ongoing (Characteristics of ongoing studies), and
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15 records are awaiting classification because their texts were
not available for assessment (Characteristics of studies awaiting

classification). We have summarized the result of the screening
process in a PRISMA diagram (Figure 1).
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Figure 1.   PRISMA flow diagram
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Figure 1.   (Continued)

 
Included studies

Study design

All included studies were RCTs, except for one quasi-RCT (Serjeant
1970).

Sample sizes

The 26 included studies involved 1609 participants (children and
adults). The sample size for the studies varied from fewer than 20
participants (Koshy 2001; Nur 2012; Serjeant 1997; Tomer 2001), to
fewer than 30 participants (Bao 2008; Brownell 2020; Fung 2002;
McMahon 2010; Morris 2019; Pace 2003; Prasad 1984; ScoKone 2013;
Serjeant 1970); some studies had a sample size of fewer than 100
participants (Arruda 2012; Daak 2018; Dougherty 2012; Eleuterio
2019; Martins 2009; Morris 2013; Onalo 2021; Styles 2007; Sins 2018).
Only four studies included more than 100 participants (Daak 2013;
Gupta 1995; Niihara 2018; Rabb 1983).

Setting

All studies except one, Onalo 2021, were carried out at sickle cell
outpatient clinics. Three studies were conducted in Brazil (Arruda
2012; Eleuterio 2019; Martins 2009); one in Sudan (Daak 2013), one
in Nigeria (Onalo 2021); three in Jamaica (Rabb 1983; Serjeant 1970;
Serjeant 1997); two in the Netherlands (Sins 2018; Nur 2012), with
Sins 2018 being a multicentre study conducted in the Netherlands,
Belgium, and the UK; nine in the USA (Bao 2008; Brownell 2020;
Daak 2018; Dougherty 2012; Fung 2002; Morris 2013; Niihara 2018;
Pace 2003; ScoKone 2013), and one in India (Gupta 1995). We could
not identify the study locations of six included RCTs because we
could not access the full texts (Koshy 2001; McMahon 2010; Morris
2019; Prasad 1984; Styles 2007; Tomer 2001).

Participants

Populations were described for all 26 included studies. Eleven
studies included both children and adults with SCD (Bao 2008;
Brownell 2020; Daak 2013; Dougherty 2012; Koshy 2001; Morris
2013; Morris 2019; Niihara 2018; Pace 2003; Prasad 1984; Sins
2018). Four studies included only adults with SCD (Arruda 2012;
Tomer 2001; Nur 2012; ScoKone 2013). Eight studies included only
children with SCD (Daak 2018; Eleuterio 2019; Fung 2002; Gupta
1995; Martins 2009; Onalo 2021; Rabb 1983; Styles 2007). One
study included adults with SCD who had leg ulcers (McMahon
2010). Another study included 34 people with leg ulcers; however,
participants' ages were not clearly reported in the available text
(Serjeant 1970). Finally, one study included 15 people with leg
ulcers, aged 17 to 40 years (Serjeant 1997).

Interventions

The comparisons for each outcome varied greatly, which made
meta-analysis almost impossible. One study compared vitamin
C 1400 mg/day plus vitamin E 800 mg/day versus placebo for
six months (Arruda 2012). Five studies compared zinc acetate
to placebo but varied in dosages and presentation (Bao 2008;
Fung 2002; Gupta 1995; Prasad 1984; Serjeant 1970). One study

compared vitamin A to placebo either alone or in combination
with zinc acetate (Dougherty 2012), and a further study compared
diKerent doses of vitamin A (Brownell 2020). Three studies
compared omega-3 to placebo, with the comparison varying in
formulation and doses (Daak 2013; Daak 2018; Tomer 2001). Five
studies compared L-arginine to placebo (Eleuterio 2019; Morris
2013; Morris 2019; Onalo 2021; Styles 2007). Two studies compared
arginine butyrate to standard local care (usual care) (McMahon
2010; Koshy 2001). One study compared folic acid to calcium
lactate as placebo (Rabb 1983). One study compared extended-
release niacin (niacin-ER) to placebo (ScoKone 2013). One study
compared alpha-lipoic acid (ALA) 200 mg to placebo (Martins 2009).
A further study had four arms and compared diKerent doses of
NAC to placebo (Pace 2003), while one conducted a head-to-head
comparison of NAC to placebo (Sins 2018). One study compared two
diKerent doses of NAC (1200 mg versus 2400 mg) (Nur 2012). One
study compared L-glutamine to placebo (Niihara 2018). The final
study was a pilot RCT that compared oral propionyl-L-carninitine
(PLC) to placebo (Serjeant 1997).

Outcomes

All included studies evaluated one or more of our outcomes
of interest except for Prasad 1984, which did not measure any
outcome of interest to this review. However, the outcomes were
not measured the same way across studies. It was common to
have one study measure an outcome as dichotomous and another
to measure the same outcome as continuous. We could not use
the data available in the abstract of one study (Styles 2007): the
abstract did not state the number of participants for each study
arm, no full text publication was available, and no email address
was available, so we could not contact the authors. We did obtain
additional information from Onalo 2021 on the severity of pain.

Funding sources and conflicts of interest

All studies declared their source of funding except for five
studies (Eleuterio 2019; Fung 2002; Koshy 2001; Rabb 1983;
Tomer 2001), which provided no information on funding. Thirteen
studies received public funding (Arruda 2012; Bao 2008; Brownell
2020;Dougherty 2012; Gupta 1995; Martins 2009; McMahon 2010;
Morris 2013; Onalo 2021; Prasad 1984; Serjeant 1970; Sins 2018;
Styles 2007). Four studies received funding from government and
from a pharmaceutical company (Daak 2013; Morris 2019; Pace
2003; ScoKone 2013), and three studies received funding from
pharmaceutical companies only (Daak 2018; Niihara 2018; Serjeant
1997). One study, Nur 2012, received no funding.

Three studies had conflicts of interest to declare (Daak 2018; Morris
2019; Niihara 2018); 11 studies did not provide any information
about authors' conflicts of interest (Arruda 2012; Bao 2008; Fung
2002; Gupta 1995; Morris 2013; ScoKone 2013; Serjeant 1970;
Styles 2007; Pace 2003; Prasad 1984; Serjeant 1997); while 10
studies declared authors had no conflicts of interest (Brownell
2020; Daak 2013; Dougherty 2012; Eleuterio 2019; Friedrisch 2016;
Martins 2009; McMahon 2010; Nur 2012; Onalo 2021; Sins 2018); see
Characteristics of included studies).
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Excluded studies

We excluded 13 studies (from 14 reports) (Ajayi 1993; Eberhardt
2002; Elias 2013; Ghahramanlu 2014; Gordeuk 2018; Guddati 2018;
Jaja 2002; Marealle 2018; Mirhosseini 2011; NCT00131508; Prasad
1999, Shiva 2018; Tschumi 1981). We excluded 11 studies due to an
ineligible study design, one due to an ineligible population, and one
because it was terminated due to slow recruitment.

Ongoing studies

We identified 12 ongoing studies (Datta 2019; EUCTR
2006-005889-40; IRCT20210715051904N1; NCT01202812;
NCT01891292; NCT02525107; NCT04011345; NCT04301336;
NCT04839354; NTR3806; RBR-10r7d6f3; Williams 2020). The
starting dates for the studies ranged from 2010 to 2022. Datta
2019 started in March 2019, and compared zinc to placebo in
"Ugandan children aged 1.00-4.99 years of age with SCA". EUCTR
2006-005889-40 started in November 2006 and is ongoing.
IRCT20210715051904N1 started in February 2022, and involves
combination therapy of L-glutamine and hydroxyurea in
participants aged five years and above with sickle-cell syndrome.
NCT01891292 is comparing enalapril to N-acetylcysteine amongst
children with SCD; the starting date is unknown. Two studies are
assessing the eKectiveness of omega-3: NCT01202812 started in
October 2010, and NCT02525107 started in September 2015 but
the study's current status is unknown. NCT04011345 is evaluating
folic acid supplementation (1 mg/day) in children with SCD; the
starting date for the study was January 2020. NCT04301336 is a
four-arm study assessing zinc supplements, simvastatin, vitamin
D, and omega-3 (with all four experimental arms also receiving
"standard care (e.g. hydroxyurea, folic acid supplementation,
morphine sulfate)"), compared to the control condition of
"standard care" alone. Recruitment started November 2019, and

the participants are people with SCD. NCT04839354 is comparing
arginine hydrochloride to placebo, amongst participants aged
three to 21 years old who have SCD. It started in June 2021, and
is recruiting until 2027. NTR3806 is assessing the eKectiveness
of N-acetylcysteine; recruitment started in March 2013 and is
still ongoing. RBR-10r7d6f3 is comparing fish oil plus vitamin D
supplementation to placebo; recruitment started in January 2018.
Williams 2020 is comparing "1 mg/d folic acid, standard care, and
placebo". There was no information about the starting date and
the current status is unknown. The participants are children with
SCD. See Characteristics of ongoing studies for further details.

Studies awaiting classification

We identified 15 studies that are now awaiting classification. We
could not obtain the full texts of eight studies, despite contacting
colleagues at other institutions and Cochrane centres (Abdelhalim
2022; Akinkugbe 1983; Brewer 1977; Friedrisch 2016; Gupta 1987a;
Gupta 1987b; Koh 2005; Namazzi 2023). To our knowledge, the
remaining seven studies have been completed (NCT00513617;
NCT00586209; NCT01054768; NCT01849016; NCT03293641;
NCT05371184; NCT04684381); however, they have not yet been
published.

Risk of bias in included studies

We rated 13 included studies as having a high risk of bias overall
(Daak 2013; Daak 2018; Fung 2002; Koshy 2001; Morris 2013; Niihara
2018; Nur 2012; Onalo 2021; Rabb 1983; ScoKone 2013; Serjeant
1970; Serjeant 1997; Sins 2018), and 13 studies as having an unclear
risk of bias overall due to study limitations (Arruda 2012; Bao
2008; Brownell 2020; Dougherty 2012; Eleuterio 2019; Gupta 1995;
Martins 2009; McMahon 2010; Morris 2019; Pace 2003; Prasad 1984;
Styles 2007; Tomer 2001). See risk of bias summary (Figure 2) and
risk of bias graph (Figure 3).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

R
an

do
m

 se
qu

en
ce

 g
en

er
at

io
n 

(s
el

ec
tio

n 
bi

as
)

A
llo

ca
tio

n 
co

nc
ea

lm
en

t (
se

le
ct

io
n 

bi
as

)

B
lin

di
ng

 o
f p

ar
tic

ip
an

ts
 a

nd
 p

er
so

nn
el

 (p
er

fo
rm

an
ce

 b
ia

s)
: A

ll 
ou

tc
om

es

B
lin

di
ng

 o
f o

ut
co

m
e 

as
se

ss
m

en
t (

de
te

ct
io

n 
bi

as
): 

A
ll 

ou
tc

om
es

In
co

m
pl

et
e 

ou
tc

om
e 

da
ta

 (a
ttr

iti
on

 b
ia

s)
: A

ll 
ou

tc
om

es

Se
le

ct
iv

e 
re

po
rti

ng
 (r

ep
or

tin
g 

bi
as

)

O
th

er
 b

ia
s

Arruda 2012 ? ? + + ? ? +

Bao 2008 ? ? + + + + +

Brownell 2020 + + + + ? + +

Daak 2013 + ? + + + − +

Daak 2018 + ? + + + − −

Dougherty 2012 ? ? + + + + +

Eleuterio 2019 + ? + + ? + ?

Fung 2002 + ? + + − + +

Gupta 1995 + ? + + ? + +

Koshy 2001 ? ? ? ? ? ? −

Martins 2009 ? ? ? ? + + +

McMahon 2010 + ? ? + + + ?

Morris 2013 + ? + + ? + −

Morris 2019 ? ? ? ? + + +

Niihara 2018 ? ? + + + − +

Nur 2012 ? ? ? ? ? − +

Onalo 2021 + ? + + + − −
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Figure 2.   (Continued)

Onalo 2021 + ? + + + − −

Pace 2003 ? ? + + + + +

Prasad 1984 ? ? ? ? + ? +

Rabb 1983 ? ? + + − ? +

Scoffone 2013 ? ? ? ? − ? +

Serjeant 1970 − ? + + − ? +

Serjeant 1997 ? ? + + + + −

Sins 2018 + + + + − + +

Styles 2007 ? ? ? + ? ? ?

Tomer 2001 ? ? + + + ? +

 
 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item for each included study
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Allocation

Sequence generation

We rated 10 studies as low risk of bias for sequence generation
because methods used for assigning participants to treatment
arms were unpredictable (Brownell 2020; Daak 2013; Daak 2018;
Eleuterio 2019; Fung 2002; Gupta 1995; McMahon 2010; Morris
2013; Onalo 2021; Sins 2018); 15 studies as unclear because there
was no information to make a judgement (Arruda 2012; Bao 2008;
Dougherty 2012; Koshy 2001; Martins 2009; Morris 2019; Niihara
2018; Nur 2012; Pace 2003; Prasad 1984; Serjeant 1997; ScoKone
2013; Styles 2007; Rabb 1983; Tomer 2001); and one study as
high risk because the authors allocated participants alternately to
treatment and placebo groups (Serjeant 1970).

Allocation concealment

We rated two studies as having a low risk of bias for allocation
concealment because the participants and investigators could not
know the sequence of allocating the intervention (Brownell 2020;
Sins 2018). We rated the remaining 24 studies as having an unclear
risk of bias for this domain due to a lack of information (Arruda
2012; Bao 2008; Dougherty 2012; Daak 2013; Daak 2018; Eleuterio
2019; Fung 2002; Gupta 1995; Koshy 2001; Martins 2009; Morris
2013; Morris 2019; McMahon 2010; Niihara 2018; Nur 2012; Onalo

2021 Pace 2003; Prasad 1984; Rabb 1983; Serjeant 1970; Serjeant
1997; ScoKone 2013; Styles 2007; Tomer 2001).

Blinding

For performance bias, we rated 18 studies as having a low risk of
bias because study participants and personnel would not know
which interventions they were taking (Arruda 2012; Bao 2008;
Brownell 2020; Daak 2013; Daak 2018; Dougherty 2012; Eleuterio
2019; Fung 2002; Gupta 1995; Morris 2013; Niihara 2018; Onalo 2021;
Pace 2003; Rabb 1983; Serjeant 1970; Serjeant 1997; Sins 2018;
Tomer 2001), and eight studies as having an unclear risk of bias
because no information was available to make a judgement (Koshy
2001; McMahon 2010; Martins 2009; Morris 2019; Nur 2012; Prasad
1984; ScoKone 2013; Styles 2007).

We rated 20 studies at low risk for detection bias because the
assessors could not know which interventions study participants
were taking. Six studies were rated as unclear risk for detection bias
because no information was provided (Koshy 2001; Martins 2009;
Morris 2019; Nur 2012; Prasad 1984; ScoKone 2013).

Incomplete outcome data

We rated 13 studies as low risk for attrition bias because missing
data were properly accounted for (Bao 2008; Daak 2013; Daak
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2018; Dougherty 2012; Martins 2009; McMahon 2010; Morris 2019;
Niihara 2018; Onalo 2021; Pace 2003; Prasad 1984; Serjeant 1997;
Tomer 2001). We assessed five studies as having a high risk of
bias because they did not properly account for missing data (Fung
2002; Rabb 1983; ScoKone 2013; Serjeant 1970; Sins 2018). We rated
eight studies as having an unclear risk of bias for this domain as
the information provided was insuKicient to make a judgement
(Arruda 2012; Brownell 2020; Eleuterio 2019; Gupta 1995; Koshy
2001; Morris 2013; Nur 2012; Styles 2007).

Selective reporting

We rated 13 studies as having a low risk of reporting bias because
the studies accounted for all participants randomised and all
prespecified outcomes (Bao 2008; Brownell 2020; Dougherty 2012;
Eleuterio 2019; Fung 2002; Gupta 1995; Martins 2009; McMahon
2010; Morris 2013; Morris 2019; Pace 2003; Serjeant 1997; Sins 2018);
five studies as having a high risk of bias because data for some
important outcomes were not properly reported for analysis or
not reported all (Daak 2013; Daak 2018; Niihara 2018; Nur 2012;
Onalo 2021); and eight studies as unclear risk because there was
insuKicient information to make a judgement (Arruda 2012; Koshy
2001; Prasad 1984; Rabb 1983; ScoKone 2013; Serjeant 1970; Styles
2007; Tomer 2001).

Other potential sources of bias

We rated 18 studies as having a low risk of bias for this domain
because we did not suspect other bias (Arruda 2012; Bao 2008;
Brownell 2020; Daak 2013; Dougherty 2012; Fung 2002; Gupta 1995;
Martins 2009; Morris 2019; Niihara 2018; Nur 2012; Pace 2003;
Prasad 1984; Rabb 1983; ScoKone 2013; Serjeant 1970; Sins 2018;
Tomer 2001). We assessed three studies as having an unclear
risk of bias because there was insuKicient information to make
a judgement (Eleuterio 2019; McMahon 2010; Styles 2007). We
assessed five studies as having a high risk of bias for the following
reasons. Daak 2018 was sponsored by a pharmaceutical company.
When we asked the authors for additional data, we were informed
that the funder had the data. In Morris 2013, two of the three
participants who withdrew from the control arm were included in
the analysis for the primary outcome but not for other outcomes.
In contrast, none of the two participants who withdrew from the L-
arginine group were included in the final analysis. In Onalo 2021,
the scale used to assess pain was not clearly stated. The authors
of the Koshy 2001 study did not provide the P value or SD for data
analysis. They also reported that the intervention group received
"Local care + Butyrate (500 mg/kg dose or 750 mg/kg dose)", but did
not report how many received each dosage (Koshy 2001). Finally, in
Serjeant 1997, the authors deviated from the study protocol.

EBects of interventions

See: Summary of findings 1 Vitamin C 1400 mg plus vitamin E
800 mg versus placebo for sickle cell disease at up to six months;
Summary of findings 2 Zinc versus placebo for sickle cell disease
at up to six months; Summary of findings 3 N-acetylcysteine (1200
mg) versus placebo for sickle cell disease at up to six months;
Summary of findings 4 L-arginine versus placebo for sickle cell
disease at up to six months; Summary of findings 5 Omega-3
versus placebo for sickle cell disease at up to six months

We have structured this section by grouping the comparisons into
four categories:

• antioxidants versus placebo (13 separate comparisons; 21
studies);

• one antioxidant versus another antioxidant (1 comparison, 1
study: vitamin A versus vitamin A plus zinc)

• antioxidants versus standard local care (1 comparison; 2
studies);

• two diKerent doses of the same antioxidant (2 comparisons; 3
studies).

Two multi-armed studies contributed to more than one comparison
(Dougherty 2012; Pace 2003). As noted in the Methods section
(see Summary of findings and assessment of the certainty of the
evidence), we created summary of findings tables for five key
comparisons, all of which are from the first comparison category of
antioxidant versus placebo:

• vitamin C (1400 mg) plus vitamin E (800 mg) versus placebo
(Summary of findings 1);

• zinc versus placebo (Summary of findings 2);

• NAC (1200 mg) versus placebo (Summary of findings 3);

• L'arginine versus placebo (Summary of findings 4); and

• omega-3 versus placebo (Summary of findings 5).

We assessed the evidence at up to six months for each comparison,
and graded the certainty of the evidence. Additional summary of
findings tables for other comparisons and other time points are
presented as additional tables and can be viewed in Appendix 4.

Comparison group A: antioxidants versus placebo

1. L-glutamine versus placebo

For this comparison, we found one study involving 230 participants
(Niihara 2018). See Table 1 in Appendix 4 for GRADE judgements for
this comparison.

Primary outcomes

Frequency of crisis

The study reported the mean number of pain crises at up to 12
months. L-glutamine may result in a slight reduction in the mean
frequency of pain crisis compared to placebo (mean diKerence (MD)
-0.70, 95% CI -1.37 to -0.03; 1 study, 230 participants; very low-
certainty evidence; Analysis 1.1), but the evidence is very uncertain.

Severity of pain

The included study did not report on this outcome.

QoL of participants living with SCD and their caregivers

The included study did not report on this outcome.

Secondary outcomes

Adverse eBects

The study authors reported, "The rate of adverse events (AE) may
not be diKerent in the L-glutamine group compared [to] placebo
(100% vs. 98.0%), as was the rate of serious adverse events (87.1%
vs. 78.2%)" (1 study, 230 participants; very low-certainty evidence),
but the evidence is very uncertain.
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Frequency of hospitalization

The included study reported the mean number of days in the
hospital and the mean cumulative number of days in the hospital.
At up to 12 months, we are very uncertain of the eKect of L-
glutamine in reducing the duration of hospitalization (MD -0.70
days, 95% CI -1.31 to -0.09; 1 study, 230 participants; very low-
certainty evidence), the mean cumulative number of days spent
in the hospital (MD -6.00 days, 95% CI -12.63 to 0.63; 1 study, 230
participants; very low-certainty evidence), as well as the number of
emergency clinic visits (MD -0.40 visits, 95% CI -0.96 to 0.16; 1 study,
230 participants; very low-certainty evidence; Analysis 1.2).

Frequency of SCD-related complications

This study reported this outcome as the number of participants
experiencing acute chest syndrome. L-glutamine may be better
than placebo at reducing the risk of acute chest syndrome at up
to 12 months (risk ratio (RR) 0.37, 95% CI 0.19 to 0.72; 1 study, 230
participants; very low-certainty evidence; Analysis 1.3); however,
the evidence is very uncertain.

Haemoglobin status

The included study did not report on this outcome.

Laboratory markers of haemolysis and inflammation

The included study did not report on this outcome.

2. Vitamin C (1400 mg) plus vitamin E (800 mg) versus placebo

This comparison consists of one study with 83 participants (Arruda
2012). See Summary of findings 1 for GRADE judgements for this
comparison.

Primary outcomes

Frequency of crisis

The study reported the number of participants experiencing a pain
crisis at up to six months. We are very uncertain whether vitamin C
(1400 mg) plus vitamin E (800 mg) is better than placebo at reducing
the risk of crisis in people with SCD at up to six months (RR 1.18, 95%
CI 0.64 to 2.18; 1 study, 83 participants; very low-certainty evidence;
Analysis 2.1).

Severity of pain

The study reported data relevant to this outcome as the number
of participants using opioid analgesia and the number using non-
steroidal anti-inflammatory drugs (NSAIDs). We are very uncertain
whether vitamin C (1400 mg) plus vitamin E (800 mg) is better than
placebo at reducing opioid use at up to six months (RR 1.33, 95% CI
0.40 to 4.37; 1 study, 83 participants; very low-certainty evidence;
Analysis 2.2) or the use of NSAIDs (RR 1.06, 95% CI 0.62 to 1.81; 1
study, 83 participants; very low-certainty evidence; Analysis 2.2).

QoL of participants living with SCD and their caregivers

The study did not measure this outcome.

Secondary outcomes

Adverse eBects (AEs)

The study authors reported that, at up to six months, "the most
common AEs reported in the vitamins group were headache (18%
vitamins versus 10% placebo, P = 0.36), nausea (14% vitamins
versus 10% placebo, P = 0.74), fatigue (11% vitamins versus 13%

placebo, P = 1), diarrhoea (7% vitamins versus 0% placebo, P = 0.24),
epigastric pain (5% vitamins and placebo, P = 1), with no significant
diKerences in the incidence rates between the two groups for
any reported adverse event". We contacted the study authors for
additional information on the actual number of adverse eKects per
treatment arm and entered the data we received in our analysis. We
are very uncertain whether vitamin C plus vitamin E cause AEs in
people with SCD compared to placebo (RR 0.56, 95% CI 0.31 to 1.00;
1 study, 83 participants; very low-certainty evidence; Analysis 2.3).

Frequency of hospitalization

This outcome was not reported.

Frequency of SCD-related complications

Investigators reported the number of participants experiencing the
following complications at up to six months: acute chest syndrome
(RR 2.66, 95% CI 0.77 to 9.13; 1 study, 83 participants; Analysis 2.4);
priapism (RR 0.89, 95% CI 0.06 to 13.70; 1 study, 83 participants;
Analysis 2.4); stroke (RR 4.44, 95% CI 0.22 to 89.84; 1 study, 83
participants; Analysis 2.4); leg ulcer healing (RR 6.22, 95% CI 0.33 to
116.81; 1 study, 83 participants; Analysis 2.4); and blood transfusion
(RR 1.11, 95% CI 0.49 to 2.52; 1 study, 83 participants; Analysis
2.4). The frequency of SCD-related complications was higher in
the vitamin group than in the placebo group. Given the very
low certainty of the evidence for this outcome, we are uncertain
whether vitamin C plus vitamin E is better than placebo at reducing
the frequency of SCD-related complications.

Haemoglobin status

The authors reported median (interquartile range (IQR))
haemoglobin levels of 90 g/L (81 to 96) in the vitamin C plus vitamin
E group versus 93.5 g/L (84 to 105) in the placebo group at six
months post-intervention. We were unable to enter the data into
our analyses in the reported format. We are very uncertain whether
vitamin C plus vitamin E is better than placebo at improving the
haemoglobin status of people with SCD at up to six months (1 study,
83 participants; very low-certainty evidence).

Laboratory markers of haemolysis and inflammation

The laboratory parameters reported for this outcome at up to
six months were also reported as median (IQR) (see Table 2).
The median (IQR) of neutrophils (white blood cells (WBC)) when

taking vitamin C 1400 mg plus vitamin E 800 mg was 4.96 x 109/

L (2.75 to 5.91) compared to 4.08 x 109/L (2.68 to 5.63) with
placebo (1 study, 83 participants; very low-certainty evidence); for
reticulocytes count with vitamin C 1400 mg plus vitamin E 800 mg,

it was median (IQR) 193 x 109/L (118 to 370) compared to 142 x

109/L (971 to 259); and for haemoglobin, with vitamin C 1400 mg

plus vitamin E 800 mg, it was median (IQR) 90 x 109/L (81 to 96)

compared to 93.5 x 109/L (84 to 105) with placebo (1 study, 83
participants; very low-certainty evidence). Also, the median (IQR)
lactate dehydrogenase (LDH) level was 474 units per litre (u/L) (318
to 651) in the vitamin C 1400 mg plus vitamin E 800 mg compared to
390 u/L (303 to 599) with placebo (1 study, 83 participants; very low-
certainty evidence). We are very uncertain whether vitamin C plus
vitamin E is better than placebo at improving laboratory markers of
haemolysis and inflammation (see Table 2).
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3. Zinc versus placebo

This comparison included five studies (269 participants) (Bao 2008;
Fung 2002; Gupta 1995; Prasad 1984; Serjeant 1970). However, one
study did not measure our outcomes of interest (Prasad 1984).
See Summary of findings 2 and Table 3 in Appendix 4 for GRADE
judgements for this comparison.

Primary outcomes

Frequency of crisis

Two studies (166 participants) reported this outcome (Bao 2008;
Gupta 1995). Bao 2008 reported this outcome as count data
(number of crisis episodes) and we calculated the rate ratio with
its CI, as described above in the Methods section. Zinc may not be
better than placebo at reducing the frequency of crisis at up to six
months (rate ratio 0.62, 95% CI 0.17 to 2.29; 1 study, 36 participants;
low-certainty evidence; Analysis 3.1).

At 18 months, Gupta 1995 reported the rate of episodes of vaso-
occlusive crisis (VOC). Zinc is probably better at reducing the rate of
episodes of VOC compared to placebo (rate ratio 0.68, 95% CI 0.53
to 0.87; 1 study, 130 participants; moderate-certainty evidence).
However, zinc may not be better than placebo at reducing all
episodes of crisis at over 12 months (rate ratio 0.72, 95% CI 0.09 to
5.66; 1 study, 130 participants; low-certainty evidence; Analysis 3.1).

Gupta 1995 also reported the mean frequency of pain crises in each
group at over 12 months, and showed zinc is probably better than
placebo at reducing the mean frequency of pain crisis at over 12
months (MD -2.83, 95% CI -3.51 to -2.15; 1 study, 130 participants;
moderate-certainty evidence; Analysis 3.2).

Severity of pain

The included studies did not report on this outcome.

QoL of participants living with SCD and their caregivers

Only one study (130 participants) reported on this outcome in terms
of "loss of work days" per crisis (number of days lost due to each
crisis) (Gupta 1995). Zinc may be better at reducing lost work days
compared to placebo at 18 months (MD -1.50 days, 95% CI -2.24
to -0.76; 1 study, 130 participants; low-certainty evidence; Analysis
3.3).

Secondary outcomes

Adverse eBects

The included studies did not report on this outcome.

Frequency of hospitalization

One study (130 participants) reported on the frequency of
hospitalizations, as mean hospital stay/crisis, which was the
number of days spent in the hospital per crisis (Gupta 1995). Zinc
may not reduce the frequency of hospitalization in SCD compared
to placebo at 18 months (MD 0.40, 95% CI -0.26 to 1.06; 1 study, 130
participants; low-certainty evidence; Analysis 3.4).

Frequency of SCD-related complications

Three studies (200 participants) reported on SCD-related
complications (Bao 2008; Gupta 1995; Serjeant 1970). We are very
uncertain whether zinc is better than placebo at improving leg

ulcers (mm2 per day) at six months (RR 1.63, 95% CI 0.92 to 2.87; 1

study (Serjeant 1970), 34 participants; very low-certainty evidence)
or is more eKective for complete healing of leg ulcers (RR 2.00, 95%
CI 0.60 to 6.72; 1 study, 34 participants; very low-certainty evidence;
Analysis 3.5).

Gupta 1995 and Bao 2008 reported other complications. Zinc may
be better at reducing the risk of infections than placebo at six
months (rate ratio 0.06, 95% CI 0.01 to 0.54; 1 study (Bao 2008), 36
participants; very low-certainty evidence; Analysis 3.6). Based on
data from Gupta 1995 at over 18 months, low-certainty evidence
showed that, compared to placebo, zinc may not be better at
reducing the risk of sequestration (rate ratio 1.00, 95% CI 0.45 to
2.23; 1 study, 130 participants; Analysis 3.7), haemolytic crisis (rate
ratio 0.69, 95% CI 0.39 to 1.22.70; 1 study, 130 participants; Analysis
3.7), and aplastic crisis (rate ratio 0.74, 95% CI 0.14 to 4.04; 1 study,
130 participants; Analysis 3.7).

Haemoglobin status

Two studies (166 participants) reported on this outcome (Bao 2008;
Gupta 1995). Bao 2008 reported haemoglobin in g/dL, and showed
that zinc may result in a slight increase in haemoglobin level (g/
dL) compared to placebo in people with SCD at up to six months
(MD 1.26 (g/dL), 95% CI 0.44 to 1.26; 1 study, 36 participants; low-
certainty evidence; Analysis 3.8). Gupta 1995 reported haemoglobin
level in percentage at 18 months, and found that zinc probably
increased haemoglobin level compared to placebo at this time
point (MD 11.00%, 95% CI 10.18 to 11.82; 1 study, 130 participants;
moderate-certainty evidence; Analysis 3.9).

Laboratory markers of haemolysis and inflammation

Three studies (208 participants) reported on laboratory markers of
haemolysis and inflammation (Bao 2008; Fung 2002; Gupta 1995).

The evidence is uncertain whether zinc is better than placebo at

reducing total white blood cells at up to six months (MD 1.03 x 103/
L, 95% CI -1.57 to 3.63; 1 study (Bao 2008), 36 participants; very low-
certainty evidence; Analysis 3.10). In addition, at over 12 months,
zinc may be better than placebo at reducing total reticulocyte (MD
-6.00%, 95% CI -6.24 to -5.76; 1 study (Gupta 1995), 130 participants;
low-certainty evidence; Analysis 3.10). However, the eKects of zinc
on platelet count at up to six months compared to placebo are

uncertain (MD 31.80 x 103/L, 95% CI -88.59 to 152.19; 1 study (Bao
2008), 36 participants; very low-certainty evidence; Analysis 3.10).
Also, zinc may not be better in reducing reticulocyte count in people
with SCD compared to placebo at up to six months (MD -1.60%,
95% CI -4.69 to 1.49; 1 study (Fung 2002), 42 participants; very low-
certainty evidence) and at up to 12 months (MD 0.30%, 95% CI-
1.43 to 2.03; 1 study (Fung 2002), 42 participants; very low-certainty
evidence; Analysis 3.10).

4. Vitamin A versus placebo

This comparison included one study (62 participants) (Dougherty
2012). See Table 4 in Appendix 4 for GRADE judgements for this
comparison.

Primary outcomes

Frequency of crisis

The evidence is very uncertain about the eKect of vitamin A on the
frequency of crisis, reported as the mean number of vaso-occlusive
crises (VOC), compared to placebo at up to 12 months (MD 0.10,
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95% CI -0.17 to 0.37; 1 study, 44 participants; very low-certainty
evidence; Analysis 4.1).

Severity of pain

This outcome was not measured for this comparison.

QoL of participants living with SCD and their caregivers

This outcome was not measured for this comparison.

Secondary outcomes

Adverse eBects

The included study did not report on this outcome.

Frequency of hospitalization

We are uncertain whether vitamin A reduces the frequency of
hospitalizations (measured as the number of hospitalizations and
reported as 'time in hospital' (days)) compared to placebo at up
to 12 months (MD 1.60 days, 95% CI -0.14 to 3.34; 1 study, 44
participants; very low-certainty evidence), and time spent in the
haematology acute care unit at the same time point (MD -0.40 days,
95% CI- 1.19 to 0.39; 1 study, 44 participants; very low-certainty
evidence; Analysis 4.2). However, there may be no diKerence in the
eKect of vitamin A compared to placebo in reducing emergency
visits (MD 0.10 visits, 95% CI -0.66 to 0.86; 1 study, 44 participants;
low-certainty evidence; Analysis 4.2).

Frequency of SCD-related complications

The included study reported on episodes of acute chest syndrome.
We are very uncertain whether vitamin A has any eKect in reducing
acute chest syndrome compared to placebo at up to 12 months
(MD 0.30, 95% CI -0.12 to 0.72; 1 study, 44 participants; very low-
certainty evidence; Analysis 4.3).

Haemoglobin status

We are very uncertain whether vitamin A improves haemoglobin
status compared to placebo in people with SCD at up to 12 months.
The authors reported this outcome as median (IQR) 8.0 g/mL (6.9
to 10.8) in the vitamin A group versus 8.1 g/mL (6.8 to 9.6) in
the placebo group (1 study, 44 participants; very low-certainty
evidence).

Laboratory markers of haemolysis and inflammation

We are uncertain whether vitamin A improves reticulocyte count
compared to placebo at up to 12 months (MD -1.30%, 95% CI -4.03 to
1.43; 1 study, 42 participants; very low-certainty evidence; Analysis
4.4). Furthermore, Dougherty 2012 reported other laboratory
markers at up to 12 months as median (IQR). We present the results
and certainty of the evidence in Table 4 and Table 5, respectively

(WBC count, vitamin A: median 13.7 x 103/µL (IQR 6.8 to 20.7),

placebo: 4.5 x 103/µL (IQR 5.6 to 18.1); platelet count, vitamin A:

median 448 x 103/µL (IQR 237 to 582), placebo 489 x 103/µL (IQR 246
to 940); and HbF status, vitamin A: median 7.2% (IQR 0.5 to 21.8),
placebo: 8.8 % (IQR 1.4 to 18.4); see Table 5).

5. Vitamin A plus zinc versus placebo

This comparison included one study (39 participants) (Dougherty
2012). See Table 6 in Appendix 4 for GRADE judgements for this
comparison.

Primary outcomes

Frequency of crisis

The included study reported the frequency of crisis as the mean
number of VOC. We are very uncertain whether vitamin A plus
zinc reduces the number of VOC at up to 12 months compared
to placebo (MD -0.30 episodes, 95% CI -1.20 to 0.60; 1 study, 39
participants; very low-certainty evidence; Analysis 5.1).

Severity of pain

This outcome was not measured for this comparison.

QoL of participants living with SCD and their caregivers

This outcome was not measured for this comparison.

Secondary outcomes

Adverse eBects

This outcome was not reported for this comparison.

Frequency of hospitalization

We are very uncertain whether vitamin A plus zinc reduces
the frequency of hospitalization (measured as the number of
hospitalizations over 12 months of follow-up and reported as 'time
in hospital') (days) compared to placebo at up to 12 months (MD
0.90 days, 95% CI -2.61 to 4.41; 1 study, 39 participants; very low-
certainty evidence; Analysis 5.2); time spent in the haematology
acute care unit (MD 0.30 days, 95% CI -0.37 to 0.97; 1 study,
39 participants; very low-certainty evidence; Analysis 5.2); or
emergency unit visits (MD -0.20 visits, 95% CI -0.98 to 0.58; 1 study,
39 participants; very low-certainty evidence; Analysis 5.2).

Frequency of SCD-related complications

This study reported the frequency of SCD-related complications as
the mean number of episodes of acute chest syndrome. Vitamin A
plus zinc was not better than placebo at reducing episodes of acute
chest syndrome compared to placebo at up to 12 months (MD 0.20,
95% CI -0.17 to 0.57; 1 study, 39 participants; very low-certainty
evidence; Analysis 5.3); however, the evidence is very uncertain.

Haemoglobin status

We are uncertain whether vitamin A plus zinc improves the
haemoglobin status of people with SCD compared to placebo (at up
to 12 months). The authors reported the median (IQR) haemoglobin
level in the vitamin plus zinc group as 7.6 g/mL (6.7 to 10.7) versus
8.1 g/mL (6.8 to 9.6) in the placebo group (very low-certainty
evidence; Table 6 in Appendix 4).

Laboratory markers of haemolysis and inflammation

Vitamin A plus zinc may make little or no diKerence to reticulocyte
count compared to placebo at up to 12 months (MD -2.5%, 95% CI
-5.39 to 0.39; 1 study, 39 participants; very low-certainty evidence;
Analysis 5.4). Study authors reported other laboratory markers for
this comparison as median (IQR): WBC count, vitamin A plus zinc:

14.5 x 103/µL (5.6 to 18.1), placebo: 4.5 x 103/µL (5.6 to 18.1); platelet

count, vitamin A plus zinc: 514 x 103/µL (208 to 812), placebo: 489 x

103/µL (246 to 940); and HbF status, vitamin A plus zinc: 7.6% (2.2
to 18.4), placebo: 8.8% (1.4 to 18.4) (Table 7).
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6. N-acetylcysteine (600 mg) versus placebo

This comparison includes one study (21 participants) comparing
N-acetylcysteine (NAC) to placebo (Pace 2003). See Table 8 in
Appendix 4 for GRADE judgements for this comparison.

Primary outcomes

Frequency of crisis

Pace 2003 reported the number of VOC episodes per comparison
group, and we obtained the rate ratio as described above in the
methods section. NAC (600 mg) may have no eKect in reducing the
rate of VOC episodes compared to placebo at up to 12 months (rate
ratio 1.05, 95% CI 0.43 to 2.57; 1 study, 10 participants; Analysis 6.1);
however, the evidence is very uncertain.

Severity of pain

This outcome was not measured for this comparison.

QoL of participants living with SCD and their caregivers

This outcome was not measured for this comparison.

Secondary outcomes

Pace 2003 did not measure/report any of the review's secondary
outcomes.

7. N-acetylcysteine (1200 mg) versus placebo

This comparison consists of two studies (106 participants) (Pace
2003; Sins 2018). One study reported the episodes of event per
intervention group (Pace 2003), and the second presented events
per person-year and reported its rate ratios with their 95% CI (Sins
2018); we obtained the SE as described in the Methods section.
See Summary of findings 3 and Table 9 in Appendix 4 for GRADE
judgements for this comparison.

Primary outcomes

Frequency of crisis

At up to six months, one study, Sins 2018, reported the rate of
number of episodes of pain days. NAC (1200 mg) may not be better
than placebo at reducing the number of days of pain (rate ratio 0.99
days, 95% CI 0.53 to 1.84; 1 study, 96 participants; low-certainty
evidence; Analysis 7.1). Additionally, NAC (1200 mg) may not be
better at reducing the number of episodes of vaso-occlusive crisis
events at up to six months than placebo (rate ratio 0.99, 95% CI 0.51
to 1.92; 1 study, 96 participants; low-certainty evidence; Analysis
7.1).

At up to 12 months, Pace 2003 reported the rate of number of
episodes of vaso-occlusive crisis and showed NAC (1200 mg) may be
better at reducing the number of episodes of vaso-occlusive crisis
compared to placebo (rate ratio 0.83, 95% CI 0.72 to 0.95; 1 study,
10 participants; very low-certainty evidence; Analysis 7.1); however,
the evidence is very uncertain.

Severity of pain

This outcome was reported in Sins 2018, and measured as the mean
'maximum pain intensity on pain days' (limited to participants with
≥ three pain days and excluding hospitalization days). NAC (1200
mg) may not be better than placebo at reducing the severity of
pain at up to six months (MD 0.17, 95% CI -0.53 to 0.87; 1 study,
96 participants; low-certainty evidence; Analysis 7.2). Also, low-

certainty evidence showed that NAC (1200 mg) was not better than
placebo at reducing the number of days with home analgesic at up
to six months (rate ratio 1.04 days, 95% CI 0.83 to 1.31; 1 study, 96
participants; Analysis 7.3).

QoL of participants living with SCD and their caregivers

This outcome was reported in Sins 2018 at up to six months, and
measured using the 36-item Short Form Health Survey (SF-36)
questionnaire. We are very uncertain whether NAC (1200 mg)
improves participants' QoL using the physical domain score (MD
-1.80, 95% CI -5.01 to 1.41; 1 study, 96 participants; very low-
certainty evidence; Analysis 7.4) or the mental domain score (MD
2.00, 95% CI -1.45 to 5.45; 1 study, 96 participants; very low-
certainty evidence; Analysis 7.4).

Secondary outcomes

Adverse eBects

One study (96 participants) reported AEs, such as gastrointestinal
complaints, pruritus or rash, which occurred at up to six months
(Sins 2018). The risk of AEs was similar between NAC (1200 mg) and
placebo (RR 0.92, 95% CI 0.75 to 1.14; 1 study, 96 participants; low-
certainty evidence; Analysis 7.5).

Frequency of hospitalization

This outcome was reported in one study (Sins 2018). Low-certainty
evidence showed that NAC (1200 mg) may not be better than
placebo at reducing the frequency of hospitalizations at up to six
months (rate ratio 0.98, 95% CI 0.41 to 2.38; 1 study, 96 participants;
Analysis 7.6).

Frequency of SCD-related complications

A range of complications were reported in one study (Sins 2018).
At up to six months, we are very uncertain of the eKects of NAC
(1200 mg) in preventing acute chest syndrome (RR 5.00, 95%
CI 0.25 to 101.48; 1 study, 96 participants; very low-certainty
evidence; Analysis 7.7), priapism (RR 3.00, 95% CI 0.13 to 71.85; 1
study, 96 participants; very low-certainty evidence; Analysis 7.7),
and sequestration (RR 3.00, 95% CI 0.13 to 71.85; 1 study, 96
participants; very low-certainty evidence; Analysis 7.7), compared
to placebo.

Haemoglobin status

Haemoglobin status was reported in one study at up to six months
(Sins 2018). NAC (1200 mg) may not be better than placebo at
increasing haemoglobin level in people with SCD at up to six
months (MD -0.18 g/dL, 95% CI -0.40 to 0.04; 1 study, 96 participants;
low-certainty evidence; Analysis 7.8).

Laboratory markers of haemolysis and inflammation

This outcome was reported in one study at up to six months (Sins
2018). We are uncertain whether NAC (1200 mg) is eKective in

reducing WBC count (MD 0.06 x 109/L, 95% CI -0.85 to 0.97; 1 study,
96 participants; very low-certainty evidence); reticulocyte count

(MD 3.63 x 103/L, 95% CI -27.60 to 34.86; 1 study, 96 participants;
very low-certainty evidence; Analysis 7.9); platelet count (MD 40.41

x 103/L, 95% CI -21.58 to 102.40; 1 study, 96 participants; very low-
certainty evidence; Analysis 7.9), low-density lipoprotein (LDL) (MD
-16.61 U/L, 95% CI -55.32 to 22.10; 1 study, 96 participants; very low-
certainty evidence; Analysis 7.9), and C-reactive protein (CRP) (MD
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0.21 g/dL, 95% CI -1.66 to 2.08; 1 study, 96 participants; very low-
certainty evidence; Analysis 7.9), compared to placebo.

8. N-acetylcysteine (2400 mg) versus placebo

This comparison consists of one study (10 participants) (Pace
2003). See Table 10 in Appendix 4 for GRADE judgements for this
comparison.

Of the review's eight outcomes of interest, Pace 2003 measured only
one outcome for this comparison: frequency of crisis.

Frequency of crisis

We are uncertain whether NAC (2400 mg) is better at reducing
episodes of VOC in people with SCD compared to placebo at up to 12
months (rate ratio 0.64, 95% CI 0.19 to 2.11; 1 study, 11 participants;
very low-certainty evidence; Analysis 8.1).

9. L-arginine versus placebo

This comparison included four studies (226 participants) (Eleuterio
2019; Morris 2013; Onalo 2021; Styles 2007). However, Styles 2007
did not contribute data to the eKect estimates because only the
abstract was available, with inadequate information for analysis.
Although the mode of administering the interventions and dosages
diKer in some of the studies, we have combined the studies
in a meta-analysis, where appropriate, because there was no
heterogeneity detected when we did so. Eleuterio 2019 compared L-
arginine (500 mg/day) with placebo and administered hydroxyurea
as a co-intervention for both arms (Eleuterio 2019). Morris 2013
compared L-arginine (100 mg/kg three times per day) with placebo,
and Onalo 2021 compared oral L-arginine-hydrochloride (100 mg/
kg three times per day) with placebo. See Summary of findings 4 for
GRADE judgements for this comparison.

Primary outcomes

Frequency of crisis

This outcome was reported in one study (Eleuterio 2019). L-arginine
may not be better than placebo at reducing the frequency of daily
pain at up to six months (RR 0.09, 95% CI 0.01 to 1.56; 1 study,
50 participants; low-certainty evidence; Analysis 9.1), weekly pain
(RR 0.33, 95% CI 0.04 to 2.99; 1 study, 50 participants; low-certainty
evidence; Analysis 9.1), monthly pain (RR 0.71, 95% CI 0.26 to 1.95;
1 study, 50 participants; low-certainty evidence; Analysis 9.1), and
yearly pain (RR 4.33, 95% CI 1.40 to 13.37; 1 study, 50 participants;
low-certainty evidence; Analysis 9.1). It is unclear how yearly pain
for the outcome 'frequency of pain' was measured at four months
of follow-up by Eleuterio 2019. The authors reported that, "To
measure pain frequency, a time scale was used to stratify the
patients. The scale divided the patients into five pain categories:
never (absence of pain), every day, every week, every month, and
every year".

Severity of pain

This outcome was reported by two studies (125 participants)
(Morris 2013; Onalo 2021). L-arginine may be better than placebo
at reducing the severity of pain (measured based on a 10-cm visual
analogue scale from 0 to 10 (lower score is better)) in SCD at up to

six months (MD -1.41, 95% CI -1.65 to -1.18; I2 = 0%; 2 studies, 125
participants; low-certainty evidence; Analysis 9.2). Also, L-arginine
may be better than placebo at reducing the quantity of opioid

consumed at up to six months (MD -1.77, 95% CI -2.97 to -0.57; I2

= 0%; 2 studies, 125 participants; low-certainty evidence; Analysis
9.2). However, L-arginine may have no better eKect in improving the
"mean rate of decline in worst pain" when compared to placebo at
up to six months (MD 0.41, 95% CI 0.10 to 0.72; 1 study (Onalo 2021),
68 participants; low-certainty evidence; Analysis 9.2).

QoL of participants living with SCD and their caregivers

The included studies did not measure this outcome.

Secondary outcomes

Adverse eBects

Two studies (125 participants) reported this outcome at up to six
months, but we were not able to analyse their results, and so report
them narratively below (Morris 2013; Onalo 2021).

The Morris 2013 study reported that "one patient (randomised to
the arginine arm) developed hives during infusion of the study
drug. Although the patient had a history of allergy to paper tape
and paper tape had been inadvertently used, the study drug
was discontinued and the patient was withdrawn from the study
due to an AE that was possibly related to the study drug. A
second patient (randomised to the placebo group) was withdrawn
from the study aQer experiencing an acute clinical deterioration
during the evolution of ACS, requiring an emergency red blood
cell transfusion, and transfer from the ward to the intensive care
unit. A second serious adverse event (SAE) was reported in a
patient randomized to the placebo group: this patient had clinically
relevant increases in liver function enzymes (alanine transaminase
rose from 44 U/L on admission to 197 U/L on day 4 while aspartate
transaminase increased from 64 to 200 U/L). The clinical team felt
that this was likely related to SCD, but could be related to the
study drug, so an SAE was reported to the Institutional Review
Board and Data Safety Monitoring Board, but the patient continued
participation in the study and was closely monitored. No other
patients experienced clinical deterioration, and no other adverse
events occurred. Arginine and placebo were well tolerated" (Morris
2013).

The Onalo 2021 study reported that "the rate of adverse events was
similar in both treatment groups: 71.4% versus 78.8%, P = 0.79 in
the arginine versus placebo arm, respectively. A total of 37 (54.4%)
patients reported one or more adverse events, 19 patients in the
arginine arm and 18 patients in the placebo arm" (Onalo 2021).

Frequency of hospitalization

Two studies reported this outcome as the number of days spent in
hospital (Morris 2013; Onalo 2021). The evidence is very uncertain
whether L-arginine is better at reducing the mean number of days
spent in hospital at up to six months compared to placebo (MD -0.85

days, 95% CI -1.87 to 0.17; I2 = 0%; 2 studies, 125 participants; very
low-certainty evidence; Analysis 9.3).

Frequency of SCD-related complications

The included studies did not measure this outcome.

Haemoglobin status

Two studies reported this outcome (Eleuterio 2019; Morris 2013).
L-arginine may not be better at improving haemoglobin level
compared to placebo in people with SCD at up to six months (MD

0.40 g/dL, 95% CI -0.50 to 1.30; I2 = 0%; 2 studies, 106 participants;
low-certainty evidence; Analysis 9.4).
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Laboratory markers of haemolysis and inflammation

Two studies reported laboratory markers of haemolysis and
inflammation at up to six months (Eleuterio 2019; Morris 2013).
The evidence is very uncertain about the eKect of L-arginine in

reducing WBC count at up to six months (MD 0.10 (x 109/L),
95% CI -1.92 to 2.12; 1 study, 56 participants; very low-certainty
evidence; Analysis 9.5). L-arginine may not be better than placebo
at increasing reticulocyte count in people with SCD at up to six

months (MD -0.86%, 95% CI -3.56 to 1.83; I2 = 0%; 2 studies, 106
participants; low-certainty evidence; Analysis 9.5). The evidence is
very uncertain about the eKect of L-arginine in reducing platelet

count (MD -153.10 (x 109/L), 95% CI -229.30 to -76.90; I2 = 77%; 2
studies, 106 participants; very low-certainty evidence; Analysis 9.5).
L-arginine may not be better than placebo at increasing HbF level
(MD 0.10 g/dL, 95% CI -0.27 to 0.47; 1 study, 50 participants; low-
certainty evidence; Analysis 9.5).

10. Omega-3 versus placebo

This comparison consists of three studies (217 participants) (Daak
2013; Daak 2018; Tomer 2001). See Summary of findings 5 and Table
11 in Appendix 4 for GRADE judgements for this comparison.

Primary outcomes

Frequency of crisis

Two studies reported this outcome (Daak 2013; Tomer 2001). We are
very uncertain whether omega-3 is better at reducing the frequency
of pain crises, measured as the number of pain episodes, than
placebo at up to 12 months (rate ratio 0.76, 95% CI 0.22 to 2.65; 1
study, 10 participants; very low-certainty evidence; Analysis 10.1).

Daak 2013 also reported the median rate of VOC at 12 months:
median of 2.7 (IQR 0.9 to 4.8) in the omega-3 group versus 4.6 (IQR
3.0 to 6.4) in the placebo group (1 study, 140 participants; very low-
certainty evidence).

Severity of pain

The included studies did not measure this outcome.

QoL of participants living with SCD and their caregivers

One study (95 participants) reported on the number of days absent
from school, presenting the median (IQR) for each group at 12
months of follow-up (Daak 2013). Participants in the omega-3 group
missed a median (IQR) of 0 (7.6) days versus the placebo group
who missed a median (IQR) of 4.3 (21.1) days (very low-certainty
evidence; Table 12).

Secondary outcomes

Adverse eBects

Two studies (274 participants) reported this outcome (Daak 2013;
Daak 2018).

Very low-certainty evidence showed that there was no diKerence in
the risk of serious adverse eKects (SAEs) at six months compared
to placebo (RR 0.60, 95% CI 0.33 to 1.11; 1 study (Daak 2018), 67
participants; very low-certainty evidence; Analysis 10.2), on any
adverse eKect at up to six months (RR 1.05, 95% CI 0.74 to 1.48;
1 study (Daak 2018), 67 participants; very low-certainty evidence;
Analysis 10.2), or on any adverse eKect at up to 12 months (RR
1.00, 95% CI 0.14 to 6.90; 1 study (Daak 2013), 140 participants; very

low-certainty evidence; Analysis 10.2). Two participants from each
group complained of dyspepsia, one participant from the omega-3
group complained of stomach ache, and 21 participants from the
omega-3 group reported increased appetite during the follow-up
period.

Frequency of hospitalization

The included studies did not measure this outcome.

Frequency of SCD-related complications

One study (140 participants) reported a number of diKerent
measures for this outcome at up to 12 months (Daak 2013). We are
uncertain whether omega-3 is better at reducing severe anaemia
at up to 12 months compared to placebo (RR 0.20, 95% CI 0.05 to
0.88; 1 study, 140 participants; very low-certainty evidence; Analysis
10.3); the rate of blood transfusion (RR 0.30, 95% CI 0.09 to 1.04; 1
study, 140 participants; very low-certainty evidence; Analysis 10.3),
sequestration crisis (RR 0.50, 95% CI 0.05 to 5.39; 1 study, 140
participants; very low-certainty evidence; Analysis 10.3), avascular
necrosis (RR 0.50, 95% CI 0.05 to 5.39; 1 study, 140 participants; very
low-certainty evidence; Analysis 10.3), or stroke (RR 0.20, 95% CI
0.01 to 4.09; 1 study; 140 participants; very low-certainty evidence;
Analysis 10.3), compared to placebo.

Haemoglobin status

All three studies (217 participants) reported this outcome (Daak
2013; Daak 2018; Tomer 2001). We are uncertain whether omega-3
can improve the haemoglobin status of participants compared to
placebo at up to six months (MD 0.36 g/L, 95% CI -0.21 to 0.93;
1 study (Daak 2018), 67 participants; very low-certainty evidence;
Analysis 10.4), and at up to 12 months (MD -0.17 g/L, 95% CI -2.23 to

2.19; I2 = 0%; 2 studies (Daak 2013; Tomer 2001), 150 participants;
very low-certainty evidence; Analysis 10.4).

Laboratory markers of haemolysis and inflammation

All three studies (217 participants) reported this outcome (Daak
2013; Daak 2018; Tomer 2001). Based on data from Daak 2018,
we are uncertain whether omega-3 has any eKect compared to
placebo on the following measures at six months (Analysis 10.5):

total WBC (MD -1.50 x 103/μL, 95% CI -3.48 to 0.48; 1 study,
67 participants; very low-certainty evidence); reticulocytes (MD
-0.25%, 95% CI-1.84 to 1.34; 1 study, 67 participants; very low-

certainty evidence); total platelet count (MD -33.84 x 103/µL, 95%
CI -118.97 to 51.29; 1 study, 67 participants; very low-certainty
evidence); lactate dehydrogenase (LDH) levels (MD -70.55 U/L, 95%
CI -151.81 to 10.71; 1 study, 67 participants; very low-certainty
evidence).

There may be little or no diKerence in the eKect of omega-3
compared to placebo in reducing laboratory markers of haemolysis
and inflammation at 12 months on the same outcome measures

(Analysis 10.5): total WBC (MD 0.40 μL, 95% CI -0.87 to 1.67; I2 = 0%;
2 studies (Daak 2013; Tomer 2001), 150 participants; low-certainty
evidence); reticulocytes (MD 0.43%, 95% CI -4.46 to 13.60; 1 study
(Tomer 2001), 10 participants; very low-certainty evidence); total

platelet count (MD 30.63 x 103/μL, 95% CI -13.48 to 74.74; I2 = 0%;
2 studies (Daak 2013; Tomer 2001), 150 participants; low-certainty
evidence); LDH levels (MD 17.60 U/L, 95% CI -162.21 to 197.41; 1
study (Tomer 2001), 10 participants; very low-certainty evidence).
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11. Folic acid versus placebo

This comparison includes one study (115 participants) (Rabb
1983). See Table 13 in Appendix 4 for GRADE judgements for this
comparison.

Primary outcomes

Frequency of crisis

The included study did not measure this outcome.

Severity of pain

Folic acid may result in little to no diKerence in the number
of participants experiencing a painful crisis at up to 12 months
compared to placebo (RR 1.16, 95% CI 0.70 to 1.92; 1 study, 115
participants; low-certainty evidence; Analysis 11.1).

QoL of participants living with SCD and their caregivers

The included study did not measure this outcome.

Secondary outcomes

Adverse eBects

The included study did not report on this outcome.

Frequency of hospitalization

This outcome was measured as the number of clinic visits per child.
Folic acid may have no eKect in reducing the rate of clinic visits
compared to placebo (rate ratio 1.01, 95% CI 0.39 to 2.62; 1 study,
115 participants; low-certainty evidence; Analysis 11.2).

Frequency of SCD-related complications

Folic acid may make little or no diKerence in reducing the frequency
of SCD-related complications compared to placebo at up to 12
months (Analysis 11.3): SCD-related major infections (RR 0.89, 95%
CI 0.47 to 1.66; 1 study, 115 participants; low-certainty evidence);
SCD-related minor infections (RR 0.99, 95% CI 0.85 to 1.15; 1 study,
115 participants; low-certainty evidence); SCD-related dactylitis
(RR 0.67, 95% CI 0.35 to 1.27; 1 study, 115 participants; low-certainty
evidence); and splenic sequestration (RR 1.07, 95% CI 0.44 to 2.57;
1 study, 115 participants; low-certainty evidence) (Rabb 1983).

Haemoglobin status

The included study did not measure this outcome.

Laboratory markers of haemolysis and inflammation

The included study did not measure this outcome.

12. Extended-release niacin versus placebo

This comparison included one study (27 participants) (ScoKone
2013). See Table 14 in Appendix 4 for GRADE judgements for this
comparison.

Of the review's eight outcomes of interest, ScoKone 2013 measured
only two, both of them secondary outcomes.

Haemoglobin status

We are very uncertain whether extended-release niacin results in
an increase in haemoglobin levels at up to six months compared to
placebo (MD 0.40 g/dL, 95% CI -0.69 to 1.49; 1 study, 27 participants;
very low-certainty evidence; Analysis 12.1).

Laboratory markers of haemolysis and inflammation

We are also uncertain whether extended-release niacin reduces
total WBC count at up to six months (MD 0.00 K/μL, 95% CI -1.71 to
1.71; 1 study, 27 participants; very low-certainty evidence; Analysis
12.2) or reticulocyte count at up to six months (MD -1.00 K/μL,
95% CI -70.79 to 68.79; 1 study, 27 participants; very low-certainty
evidence; Analysis 12.2), compared to placebo. The study also
reported median (IQR) C-reactive protein levels at up to six months:
1.2 mg/dL (0.5 to 4.6) in the niacin group versus 0.5 mg/dL (0.2 to
3.1) in the placebo group (P = 0.36).

13. Oral propionyl-L-carnitine (PLC) versus placebo

This comparison included one study (15 participants) (Serjeant
1997). See Table 14 in Appendix 4 for GRADE judgements for this
comparison.

Of the review's eight outcomes of interest, Serjeant 1997 measured
only one secondary outcome for this comparison: frequency of
SCD-related complications.

Frequency of SCD-related complications

This outcome was reported as the mean increase in leg ulcer area
aQer treatment (cm; lower size is better). We are very uncertain
whether oral propionyl-L-carnitine is better than placebo at healing
leg ulcers post-intervention at up to six months (MD -3.90 cm,
95% CI -13.91 to 6.11; 1 study, 15 participants; very low-certainty
evidence; Analysis 13.1).

Comparison group B: one antioxidant versus another
antioxidant

1. Vitamin A versus vitamin A plus zinc

This comparison included one study (41 participants) (Dougherty
2012). See Table 15 in Appendix 4 for GRADE judgements for this
comparison.

Primary outcomes

Frequency of crisis

We are very uncertain whether vitamin A is better than vitamin A
plus zinc at reducing VOC at up to 12 months (MD 0.40, 95% CI
-0.49 to 1.29; 1 study, 41 participants; very low-certainty evidence;
Analysis 14.1).

Severity of pain

The included study did not measure this outcome.

QoL of participants living with SCD and their caregivers

The included study did not measure this outcome.

Secondary outcomes

Adverse eBects

The included study did not report this outcome.

Frequency of hospitalization

At up to 12 months, we are uncertain whether vitamin A compared
to vitamin A plus zinc has any eKect on SCD-related hospitalization
(measured as the number of hospitalizations over 12 months of
follow-up and reported as 'time in hospital') (MD 0.70 days, 95% CI
-2.80 to 4.20; 1 study, 41 participants; very low-certainty evidence;
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Analysis 14.2), time spent in the haematology acute care unit (MD
-0.70 day, 95% CI -1.65 to 0.25; 1 study, 41 participants; very low-
certainty evidence; Analysis 14.2), and number of emergency visits
(MD 0.10 visits, 95% CI -0.71 to 0.91; 1 study, 41 participants; very
low-certainty evidence).

Frequency of SCD-related complications

We are very uncertain whether vitamin A is better than vitamin A
plus zinc at reducing acute chest syndrome at up to 12 months
(MD -0.20, 95% CI -0.52 to 0.12; 1 study, 41 participants; very low-
certainty evidence; Analysis 14.3).

Haemoglobin status

There may be little or no diKerence in the eKect of vitamin A
compared to vitamin A plus zinc in increasing haemoglobin levels
at up to 12 months: haemoglobin levels with vitamin A fell from a
median (IQR) 8.2 g/mL (6.2 to 9.8) to 8.0 g/mL (6.9 to 10.8) versus
a median (IQR) 7.9 g/mL (6.6 to 10.0) to 7.6 g/mL(6.7 to 10.7)
with vitamin A plus zinc (1 study, 41 participants; low-certainty
evidence).

Laboratory markers of haemolysis and inflammation

Vitamin A may make little or no diKerence in reducing reticulocyte
count compared to vitamin A plus zinc (MD -0.20%, 95% CI -3.33 to
2.93; 1 study, 41 participants; low-certainty evidence; Analysis 14.4).

Dougherty 2012 reported other laboratory markers as median (IQR)
at up to 12 months (Table 16). We are uncertain whether vitamin
A has any eKect on other laboratory markers of haemolysis and
inflammation compared to vitamin A plus zinc at 12 months. In
the vitamin A group, total WBC count increased from median (IQR)

12.0 x 103/µL (5.4 to 22.7) at baseline to 13.7 x 103/µL (6.8 to 20.7)
compared to vitamin A plus zinc, which increased from median

(IQR) 13.2 x 103/µL (8.7 to 26.8) to 14.5 x 103/µL (5.6 to 18.1) (1 study,
41 participants; very low-certainty evidence). We are uncertain
whether vitamin A compared to vitamin A plus zinc has an eKect
in reducing total platelet count. Platelet count increased slightly

with vitamin A from median (IQR) 429 x 103/µL (239 to 682) to

448 x 103/µL (237 to 582) compared to a marked increase in the

vitamin A plus zinc group from median (IQR) 484 x 103/µL (173 to

490) to median (IQR) 514 x 103/µL (208 to 812) in the vitamin A plus
zinc group (1 study, 41 participants; very low-certainty evidence).
Also, we are uncertain whether vitamin A is better than vitamin A
plus zinc at increasing HbF levels. HbF level increased from median
(IQR) 6.9% (0.5 to 22.9) to 7.2% (0.5 to 21.8) in the vitamin A group
compared to a decrease from 7.6% (2.2 to 18.4) to 6.6% (2.5 to 19.0)
in the vitamin A plus zinc group (41 participants; very low-certainty
evidence; Table 16).

Comparison group C: antioxidant versus standard local care

1. Standard local care plus arginine butyrate versus standard
local care

This comparison included two studies (46 participants) (Koshy
2001; McMahon 2010). See Table 17 in Appendix 4 for GRADE
judgements for this comparison.

Of the review's eight outcomes of interest, McMahon 2010
measured two secondary outcomes (adverse eKects and frequency
of SCD-related complications), and Koshy 2001 measured only one

secondary outcome for this comparison (frequency of SCD-related
complications).

Secondary outcomes

Adverse eBects

McMahon 2010 reported that "No serious adverse events were
reported to be directly related to the study drug. Drug-related
adverse events related to arginine butyrate included headache and
nausea, which were usually preventable or controlled with anti-
emetics and acetaminophen or ibuprofen therapy given prior to
and during the infusions" (low-certainty evidence).

Frequency of SCD-related complications

Standard local care plus arginine butyrate may be better than
standard local care alone at reducing the diameter of leg ulcers
in SCD at up to six months (MD -22.87 cm, 95% CI -37.92 to -7.82;

I2 = 0%; 2 studies, 46 participants; very low-certainty evidence;
Analysis 15.1), but the evidence is very uncertain. Further, we are
very uncertain whether standard local care plus arginine butyrate
increased the number of leg ulcers that healed completely at up to
six months compared to standard local care alone (rate ratio 1.38,

95% CI 0.64 to 2.99; I2 = 0%; 2 studies, 46 participants; very low-
certainty evidence; Analysis 15.2), or the number of leg ulcers that
partially healed (rate ratio 1.61, 95% CI 0.69 to 4.03; 1 study, 26
participants; very low-certainty evidence; Analysis 15.2).

Comparison group D: two diBerent doses of the same
antioxidant

1. Vitamin A (3000 mg) versus vitamin A (6000 mg)

This comparison included one study (22 participants) (Brownell
2020). See Table 18 in Appendix 4 for GRADE judgements for this
comparison.

Of the review's eight outcomes of interest, Brownell 2020 measured
only two secondary outcomes.

Haemoglobin status

Vitamin A (3000 mg) may make little or no diKerence to
haemoglobin levels in people with SCD compared to vitamin A
(6000 mg) at up to six months (MD 0.00 g/dL, 95% CI -0.52 to 0.52; 1
study, 22 participants; low-certainty evidence; Analysis 16.1).

Laboratory markers of haemolysis and inflammation

Low-certainty evidence showed that vitamin A (6000 mg) may be
better than vitamin A (3000 mg) at reducing reticulocyte count
at up to six months (MD 2.40%, 95% CI 0.43 to 4.37; 1 study, 22
participants; Analysis 16.2). Vitamin A (3000 mg) may make little or
no diKerence to HbF level compared to vitamin A (6000 mg) at up to
six months (MD 1.40%, 95% CI -2.75 to 5.55; 1 study, 22 participants;
low-certainty evidence; Analysis 16.2).

2. N-acetylcysteine (1200 mg) versus N-acetylcysteine (2400 mg)

This comparison included two studies (21 participants) (Nur 2012;
Pace 2003). See Tables 20 and 21 in Appendix 4 for GRADE
judgements for this comparison.
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Primary outcomes

Frequency of crisis

One study reported this outcome as the number of VOC episodes
per group (10 participants) (Pace 2003). We are very uncertain
whether NAC (2400 mg) is better than NAC (1200 mg) at reducing the
number of VOC episodes at up to 12 months (rate ratio 0.77, 95% CI
0.24 to 2.50; 1 study, 10 participants; very low-certainty evidence;
Analysis 17.1).

Severity of pain

Neither study measured this outcome.

QoL of participants living with SCD and their caregivers

Neither study measured this outcome.

Secondary outcomes

Adverse eBects

One study (11 participants) reported this outcome at up to six
months, but not in a format that could be analysed (Nur 2012).
Investigators reported that "One patient (P4) discontinued using
NAC aQer 3 weeks and withdrew from the study. One patient
on the 2400 mg NAC dose had gastro-intestinal complaints that
disappeared aQer switching to 1200 mg on the second day of
treatment which she continued using (P 6)" (Nur 2012) (1 study, 11
participants; very low-certainty evidence).

Frequency of hospitalization

Neither study measured this outcome.

Frequency of SCD-related complications

Neither study measured this outcome.

Haemoglobin status

One study reported this outcome (Nur 2012). We are very uncertain
whether NAC (1200 mg) is better than NAC (2400 mg) at increasing
haemoglobin level in people with SCD at up to six months (MD
-3.80 g/dL, 95% CI -7.68 to 0.08; 1 study, 11 participants; very low-
certainty evidence; Analysis 17.2).

Laboratory markers of haemolysis and inflammation

Neither study measured this outcome.

D I S C U S S I O N

Summary of main results

The review included 26 studies representing 17 comparisons:
13 comparisons of antioxidants (single or in combination) to
placebo; one head-to-head comparison of diKerent antioxidants
(vitamin A plus zinc versus vitamin A alone); one comparison of
an antioxidant (arginine butyrate) to standard local care; and two
comparisons of antioxidants given at diKerent doses (vitamin A;
N-acetylcysteine). The reporting of review outcomes varied across
the studies, with 14 studies reporting on primary outcomes at
diKerent time points: frequency of crisis (10 studies), pain severity
(five studies), and QoL (three studies). The important secondary
outcomes reported included adverse events (nine studies),
frequency of hospitalisation (seven studies), frequency of SCD-
related complications (12 studies), and change in haemoglobin
status (13 studies). See Summary of findings 1; Summary of findings

2; Summary of findings 3; Summary of findings 4; Summary of
findings 5, and Appendix 4.

Primary outcomes

Overall, eight studies reported on the primary outcomes of
the review at six months, using a range of instruments and
measurements in a relatively small population.

The eKect of the interventions on the frequency of crisis ranged
from some reduction to a possible increase in the frequency of
crisis. Zinc, NAC (1200 mg), and L-arginine may not be better than
placebo at reducing the frequency of crisis at up to six months
(low-certainty evidence). We are uncertain of the eKects of vitamin
C (1400 mg) plus vitamin E (800 mg) in reducing the frequency
of crisis compared to placebo at up to six months (very low-
certainty evidence, downgraded due to very serious risk of bias and
imprecision). The frequency of crisis was not measured for omega-3
at six months.

The review showed that, at six months, L-arginine may reduce the
severity of pain compared to placebo in people with SCD (low-
certainty evidence). The evidence is very uncertain whether vitamin
C (1400 mg) plus vitamin E (800 mg) or NAC (1200 mg) are better
than placebo at reducing the severity of pain in people with SCD.
We downgraded the certainty of the evidence for these latter two
comparisons to very low, due to serious risk of bias, imprecision,
and indirectness. It was not clear to what extent the results
were influenced by contextual factors such as co-administered
medicines. Studies in other antioxidants did not measure this
outcome.

Three studies reported on quality of life, but assessed this with
diKerent scales, which meant we were unable to make an overall
assessment of the quality of life of participants and their caregivers.
Sins 2018 measured the eKect of NAC (1200 mg) on mental and
physical quality of life using the SF-36 scoring scale at six months'
follow-up. The evidence is very uncertain about the eKect of NAC
(1200 mg) compared to placebo in improving quality of life. We
downgraded the certainty of the evidence to very low, due to very
serious risk of bias and imprecision.

Secondary outcomes

The eKect of antioxidants on adverse eKects ranged from a reduced
to an increased risk of adverse eKects, and varied by the type
of event assessed. Adverse eKects were not reported by 17 of
the included studies for 10 comparisons. The most common
adverse eKects were headaches, gastrointestinal complaints, and
rash. Overall, the evidence is very uncertain about the eKect of
antioxidants on the risk of adverse eKects. The certainty of the
evidence ranged from very low to low for adverse eKects, due to
very serious risk of bias and imprecision.

Hospitalization was assessed in terms of frequency of
hospitalization, mean diKerence in frequency, and mean diKerence
in duration of hospitalization. The evidence is uncertain whether
L-arginine reduces the duration of hospitalization compared to
placebo at up to six months (very low-certainty evidence). We are
very uncertain of the eKects of NAC (1200 mg) on the frequency
of hospitalization compared to placebo, as the certainty of the
evidence was very low. We downgraded the certainty of the
evidence for serious risk of bias, imprecision, and indirectness.
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Twelve studies reported the frequency of SCD-related
complications. However, the studies considered diKerent
presentations of SCD complications, such as leg ulcers, acute chest
syndrome, infections, SCD-related dactylitis, splenic sequestration,
blood transfusion, and severe anaemia, and applied a wide range
of interventions; hence, a pooled analysis of the eKect was not
possible. The evidence is very uncertain about the eKects of vitamin
C (1400 mg) plus vitamin E (800 mg), zinc, and NAC (1200 mg) in
reducing the frequency of SCD-related complications at six months,
compared to placebo. We downgraded the certainty of the evidence
to very low due to serious risk of bias, imprecision, and indirectness.

Haemoglobin status was assessed in many studies by a diKerence
in the mean haemoglobin levels between groups. The eKect ranged
from little to none, with substantial heterogeneity observed across
the studies. There was low-certainty evidence that zinc may result
in a slight increase in haemoglobin level compared to placebo,
but L-arginine and NAC (1200 mg) at up to six months may make
little to no diKerence. We are very uncertain of the eKect of other
interventions, including vitamin C (1400 mg) plus vitamin E (800
mg) and omega-3, in increasing haemoglobin level at up to six
months, compared to placebo (all very low-certainty evidence). We
downgraded the certainty of the evidence due to very serious risk
of bias and imprecision.

Overall completeness and applicability of evidence

The review represents a detailed summary of the eKect of
antioxidants on several key outcomes in the management of SCD.
The comparisons and outcomes reflect the range of applications
where antioxidants have been considered. The wide range of
interventions and outcomes creates methodological challenges
to producing summaries of overall eKects derived from the
evidence, and thus also has implications for the applicability of the
evidence. Most interventions showed very little or no eKect on the
outcomes assessed. Antioxidants are used as adjuvant treatment
and produce eKects by targeting diKerent pathways and this could
account for the heterogeneity in eKects. Most studies were in
small populations, and outcomes were measured diKerently across
studies: both of these features could raise questions about the
applicability of the evidence to a wider population.

Certainty of the evidence

The review is based on data from 26 studies with 17 comparisons
and a wide range of outcomes. However, each comparison was
evaluated in relatively small populations, with the certainty of the
evidence judged as low or very low across the outcomes assessed.

We downgraded the certainty of the evidence for the following
reasons: serious risk of bias, serious indirectness, and serious/very
serious imprecision because of wide confidence intervals involving
both harm and benefit. The certainty of the evidence was very low
for L-glutamine, very low for vitamin C plus vitamin E, moderate
to low for zinc, low to very low for N-acetylcysteine, low to very
low for L-arginine, very low for omega-3, low for folic acid, very
low for extended-release niacin, very low for vitamin A, very low
for vitamin A plus zinc, very low for oral propionyl-L-carnitine,
and low to very low for arginine butyrate. The interventions were
compared to either placebo or standard local care, with some of
the comparisons having co-interventions for both treatment arms;
in some cases, diKerent dosages of interventions were compared.
Overall, the certainty of the evidence for most interventions was

very low (Summary of findings 1; Summary of findings 2; Summary
of findings 3; Summary of findings 4; Summary of findings 5).

Potential biases in the review process

We could not add the data from some included studies to the
analyses in this review (Martins 2009; Morris 2019; Prasad 1984;
Serjeant 1970; Styles 2007), as the full texts were not accessible, and
we could not reach the study authors to request additional data.
We did not prespecify the time points of interest. We classified time
points into six months, 12 months, and over 12 months in assessing
the outcomes, based on clinical feedback and the range of follow-
up periods reported in the studies. We also made a judgement as
to which comparisons we included in the core summary of findings
tables and at what time point, based on clinical importance. We
acknowledge that these judgements reflect subjective decisions by
the study team.

Finally, we did not include vitamin D, which is known to have
antioxidant properties, as this is covered by another review (Soe
2020).

It is unclear to us whether these diKerences between our protocol
and systematic review may have introduced some level of bias.

Agreements and disagreements with other studies or
reviews

In 2013, a Cochrane review on zinc supplementation concluded
that zinc was beneficial for reducing the frequency of crisis in SCD
(Swe 2013). In contrast to this, Dekker 2012 reported that the eKect
of zinc on VOC was less convincing, though it showed a beneficial
eKect in reducing the occurrence of infection. In this present review,
the eKect of zinc on the frequency of crises was measured in two
included studies, and we found no evidence that zinc was beneficial
in reducing the frequency of crises or improving sickle cell disease-
related complications (such as leg ulcers) compared to placebo,
based on low- to very low-certainty evidence.

A review by Delesderrier 2020 included many of the primary studies
included in this review, but due to the heterogeneity of the results,
presented a narrative summary. We observed diKerences in the risk
of bias scores for the included studies, but the overall score in both
reviews indicates a high risk of bias across most of the studies.
The deductions on the eKect of antioxidants, such as vitamins
A, C, D, as well as L-arginine, L-glutamine, and N-acetylcysteine,
on haemolysis markers and change in haemoglobin indices were
similar in both reviews. However, Delesderrier 2020 drew more
positive conclusions on the eKects of the interventions, which
may not be consistent with the data, and they did not provide an
objective assessment of the certainty of the evidence.

Similarly, there is some overlap in the studies and outcomes
reported here and those in the review by Sins 2017, which included
five studies evaluating the eKect of antioxidants, in addition to
other types of interventions for the management of sickle cell
disease. Both reviews agree on the poor methodological rigour in
the included studies, with an overall high risk of bias in most studies
as assessed by the Cochrane RoB tool. However, while the findings
from Sins 2017 support L-glutamine, ours do not. Our findings are
in agreement with those reported by Cieri-Hutcherson 2019 on the
uncertainty of the evidence regarding the potential benefits of L-
glutamine.
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Another review by Gyamfi 2021 focused on evidence-based
interventions. It included a broad range of interventions, including
disease-modifying agents, supportive care agents/analgesics,
anti-malarials, systemic treatments, patient/ provider education,
and nutritional supplements. Gyamfi 2021 applied methods as
described in the Cochrane Handbook, including the use of the RoB
tool to assess the methodological quality of the included studies.
The review focused on implementation outcomes measures
(adoption, appropriateness, acceptability, cost, feasibility, fidelity,
penetration, and sustainability), so its findings are not comparable
with our review.

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

Implications for practice

There is a lot of interest in the use of antioxidants to reduce
the risks associated with sickle cell disease (SCD). In this review,
none of the interventions showed any benefit in reducing the
frequency of crisis compared to placebo at up to six months.
Also, L-arginine was the only intervention more beneficial than
placebo in reducing the severity of pain at up to six months. In
the comparisons that reported adverse events, the risk of adverse
events between antioxidants and placebo was not diKerent.
However, one participant allocated to L-arginine developed hives
during infusion of L-arginine, another experienced acute clinical
deterioration, and a participant in the placebo group had clinically
relevant increases in liver function enzymes. Most studies were
small, and outcomes were measured diKerently across studies:
these features potentially limit the applicability of the review's
findings to a wider population. We conclude that the evidence
supporting the eKect of the interventions was of very low to low
certainty for the review's primary outcomes, and the evidence for
the secondary outcomes was inconclusive. The decision to use
these antioxidants for the management of sickle cell disease should
follow careful consideration of their marginal risks and benefits.

Implications for research

The wide range of potential interventions for and presentations
of sickle cell disease crisis make a clear assessment of the eKects
of antioxidants challenging. More randomized controlled trials
(RCTs) are required to better understand the role of antioxidants
in the onset, progression, or resolution of sickle cell disease crisis.
Future research should include large, multicenter RCTs that address
the eKects of clinically important antioxidants, including zinc,

omega-3, N-acetylcysteine, L-glutamine, vitamin C plus vitamin
E, and L-arginine, on the complications of sickle cell disease,
painful episodes and their severity, frequency of hospitalization,
haemoglobin, and adverse eKects. There is also a need for
stakeholders to reach a consensus on important SCD outcomes
and validated tools for measuring these outcomes in clinical trials
involving SCD. Doing so could minimize variations in outcome
reporting, resulting in more precise assessments of the eKects of
antioxidants as interventions in SCD.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Randomized placebo-controlled trial

Participants "Homozygous SCA or Sb0-thalassaemia adult patients regularly attending the Hereditary Anaemias
Outpatients Clinic of Federal University of Sao Paulo (UNIFESP) were recruited
to participate". 18 years and above, median age 27 (18 – 68) years.

Male = 30 participants

Female = 53 participants

"A total of 94 patients were initially eligible. Four patients refused to participate and two were excluded
due to iron overload not on chelation therapy. Eighty-eight were then randomized but five were exclud-
ed after randomization: one died from SCA-related complications (randomized to placebo) and four
(two randomized to placebo) abandoned follow-up before first revaluation. Therefore, 83 SCA patients
had baseline and post-treatment data and these were analysed. Forty-four patients were supplement-
ed with vitamins and 39 received placebo. Seventy-one patients received treatment for 180 d (34 place-
bo, 37 vitamins) and 12 received treatment for 90 d (five placebo, seven vitamins). Median age was 27
years (range: 18–68 years), and 53 (64%) were female. Capsule count confirmed optimal adherence to
the protocol in 96% of cases. There were no differences between the two groups as regards clinical SCA
complications or baseline laboratorial tests."

Interventions Participants received either vitamin C 1400 mg/day and vitamin E 800 mg/day or placebo for 6 months.
"Vitamins and placebo capsules were supplied by the same pharmacy (Bioformula®, Sao Paulo, Brazil).
Participants were asked to return the bottles at the end of the study".

Vitamin C (700 mg tablets) in white capsules plus vitamin E (200 mg tablets) in blue capsules versus
placebo in identical bottles and capsules.

Vitamin: male/female = 15/29

Placebo: male/female = 15/24

Outcomes Clinical complications and laboratory parameters

Notes Funding source: funded by grants from FAPESP (Fundac~ao de Amparo a Pesquisa do Estado de Sao
Paulo) #2010/02933-6 and CNPq (Conselho Nacional de DesenvolvimentoCientıfico e Tecnologico)
#140392/2009-2

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described in detail. "Patients were randomly assigned into two groups:
vitamin supplementation or placebo. Randomization was performed by the
technician’s blinded choice of 1 of 100 of identical numbered pairs of bottles
(50 containing VitC 700 mg in white capsules plus VitE 200 mg in blue capsules,

Arruda 2012 
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and 50 containing placebo in identical bottles and capsules). The pairs num-
bered 1–60 were reserved for allocation of patients taking hydroxycarbamide
regularly."

Allocation concealment
(selection bias)

Unclear risk No information

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

Low risk Participants were blinded to the interventions received. "Identical numbered
pairs of bottles (50 containing VitC 700 mg in white capsules plus VitE 200 mg
in blue capsules, and 50 containing placebo in identical bottles and capsules).
The pairs numbered 1–60 were reserved for allocation of patients taking hy-
droxycarbamide regularly. Patients received either VitC 1400 mg/d and VitE
800 mg/d or placebo for 6 months. Vitamins and placebo capsules were sup-
plied by the same pharmacy (Bioformula®, Sao Paulo, Brazil). Patients were
asked to return the bottles at the end of the study."

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

Low risk Outcome assessors were blinded. "Identical numbered pairs of bottles (50
containing VitC 700 mg in white capsules plus VitE 200 mg in blue capsules,
and 50 containing placebo in identical bottles and capsules). The pairs num-
bered 1–60 were reserved for allocation of patients taking hydroxycarbamide
regularly. Patients received either VitC 1400 mg/d and VitE 800 mg/d or place-
bo for 6 months. Vitamins and placebo capsules were supplied by the same
pharmacy (Bioformula®, Sao Paulo, Brazil). Patients were asked to return the
bottles at the end of the study."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 5/34 participants in placebo and 7/37 in the vitamin group lost to follow-up,
but reasons not given.

Selective reporting (re-
porting bias)

Unclear risk Although we could not access the trial protocol, the effect of the interventions
on outcomes listed in the methods section were reported.

Other bias Low risk Not suspected.

Arruda 2012  (Continued)

 
 

Study characteristics

Methods RCT

Participants 36 ambulatory volunteers with SCD

Age: mean (SD) = 32.9 (9.7) years; range 18 - 47 years

Male: N = 22

Females: N = 14

Interventions Zinc: 25 mg zinc as acetate orally 3 times a day for 3 months
N = 18
Male: 11
Female: 7

Placebo
N = 18
Male: N = 11
Female: N = 7

Bao 2008 
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No participants received hydroxyurea

Outcomes Vaso-occlusive pain crisis, haematological parameters, total number of infections, and other laborato-
ry parameters

Notes Both zinc and placebo capsules were supplied by TEVA Pharmaceuticals (North Wales, Pa).

Exclusion "criteria were as follows: (1) nonambulatory, (2) receiving more than 6 transfusions per year
or taking hydroxyurea, (3) history of substance abuse, (4) neurological or psychiatric deficits that could
affect compliance, (5) use of immunosuppressive drugs, (6) patients who were positive for HIV, and (7)
patients who were positive for hepatitis B".

Funding source: "Supported by Grant 1-R01 A150698-01A1 from the National Institutes of Health (to
A.P.) and by Grant FD-U-000457-06 from the Food and Drug Administration (to A.P.)".

Declaration of interest by authors: no information.

Location: USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "All patients were randomly divided into 2 groups, the order of assignment (ie,
zinc or placebo), within pairs was random". No explanation on how randomi-
sation was carried out; probably done.

Allocation concealment
(selection bias)

Unclear risk No information

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

Low risk The personnel who cared for participants were blinded to the assignment. Two
identical bottles labelled as study drug, not labelled as zinc or as placebo. It
was not mentioned that the participants were blinded, but probably done.
This was a placebo-controlled trial.

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

Low risk "The clinical staK members were blinded observers. They evaluated and man-
aged the patients for vaso-occlusive pain episodes".

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants were included in the final analysis.

Selective reporting (re-
porting bias)

Low risk We did not assess the trial protocol. However, all important outcomes listed in
the methods section were reported.

Other bias Low risk Not suspected.

Bao 2008  (Continued)

 
 

Study characteristics

Methods RCT

Participants 22 participants with SCD

Age: mean (SD) 13.8 (3.3) years

Brownell 2020 
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Sex:
Male: N = 13
Female: N = 9

Interventions Vitamin A 3000 IU/day doses as capsules in blister packs (N = 10)

versus

6000 IU/day doses as capsules in blister packs (N = 11)

Outcomes Primary outcomes: vitamin A status as indicated by serum retinol, retinol binding protein (RBP), and
transthyretin (TTR, or prealbumin)

Secondary outcomes: included concurrent changes in haematologic, nutritional, and
immunologic indices, muscle strength, and muscle function

Notes ["HbSS 9 to 19 years of age were recruited from the Philadelphia, PA, and Voorhees, NJ clinics of the
Comprehensive Sickle Cell Center at CHOP, as well as the Marian Anderson Comprehensive Sickle Cell
Care and Research Center at St. Christopher’s Hospital for Children in Philadelphia, PA"].

Exclusion ["criteria for the HbSS group included vaso-occlusive events or other illness in the 2 weeks
preceding enrollment, HU initiation within the 6 weeks preceding enrollment, a history of either overt
or silent stroke, or liver function tests >4 times the upper limit of laboratory range in the preceding 3
months"].

"Change values are reported as regression coefficients with 95% confidence intervals based upon
mixed effects linear regression models adjusting for hydroxyurea use and including time x dose interac-
tion term".
"Significant values are expressed after undergoing correction for multiple comparisons"

Funding source: "the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
Foundation/Abbott Nutrition Advanced Fellowship in Pediatric Nutrition grant provided salary support
to J.N.B., with no effect on trial design, data collection, analysis, or interpretation, writing of the manu-
script, or the decision to submit for publication. Additional support was provided by the Center for Hu-
man Phenomic Science (National Center for Advancing Translational Sciences, National Institutes of
Health,UL1TR001878), Comprehensive Sickle Cell Center, Nutrition Center, and Cortner Endowed Chair
at Children’s Hospital ofPhiladelphia (V.A.S.)".

Declaration of interest by authors: no competing interests.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "computer-generated randomization scheme provided by the manufacturer".

Allocation concealment
(selection bias)

Low risk "Capsules of 3000IU of vitamin A were provided in sequentially-labeled blister
packs corresponding to the computer-generated randomization scheme pro-
vided by the manufacturer".

There was no way the investigators would know the sequence of allocating the
intervention (who will get a placebo or real intervention).

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

Low risk "Study staK and participants were blinded to the assigned dose group".

Given the allocation concealment described above, participants would not
know which tablets they were taking. They were instructed to take 2 capsules
per day: two capsules of vitamin A (totalling 6000 IU/day) or one capsule of vi-
tamin A and 1 placebo capsule (totalling 3000 IU/day), depending on random-
ization group.

Brownell 2020  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk "Study staK and participants were blinded to the assigned dose group".

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 1 participant (5%) in the 3000 IU/day of Vitamin A group was lost to follow-up.
Reason not provided.

Selective reporting (re-
porting bias)

Low risk All outcomes listed in the trial protocol were reported.

Other bias Low risk Not suspected.

Brownell 2020  (Continued)

 
 

Study characteristics

Methods RCT

Participants People aged 2 to 24 years with HbSS.

Interventions Omega-3 versus placebo capsules containing 277.8 mg DHA and 39.0 mg EPA (all of the participants
were receiving regular folate supplementation, and those above 5 years of age were receiving standard
oral prophylactic penicillin).

Omega-3:
Sex (male/female) = 41/29
Age = mean (SD) 8.1 (4.6) years

Placebo
Sex (male/female) = 38/32
Age = mean (SD) 7.8 (5.5) years

Outcomes Primary outcome:

"the annualized rate of clinical vasoocclusive crisis, defined as painful events that lead to hospitalisa-
tion (vaso-occlusive crisis was defined as a painful event characterised by musculoskeletal and/or vis-
ceral pain, which is usually associated with mild pyrexia and the passage of dark or red urine)."

Secondary outcomes:

"Incidence of severe anaemia (hemoglobin concentration, 50 g/L), number of inpatient days due to
clinical vaso-occlusive crisis, rate of blood transfusion, school attendance, mean hemoglobin concen-
tration, and mean corpuscular volume."

The number of inpatient days was used as an objective measure of the severity of clinical vaso-occlu-
sive crisis.

Notes Participants who were undergoing regular follow-up at the outpatient Sickle Cell Disease Referral Clin-
ic, Ibn-Aoaf Paediatric and Khartoum Teaching Hospitals, Khartoum (Sudan), were enroled between
April 2009 and May 2010.

The exclusion criteria were as follows: presence of other chronic diseases, blood transfusion in the pre-
vious 4 months, hydroxyurea treatment, a history of overt stroke, or pregnancy.

Funding source: EU FP6 Marie Curie Transfer of Knowledge Programme (contract no. MTKD-
CT-2005-029914; KG), Efamol Limited UK (KG), and the Kitchner Memorial Trust Fund and University of
Khartoum (AD).

Daak 2013 
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Declaration of interest by authors: "The funding bodies had no influence on the study design, collection
and analysis of data, interpretation of results or writing. The authors do not have a conflict of interest
or financial relationships with the funding bodies".

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomization was conducted by using a sequence of computer-generated
random numbers at the Faculty of Life Sciences, London Metropolitan Univer-
sity (United Kingdom)."

Allocation concealment
(selection bias)

Unclear risk Allocation concealment was not described.

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

Low risk "the staK of the Sickle Cell Disease Referral Clinic, investigators, and partici-
pants were blinded until the biochemical and clinical outcome data were ana-
lyzed and the database unlocked."

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

Low risk "the staK of the Sickle Cell Disease Referral Clinic, investigators, and partici-
pants were blinded until the biochemical and clinical outcome data were ana-
lyzed and the database unlocked."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 17% lost to follow-up in the omega-3 group

21% lost to follow-up in the placebo group

Reasons were given and similar across both groups.

Selective reporting (re-
porting bias)

High risk All important outcomes listed in the methods were reported. However, data
for the placebo group were not reported for some laboratory parameters, such
as LDH.

Other bias Low risk Not suspected.

Daak 2013  (Continued)

 
 

Study characteristics

Methods RCT

Participants Children 5 years to 17 years old with SCD (homozygous haemoglobin SS, haemoglobin SC and haemo-
globin Sb0-thalassemia).

Interventions "SC411 (ϕ-3 fatty acid docosahexaenoicacid (DHA, 22:6ϕ3) is a novel DHA ethyl ester formulation with
a proprietary delivery platform (Advanced Lipid Technology, or ALT) that enhances DHA bioavailabili-
ty and overcomes the variable absorption related to dietary fat (“food effect”). This was placebo con-
trolled, parallel-group, dose-finding trial to evaluate the safety, tolerability, and efficacy of 3 weight-
based dose levels of SC411 (20 [range: 12-26]; 36 [range: 26-48], or 60 [range: 51-72] mg DHA/kg per day)
in children with SCD."

Acid docosahexaenoicacid (DHA, 22:6ϕ3) (Omega-3) = 50 participants

Placebo = 17 participants

Outcomes Primary outcomes:

Daak 2018 
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"the primary efficacy endpoint was the percentage change from baseline in the total blood cell mem-
brane DHA and EPA concentration after 4 weeks of treatment."

Secondary outcomes:

"plasma lactate dehydrogenase, D-dimer, reticulocyte count, white blood cell count, platelets, indi-
rect bilirubin, high-sensitivity C-reactive protein, soluble vascular cell adhesion molecule-1, soluble
E-selectin, and Hb. The secondary and exploratory laboratory-based endpoints were assessed as the
change from baseline at 2, 4, and 8 weeks. The exploratory clinical endpoints included the rate of vis-
its to a medical facility (hospital, clinic, or emergency room) for cSCC or other SCD-related complica-
tions, the number of hospitalization days for SCC, and number of blood transfusions (acute simple
blood transfusions and exchange blood transfusions). Endpoints recorded using the eDiary included
rate of painful crises, intensity of painful crises, frequency of analgesic use at home, and school atten-
dance. An eDiary-recorded painful crisis was defined as a new onset of sickle cell pain accompanied by
analgesic use, as recorded in the subject’s daily eDiary. The eDiary recorded pain crises must have been
separated by at least 48 hours to be considered as a distinct painful crisis."

Notes Funding source: Sancilio Pharmaceuticals Company, Inc. (SCI)

Declaration of interest by authors: "A.A.D. and A.L.R. are employees of SCI. O.A.A. has been an advi-
sory board member for Novartis. C.D.D.has been an advisory board member for Novartis, Pfizer, and
SCI;worked as a consultant for Novartis, Pfizer, GBT, Eizyme, and Prolong Therapeutics, and Data and
Safety Monitoring Committee chair forIronwood; and obtained research funding for Pfizer, SCI, Lilly,
Novartis, Katz Foundation, and the National Institutes of Health/Eunice Kennedy ShriverNational Insti-
tute ofChildHealth andHumanDevelopment. J.K. has worked as a consultant for Bluebird Bio, Novar-
tis, CRISPR, and AstraZeneca (steering committee), as well as participated in the National Heart, Lung,
and Blood Institute Sickle Cell Advisory Committee. L.V.B. has worked as a consultant for Prolong Phar-
maceuticals and Mast Therapeutics; been a paid member of the American Society of Pediatric Hema-
tology/Oncology; participated in the advisory committee of Bioverativ; and obtained research funding
from the National Institutes of Health, Pfizer, and Mast Therapeutics. M.U.C. participated in the Adviso-
ry Board of Shire, Octapharma, Grifols, Pfizer, Bayer, Roche, Bioverativ, and Hema; has been part of the
Speakers Bureau of Shire, Roche/ Genentech, Bayer, and Novo Nordisk; has obtained research support
from Shire and Pfizer; has participated as site investigator for Pfizer, Roche/Genentech, Novo Nordisk,
Global Blood Therapeutics, SCI, and Amgen; and holds stocks in Alnylum Pharmaceuticals. L.N. worked
as a consultant for Emmaus, Bayer, CTD Holdings, and Pfizer; is currently on a Data and Safety Moni-
toring Committee for ApoPharma; is a site principal investigator for Pfizer, Sancilio, and PCORI; is a co-
investigator for ApoPharma, Novartis, Bluebird Bio, Sangamo Therapeutics, Global Blood Therapeu-
tics, Silarus, Celgene, Terumo, La Jolla Pharmaceuticals, and Imara; and also is an investigator on Na-
tional Heart, Lung, and Blood Institute, Agency for Healthcare Research and Quality, US Food and Drug
Administration, Health Resources and Services Administration, Centers for Disease Control and Pre-
vention, Doris Duke, the State of California, University of California Office of the President, and Seattle
Children’s Research grants. F.S. has worked as a consultant for Clearway Global, LLC; and is a member
of the Board of Directors of SCI; and participated in the Advisory Committees of Noble Financial Com-
pany. M.M.H. has worked as a consultant for SCI and AstraZeneca; is part of the Advisory Committees
of SCI and Novartis; and received research support from SCI, Pfizer, and Intrinsic Life Sciences. The re-
maining authors declare no competing financial interests".

Location: USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomization was done by using an Interactive Response Technology sys-
tem. Participants were randomly assigned 1:1:1 to 1 of the 3 dose levels. Then,
patients at each dose level were randomly assigned 3:1 to SC411 and placebo.
Randomization was stratified at baseline by Hydroxyuria (HU) use".

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not described

Daak 2018  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk "The subjects, investigators, and assessors were blinded to the treatment as-
signment. SC411 and a matching placebo were supplied as soQ gel mini cap-
sules. SC411 capsules contain 383 mg DHA, and matching placebo capsules
contained approximately 410 mg soybean oil."

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

Low risk "The subjects, investigators, and assessors were blinded to the treatment as-
signment. SC411 and a matching placebo were supplied as soQ gel mini cap-
sules. SC411 capsules contain 383 mg DHA, and matching placebo capsules
contained approximately 410 mg soybean oil."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Intervention: attrition was 6%. Control: attrition was 12%. However, reasons
for loss to follow-up were given: one participant in the intervention was re-
moved because of adverse events due to the intervention.

All participants randomized were included in the final analysis.

Selective reporting (re-
porting bias)

High risk Data for the placebo group were not published for one of the outcomes.

Other bias High risk Suspected. The trial was sponsored by a pharmaceutical company. When we
asked the authors for additional data, we were informed that the funder had
the data.

Daak 2018  (Continued)

 
 

Study characteristics

Methods RCT placebo-controlled

Participants Participants with SCD-SS (aged mean (SD) 6.8 (3.1) years) were recruited in Pennsylvania from the Sick-
le Cell Center.

Sex (male/female): 50/46.

Interventions "For supplemental vitamin A, subjects in the vitamin A or vitamin A + zinc groups received 300 mg/d
(1000 IU) if aged 2.0–3.9 y at baseline, 400 mg/d (1333 IU) if aged 4.0–8.9 y, and 600 mg/d (2000 IU) if
aged 9.0–12.9 y The vitamin A supplement was supplied as retinyl palmitate in a dried formulation,
which was mixed to the proper dose in a 5-mL cherry-flavored liquid compound. For supplemental zinc,
subjects in the vitamin A + zinc group received 10 mg/d if aged 2.0–8.9 y and 20 mg/d if aged 9.0–12.9
y. Zinc was supplied as zinc sulfate together with the vitamin A in a 5-mL cherry-flavored liquid com-
pound".

The placebo was supplied as cherry-flavoured syrup that was indistinguishable from the vitamin A or
vitamin A + zinc supplements.

Vitamin A: N = 29
Age: mean (SD) 7.5 (2.9) years
Sex (male/female) = 18/11

Vitamin A + zinc: N = 18
Age: mean (SD) 7.6 (2.4) years
Sex (male/female) = 11/7

Placebo: N=21
Age: mean (SD) 7.8 (3.2) years
Sex (male/female) = 10/11

Outcomes Primary outcome: number of hospitalizations over 12 months amongst children with SCD-SS

Dougherty 2012 
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Secondary outcomes: laboratory parameters, dark adaptation, hospitalizations and disease events,
and adherence to intervention

Notes "Zinc was supplied as zinc sulfate together with the vitamin A in a 5 mL cherry-flavored liquid com-
pound. The placebo was supplied as cherry-flavored syrup that was indistinguishable from the vitamin
A or vitamin A + zinc supplements. Each participant was instructed to take 1 dose (5 mL) orally per day
in the morning. Follow-up trial visits were at 3, 6, 9, and 12 months."

Funding source: Sickle Cell Center (5U54 HL070596), Clinical Translational Research Center (UL1R-
R024134), K12 Mentored Career Development Award (KL2RR024132), and Nutrition Center at the Chil-
dren’s Hospital of Philadelphia.

Declaration of interest by authors: authors declared they had none.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "The randomization scheme was generated by a biostatistician." Not de-
scribed

Allocation concealment
(selection bias)

Unclear risk No information

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

Low risk "The investigators, study staK, and participants were blinded to the assigned
group". "The placebo was supplied as a cherry-flavored syrup that was indis-
tinguishable from the vitamin A or vitamin A + zinc supplements". The inter-
ventions were supplied as cherry-flavoured syrups as well.

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

Low risk "The investigators, study staK, and participants were blinded to the assigned
group." "The placebo was supplied as a cherry-flavored syrup that was indis-
tinguishable from the vitamin A or vitamin A + zinc supplements". The inter-
ventions were supplied as cherry-flavoured syrups as well.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk "[Longitudinal-mixed-effects (LME) analyses (25) were used to examine change
over time in serum retinol, hospitalization, and disease events and whether
patterns of change were different among the 3 groups. These analyses were
made using the intention-to-treat model where all subjects are included re-
gardless of adherence to the trial protocol. Similar to multiple linear regres-
sion analysis, LME analysis allows for multiple observations per participant.
LME assumes that observations measured from the same participant are de-
pendent and, therefore, the regression coefficients vary across subjects and
are considered to be random. Also, it allows for unequal intervals between vis-
its, uses data from all participants, even when some trial visits were missed,
and accommodates both fixed and random effects. Parameter estimates, as in
regression analysis, indicate the contribution of the independent variable to
the model. For these LME analyses, the subject was treated as a random effect
and measurement and time as fixed effects.]"

Selective reporting (re-
porting bias)

Low risk All outcomes listed in the methods were reported. Also, outcomes reported
were important outcomes prespecified in other trial protocols.

Other bias Low risk Not suspected.

Dougherty 2012  (Continued)
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Methods RCT

Participants 50 adults of both sexes with a clinical and molecular diagnosis of SCA

Interventions HU + L-arginine at a dose of 500 mg/day
N = 25

versus

HU + placebo (starch)
N = 25

The HU doses ranged from 500 to 1500 mg/day and were not modified during the trial.

Outcomes "The outcome measures were the nitric oxide dose measured by nitrite plus nitrate levels using a ni-
trite/nitrate, colorimetric assay kit, Roche, foetal haemoglobin levels measured by HPLC; and reticulo-
cyte and complete blood count.

To measure pain frequency, a time scale was used to stratify the participants. The scale divided the pa-
tients into 5 pain categories: never (absence of pain), every day, every week, every month, and every
year.

As was done for pain assessment, a scale was created to measure the frequency of hospitalisations. The
participants were stratified into the following: never hospitalised, hospitalised 5 years ago, hospitalised
3 years ago, and hospitalised this year. The other clinical and historical data of the participants were
obtained from medical records."

Time points: baseline, 2 months, 4 months.

Notes "The exclusion criteria were the absence of a molecular diagnosis of SCA, pregnancy, presence of renal
disease, not using HU, and a history of transfusion in the last six months."

"To measure pain frequency, a time scale was used to stratify the patients. The scale divided the pa-
tients into 5 pain categories: never (absence of pain), every day, every week, every month, and every
year".

It is unclear how yearly pain for the outcome 'frequency of pain' was measured, given that the study
stated 4 months was the longest follow-up time point.

Funding source: no information

Declaration of interest by authors: authors declared they had none.

Location: Brazil

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The patients were randomized by the GraphPad prism program."

Allocation concealment
(selection bias)

Unclear risk "The groups were separated in a randomized, double-blind trial in which only
the main author had the information regarding the groups and the respective
patients." It is unclear what authors meant by "only the main author had the
information regarding the groups and the respective patients."

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

Low risk Participants were blinded to treatment arms. The trial was a placebo-con-
trolled study in which patients in the intervention group received HU + L-argi-
nine at a dose of 500 mg/day and the control group received HU + placebo
(starch).

Eleuterio 2019  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Assessors were blinded to treatment arms. The trial was a placebo-controlled
study in which patients in the intervention group received HU + L-arginine at a
dose of 500 mg/day and the control group received HU + placebo (starch).

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 43% of the participants in the intervention group were missing in the analysis
and 29% were missing from the placebo group. No explanation was given for
the attrition.

Selective reporting (re-
porting bias)

Low risk Not suspected. All outcomes listed in their methods section were reported,
though we did not have access to the trial protocol.

Other bias Unclear risk It is unclear how yearly pain for the outcome 'frequency of pain' was mea-
sured, given that the study stated 4 months was the longest follow-up time
point.

Eleuterio 2019  (Continued)

 
 

Study characteristics

Methods RCT

Participants 42 children with SCD-SS recruited from the Comprehensive Sickle Cell Center at Children’s Hospital of
Philadelphia (CHOP).

Interventions 10 mg/d elemental zinc (as zinc sulfate) in 5 mL cherry syrup
N = 20
Age = mean (SD) = 6.8 (1.5) years
Sex (male/female) = 9/9

versus

5 mL cherry syrup alone (placebo)
N = 22
Age = mean (SD) 7.4 (1.8) years
Sex (male/female) = 11/9

Outcomes Adherence to treatment, laboratory parameters, anthropometric parameters

Notes Trial location: USA

Funding source: Children’s Hospital of Philadelphia Nutrition Center, General Clinical Research Center
(NIH-RR 00240) and Comprehensive Sickle Cell Center (NIH-HL 38633).

Declaration of interest by authors: no information.

Location: USA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Both formulations and the randomization table were prepared by the research
pharmacy at the Children’s Hospital of Philadelphia (CHOP).

Allocation concealment
(selection bias)

Unclear risk It was not clear if the allocation sequence remained at the pharmacy during
the trial.

Fung 2002 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Participants were blinded to treatment arms."The children were randomized
to receive elemental zinc (as zinc sulfate) in 5 mL cherry syrup or 5 mL cherry
syrup alone (placebo)." The intervention and placebo looked the same. It was
not reported that the blinding was broken.

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

Low risk Assessors were blinded to treatment arms. "The children were randomized
to receive elemental zinc (as zinc sulfate) in 5 mL cherry syrup or 5 mL cherry
syrup alone (placebo)." The intervention and placebo looked the same. It was
not reported that the blinding was broken.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 4 children were lost to follow-up: 2 were randomized to receive zinc and 2 to
receive placebo. 2 children moved from the geographical region, and 2 fami-
lies declined to complete the trial. However, no information was provided to
indicate to which group the 2 children who declined to complete the trial be-
longed. Also, the children lost to follow-up were not included in the final analy-
sis.

Selective reporting (re-
porting bias)

Low risk Not suspected. All outcomes listed in their method section were reported,
though we did not have access to the trial protocol.

Other bias Low risk The trial was published in multiple articles, under different citations.

Fung 2002  (Continued)

 
 

Study characteristics

Methods RCT

Participants 145 people with SCD but reported data for only 130 participants.

Inclusion criteria: "All patients who had confirmed "SS" disease on haemoglobin electrophoresis and
wore [sic] above 5 years of age were included".

Exclusion criteria: "patients with chronic persistent infection or exposed to extremes of temperature
variation frequently, patients on drug therapy for some other disease and patients with evidence of or-
gan failure were excluded from the study."

Interventions Zinc sulphate capsules 220 mg 3 times/day versus placebo (the control group received
placebo capsules of identical appearance 3 times/day). N = 65.

"Care was otherwise the same in both groups. Both patients and treating physician were blinded re-
garding the drug being administered during the trial. Patients were followed once a week." N = 65.

Outcomes "The major outcome variable was "sickle cell crisis'. Measures used were number and type of crisis,
complications and mortality."

"Severity was measured by number of days patient had spent in hospital at the time of having crisis
and number of working days lost per crisis."

Notes Follow-up: 1 and 1/2 years

Location: India

Funding: "IntemiEpidemiological Networi", Rockfeller Foundation, USAIC and Dean, Medical College,
Nagpur

Declaration of interest by authors: no information

Gupta 1995 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "At the point of entry, patients were randomly allocated to receive zinc or
placebo (using New Castie software for randomization)."

Allocation concealment
(selection bias)

Unclear risk Not described.

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

Low risk "The control group received placebo capsules of identical appearance three
times a day. Care was otherwise the same in both groups. Both patients and
treating physician were blinded regarding the drug being administered during
the trial. Patients were followed once a week."

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

Low risk "The control group received placebo capsules of identical appearance three
times a day. Care was otherwise the same in both groups. Both patients and
treating physician were blinded regarding the drug being administered during
the trial. Patients were followed once a week."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 15 participants were lost to follow-up. It was not clear to which group(s) they
belonged. However, an equal number of participants (65/group) completed
the trial. The full text of this trial was not available to verify.

Selective reporting (re-
porting bias)

Low risk Not suspected. All outcomes listed in their methods section were reported,
though we did not have access to the trial protocol.

Other bias Low risk Not suspected.

Gupta 1995  (Continued)

 
 

Study characteristics

Methods RCT

Participants People with SCD with refractory leg ulcers (20 participants with 41 long-standing ulcers (3 - 30 years du-
ration).

Interventions Local care + arginine butyrate (500 mg/kg/dose or 750 mg/kg/dose) versus local care

Arginine butyrate
N = 12

Local care
N = 8

Outcomes Mean reduction in ulcer areas, complete healing

Notes Location: no information. Full text not available.

Funding: no information

Declaration of interest by authors: no information

Risk of bias

Koshy 2001 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "Participants were randomized to receive local care (control group) or local
care + butyrate at 500mg/kg/dose or 750 mg/kg/dose (treatment group)". Not
described. Full text not available

Allocation concealment
(selection bias)

Unclear risk Not described. Full text not available.

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

Unclear risk No information. Full text not available.

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

Unclear risk No information. Full text not available.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk No information. Full text not available.

Selective reporting (re-
porting bias)

Unclear risk No information. Full text not available.

Other bias High risk "Participants were randomized to receive local care (control group) or local
care + butyrate at 500 mg/kg/dose or 750 mg/kg/dose (treatment group)".

Not described. Full text was not available. No P value or SD provided for data
analysis.

Koshy 2001  (Continued)

 
 

Study characteristics

Methods RCT

Participants 20 AA (normal), 20 AS (SCD trait participant), and 20 SS (SCD participant). Data were extracted only for
SCD participants.

Interventions ALA 200 mg:
Age = mean (SD) 17.7 (9.6) years
Sex (male/female) = 6/4

versus

Vehicle (placebo)
Age = mean (SD) 7.0 (11.0) years
Sex (male/female) = 5/5

Outcomes Enzyme activities, total antioxidant status, haematological parameters, anthropometric assessment,
and clinical characteristics

Notes "60 participants were selected and divided into groups according to the haemoglobin profile: AA (nor-
mal), AS (SCD trait participant), and SS (SCD participant). They were classified into the groups by ionex-
change HPLC; by PCR for the determination of the b-like globin gene15 and by family history studies."

Martins 2009 

Antioxidant supplementation for sickle cell disease (Review)

Copyright © 2024 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

58



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Funding source: the trial was supported by grants from the Fundaça˜o de Amparo a` Pesquisa do Esta-
do do Rio Grande do Sul (grant number 0521456).

Declaration of interest by authors: authors declared they had none.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. Quote: "participants were randomized into a placebo-con-
trolled trial and treated with either ALA (200 mg) or vehicle".

Allocation concealment
(selection bias)

Unclear risk Not described.

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

Unclear risk Not described. "Participants were randomized into a placebo-controlled tri-
al and treated with either ALA (200 mg) or vehicle". The placebo was not de-
scribed.

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

Unclear risk The vehicle used for placebo was not described.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants completed the trial.

Selective reporting (re-
porting bias)

Low risk Not suspected. All the outcomes listed were measured.

Other bias Low risk Not suspected.

Martins 2009  (Continued)

 
 

Study characteristics

Methods RCT

Participants 23 participants aged >18 years, with sickle cell anaemia or sickle beta thalassaemia, and the presence
of one or more leg ulcers.

Interventions Prescribed standard local care and arginine butyrate 500 mg/kg/dose given (treatment arm) for 5 d/
week for 12 weeks.

N = 14
Age = 36.6 (range 21 - 60) years
Sex (male/female) = 5/6

versus

Standard local care alone (control arm) for 5 d/week for 12 weeks
N = 12
Age = 34.7 (range 20–57) years
Sex (male/female) = 5/7

"The drug formulation consisted of 5% butyric acid (50 g/l) and75% L-arginine (75 g/l). The Arginine Bu-
tyrate was administered by intravenous infusion through a port-a-cath or peripheral pass-port in one

McMahon 2010 
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subject, generally over 6–8 h/d. The administration rate for Arginine Butyrate did not exceed 85 mg/
kg/h and those patients infused with rates >60 mg/kg/h were pre-medicated with acetaminophen or
ibuprofen and an anti-emetic to prevent headache or nausea. Patients randomized to the intravenous
therapy were encouraged and assisted to ambulate frequently during the 6-h infusion."

"Arginine Butyrate could be continued for two additional courses of 8-week cycles, although the re-
sponses to the extended treatment were not analysed as study endpoints. Control Arm subjects could
cross-over to the Treatment Arm if their ulcer did not heal after 12 weeks of closely monitored and su-
pervised standard local care. Their remaining ulcers were then assessed on the Treatment Arm for 12
weeks. During the course of the study, three patients randomized initially on the Control Arm elected
to cross-over to the Treatment Arm after completing 12 weeks as a Control subject, when no significant
healing of their refractory ulcers had occurred; healing rates in 11 ulcers, therefore, were evaluated on
both Control and Treatment Arms in these subjects."

Outcomes Decrease in measured ulcer area by at least 25% of the baseline area.

Notes Inclusion criteria:

"The presence of one or more leg ulcers which had been refractory to healing with National Institutes
of Health (NIH)-defined standard local care, consisting of twice daily cleaning and wet-to-dry dressing
changes, for at least 6 months. The use of an Unna boot was considered best therapy for one Control
Arm subject, and this was continued. Patients were also eligible to participate if an ulcer had recurred
and not healed with at least 3 months of standard care. Many of the enrolled subjects had suffered from
refractory ulcers for many years and had tried multiple therapies."

Exclusion criteria included renal or hepatic compromise or current chronic transfusion therapy.

Funding source: grant FD-R-000176 from the Food and Drug Administration, Office of Orphan Product
Development and grant M01 RR00533 from the General Clinical Research Center at Boston University
(S.P. Perrine).

Declaration of interest by authors: the other authors declare that they do not have any conflict of inter-
est.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned to trial arms, following a table of random
numbers prepared by a blinded statistician.

Allocation concealment
(selection bias)

Unclear risk Not reported.

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

Unclear risk No information

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

Low risk "During the weekly clinical visits, the ulcer was traced on acetate film and pho-
tographed. All ulcer areas were then calculated by computerized planimetry,
using the image software (NIH, Bethesda, MD, USA) at the central site, sepa-
rately from personnel who performed the tracings and photography."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No participants were lost to follow-up.

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes in the trial protocol were reported.

McMahon 2010  (Continued)
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Other bias Unclear risk Three participants from the control crossed over to treatment arm after 12
weeks because they did not improve: "During the course of the study, three
patients randomized initially on the Control Arm elected to cross-over to the
Treatment Arm after completing 12 weeks as a Control subject, when no signif-
icant healing of their refractory ulcers had occurred; healing rates in 11 ulcers
therefore were evaluated on both Control and Treatment Arms in these sub-
jects."

McMahon 2010  (Continued)

 
 

Study characteristics

Methods RCT

Participants 57 participants with SCD requiring hospitalization for VOE. Children with an established diagnosis of
SCD age 3 - 19 years with VOE requiring parenteral opioids and admission to
hospital were recruited from emergency departments, hematology clinics, day hospitals and wards.

Interventions IV or oral (PO) trial drug, L-arginine hydrochloride (100 mg/kg/dose 3 times/day with a
maximum dose of 10 g for 15 doses or until discharge, whichever occurred first) versus placebo.

L-arginine hydrochloride
N = 28
Age = mean (SD): 13.9 (3) years
Sex (male/female) = 11/17

Placebo
N = 29
Age = mean (SD) 13.8 (4) years
Sex (male/female) = 16/13

Outcomes Data outcome measures included length of stay in hospital (days), total narcotic use and hospitaliza-
tion (mg/kg), and pain scores (10 cm linear visual analogue scale and Faces Pain Scale). Other out-
comes are adverse events and serious adverse events, clinical laboratory assessments, development of
ACS, and need for red blood cell transfusion.

"Pain scores, based on a 10-cm visual analogue scale from 0 to 10" (Lower score is better)

Notes Exclusion criteria:
"included known hepatic or renal insufficiency, presenting hemoglobin (Hb) <5 g/dL or immediate
need for red blood cell transfusion, pregnancy, mental status changes or concern for stroke, >10 hos-
pital admissions per year or a history of dependence on opioids, or a known allergy to arginine. A stan-
dardized treatment and monitoring program for VOE, utilized by CHRCO, was followed."

Funding source: "This trial was supported in part by NIH-NHLBI grant K23 HL 04386-05, FDA grant
1R01FD003531-04 and CTSA grant UL1 RR024131 (to CRM)."

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Block randomization was performed by the hospital pharmacist at Children’s
Hospital & Research Center at Oakland."

Morris 2013 
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Allocation concealment
(selection bias)

Unclear risk Not described. "Block randomization was performed by the hospital phar-
macist at Children’s Hospital & Research Center at Oakland." It was not clear
whether randomization was kept with the pharmacist.

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

Low risk Participants were blinded to treatment arms. "Placebo capsules appeared
identical to the study drug (700 mg capsules) and were matched to the study
drug by Tyson Pharmaceuticals for color and size, while normal saline was
used for the IV placebo."

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

Low risk Assessors were blinded to treatment arms. "Placebo capsules appeared identi-
cal to the study drug (700 mg capsules) and were matched to the study drug by
Tyson Pharmaceuticals for color and size, while normal saline was used for the
IV placebo."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 3 lost to follow-up in the treatment arm and 2 in the placebo arm, with similar
reasons in both groups.

One participant in the intervention group developed hives and withdrew while
another participant from the placebo group withdrew due to deterioration.
One participant randomised into placebo received arginine; this may be the
same participant whose condition deteriorated.

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes in the trial protocol were reported.

Other bias High risk Two of the three participants that withdrew from the control group were in-
cluded in the analysis for the primary outcome but not for other outcomes.
Neither of the two participants who withdrew from the L-arginine group were
included in the final analysis.

Morris 2013  (Continued)

 
 

Study characteristics

Methods RCT

Participants Participants with SCD

100 mg/kg/dose:
Age (median, interquartile range) 14.5 (11 - 16) years
Sex (male/female) = 12/17

200 mg/kg/dose:
Age (median, interquartile range): 13.0 (10 - 16) years
Sex (male/female) = 12/15

Placebo:
Age (median, interquartile range): 13.5 (8 - 16) years
Sex (male/female) = 10/17

Interventions Intravenous arginine 100 mg/kg/dose (standard dose) versus 200 mg/kg/dose followed by standard
dose versus placebo

Outcomes Total parenteral opioid use, length of hospital stay, pain score and biomarkers, patient-reported out-
comes

Notes Funding source: Pfizer, Global blood therapeutics, research funding from NHLBI and CDC

Morris 2019 
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Declaration of interest by authors: "Morris: Pfizer: Consultancy; UCSF-Benioff Oakland: Patents & Roy-
alties: Patents owned by UCSF-Benioff Children's Hospital Oakland regarding biomarkers and thera-
pies that target arginine bioavailability; none are licensed and there is no royalties generated; UCSF-
Benioff Children's Hospital Oakland: Patents & Royalties: Patents owned by UCSF-Benioff Children's
Hospital Oakland, licensed by Lifetrients, generating royalties for nutritional supplement for autism/
apraxia. Lane:NHLBI: Research Funding; CDC: Research Funding; GA Dept: Other: Contract for newborn
screening follow-up services; Bio Products Laboratory: Other: Sickle Cell Advisory Board; FORMA Ther-
apeutics: Other: Clinical Advisory Board. Dampier:Ironwood: Consultancy; Global Blood Therapeutics:
Consultancy; Hudson Publishing Company: Consultancy; Merck: Research Funding; Micelle Biophar-
ma: Consultancy, Research Funding; Pfizer: Consultancy, Research Funding; Novartis: Consultancy, Re-
search Funding; Epizyme: Consultancy; Modus Therapeutics: Consultancy."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomised into 1 of 3 arms. Not described.

Allocation concealment
(selection bias)

Unclear risk Allocation sequenced not described.

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

Unclear risk Participants were blinded to treatment arms. Placebo-controlled trial. Howev-
er, the placebo was not described.

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

Unclear risk Assessors were blinded to treatment arms. Placebo-controlled trial. However,
the placebo was not described.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants randomised were accounted for in the final analysis.

Selective reporting (re-
porting bias)

Low risk All important outcomes were reported.

Other bias Low risk Not detected.

Morris 2019  (Continued)

 
 

Study characteristics

Methods RCT

Participants 230 people with sickle cell anaemia (homozygous haemoglobin S (HbSS)) or sickle β0-thalassaemia
(HbSβ0-thalassaemia), and had had at least 2 pain crises (no upper limit) documented during the previ-
ous year.

Interventions L-glutamine powder
N = 152
Age = mean (SD) 22.4 (12.32) years
Sex (male/female) = 73/79

versus

Niihara 2018 
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Placebo powder (100% maltodextrin)
N = 78
Age = mean (SD) 21.4 (12.42) years
Sex (male/female) = 33/45

Both administered orally twice daily at approximately 0.3 g per kg of body weight per dose (10 g, 20 g,
or 30 g [maximum dose] per day).

Outcomes The primary efficacy end point was: the number of pain crises through week 48; ACS, priapism, and
splenic sequestration were classified as SCD–related events regardless of the need for narcotics or ke-
torolac.

Secondary efficacy end points: included the number of hospitalizations for SCD–related pain, the num-
ber of visits to an ED (or outpatient treatment centre) for SCD–related pain, and changes in haemato-
logic measures (Hb and haematocrit levels and reticulocyte count) from baseline through to week 48.

Notes "A pain crisis was defined as pain leading to treatment with a parenterally administered narcotic or
ketorolac in an emergency department (ED) or outpatient treatment center or during hospitalization.
Patients who were receiving treatment with hydroxyurea at a dose that had been stable for at least 3
months before screening and who intended to continue that treatment were eligible to participate".

"A visit to an ED (or outpatient treatment center) on the same calendar day as a hospital admission was
counted only as a hospitalization."

Funding source: Emmaus Medical

Declaration of interest by authors: "Dr. Bellevue reports grants from Emmaus Medical, Inc., during the
conduct of the study; grants and other from Novartis, non-financial support from Arbor Pharmaceuti-
cals, non-financial support from Amgen, non-financial support from Genentech, non-financial support
from Merck, non-financial support from Alexion, non-financial support from Grifols, nonfinancial sup-
port from Gilead, non-financial support from ER Squibb & Sons, non-financial support from Millennium
Pharmaceuticals, non-financial support from Octapharma, personal fees from Genzyme, non-financial
support from Mallinckrodt, non-financial support from Bayer, non-financial support from AstraZeneca,
outside the submitted work."

Funder: EMMAUS MEDICAL, INC. 20725 S. Western Avenue, Suite 136 Torrance, CA 90501-1884

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. Participants were randomly assigned, in a 2:1 ratio, with ran-
domization stratified according to region of participating site and status with
respect to hydroxyurea use.

Allocation concealment
(selection bias)

Unclear risk Not described. It was reported in the trial protocol that "Randomization infor-
mation will be concealed from the investigators and the patients until the end
of the study with the exception of an emergency situation involving a patient
that requires unblinding of the treatment assignment."

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

Low risk Participants were blinded. "The trial medication and placebo were provided in
individual, visually identical packets containing 5 g of white unflavored pow-
der."

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

Low risk Assessors were blinded. "The trial medication and placebo were provided in
individual, visually identical packets containing 5 g of white unflavored pow-
der."

Incomplete outcome data
(attrition bias)

Low risk All participants were analysed in the group to which they belonged.

Niihara 2018  (Continued)
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All outcomes However, 36% of the participants in the intervention arm and 24% of the
placebo group did not complete the trial for the following reasons:

Intervention versus placebo

Consent withdrawn = 15.1% versus 11.5% in placebo
Non-compliance = 5.3% versus 1.3% 
Lost to follow-up = 3.3% versus 3.8%
Adverse event = 3.3% versus 0
Death = 1.3% versus 0
Initiation of anti-sickling agent = 1.3% versus 0

The authors claimed that the reasons were not related to the trial.

"For the patients who discontinued the trial medication or placebo, the num-
ber of pain crisis was imputed as either the mean number of crisis (rounded to
the nearest integer) in patients in the same trial group who completed the tri-
al or the actual number of crisis the patient had at the time of discontinuation,
whichever was greater."

Selective reporting (re-
porting bias)

High risk All prespecified outcomes were reported in the results. However, haematolog-
ical parameters were reported in a way that they could not be used in our re-
view.

Other bias Low risk Not suspected. "To be consistent with the method for calculating sample size,
and because pain crises are not normally distributed, a nonparametric analy-
sis of the primary end point (Cochran–Mantel–Haenszel test with the use of
modified ridit scores, which is equivalent to a stratified Wilcoxon rank-sum
test) was performed The Cochran–Mantel–Haenszel test compared the stan-
dardized ranks within strata (modified ridit scores) of the number of pain
crises over 48 weeks between the trial groups. Because the Cochran–Man-
tel–Haenszel test provides P-values but not an estimate of treatment effect,
descriptive means and medians are presented to give context."

Niihara 2018  (Continued)

 
 

Study characteristics

Methods RCT

Participants "Consecutive adult (age ≥ 18 years) homozygous sickle cell anemia (HBSS) or HbSβ0-thalassemia out-
patients (high performance liquid chromatography (HPLC) confirmed), at the Academic Medical Center
(AMC), Amsterdam, The Netherlands, were eligible for the trial."

Interventions NAC - participants were randomised to either 1200 mg or 2400 mg of NAC per day, participants started
taking NAC (acetylcysteine 600 mg tablets dissolved in water; Pharmachemie B.V. Haarlem, The Nether-
lands) orally twice daily for 6 weeks.

Median age = 23 years (range 20 - 47 years)
Sex (male/female) = 6/5

1200 mg NAC
N = 6
Sex: not reported

2400 mg NAC
N = 5
Sex: not reported

Nur 2012 
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Outcomes Primary end point:

"reduction of erythrocyte phosphatidylserine (PS) expression as a direct indicator of erythrocyte mem-
brane (oxidative) damage."
Secondary end points:

"changes in markers of haemolysis (hemoglobin, reticulocytes, LDH, and bilirubin) hypercoagulability,
endothelial activation, and inflammation, and tolerability of oral NAC."

Notes 6 weeks of follow-up after NAC cessation

Funding source: none

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. "After baseline measurements and randomization to either
1,200 or 2,400 mg of NAC per day, patients started taking NAC."

Allocation concealment
(selection bias)

Unclear risk Not reported.

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

Unclear risk Not reported.

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

Unclear risk Not reported.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk One participant had adverse reaction to 2400 mg NAC and was treated with
1200 mg NAC. It was not reported if the participant data were analysed in the
2400 mg group or not.

Selective reporting (re-
porting bias)

High risk Data for the review outcomes were not properly presented in a way they could
be used for analysis.

Other bias Low risk Not suspected.

Nur 2012  (Continued)

 
 

Study characteristics

Methods RCT

Participants 68 children with SCA-VOC with or without ACS

Age 5 to 17 years, mean (SD) 10.6 (0.4) years

Sex (male/female) = 38/30

Interventions Oral L-arginine-hydrochloride (100 mg/kg three times/day). 
N = 35

Onalo 2021 
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Age = mean (SD) 10.7 (3.2) years
Sex (male/female) = 18/17

versus

Placebo
N = 33
Age = mean (SD) 10.5 (3.5) years
Sex (male/female) =20/13

"The study drug (arginine or placebo) was dissolved in red grape juice, mixed in an identical fashion
and consumed immediately, administered by the hospital staK to insure compliance."

Outcomes The primary outcome measure: "was analgesic usage, quantified by difference in the mean Analgesic
Medication Quantification Scale (MQS)."

"Secondary outcomes included daily pain scores, time-to-crisis-resolution and length-of-hospital-stay"

Notes Location: Nigeria

"Children with a known/suspected allergy to arginine, those with kidney disease (serum creatinine >1.2
mg/dL), liver disease (clinical diagnosis of hepatitis or serum glutamic-pyruvic transaminase (SGPT) >
3 times the upper limit of normal), a metabolic acidosis (serum bicarbonate < 16 mmol/L) or those with
non-VOC pain were excluded from participation."

"Patients received institutional standard of care therapy. The cumulative dose of analgesics adminis-
tered was computed daily and scored using the validated analgesic medication quantification scale
(MQS)24 while total opioid intake was computed using morphine-equivalent units/kilogram".

Definition of terms:

"change in mean pain scores, time-to-crisis-resolution (defined as time-from-study-drug-randomiza-
tion to pain score <4), the total length-of-hospital stay across the study arms and re-admission within
7 days of hospital discharge. Crisis resolution was defined as a worst pain score <4 (using the Numeri-
cal Pain Rating Scale). Time-to crisis-resolution in patients with missing end-point data due to early dis-
charge were censored at the actual time of discharge."

Funders:

"This trial was funded by the Tertiary Education Trust Fund (to RO) and in part by NIH/NC-
CIHK24AT009893 (to CRM). The funders of the trial had no role in trial design, data collection, data
analysis, data interpretation, or writing of the report."

Funding source: the Tertiary Education Trust Fund (to RO) and in part by NIH/NCCIH K24AT009893 (to
CRM).

Declaration of interest by authors: the funders of the trial had no role in trial design, data collection,
data analysis, data interpretation, or writing of the report.

We obtained additional information not reported in the published article from the authors. The authors
informed us they used a visual analogue scale from 0 to 10 (lower score is better).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomization number sequences were computer-generated by a Good Clin-
ical Practice certified pharmacist, through Microsoft Office Excel."

Allocation concealment
(selection bias)

Unclear risk Not described

Onalo 2021  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk "The supplement (L-arginine-hydrochloride) and the placebo (sucrose) were
provided in visually identical packets with a pre-determined dose, adminis-
tered by a blinded pharmacist and/or a nurse"

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

Low risk "The supplement (L-arginine-hydrochloride) and the placebo (sucrose) were
provided in visually identical packets with a pre-determined dose, adminis-
tered by a blinded pharmacist and/or a nurse."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants randomised were accounted for and included in the final
analysis.

Selective reporting (re-
porting bias)

High risk Not all outcomes prespecified in trial protocol were reported.

Other bias High risk Pain score used was unclear

Onalo 2021  (Continued)

 
 

Study characteristics

Methods RCT

Participants 21 participants diagnosed with homozygous sickle cell anaemia or haemoglobin S–beta-thalassemia,
aged 15 years and above.

Interventions "Randomization into one of 4 treatment groups [0 mg (placebo), 600 mg, 1,200 mg, or 2,400 mg of NAC
by mouth divided 3 times a day."

"Regardless of drug dose, all subjects received 4 capsules to maintain the double-blind status. Partici-
pants with less than 80% compliance on 2 follow-up visits were discharged from the study."

600 mg NAC:
N = 5
Age = mean (SD) 18.1 (2.9) years
Sex (male/female) = 3/2

1200 mg NAC:
N = 5
Age = mean (SD) 17.9 (1.2) years
Sex (male/female) = 2/3

2400 mg NAC:
N = 6
Age = mean (SD) 20.1 (4.9) years
Sex (male/female) = 3/3

Placebo: 
N = 5
Age = mean (SD) 26.1 (12.9) years
Sex (male/female) = 3/2

Outcomes Primary outcomes: "Dense cell and ISC levels and the number of acute VOC episodes defined as a vis-
it to a medical facility that lasted more than 4 hr for acute pain related to vaso-occlusion requiring par-
enteral narcotics. The occurrence of acute chest syndrome, priapism, splenic, or hepatic sequestration
was also counted as a VOC episode. Acute chest syndrome included those subjects with chest wall pain
and a new infiltrate on chest X ray. Priapism was defined as a painful erection lasting more than 2 hr re-

Pace 2003 
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quiring medical intervention; splenic or hepatic sequestration was defined as a sudden increase in or-
gan size and a concomitant drop in hemoglobin greater than 2 g/dL from average baseline values. The
4-hr period excluded time for registration at the medical facility and time spent waiting to be seen by a
physician."

Notes Location: USA

"The primary eligibility criteria included individuals at least 15 years old, diagnosed with sickle cell ane-
mia or hemoglobin S–beta-thalassemia, with dense cells greater than 6% and 2 or more VOC episodes
per year for the 2 years prior to enrollment. Exclusion criteria included all other hemoglobinopathies
not included in the eligibility criteria, pregnancy, narcotic addition, chronic transfusions, and history of
stroke, HIV positive, investigational drug therapy, or known allergy to NAC."

"During the first month (visits 1 – 3) of the trial period all subjects were treated with 4 placebo capsules
by mouth 3 times a day and were taught to record in diaries to keep track of VOC episodes, other med-
ications, and adverse side effects. Participants were not aware that everyone on trial received placebo
during the run-in period of 1 month. During follow-up clinic visits a capsule count was completed, di-
aries reviewed, and urine pregnancy tests were performed for female subjects before the subsequent
month’s drug supply was dispensed. Blood samples for laboratory tests were drawn 1 hr after drug dos-
ing in the clinic to obtain steady-state NAC levels."

Funding source: Comprehensive Sickle Cell Center (to S.G.); Contract grant number: HL35680; Contract
grant sponsor: Zambon Corporation

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. "Randomization into one of 4 treatment groups [0 mg (place-
bo), 600 mg, 1,200 mg, or 2,400 mg of NAC by mouth divided 3 times a day."

Allocation concealment
(selection bias)

Unclear risk Not reported.

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

Low risk "The participants, investigators, and staK were not aware of the individual
treatment group members. The hematologists reviewed all laboratory tests in
a blinded fashion. The data collected was analyzed after study closure without
interim analyses."

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

Low risk "The participants, investigators, and staK were not aware of the individual
treatment group members. The hematologists reviewed all laboratory tests in
a blinded fashion. The data collected was analyzed after study closure without
interim analyses."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants completed the trial.

Selective reporting (re-
porting bias)

Low risk Not suspected. All outcomes listed in the methods were reported.

Other bias Low risk Not suspected.

Pace 2003  (Continued)
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Study characteristics

Methods RCT

Participants 27 homozygous individuals with sickle cell anaemia

Sex (male/female)= 13/14

Age = 14 to 49 years

Interventions Zinc supplement (zinc acetate) 15 mg of zinc supplementation as acetate twice a day for 1 year

N = not reported
Sex = not reported
Age = mean (SD) = 12.5 (1.5) years

versus

Placebo
N = not reported
Sex = not reported
Age = mean (SD) 12.0 (0.5) years

Outcomes Diagnostic accuracy of atomic absorption spectrophotometry for measuring zinc in neutrophils.

The beneficial effects of zinc supplementation on longitudinal growth and body weight.

Notes Did not report our outcomes.

Funding source: "In part by a grant from the Sickle Cell Center of the National Heart, Lung and Blood In-
stitute; by grant AM31401-01 from the National Institute of Arthritis, Diabetes, Digestive and Kidney Dis-
eases; and a grant from the Veterans Administration."

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. 10 males aged between 14 and 17 years with retarded growth
were subdivided randomly into 2 groups. 5 participants received placebo twice
a day and the other 5 received 15 mg of zinc supplementation as acetate twice
a day for 1 year.

Allocation concealment
(selection bias)

Unclear risk Not reported.

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

Unclear risk It is unclear whether participants were blinded. The nature of the placebo drug
was not described.

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

Unclear risk It is unclear whether assessors were blinded. The nature of the placebo drug
was not described.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants randomised to study arms were accounted for in the final
analysis.

Prasad 1984 
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Selective reporting (re-
porting bias)

Unclear risk All outcomes listed in their methods were reported. However, most important
outcomes reported by other trials were either not measured or reported. We
could not access the trial protocol.

Other bias Low risk Not suspected.

Prasad 1984  (Continued)

 
 

Study characteristics

Methods Quasi-RCT

Participants Children with SCD

N = 115

Sex (male/female)= 64/51

Age = 6 months to 4 years

Interventions Folic acid (5 mg) versus calcium lactate (placebo), one tablet was taken daily for at least 1 year. Both in-
terventions in tablets were identical in appearance and neither the participants nor the paediatricians
involved in the clinical management of the trial were aware of the code.

Folic acid (5 mg)
N = 59
Sex = no information
Age = no information

Placebo
N = 56
Sex = no information
Age = no information

Outcomes "Major or minor infections, acute splenic sequestration, dactylitis or episodes of bone or abdominal
pain."

Notes Location: Jamaica, follow-up: 1 year

Funding source: no information

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. "Each child was allocated to one of two trial groups, one group
receiving tablets designated A containing calcium lactate (Placebo) and the
other receiving tablets designated B (containing folic acid 5 mg". It was not
clear if assignment was by randomization or alternation.

Allocation concealment
(selection bias)

Unclear risk No description.

Blinding of participants
and personnel (perfor-
mance bias)

Low risk "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 
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All outcomes

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

Low risk "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."

Incomplete outcome data
(attrition bias)
All outcomes

High risk 117 children were allocated to trial arms. However, 80 children completed the
trial. Analysis was done for 115 children. No information was given to support
the missing data.

Selective reporting (re-
porting bias)

Unclear risk All outcomes listed in the methods were reported, but we could not access the
trial protocol.

Other bias Low risk Not suspected.

Rabb 1983  (Continued)

 
 

Study characteristics

Methods RCT

Participants 27 males and females aged between 18 and 65 years of age, electrophoresis or HPLC documentation of
homozygous haemoglobin S only phenotype.

Interventions Extended-release niacin (niacin-ER) 
N = 12

versus

Placebo
N = 15

12 weeks of placebo or niacin-ER. The medication was incrementally dosed in 500 mg steps every 4
weeks as tolerated, to a maximum dose of 1500 mg daily.

Outcomes Primary outcome: "the absolute change in HDL-C after niacin-ER treatment, i.e. post-treatment (week
12) HDL-C minus pre-treatment (week 0) HDL-C. Changes in HDL-C were planned to be compared using
a one-sided Wilcoxon rank-sum test because our primary hypothesis was that there would be a greater
increase in HDL-C in the subjects taking niacin-ER, and standard clinical laboratory assays (standard
complete blood counts with hemoglobin F levels, iron-binding studies, serum chemistry, lipid panels,
amino terminal brain natriuretic peptide, homocysteine, and C-reactive protein.)".

Notes Inclusion criteria: "HDL-C <39 mg/dL or apoA-I <99 mg/dL, hemoglobin >5.5 g/dL, or if hemoglobin <9.0
g/dL, absolute reticulocyte count >95,000/μl."

Exclusion criteria: "Acute pain crisis requiring intravenous analgesics within 2 weeks prior to enroll-
ment, women who were pregnant, lactating, or not using birth control at the time of enrollment, he-
moglobin SC disease or hemoglobin A >20%. In addition, subjects were excluded if they used aspirin
or non-steroidal anti-inflammatory drugs within 1 week prior to vascular testing, or used caffeine the
day of vascular testing. diabetes mellitus, cigarette smoking within one month prior to enrollment, re-
nal failure, gout, and significant cardiovascular disease such as uncontrolled hypertension, peripher-
al artery disease, or severe hypotension. The use of medications including sildenafil, tadalafil, L-argi-
nine, fibrates, inhaled nitric oxide, or any prostaglandins such as epoprostenol or treprostinil within
one week prior to evaluation, or any statin within 4 weeks prior to enrollment."

Location: USA

ScoBone 2013 
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Funding source: National Heart, Lung and Blood Institute Division of Intramural Research (1 ZIA
HL006017) Bethesda, MD; The Clinical Research Training Program, a public-private partnership sup-
ported jointly by the NIH and Pfizer Inc (via a grant to the Foundation for NIH from Pfizer, Inc).

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. Simple randomization was used to assign participants to either
12 weeks of placebo or niacin-ER.

Allocation concealment
(selection bias)

Unclear risk Not reported. Simple randomization was used to assign participants to either
12 weeks of placebo or niacin-ER.

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

Unclear risk Participants were blinded. This was a placebo-controlled trial. However, the
placebo was not described.

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

Unclear risk Assessors were blinded. This was a placebo-controlled trial. However, the
placebo was not described.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Two participants withdrew from the intervention arm because of adverse
events and one from the placebo arm because of distance to the trial location.
The authors stated that these reasons were not related to the trial. However,
the analysis did not include the missing data.

Selective reporting (re-
porting bias)

Unclear risk All outcomes in the methods section were reported. However, it is not clear if
all prespecified outcomes were reported.

Other bias Low risk Not suspected.

ScoBone 2013  (Continued)

 
 

Study characteristics

Methods Quasi-RCT

Participants SCD participants with leg ulcers who attended the sickle-cell clinic of the University Hospital of the
West Indies.

N = 34

Sex (male/female) = 16/18

Age = no information

Interventions Oral zinc sulphate (220 mg zinc sulphate)
N = 17
Age = no information
Sex = no information

versus

Placebo (220 mg lactose)

Serjeant 1970 
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N = 17
Age = no information
Sex = no information

Trial period = 6 months

Outcomes Rate in improvement of leg ulcers

Notes "The diagnosis of sickle-cell anaemia was based on the presence of only haemoglobins S, F and A2 on
starch-gel electrophoresis, and no increase in Hb A2 when measured by column chromatography. Pa-
tients with active leg ulcers were admitted to the trial if they lived in the vicinity of Kingston and could
attend at 2-week intervals. At each attendance, the ulcer and an adjacent centimetre scale were pho-
tographed and blood was taken for estimation of serum-zinc levels. All patients received the same topi-
cal therapy consisting of eusol and dressings."

"The area of the ulcer was assessed by the following technique. The ulcer on the photograph was cut
out and weighed. Preliminary testing indicated a linear relationship between the weight and the area
of the photographic paper, and therefore the area of the ulcer could be estimated from the weight. The
true ulcer size was calculated according to the scale. This technique does not recognise differences in
ulcer depth, and ulcers occupying more than a quarter of the circumference of the leg may be underes-
timated because they diverge from the plane of the photograph."

Location: Jamaica

Funding source: "This research is supported by a grant from the Wellcome Trust, London."

Declaration of interest by authors: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Authors allocated participants alternately to treatment and placebo groups.

Allocation concealment
(selection bias)

Unclear risk No information

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

Low risk Participants were blinded to the interventions. "Identical-appearing tablets
designated A or B, were given to the groups to be taken three times daily."
"Neither person assessing ulcer size (M. C. G. or R. E. G.) knew which tablet
contained zinc."

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

Low risk Assessors were blinded to the interventions. "Identical-appearing tablets des-
ignated A or B, were given to the groups to be taken three times daily." "Nei-
ther person assessing ulcer size (M. C. G. or R. E. G.) knew which tablet con-
tained zinc."

Incomplete outcome data
(attrition bias)
All outcomes

High risk Two participants missing from intervention and three from placebo. One of the
participants from the intervention was excluded because "a large scab overly-
ing the ulcer area made a reliable assessment of the ulcer size impossible." Da-
ta were not analysed as intention-to-treat analysis.

Selective reporting (re-
porting bias)

Unclear risk We did not assess the trial protocol. It is unclear if all prespecified outcomes
were reported.

Other bias Low risk Not suspected.

Serjeant 1970  (Continued)
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Study characteristics

Methods RCT

Participants 15 people with SCD with leg ulcers of at least 6 months' duration and at least 3 cm in diameter at the
onset of treatment.

Age: 17 to 40 years 
Sex (male/female): 12/3

Interventions Propionyl-L-carnitine versus placebo

"Routine conservative treatment given to all participants included twice-daily dressing with 0.01 %
potassium permanganate, debridement of dirty ulcers with crushed unripe papaya, and oral zinc sul-
fate 200 mg three times daily after meals. At the end of the baseline observation period, patients were
randomly assigned to receive PLC 2 grn twice daily or an identically packaged placebo containing lac-
tose and microcrystalline cellulose, by a restricted procedure to ensure equal numbers in each group."

Outcomes Healing rates

Notes "Ulcer size was assessed by area (measured in square centimeters), computing an assumed ellipse
from long and short axis measurements. When more than one ulcer was present, the average area cal-
culated for that patient was used in the analysis. Healing rate was standardized to a 12-week period
and expressed as (1) absolute change in area (change in ulcer area over treatment period divided by
number of weeks on treatment) x 12 and (2) percentage change in area (absolute change in area + area
at start of treatment)."

Funding: grant from Sigma-Tau pharmaceuticals, Gaithersburg

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "Patients were randomly assigned to receive PLC 2 grn twice daily or an iden-
tically packaged placebo containing lactose and microcrystalline cellulose".
Generation of the random sequence not described

Allocation concealment
(selection bias)

Unclear risk Random allocation not described

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

Low risk Participants were blinded to the interventions. "An identically packaged place-
bo containing lactose and microcrystalline cellulose".

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

Low risk Assessors were blinded to the interventions. "An identically packaged placebo
containing lactose and microcrystalline cellulose".

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants were included in the final analysis.

Selective reporting (re-
porting bias)

Low risk Not suspected.

Serjeant 1997 
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Other bias High risk "These methods compensated for shorter or longer duration of follow-up in
occasional deviations from the protocol".

Serjeant 1997  (Continued)

 
 

Study characteristics

Methods RCT

Participants Individuals ≥ 12 years old with HbSS, HbSC, HbSb0 or HbSb⁺ disease and history of ≥1 VOC per year.

N = 96

Interventions Oral NAC 600 mg twice daily or placebo. Total treatment duration was 6 months.

Oral NAC 600 mg
N = 48
Age = mean (SD) 29.6 (8.4) years
Sex (male/female) = 25/23

Placebo
N = 48
Age = mean (SD) 28.4 (8.9) years
Sex = 17/31

Outcomes Primary outcomes: the rate of SCD-related pain days per patient year, as measured by a daily pain diary
("severity of pain at home (diary-documented numeric rating scale pain score")

Secondary outcomes: "the rate per patient year of days with VOC, admission days for VOC, hospital-
izations for VOC and days with home analgesic use. the health-related quality of life (HRQoL). Data on
HRQoL was collected by use of self-reported questionnaires, respectively the validated SF-36 question-
naire version 1.0 in adults participants and the PedsQL version 4.0 in minor participants.(Ware & Sher-
bourne, 1992; Varni et al, 2001)"

Notes This trial was initiated in four centres in the Netherlands in 2012, and expanded to six centres in Bel-
gium and one centre in the UK in 2015. Follow-up = 6 months

Individuals were eligible for participation if they were ≥ 12 years old, had either HbSS, HbSC, HbSb0 or
HbSb⁺ disease, and a history of ≥1 VOC per year.

Event rates per treatment arm were compared by Poisson regression analysis.

Funding source: "research funding from The Netherlands Organisation for Health Research and Devel-
opment (ZonMw), the Academic Medical Centre, JANIVO Stichting, Egbers Stichting, Fonds NutsOhra to
B.J.B. and K.F., and the Belgian Haematology Society to M.-A.A."

Declaration of interest by authors: "the sponsors of this trial are public or non-profit organizations that
support science in general. They had no role in gathering, analysing or interpreting the data."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The randomization sequence was computer generated" and "randomization
was performed using a central, password protected, web-based randomiza-
tion service which provided each patient with a unique study number linked
to one of the treatment arms. Randomization was balanced according to the
stratification factors haemoglobin genotype (HbSS/HbSβ0 or HbSC/HbSβ⁺),

Sins 2018 
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use of hydroxyurea (HU) at time of randomization and study centre, with an al-
location ratio of 1:1 and variable block sizes with a maximum of 4."

Allocation concealment
(selection bias)

Low risk "The randomization sequence was computer generated and randomization
was performed using a central, password protected, web-based randomiza-
tion service which provided each patient with a unique study number linked to
one of the treatment arms." This implies that randomization order was hidden
from the investigators.

"Both participants, parents and members of the medical team, including re-
search staK and outcome assessors, were not provided with the randomiza-
tion key."

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

Low risk Participants were blinded to treatment arms.

"The 2 treatments, NAC and placebo, were identical in appearance. Upon ran-
domization (ALEA® software, TenALEA Consortium, Amsterdam, The Nether-
lands), each patient was provided with a unique study number linked to one of
the treatment arms. The randomization key of these study numbers was avail-
able at all the participating pharmacies, allowing the distribution of the cor-
rect treatment."

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

Low risk Assessors were blinded to treatment arms. "The 2 treatments, NAC and place-
bo, were identical in appearance. Upon randomization (ALEA® software,
TenALEA Consortium, Amsterdam, The Netherlands), each patient was provid-
ed with a unique study number linked to one of the treatment arms. The ran-
domization key of these study numbers was available at all the participating
pharmacies, allowing the distribution of the correct treatment."

Incomplete outcome data
(attrition bias)
All outcomes

High risk A prespecified per-protocol analysis was performed on a subset of patients
with ≥ 80% adherence to the assigned trial medication, as checked by tablet
counts. Not all randomized participants were included in the final analysis.

12 withdrew (4 withdrew because of AE and 8 = participant's decision) and 5
lost to follow-up in the intervention group.

4 withdrew (AE = 1, participant decision = 1, doctor's decision = 1) from the
placebo group and 4 lost to follow-up.

Selective reporting (re-
porting bias)

Low risk All outcomes listed in the protocol were reported.

Other bias Low risk Not suspected.

Sins 2018  (Continued)

 
 

Study characteristics

Methods RCT

Participants 51 children

Male/female: no information

Age: no information

Interventions Children were treated for three months with one of two doses of arginine (0.05 g/kg/day or 0.1 g/kg/
day) or a placebo.

Styles 2007 
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Male/female= no information.

Total number of participants:

• 0.05g/kg/day = no information;

• 0.1 g/kg/day = no information.

• Placebo = no information.

Outcomes Primary outcomes: nitric oxide level, Gardos channel activity, RBC density, sVCAM-1, nitrotyrosine, ek-
tacytometry, endothelin-I and foetal haemoglobin

Notes Funding source: "supported by NHLBI U5HL070587"

Declaration of interest by authors: no information because full text was not accessible; only abstract
available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Inadequate information to make judgement. No full text was available.

Allocation concealment
(selection bias)

Unclear risk Inadequate information to make judgement. No full text was available.

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

Unclear risk This was a placebo-controlled trial. No information was provided to know
whether participants and personnel were blinded.

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

Low risk This was a placebo-controlled trial. No information was provided to know
whether assessors were blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Inadequate information to make judgement. No full text was available.

Selective reporting (re-
porting bias)

Unclear risk Inadequate information to make judgement. No full text available.

Other bias Unclear risk Inadequate information to make judgement. No full text available.

Styles 2007  (Continued)

 
 

Study characteristics

Methods RCT

Participants Adults with sickle cell syndromes and frequent pain episodes (≥ 3 events/year) who were not on hy-
droxyurea.

N = 10

Sex and age, not reported.

Tomer 2001 
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Interventions "Dietary n-3FAs as menhaden fish oil (0.25 g/kg/d, containing 0.1 g/kg/d n-3FAs): Menhaden fish oil,
containing 30% n-3FAs (12% EPA and 18% DHA), was given as 1-gram capsules divided into three daily
doses with meals."
N = 5
Sex = not reported

versus

Olive oil (0.25 g/kg/d) in capsule
N = 5
Sex = not reported

Outcomes Primary outcome: frequency of pain episodes ("A pain episode was defined as an acute painful event
involving extremities, back, chest, and/or abdomen, that was consistent with prior sickle pain episodes
experienced by the patients without any other precipitating factors. Only the pain episodes requiring
parenteral analgesics were counted.")

Secondary outcome: changes in blood markers of thrombosis

Notes "Menhaden fish oil and olive oil capsules were prepared by the National Marine Fisheries Service,
Charleston Laboratory, Charleston, SC. "

"Participants were selected based on their history of compliance with previous therapy."

"Subjects were studied baseline and at 1, 3, 6 and 12 months following treatment for flow cytometric
platelet activation markers, platelet secretion, and expression of procoagulant activity by platelets and
erythrocytes."

"Compliance to dietary n-3FAs was assessed by both independent group t-tests and Wilcoxon rank sum
tests for the continuous measures of fatty acids. If there were discrepancies between the parametric
and non-parametric statistics, distributional assumptions were checked, and the single most appropri-
ate statistic was used for reporting results."

Funding source: no information

Conflict of interest: no information

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described. "Randomization was based on age and sex and was performed
by a research nurse who was not directly interacting with these subjects."

Allocation concealment
(selection bias)

Unclear risk Not described.

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

Low risk Participants were blinded. "The intervention and the control were similar in
appearance. "Menhaden fish oil and olive oil capsules were prepared by the
National Marine Fisheries Service, Charleston Laboratory, Charleston, SC."

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

Low risk Assessors were blinded. "The intervention and the control were similar in ap-
pearance. "Menhaden fish oil and olive oil capsules were prepared by the Na-
tional Marine Fisheries Service, Charleston Laboratory, Charleston, SC."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All randomized participants were analysed in the results.

Tomer 2001  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk We could not access the trial protocol to verify that the authors reported all
prespecified outcomes.

Other bias Low risk Not suspected.

Tomer 2001  (Continued)

ACS: acute chest syndrome; ALA: alpha-lipoic acid; DHA: docosahexaenoic acid; ED: emergency department; EPA: eicosapentaenoic acid;
d: day(s); Hb: haemoglobin; HbSS: haemoglobin homozygous S; HPLC: high-performance liquid chromatography; HU: hydroxyurea; LDH:
lactate dehydrogenase; NAC: N-acetylcysteine; ϕ-3: omega-3; PCR: polymerase chain reaction amplification; RBC: red blood cell; RCT:
randomized controlled trial; Sb0 thalassaemia: sickle beta 0 thalassaemia; SCA: sickle cell anaemia; SCD: sickle cell disease; sVCAM-1:
circulating vascular cell adhesion molecule-1; VOC: vaso-occlusive crises; VOE: vaso-occlusive pain events
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ajayi 1993 Ineligible study design

Eberhardt 2002 Ineligible study design

Elias 2013 Ineligible study design

Ghahramanlu 2014 Ineligible study design

Gordeuk 2018 Ineligible study design

Guddati 2018 Ineligible study design

Jaja 2002 Ineligible study design

Marealle 2018 Ineligible study design

Mirhosseini 2011 Ineligible study design

NCT00131508 Trial terminated due to slow recruitment

Prasad 1999 Ineligible study design

Shiva 2018 Ineligible study design

Tschumi 1981 Ineligible participants

 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods RCT

Participants The target population was paediatric patients attending the Beni-Suef and Giza governmental
hospitals for their regular care at the paediatric haematology clinic. Children aged 7 to 18 years
old who presented with sickle cell anaemia (HbSS mutation diagnosed with haemoglobin elec-
trophoresis).

Abdelhalim 2022 
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Interventions "Omega-3 supplementation (300 mg to 400 mg eicosapentaenoic acid (EPA) and 200 mg to 300 mg
of docosahexaenoic acid (DHA)) per day for 10 consecutive months or vitamin D 1500 IU to 3500 IU"
plus standard therapy

Outcomes The impact of the experimental interventions and treatment duration on vaso-occlusive painful
crises

Notes  

Abdelhalim 2022  (Continued)

 
 

Methods We could not access the full text. No information on methods provided in the abstract.

Participants No abstract available

Interventions No abstract available

Outcomes No abstract available

Notes  

Akinkugbe 1983 

 
 

Methods No full-text publication was available.

Participants No full-text publication was available.

Interventions Zinc

Outcomes No full-text publication was available.

Notes  

Brewer 1977 

 
 

Methods RCT

Participants Sixty-eight patients with SCD

Interventions L-arginine (0.1 g/kg/day) versus placebo for 6 months

N = 68

L-arginine

Number of participants, age, and sex/group were not stated in the abstract (only abstract was
available)

Outcomes "leg ulcers, priapism, pulmonary arterial hypertension (PAH), and vaso-occlusive pain episodes,
and the degree of hemolysis rate"

Friedrisch 2016 
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Notes No full-text publication available; data obtained from abstract

Friedrisch 2016  (Continued)

 
 

Methods No abstract available

Participants No abstract available

Interventions No abstract available

Outcomes No abstract available

Notes  

Gupta 1987a 

 
 

Methods No information, only title available

Participants No abstract available

Interventions No abstract available

Outcomes No abstract available

Notes  

Gupta 1987b 

 
 

Methods Prospective randomized crossover double-blind trial of L-glutamine for the therapy of sickle cell
disease [abstract]

Participants No information provided in the abstract

Interventions No information provided in the abstract

Outcomes No information provided in the abstract

Notes Presented in a conference. No information provided in the abstract

Koh 2005 

 
 

Methods RCT

Participants Children with sickle cell disease

Interventions Zinc versus placebo

Outcomes Severe or invasive infections

Namazzi 2023 
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Notes  

Namazzi 2023  (Continued)

 
 

Methods RCT

Participants 128 particpants with SCD

Interventions Arginine versus placebo

Outcomes 1. Gardos channel activity: a calcium (Ca2+)-activated K+ channel, Gardos channel activity (time
frame: 12 weeks after randomization)

2. Nitric oxide from plasma amino acids, nitric oxide (time frame: 12 weeks after randomization)

3. Mean corpuscular hemoglobin concentration, mean corpuscular hemoglobin concentration as
measured by an Advia machine (time frame: 12 weeks after randomization)

Notes Completed January 2008

NCT00513617 

 
 

Methods No information, only title available

Participants Sickle cell anaemia

Interventions L-glutamine

Outcomes Effect of L-glutamine therapy on exercise endurance of sickle cell anemia

Notes  

NCT00586209 

 
 

Methods RCT, placebo-controlled

Participants Sickle cell patients

Interventions Dietary supplement: alpha-lipoic acid and acetyl-L-carnitine

Placebo

Outcomes Primary outcome measures: C-reactive protein (time frame: 6 months)
Secondary outcome measures

• Relation between oxidative stress, inflammation and antioxidant therapy (time frame: 6 months)

• Change in inflammatory pathways in response to antioxidant therapy (time frame: 6 months)

• Change in frequency of pain episodes with antioxidant therapy (time frame: 6 months)

• Quality of life assessments on antioxidant therapy (time frame: 6 months)

Notes  

NCT01054768 
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Methods RCT

Participants People 12 years and older with SCD

Interventions N-acetylcysteine versus placebo

Outcomes The incidence rate of SCD-related pain in daily life per patient year

The severity of SCD-related pain in daily life, using a 0-10 numerical rating scale (NRS) in the study
pain diary

Notes Completed June 2016. Results not available

NCT01849016 

 
 

Methods Randomized controlled pilot trial

Participants 40 children aged 6 months to less than 13 years

Interventions Zinc plus standard of care versus standard of care management for sickle cell disease

Outcomes Primary outcome measures: zinc levels in plasma, measurement of change in zinc levels from base-
line at study conclusion (time frame: 6 months).

Secondary outcome measures

• Malaria incidence, number of malaria episodes among recipients of zinc versus controls diag-
nosed by RDT or microscopy (time frame: 6 months)

• Bacterial infection incidence, number of episodes of bacterial infections among recipients of zinc
versus controls diagnosed by culture (time frame: 6 months)

• Anthropometric measurements (i.e. weight, height and mid upper arm circumference), incidence
of malnutrition among recipients of zinc versus controls diagnosed based on anthropometric
measurements (time frame: 6 months)

• Adverse events including serious adverse events, occurrences of adverse events (AEs) during the
6-month follow-up period among recipients of zinc versus controls (time frame: 6 months)

Notes Completed, no results available

NCT03293641 

 
 

Methods RCT

Participants People aged 5 years and older with SCD

Interventions L-glutamine

Outcomes • Laboratory measures of VWF activity

• Laboratory measures of red blood cell haemolysis and oxidation

• Adverse events during and following NAC administration

• Pain during VOC

• Use of pain medications in morphine equivalents

NCT04684381 
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• Hospital length of stay (LOS)

Notes Completed June 2021

NCT04684381  (Continued)

 
 

Methods RCT

Participants Aged 2 to 18 years with sickle cell disease (SCD)

Interventions L-glutamine, oral powder for reconstitution

Outcomes • Number of pain crises (time frame: 24 weeks): "The number of pain crises will be counted from
day 1 till end of treatment at week 24"

• Changes in transcranial doppler (time frame: 24 weeks)

Notes Completed in January 2024

NCT05371184 

HbSS: haemoglobin SS; IM: intramuscular; NAC: N-acetylcysteine; PCR: polymerase chain reaction; RCT: randomized controlled trial; RDT:
rapid diagnostic tests; SCA: sickle cell anaemia; SCD: sickle cell disease; VOC: vaso-occlusive crisis; VWF: von Willebrand factor; WHO:
World Health Organization
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Zinc for infection prevention in sickle cell anemia (zips): study protocol for a randomized place-
bo-controlled trial in ugandan children with sickle cell anemia

Methods RCT

Participants 250 Ugandan children 1.00-4.99 years of age with SCA

Interventions Dietary supplement: zinc

Other: placebo

Outcomes The investigators will assess reduction in incidence of severe or invasive infections, with or without
culture or PCR confirmation

Starting date March 2019

Contact information Ryan White Center for Pediatric Infectious Disease and Global Health, Department of Pediatrics,
Indiana University School of Medicine, 1044 W. Walnut St, R4 402D, Indianapolis, IN, 46202, USA.
chjohn@iu.edu

Notes This is a study protocol (study completed).

Datta 2019 

 
 

Study name N-acetylcysteine for treatment of sickle cell disease

EUCTR 2006-005889-40 
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Methods RCT

Participants Participants with sickle cell disease (aged 18 to 65 years)

Interventions N-acetylcysteine

Outcomes "Primary outcome measures are the effects of NAC [N-acetylcysteine] on the laboratory markers
described below.

• Hemoglobin levels, red blood cell counts, reticulocyte counts, leukocyte counts and differentia-
tion, platelet counts, erythrocyte sedimentation rate will be determined with a automated cell
counter.

• A blood smear will be analyzed microscopically for the number of ISC [irreversibly sickle cells] per
field, as well as the number of Heinz bodies.

• Intra-erythrocytic GSH [glutathione] and GSSG [glutathione disulphide] levels

• NO [nitric oxide] availability (ratios of amino acids involved in arginine metabolism)

• SRBC PS [sickle red blood cell phosphatidylserine] exposure will be determined with flow cyto-
metric quantification

• Inflammation and endothelial activation (Serum levels of high sensitive CRP [C-reactive protein],
sVCAM-1 [vascular cell adhesion molecule-1], ET-1 [endothelin-1], and IL-8 [Interleukin-8]

• Coagulation activation: pro-thrombin fragments (F1.2), D-dimer levels, protein S (free and total)
and protein C activity, vWF-Ag [von Willebrand factor antigen] activity"

Starting date 2 November 2006 (date on which this record was first entered in the EudraCT database)

Contact information Academic Medical Centre, the Netherlands

Notes Sponsor's Protocol Code Number: ABR-15108

EUCTR 2006-005889-40  (Continued)

 
 

Study name The effect of combination therapy of L-glutamine and hydroxyurea in patients with sickle cell ane-
mia

Methods RCT

Participants Patients aged 5 years and above with sickle-cell syndrome

Interventions L-glutamine and hydroxyurea

Outcomes Number of pain crises, number of hospitalizations for pain associated with sickle cell anemia

Starting date 19 February 2022

Contact information Nader Shakibazad, Tabib Medical Building (9th floor), Keshtirani Crossroads, Boushehr, Iran,
7514799621 Boushehr, Iran (Islamic Republic of), email: shakibn@bpums.ac.ir

Notes Boushehr University of Medical Sciences

Information updated 3 April 2023

IRCT20210715051904N1 
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Study name A randomized trial of LOVAZA in pediatric sickle cell disease (SCD)

Methods RCT

Participants People aged 10 years to 19 years with sickle cell disease, and beta-0 thalassaemia

Interventions Omega-3 fatty acids versus placebo

Outcomes Primary: "to determine whether supplementation with LOVAZA will exert an anti-inflammatory ef-
fect by decreasing levels of the inflammatory biomarker high sensitivity C Reactive Protein (hsCRP)
in children and adolescents with sickle cell disease (SCD) (time frame: 6 months)"

Secondary: "to determine whether supplementation with LOVAZA will increase health-associated
quality of life (QoL) responses as they relate to clinical vasocclusive events (VOC) in children and
adolescents with sickle cell disease (SCD) (time frame: 6 months)"

Starting date October 2010

Contact information Thomas Jefferson University

Notes  

NCT01202812 

 
 

Study name A phase 2 study of the efficacy of antioxidant therapy compared with enalapril in slowing the pro-
gression of sickle nephropathy in children

Methods RCT

Participants 30 children with sickle cell disease

Interventions Enalapril versus N-acetylcysteine

Outcomes Primary outcome measure: urinary albumin excretion rate (time frame: 12 months)

Secondary outcome measures: glomerular filtration rate, measurement of glomerular filtration
rate by iohexol (time frame: 12 months)

Starting date Not yet recruiting

Contact information Lesley King, MB.BS; 976-927-2471; lesley.king@uwimona.edu.jm

Marvin Reid, University of The West Indies

Notes The purpose of this study is to determine whether enalapril or antioxidant therapy (N-acetylcys-
teine) is effective in reducing microalbuminuria in children with sickle cell disease and and its pro-
gression to sickle nephropathy

NCT01891292 

 
 

Study name Omega 3 fatty acid therapy for prevention of vaso-occlusive crisis and manifestations in Omani pa-
tients with sickle cell disease

NCT02525107 
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Methods RCT

Participants SCD patients 13 years to 70 years old

Interventions Omega-3

Outcomes Primary outcomes:

• Reduction in the number of emergency and hospital visits for VOC episodes compared to the pre-
vious 52 weeks

• Reduction in the average visual analogue score for pain with scores ranging from 0 (no pain) to 10
(worst possible pain) recorded during VOC episodes compared to the previous 52 weeks

• Reduction in the number of days in hospital with VOC pain compared to the previous 52 weeks
◦ Frequency of VOC (time frame: 52 weeks)

◦ Severity of VOC (time frame: 52 weeks)

◦ Duration of hospitalization (time frame: 52 weeks)

Secondary outcome measures: measurement of red blood cell membrane ethanolamine phos-
phoglyceride (DHA, EPA, AA) at baseline and after the 52-week intervention period. Red blood cells
membrane fatty acids profile (time frame: 52 weeks)

Starting date September 2015

Contact information Salam Alkindi, MD, FRCPI +968-99353188; sskindi@squ.edu.om; sskindi@yahoo.com

Anil Pathare, MD, PhD +968-99384951; pathare@squ.edu.om; avp16@hotmail.com

Notes Status: unknown

NCT02525107  (Continued)

 
 

Study name Folic acid supplementation in children with sickle-cell disease: a randomized double-blind cross-
over trial

Methods Cross-over assignment

Participants Children with sickle cell disease

Interventions Folic acid supplementation (1 mg/d)

Outcomes "Primary outcome measures:

1. Red blood cell folate concentration, assessed with biochemical folate status marker (nmol/L)
(time frame: 12 weeks)

2. Red blood cell folate concentration, assessed with biochemical folate status marker (nmol/L)
(time frame: 36 weeks)

Secondary outcome measures:

1. Serum folate concentration, assessed with biochemical folate status marker (nmol/L) (time
frame: 12 weeks)

2. Serum folate concentration, assessed with biochemical folate status marker (nmol/L) (time
frame: 36 weeks)

3. Plasma unmetabolized folic acid concentration, assessed with biochemical folate marker (nmol/
L) (time frame: 12 weeks)

NCT04011345 
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4. Plasma unmetabolized folic acid concentration, assessed with biochemical folate marker (nmol/
L) (time frame: 36 weeks)

5. S-adenosyl-methionine concentration, assessed with biochemical folate metabolite (µmol/L)
(time frame: 12 weeks)

6. S-adenosyl-methionine concentration, assessed with biochemical folate metabolite (µmol/L)
(time frame:36 weeks)

7. S-adenosyl-homocysteine concentration, assessed with biochemical folate metabolite (µmol/L)
(time frame: 12 weeks)

8. S-adenosyl-homocysteine concentration, assessed with biochemical folate metabolite (µmol/L)
(time frame: 36 weeks)

9. Total homocysteine concentration, assessed with biochemical folate metabolite (µmol/L) (time
frame: 12 weeks)

10.Total homocysteine concentration, assessed with biochemical folate metabolite (µmol/L) (time
frame: 36 weeks)

11.Acute pain crises, assessed with participant self-reported occurrence (# of episodes, and severity
of episodes) (time frame: 12 weeks)

12.Acute pain crises, assessed with participant self-reported occurrence (# of episodes, and severity
of episodes) (time frame: 36 weeks)

13.Megaloblastic anemia, determined by hemoglobin and mean corpuscular volume (MCV) concen-
trations below/above age-specific hematological cut-oKs (time frame: 12 weeks)

14.Megaloblastic anemia, determined by hemoglobin and mean corpuscular volume (MCV) concen-
trations below/above age-specific hematological cut-oKs (time frame: 36 weeks)"

Starting date 3 January 2020

Contact information Brock Williams, MSc, RD905-999-3710 brock.williams@ubc.ca

Crystal Karakochuk, PhD, RD604-710-8496 crystal.karakochuk@ubc.ca

Notes Location: British Columbia, Canada

NCT04011345  (Continued)

 
 

Study name Different treatment modalities in the management of the painful crisis in pediatric sickle-cell ane-
mia

Methods RCT

Participants Sickle cell patients

Interventions • Zinc supplements (15 mg to 50 mg ) per day for 8 consecutive months up to 10 months

• Simvastatin orally (20 mg to 40 mg ) per day for 8 consecutive months up to 10 months

• Vitamin D experimental group

• Omega-3

All four experimental arms also receive standard care (e.g. hydroxyurea, folic acid supplementa-
tion, morphine sulfate)

Control: standard care

Outcomes Primary outcomes

• C-reactive protein mg/L (time frame: 10 months); C-reactive protein milligrams per decilitre

• Haematocrit % (time frame: 10 months); haematocrit level in percentage value

• Fibrinogen mg/dL (time frame: 10 months; fibrinogen concentration in milligrams per decilitre

NCT04301336 
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• Total cholesterol mg/dL (time frame: 10 months); total cholesterol milligrams per decilitre

• HDL cholesterol mg/dL (time frame: 10 months); HDL cholesterol milligrams per decilitre

• LDL cholesterol mg/dL (time frame: 10 months); LDL cholesterol milligrams per decilitre

• Triglycerides mg/dL (time frame: 10 months: triglycerides milligrams per decilitre

• Leukocytes count μl (time frame: 10 months); leukocytes in microlitre

• Haemoglobin (Hbg) g/dL (time frame: 10 months); haemoglobin (Hbg) gram/decilitre

• White blood cells count (time frame: 10 months); white blood cells count in a cubic millilitre of
blood

• Lactic acid dehydrogenase U/L (time frame: 10 months); lactic acid dehydrogenase unit per litre

• Reticulocyte count % (time frame: 10 months); reticulocyte count percentage

• Red blood cell (erythrocyte) sedimentation rate mm/hr (time frame: 10 months); erythrocyte sed-
imentation rate in millimetres (mm) per one hour (hr)

• Lymphocyte count µL (time frame: 10 months); lymphocyte count in 1 microlitre (µL) of blood

• Granulocyte absolute count cells/microlitre (time frame: 10 months); granulocyte cells numbers
in microlitre

• Granulocytes, percentage (GR, pct) (time frame: 10 months); percentage of white blood cells with
granules in percentage

Starting date 1 November 2019

Contact information Shaimaa Mahmoud Nashat Shayed Abdelhalim, Beni-Suef University

Notes Active, not recruiting. Four experimental groups, one control group.

Procedure: blood transfusion session - regular blood transfusion session based on patient haema-
tological profile starts from one session every 2 weeks.

NCT04301336  (Continued)

 
 

Study name Sickle cell disease treatment with arginine therapy (STArT) trial (STArT)

Methods RCT

Participants People 3 to 21 years old with SCD

Interventions Arginine hydrochloride versus placebo

Outcomes Primary outcome measures: change in time-to-crisis resolution (time frame: date and time of first
study drug administration and last IV opioid treatment - up to 2 months); time in hours from study
drug delivery to time of last dose of parenteral opioid delivery

Secondary outcome measures:

• Change in total parenteral opioid use (time frame: time of IV placement, opioid monitoring up to
2 months); total parenteral opioid use (morphine equivalents, mg/kg)

• Change in pain scores (time frame: time of IV placement, and on the day of discharge up to 2
months); daily highest and lowest pain scores will be recorded. 0 to 10 scale, 10 is strongest pain

Starting date 21 June 2021

Contact information Claudia R. Morris MD, Emory University

Notes Still recruiting, estimated completion date is April 2027

NCT04839354 
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Study name N-acetylcysteine in patients with sickle cell disease

Methods RCT

Participants Patients with sickle cell disease

Interventions N-acetylcysteine

Outcomes Frequency of pain in patients

Starting date 1 March 2013

Contact information Address: Amsterdam, the Netherlands

Telephone: +31 (0)20 5661693

Email: j.w.sins@amc.nl

Affiliation: Department of Hematology & Pediatric Hematology, Academic Medical Center, Amster-
dam

Notes Still recruiting

NTR3806 

 
 

Study name Clinical, anti-inflammatory and antioxidant effects of fish oil and vitamin D supplementation in
sickle cell disease patients: a randomized, blinded, placebo-controlled study

Methods RCT

Participants Sickle cell disease patients

Interventions Fish oil and vitamin D supplementation versus placebo

Outcomes "Reduction in the number of hospitalizations, reduction in the frequency of pain episodes, reduc-
tion in pain intensity, blood count evaluation, lipid profile, C-reactive protein, lactate dehydroge-
nase, tumor necrosis factor alpha (TNF-a), VCAM, P-selectin, HbS and HbF concentration, indirect
oximetry."

Starting date January 2018

Contact information Arianni Di Petta

Address: Avenida Dr. Romeu Tortima, 452
City: Campinas / Brazil
Zip code: 13083897
Phone: +55-11-979985081
Email: arianni.petta@grupoinvestiga.com.br

Notes  

RBR-10r7d6f3 
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Study name Folic acid supplementation in children with sickle cell disease: study protocol for a double-blind
randomized cross-over trial.

Methods RCT

Participants Children with SCD

Interventions 1 mg/d folic acid, standard care, placebo

Outcomes RBC folate concentrations and secondary (UMFA) outcomes

Starting date Not provided

Contact information Not provided

Notes  

Williams 2020 

AA: amino acids; DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; HbF: foetal haemoglobin; HbS: sickle haemoglobin; HDL: high-
density lipoprotein; IV: intravenous(ly); LDL: low-density lipoprotein; NAC: N-acetylcysteine; PCR: polymerase chain reaction; RBC: red
blood count; RCT: randomised controlled trial; SCA: sickle cell anaemia; SCD: sickle cell disease; VCAM: vascular cell adhesion molecule;
VOC: vaso-occlusive crisis; UMFA: unmetabolized folic acid
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Comparison 1.   L-glutamine with hydroxyurea versus placebo with hydroxyurea

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Frequency of crisis (mean number
of pain crises)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.1.1 At up to 12 months 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.2 Frequency of hospitalisation 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.2.1 Mean number of days in hospital
(up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.2.2 Mean cumulative number days in
hospital (at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.2.3 Mean number of emergency clinic
visits (at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.3 SCD-related complications (num-
ber of participants)

1   Risk Ratio (IV, Fixed, 95% CI) Totals not select-
ed

1.3.1 Acute chest syndrome (at up to 12
months)

1   Risk Ratio (IV, Fixed, 95% CI) Totals not select-
ed
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Analysis 1.1.   Comparison 1: L-glutamine with hydroxyurea versus placebo
with hydroxyurea, Outcome 1: Frequency of crisis (mean number of pain crises)

Study or Subgroup

1.1.1 At up to 12 months
Niihara 2018

L-glutamine with hydroxyurea
Mean

3.2

SD

2.24

Total

152

Placebo with hydroxyurea
Mean

3.9

SD

2.54

Total

78

Mean Difference
IV, Fixed, 95% CI

-0.70 [-1.37 , -0.03]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours L-glutamine with hydroxyurea Favours placebo with hydroxyurea

 
 

Analysis 1.2.   Comparison 1: L-glutamine with hydroxyurea versus
placebo with hydroxyurea, Outcome 2: Frequency of hospitalisation

Study or Subgroup

1.2.1 Mean number of days in hospital (up to 12 months)
Niihara 2018

1.2.2 Mean cumulative number days in hospital (at up to 12 months)
Niihara 2018

1.2.3 Mean number of emergency clinic visits (at up to 12 months)
Niihara 2018

L-glutamine with hydroxyurea
Mean

2.3

12.1

1.1

SD

1.99

16.6

1.49

Total

152

152

152

Placebo with hydroxyurea
Mean

3

18.1

1.5

SD

2.33

27.4

2.29

Total

78

78

78

Mean Difference
IV, Fixed, 95% CI

-0.70 [-1.31 , -0.09]

-6.00 [-12.63 , 0.63]

-0.40 [-0.96 , 0.16]

Mean Difference
IV, Fixed, 95% CI

-2 -1 0 1 2
Favours L-glutamine with hydroxyurea Favours placebo with hydroxyurea

Risk of Bias
A

?

?

?

B

?

?

?

C

+

+

+

D

+

+

+

E

+

+

+

F

−

−

−

G

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 1.3.   Comparison 1: L-glutamine with hydroxyurea versus placebo with
hydroxyurea, Outcome 3: SCD-related complications (number of participants)

Study or Subgroup

1.3.1 Acute chest syndrome (at up to 12 months)
Niihara 2018

L-glutamine
Events

13

Total

152

Placebo
Events

18

Total

78

Risk Ratio
IV, Fixed, 95% CI

0.37 [0.19 , 0.72]

Risk Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours L-glutamine Favours placebo

 
 

Comparison 2.   Vitamin C (1400 mg) + vitamin E (800 mg) versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Frequency of crisis (number of par-
ticipants with pain crisis)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1.1 Number of participants who expe-
rienced pain crisis at up to 6 months

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.2 Severity of pain 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.2.1 Number of participants using opi-
oid analgesics (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.2.2 Number of participants using
NSAIDs (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.3 Adverse events 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.3.1 At up to 6 months (number of par-
ticipants experiencing AEs)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.4 SCD-related complications (number
of participants)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.4.1 Leg ulcer (at up to six months) 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.4.2 Acute chest syndrome (at up to six
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.4.3 Priapism (at up to six months) 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.4.4 Stroke (at up to six months) 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

2.4.5 Blood transfusion (at up to six
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

 
 

Analysis 2.1.   Comparison 2: Vitamin C (1400 mg) + vitamin E (800 mg) versus
placebo, Outcome 1: Frequency of crisis (number of participants with pain crisis)

Study or Subgroup

2.1.1 Number of participants who experienced pain crisis at up to 6 months
Arruda 2012

Vitamin C (1400 mg) + vitamin E (800 mg)
Events

16

Total

44

Placebo
Events

12

Total

39

Risk Ratio
M-H, Fixed, 95% CI

1.18 [0.64 , 2.18]

Risk Ratio
M-H, Fixed, 95% CI

0.05 0.2 1 5 20
Favours vitamin C (1400 mg) + vitamin E (800 mg) Favours placebo

Risk of Bias
A

?

B

?

C

+

D

+

E

?

F

?

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 2.2.   Comparison 2: Vitamin C (1400 mg) + vitamin E (800 mg) versus placebo, Outcome 2: Severity of pain

Study or Subgroup

2.2.1 Number of participants using opioid analgesics (at up to 6 months)
Arruda 2012

2.2.2 Number of participants using NSAIDs (at up to 6 months)
Arruda 2012

Vitamin C (1400 mg) + vitamin E (800 mg)
Events

6

18

Total

44

44

Placebo
Events

4

15

Total

39

39

Risk Ratio
M-H, Fixed, 95% CI

1.33 [0.40 , 4.37]

1.06 [0.62 , 1.81]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours vitamin C (1400 mg) + vitamin E (800 mg) Favours placebo

Risk of Bias
A

?

?

B

?

?

C

+

+

D

+

+

E

?

?

F

?

?

G

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 2.3.   Comparison 2: Vitamin C (1400 mg) + vitamin E (800 mg) versus placebo, Outcome 3: Adverse events

Study or Subgroup

2.3.1 At up to 6 months (number of participants experiencing AEs)
Arruda 2012

Vitamin C (1400 mg) + vitamin E (800 mg)
Events

12

Total

44

Placebo
Events

19

Total

39

Risk Ratio
M-H, Fixed, 95% CI

0.56 [0.31 , 1.00]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours vitamin C (1400 mg) + vitamin E (800 mg) Favours placebo

 
 

Analysis 2.4.   Comparison 2: Vitamin C (1400 mg) + vitamin E (800 mg) versus
placebo, Outcome 4: SCD-related complications (number of participants)

Study or Subgroup

2.4.1 Leg ulcer (at up to six months)
Arruda 2012

2.4.2 Acute chest syndrome (at up to six months)
Arruda 2012

2.4.3 Priapism (at up to six months)
Arruda 2012

2.4.4 Stroke (at up to six months)
Arruda 2012

2.4.5 Blood transfusion (at up to six months)
Arruda 2012

Vitamin C (1400 mg) + vitamin E (800 mg)
Events

3

9

1

2

10

Total

44

44

44

44

44

Placebo
Events

0

3

1

0

8

Total

39

39

39

39

39

Risk Ratio
M-H, Fixed, 95% CI

6.22 [0.33 , 116.81]

2.66 [0.77 , 9.13]

0.89 [0.06 , 13.70]

4.44 [0.22 , 89.84]

1.11 [0.49 , 2.52]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours vitamin C (1400 mg) + vitamin E (800 mg) Favours placebo

Risk of Bias
A

?

?

?

?

?

B

?

?

?

?

?

C

+

+

+

+

+

D

+

+

+

+

+

E

?

?

?

?

?

F

?

?

?

?

?

G

+

+

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Comparison 3.   Zinc versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Frequency of crisis (number of VOC
episodes)

2   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.1.1 Frequency of crisis (number of sickle
pain episodes at over six months )

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.1.2 Number of vaso-occlusive crises (at
over 12 months)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.1.3 Total episodes of crisis (at up to 12
months)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.2 Frequency of crisis (mean number of
pain crises)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.2.1 At over 12 months (mean frequency
of crisis)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.3 QoL of participants living with SCD
and their caregivers

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.3.1 Loss of work days/crisis (at over 12
months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.4 Frequency of hospitalization 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.4.1 At over 12 months (mean hospital
stay/crisis)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.5 SCD-related complications (sq mm
per day)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

3.5.1 Number of participants with im-
proved leg ulcer (sq mm per day) at up to
6 months

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

3.5.2 Complete healing of leg ulcer (sq
mm per day) at up to 6 months

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

3.6 Frequency of SCD-related complica-
tions (number of participants with infec-
tions) at 6 months

1 36 Odds Ratio (M-H, Fixed,
95% CI)

0.06 [0.01, 0.54]

3.7 SCD-related complications (other) 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.7.1 Sequestration (at over 12 months) 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.7.2 Haemolytic crisis (at over 12
months)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.7.3 Aplastic crisis (at over 12 months) 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

3.8 Haemoglobin status (g/dL) (at up to 6
months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.9 Haemoglobin % (at over 12 months) 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.10 Laboratory markers of haemolysis
and inflammation

2   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.10.1 White blood cells 103/L (at up to 6
months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.10.2 Reticulocyte % (at over 12 months)
(mean difference post intervention)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.10.3 Platelets 103/L (at up to 6 months)
(mean change from baseline)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.11 Laboratory markers of haemolysis
and inflammation

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.11.1 Reticulocytes (%) at up to six
months (mean change from baseline)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.11.2 Reticulocytes (%) at up to 12
months (mean change from baseline)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

 
 

Analysis 3.1.   Comparison 3: Zinc versus placebo, Outcome 1: Frequency of crisis (number of VOC episodes)

Study or Subgroup

3.1.1 Frequency of crisis (number of sickle pain episodes at over six months )
Bao 2008

3.1.2 Number of vaso-occlusive crises (at over 12 months)
Gupta 1995

3.1.3 Total episodes of crisis (at up to 12 months)
Gupta 1995

log[Rate Ratio]

-0.477121255

-0.38338167

-0.33243846

SE

0.666663333

0.124637336

1.054092553

Zinc
Total

18

65

65

Placebo
Total

18

65

65

Rate Ratio
IV, Fixed, 95% CI

0.62 [0.17 , 2.29]

0.68 [0.53 , 0.87]

0.72 [0.09 , 5.66]

Rate Ratio
IV, Fixed, 95% CI

0.2 0.5 1 2 5
Favours zinc Favours placebo

Risk of Bias
A

?

+

+

B

?

?

?

C

+

+

+

D

+

+

+

E

+

?

?

F

+

+

+

G

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 3.2.   Comparison 3: Zinc versus placebo, Outcome 2: Frequency of crisis (mean number of pain crises)

Study or Subgroup

3.2.1 At over 12 months (mean frequency of crisis)
Gupta 1995

Zinc
Mean

2.46

SD

1.04

Total

65

Placebo
Mean

5.29

SD

2.58

Total

65

Mean Difference
IV, Fixed, 95% CI

-2.83 [-3.51 , -2.15]

Mean Difference
IV, Fixed, 95% CI

-50 -25 0 25 50
Favours zinc Favours placebo

 
 

Analysis 3.3.   Comparison 3: Zinc versus placebo, Outcome
3: QoL of participants living with SCD and their caregivers

Study or Subgroup

3.3.1 Loss of work days/crisis (at over 12 months)
Gupta 1995

Zinc
Mean

3.4

SD

2.18

Total

65

Placebo
Mean

4.9

SD

2.1

Total

65

Mean Difference
IV, Fixed, 95% CI

-1.50 [-2.24 , -0.76]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours zinc Favours placebo

 
 

Analysis 3.4.   Comparison 3: Zinc versus placebo, Outcome 4: Frequency of hospitalization

Study or Subgroup

3.4.1 At over 12 months (mean hospital stay/crisis)
Gupta 1995

Zinc
Mean

4.3

SD

2.2

Total

65

Placebo
Mean

3.9

SD

1.6

Total

65

Mean Difference
IV, Fixed, 95% CI

0.40 [-0.26 , 1.06]

Mean Difference
IV, Fixed, 95% CI

-2 -1 0 1 2
Favours zinc Favours placebo

 
 

Analysis 3.5.   Comparison 3: Zinc versus placebo, Outcome 5: SCD-related complications (sq mm per day)

Study or Subgroup

3.5.1 Number of participants with improved leg ulcer (sq mm per day) at up to 6 months
Serjeant 1970

3.5.2 Complete healing of leg ulcer (sq mm per day) at up to 6 months
Serjeant 1970

Zinc
Events

13

6

Total

17

17

Placebo
Events

8

3

Total

17

17

Risk Ratio
M-H, Fixed, 95% CI

1.63 [0.92 , 2.87]

2.00 [0.60 , 6.72]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours zinc Favours placebo
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Analysis 3.6.   Comparison 3: Zinc versus placebo, Outcome 6: Frequency of SCD-
related complications (number of participants with infections) at 6 months

Study or Subgroup

Bao 2008

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.50 (P = 0.01)
Test for subgroup differences: Not applicable

Zinc
Events

1

1

Total

18

18

Placebo
Events

9

9

Total

18

18

Weight

100.0%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.06 [0.01 , 0.54]

0.06 [0.01 , 0.54]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours zinc Favours placebo

 
 

Analysis 3.7.   Comparison 3: Zinc versus placebo, Outcome 7: SCD-related complications (other)

Study or Subgroup

3.7.1 Sequestration (at over 12 months)
Gupta 1995

3.7.2 Haemolytic crisis (at over 12 months)
Gupta 1995

3.7.3 Aplastic crisis (at over 12 months)
Gupta 1995

log[Rate Ratio]

0

-0.37161107

-0.301029996

SE

0.408248

0.289523

0.866025

Zinc
Total

65

65

65

Placebo
Total

65

65

65

Rate Ratio
IV, Fixed, 95% CI

1.00 [0.45 , 2.23]

0.69 [0.39 , 1.22]

0.74 [0.14 , 4.04]

Rate Ratio
IV, Fixed, 95% CI

0.02 0.1 1 10 50
Favours placebo Favours zinc

 
 

Analysis 3.8.   Comparison 3: Zinc versus placebo, Outcome 8: Haemoglobin status (g/dL) (at up to 6 months)

Study or Subgroup

Bao 2008

Mean Difference

1.26

SE

0.4197266318

Zinc
Total

18

Placebo
Total

18

Mean Difference
IV, Fixed, 95% CI

1.26 [0.44 , 2.08]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours zinc Favours placebo

 
 

Analysis 3.9.   Comparison 3: Zinc versus placebo, Outcome 9: Haemoglobin % (at over 12 months)

Study or Subgroup

Gupta 1995

Mean Difference

11

SE

0.4197266318

Zinc
Total

65

Placebo
Total

65

Mean Difference
IV, Fixed, 95% CI

11.00 [10.18 , 11.82]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours zinc Favours placebo
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Analysis 3.10.   Comparison 3: Zinc versus placebo, Outcome
10: Laboratory markers of haemolysis and inflammation

Study or Subgroup

3.10.1 White blood cells 103/L (at up to 6 months)
Bao 2008

3.10.2 Reticulocyte % (at over 12 months) (mean difference post intervention)
Gupta 1995

3.10.3 Platelets 103/L (at up to 6 months) (mean change from baseline)
Bao 2008

Mean Difference

1.03

-6

31.8

SE

1.32698565

0.122716767

61.42211328

Zinc
Total

18

65

18

Placebo
Total

18

65

18

Mean Difference
IV, Fixed, 95% CI

1.03 [-1.57 , 3.63]

-6.00 [-6.24 , -5.76]

31.80 [-88.59 , 152.19]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours zinc Favours placebo

 
 

Analysis 3.11.   Comparison 3: Zinc versus placebo, Outcome
11: Laboratory markers of haemolysis and inflammation

Study or Subgroup

3.11.1 Reticulocytes (%) at up to six months (mean change from baseline)
Fung 2002

3.11.2 Reticulocytes (%) at up to 12 months (mean change from baseline)
Fung 2002

Zinc
Mean

-1

-1.2

SD

4.7

2.6

Total

20

20

Placebo
Mean

0.6

-1.5

SD

5.5

3.1

Total

22

22

Mean Difference
IV, Fixed, 95% CI

-1.60 [-4.69 , 1.49]

0.30 [-1.43 , 2.03]

Mean Difference
IV, Fixed, 95% CI

-50 -25 0 25 50
Favours zinc Favours placebo

 
 

Comparison 4.   Vitamin A versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Frequency of crisis (mean change from
baseline: number of vaso-occlusive crises (at
up to 12 months))

1 44 Mean Difference (IV,
Fixed, 95% CI)

0.10 [-0.17, 0.37]

4.2 Frequency of hospitalization (mean
change from baseline)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

4.2.1 Mean number of hospitalizations at up
to 12 months (days)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

4.2.2 Mean number of days in short-stay
medical unit (haematology acute care unit)
(at up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

4.2.3 Mean number of emergency visits (at
up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.3 Frequency of SCD-related complications
(mean change from baseline)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

4.3.1 Mean number of episodes of acute
chest syndrome (at up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

4.4 Laboratory markers of haemolysis and
inflammation

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

4.4.1 Reticulocytes % (mean) at up to 12
months

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

 
 

Analysis 4.1.   Comparison 4: Vitamin A versus placebo, Outcome 1: Frequency of crisis
(mean change from baseline: number of vaso-occlusive crises (at up to 12 months))

Study or Subgroup

Dougherty 2012

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.73 (P = 0.47)
Test for subgroup differences: Not applicable

Vitamin A
Mean

0.2

SD

0.4

Total

23

23

Placebo
Mean

0.1

SD

0.5

Total

21

21

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.10 [-0.17 , 0.37]

0.10 [-0.17 , 0.37]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours vitamin A Favours placebo

 
 

Analysis 4.2.   Comparison 4: Vitamin A versus placebo, Outcome
2: Frequency of hospitalization (mean change from baseline)

Study or Subgroup

4.2.1 Mean number of hospitalizations at up to 12 months (days)
Dougherty 2012

4.2.2 Mean number of days in short-stay medical unit (haematology acute care unit) (at up to 12 months)
Dougherty 2012

4.2.3 Mean number of emergency visits (at up to 12 months)
Dougherty 2012

Vitamin A
Mean

1.1

-0.4

0

SD

2

1.8

0.8

Total

23

23

23

Placebo
Mean

-0.5

0

-0.1

SD

3.6

0.7

1.6

Total

21

21

21

Mean Difference
IV, Fixed, 95% CI

1.60 [-0.14 , 3.34]

-0.40 [-1.19 , 0.39]

0.10 [-0.66 , 0.86]

Mean Difference
IV, Fixed, 95% CI

-50 -25 0 25 50
Favours vitamin A Favours placebo

Risk of Bias
A

?

?

?

B

?

?

?

C

+

+

+

D

+

+

+

E

+

+

+

F

+

+

+

G

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 4.3.   Comparison 4: Vitamin A versus placebo, Outcome 3:
Frequency of SCD-related complications (mean change from baseline)

Study or Subgroup

4.3.1 Mean number of episodes of acute chest syndrome (at up to 12 months)
Dougherty 2012

Vitamin A
Mean

0

SD

0.4

Total

23

Placebo
Mean

-0.3

SD

0.9

Total

21

Mean Difference
IV, Fixed, 95% CI

0.30 [-0.12 , 0.72]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours vitamin A Favours placebo

Risk of Bias
A

?

B

?

C

+

D

+

E

+

F

+

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 4.4.   Comparison 4: Vitamin A versus placebo, Outcome
4: Laboratory markers of haemolysis and inflammation

Study or Subgroup

4.4.1 Reticulocytes % (mean) at up to 12 months
Dougherty 2012

Vitamin A
Mean

1.9

SD

5.06

Total

21

Placebo
Mean

3.2

SD

3.9

Total

21

Mean Difference
IV, Fixed, 95% CI

-1.30 [-4.03 , 1.43]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours vitamin A Favours placebo

 
 

Comparison 5.   Vitamin A + zinc versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Frequency of crisis (mean change from
baseline: number of vaso-occlusive crises
(at up to 12 months))

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.2 Frequency of hospitalization (mean
change from baseline)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.2.1 Mean number of hospitalizations
(days) (at up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.2.2 Mean number of days in short-stay
medical unit (haematology acute care unit)
(at up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.2.3 Mean number of emergency visits (at
up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.3 Frequency of SCD-related complica-
tions

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.3.1 Mean number of episodes of acute
chest syndrome (at up to 12 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.4 Laboratory markers of haemolysis and
inflammation

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

5.4.1 Reticulocytes % (at up to 12 months)
mean change from baseline

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

 
 

Analysis 5.1.   Comparison 5: Vitamin A + zinc versus placebo, Outcome 1: Frequency of
crisis (mean change from baseline: number of vaso-occlusive crises (at up to 12 months))

Study or Subgroup

Dougherty 2012

Vitamin A + zinc
Mean

-0.2

SD

1.9

Total

18

Placebo
Mean

0.1

SD

0.5

Total

21

Mean Difference
IV, Fixed, 95% CI

-0.30 [-1.20 , 0.60]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours vitamin A + zinc Favours placebo

 
 

Analysis 5.2.   Comparison 5: Vitamin A + zinc versus placebo,
Outcome 2: Frequency of hospitalization (mean change from baseline)

Study or Subgroup

5.2.1 Mean number of hospitalizations (days) (at up to 12 months)
Dougherty 2012

5.2.2 Mean number of days in short-stay medical unit (haematology acute care unit) (at up to 12 months)
Dougherty 2012

5.2.3 Mean number of emergency visits (at up to 12 months)
Dougherty 2012

Vitamin A + zinc
Mean

0.4

0.3

-0.1

SD

7.2

1.3

1.6

Total

18

18

18

Placebo
Mean

-0.5

0

0.1

SD

2.6

0.7

0.6

Total

21

21

21

Mean Difference
IV, Fixed, 95% CI

0.90 [-2.61 , 4.41]

0.30 [-0.37 , 0.97]

-0.20 [-0.98 , 0.58]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours vitamin A + zinc Favours placebo

Risk of Bias
A

?

?

?

B

?

?

?

C

+

+

+

D

+

+

+

E

+

+

+

F

+

+

+

G

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 5.3.   Comparison 5: Vitamin A + zinc versus placebo, Outcome 3: Frequency of SCD-related complications

Study or Subgroup

5.3.1 Mean number of episodes of acute chest syndrome (at up to 12 months)
Dougherty 2012

Vitamin A + zinc
Mean

0.4

SD

0.7

Total

18

Placebo
Mean

0.2

SD

0.4

Total

21

Mean Difference
IV, Fixed, 95% CI

0.20 [-0.17 , 0.57]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours placebo Favours vitamin A + zinc
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Analysis 5.4.   Comparison 5: Vitamin A + zinc versus placebo,
Outcome 4: Laboratory markers of haemolysis and inflammation

Study or Subgroup

5.4.1 Reticulocytes % (at up to 12 months) mean change from baseline
Dougherty 2012

Vitamin A + zinc
Mean

0.7

SD

5.1

Total

18

Placebo
Mean

3.2

SD

3.9

Total

21

Mean Difference
IV, Fixed, 95% CI

-2.50 [-5.39 , 0.39]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours vitamin A + zinc Favours placebo

 
 

Comparison 6.   N-acetylcysteine (600 mg) versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Frequency of crisis 1   Rate Ratio (IV, Fixed, 95% CI) Totals not select-
ed

6.1.1 Number of vaso-occlusive
episodes (at up to 12 months)

1   Rate Ratio (IV, Fixed, 95% CI) Totals not select-
ed

 
 

Analysis 6.1.   Comparison 6: N-acetylcysteine (600 mg) versus placebo, Outcome 1: Frequency of crisis

Study or Subgroup

6.1.1 Number of vaso-occlusive episodes (at up to 12 months)
Pace 2003

log[Rate Ratio]

0.04830468

SE

0.456435099

NAC (600 mg)
Total

5

Placebo
Total

5

Rate Ratio
IV, Fixed, 95% CI

1.05 [0.43 , 2.57]

Rate Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours NAC (600 mg) Favours placebo

 
 

Comparison 7.   N-acetylcysteine (1200 mg) versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.1 Frequency of crisis 2   Rate Ratio (IV, Fixed, 95%
CI)

Subtotals only

7.1.1 Vaso-occlusive crises at up to six
months (event rate per patient year)

1 96 Rate Ratio (IV, Fixed, 95%
CI)

0.99 [0.51, 1.92]

7.1.2 Pain days at up to six months (event
rate per patient year)

1 96 Rate Ratio (IV, Fixed, 95%
CI)

0.99 [0.53, 1.84]

7.1.3 Number of episodes of vaso-occlusive
crises (at up to 12 months)

1 10 Rate Ratio (IV, Fixed, 95%
CI)

0.83 [0.72, 0.95]

7.2 Pain severity (pain intensity) 1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.2.1 Mean pain intensity on pain days at
up to 6 months (lower is better)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.3 Pain severity (home analgesia) 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

7.3.1 Days with home analgesic (event rate
per patient-year at up to six months)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

7.4 QoL of participants living with SCD and
their caregivers (measured using SF-36
scoring system)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.4.1 Mean change in physical component
scale (at up to 6 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.4.2 Mean change in mental component
scale (at up to 6 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.5 Adverse effects 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

7.5.1 Number of participants experiencing
any adverse effect at up to 6 months

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

7.6 Frequency of hospitalization 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

7.6.1 Event rate of hospitalization (per pa-
tient year)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

7.7 Frequency of SCD-related complica-
tions

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

7.7.1 Acute chest syndrome 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

7.7.2 Priapism 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

7.7.3 Sequestration 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

7.8 Haemoglobin status (g/dL) 1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.8.1 Mean change from baseline (at up to
six months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.9 Laboratory markers of haemolysis and
inflammation

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.9.1 Total white blood cells x109/L (mean
change from baseline at up to 6 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.9.2 Reticulocytes x103/L (mean change
from baseline at up to 6 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.9.3 Platelet count x103/L (mean change
from baseline at up to 6 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.9.4 LDH U/L (mean change from baseline
at up to 6 months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

7.9.5 CRP mg/L (mean change from base-
line at up to six months)

1   Mean Difference (IV,
Fixed, 95% CI)

Totals not select-
ed

 
 

Analysis 7.1.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 1: Frequency of crisis

Study or Subgroup

7.1.1 Vaso-occlusive crises at up to six months (event rate per patient year)
Sins 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.98)

7.1.2 Pain days at up to six months (event rate per patient year)
Sins 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.98)

7.1.3 Number of episodes of vaso-occlusive crises (at up to 12 months)
Pace 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.69 (P = 0.007)

log[Rate Ratio]

-0.008773924

-0.008773924

-0.189056236

SE

0.336734694

0.316

0.07022417

NAC (1200 mg)
Total

48
48

48
48

5
5

Placebo
Total

48
48

48
48

5
5

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Rate Ratio
IV, Fixed, 95% CI

0.99 [0.51 , 1.92]
0.99 [0.51 , 1.92]

0.99 [0.53 , 1.84]
0.99 [0.53 , 1.84]

0.83 [0.72 , 0.95]
0.83 [0.72 , 0.95]

Rate Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours NAC (1200 mg) Favours placebo

Risk of Bias
A

+

+

?

B

+

+

?

C

+

+

+

D

+

+

+

E

−

−

+

F

+

+

+

G

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 7.2.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 2: Pain severity (pain intensity)

Study or Subgroup

7.2.1 Mean pain intensity on pain days at up to 6 months (lower is better)
Sins 2018

Mean Difference

0.17

SE

0.359694

NAC (1200 mg)
Total

48

Placebo
Total

48

Mean Difference
IV, Fixed, 95% CI

0.17 [-0.53 , 0.87]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours NAC (1200 mg) Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

−

F

+

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 7.3.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 3: Pain severity (home analgesia)

Study or Subgroup

7.3.1 Days with home analgesic (event rate per patient-year at up to six months)
Sins 2018

log[Rate Ratio]

0.041392685

SE

0.117346939

NAC (1200 mg)
Total

48

Placebo
Total

48

Rate Ratio
IV, Fixed, 95% CI

1.04 [0.83 , 1.31]

Rate Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours NAC (1200 mg) Favours placebo

 
 

Analysis 7.4.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 4: QoL
of participants living with SCD and their caregivers (measured using SF-36 scoring system)

Study or Subgroup

7.4.1 Mean change in physical component scale (at up to 6 months)
Sins 2018

7.4.2 Mean change in mental component scale (at up to 6 months)
Sins 2018

NAC (1200 mg)
Mean

-0.4

2.7

SD

8.6

9.2

Total

48

48

Placebo
Mean

1.4

0.7

SD

7.4

8

Total

48

48

Mean Difference
IV, Fixed, 95% CI

-1.80 [-5.01 , 1.41]

2.00 [-1.45 , 5.45]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours placebo Favours NAC (1200 mg)

Risk of Bias
A

+

+

B

+

+

C

+

+

D

+

+

E

−

−

F

+

+

G

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 7.5.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 5: Adverse eBects

Study or Subgroup

7.5.1 Number of participants experiencing any adverse effect at up to 6 months
Sins 2018

NAC (1200 mg)
Events

36

Total

48

Placebo
Events

39

Total

48

Risk Ratio
M-H, Fixed, 95% CI

0.92 [0.75 , 1.14]

Risk Ratio
M-H, Fixed, 95% CI

0.2 0.5 1 2 5
Favours NAC (1200 mg) Favours placebo

 
 

Analysis 7.6.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 6: Frequency of hospitalization

Study or Subgroup

7.6.1 Event rate of hospitalization (per patient year)
Sins 2018

log[Rate Ratio]

-0.017728767

SE

0.451530612

NAC (1200 mg)
Total

48

Placebo
Total

48

Rate Ratio
IV, Fixed, 95% CI

0.98 [0.41 , 2.38]

Rate Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours NAC (1200 mg) Favours placebo

 
 

Analysis 7.7.   Comparison 7: N-acetylcysteine (1200 mg) versus
placebo, Outcome 7: Frequency of SCD-related complications

Study or Subgroup

7.7.1 Acute chest syndrome
Sins 2018

7.7.2 Priapism
Sins 2018

7.7.3 Sequestration
Sins 2018

Favours NAC (1200 mg)
Events

2

1

1

Total

48

48

48

Favours placebo
Events

0

0

0

Total

48

48

48

Risk Ratio
M-H, Fixed, 95% CI

5.00 [0.25 , 101.48]

3.00 [0.13 , 71.85]

3.00 [0.13 , 71.85]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours NAC (1200 mg) Favours placebo

 
 

Analysis 7.8.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo, Outcome 8: Haemoglobin status (g/dL)

Study or Subgroup

7.8.1 Mean change from baseline (at up to six months)
Sins 2018

NAC (1200 mg)
Mean

-0.12

SD

0.53

Total

48

Placebo
Mean

0.06

SD

0.59

Total

48

Mean Difference
IV, Fixed, 95% CI

-0.18 [-0.40 , 0.04]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours NAC (1200 mg) Favours placebo
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Analysis 7.9.   Comparison 7: N-acetylcysteine (1200 mg) versus placebo,
Outcome 9: Laboratory markers of haemolysis and inflammation

Study or Subgroup

7.9.1 Total white blood cells x109/L (mean change from baseline at up to 6 months)
Sins 2018

7.9.2 Reticulocytes x103/L (mean change from baseline at up to 6 months)
Sins 2018

7.9.3 Platelet count x103/L (mean change from baseline at up to 6 months)
Sins 2018

7.9.4 LDH U/L (mean change from baseline at up to 6 months)
Sins 2018

7.9.5 CRP mg/L (mean change from baseline at up to six months)
Sins 2018

NAC (1200 mg)
Mean

0.1

3.26

59.44

-15.7

-0.13

SD

1.6

73.18

208.3

99.52

2.54

Total

48

48

48

48

48

Placebo
Mean

0.04

-0.37

19.03

0.91

-0.34

SD

2.8

82.63

68.06

93.91

6.09

Total

48

48

48

48

48

Mean Difference
IV, Fixed, 95% CI

0.06 [-0.85 , 0.97]

3.63 [-27.60 , 34.86]

40.41 [-21.58 , 102.40]

-16.61 [-55.32 , 22.10]

0.21 [-1.66 , 2.08]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours NAC (1200mg) Favours placebo

 
 

Comparison 8.   N-acetylcysteine (2400 mg) versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8.1 Frequency of crises 1   Rate Ratio (IV, Fixed, 95% CI) Totals not select-
ed

8.1.1 Number of vaso-occlusive crises
(at up to 12 months)

1   Rate Ratio (IV, Fixed, 95% CI) Totals not select-
ed

 
 

Analysis 8.1.   Comparison 8: N-acetylcysteine (2400 mg) versus placebo, Outcome 1: Frequency of crises

Study or Subgroup

8.1.1 Number of vaso-occlusive crises (at up to 12 months)
Pace 2003

log[Rate Ratio]

-0.452297671

SE

0.612372436

NAC (2400 mg)
Total

6

Placebo
Total

5

Rate Ratio
IV, Fixed, 95% CI

0.64 [0.19 , 2.11]

Rate Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours NAC (2400 mg) Favours Placebo

 
 

Comparison 9.   L-arginine versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9.1 Frequency of crisis 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9.1.1 Number of participants experiencing
daily pain (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

9.1.2 Number of participants experiencing
weekly pain (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

9.1.3 Number of participants experiencing
monthly pain (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

9.1.4 Number of participants experiencing
yearly pain (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

9.2 Severity of pain 2   Mean Difference (IV,
Fixed, 95% CI)

Subtotals only

9.2.1 Mean change from baseline in pain
scores using a 10-cm visual analogue scale,
at up to 6 months (lower score is better )

2 125 Mean Difference (IV,
Fixed, 95% CI)

-1.41 [-1.65,
-1.18]

9.2.2 Dose of opioid use mg/kg (mean
difference post intervention at up to 6
months)

2 125 Mean Difference (IV,
Fixed, 95% CI)

-1.77 [-2.97,
-0.57]

9.2.3 Rate of decline of worst pain score at
up to six months (mean difference post in-
tervention) (more is better)

1 68 Mean Difference (IV,
Fixed, 95% CI)

0.41 [0.10, 0.72]

9.3 Frequency of hospitalization 2 125 Mean Difference (IV,
Fixed, 95% CI)

-0.85 [-1.87, 0.17]

9.3.1 Mean length of hospitalization in days
(at up to 6 months)

2 125 Mean Difference (IV,
Fixed, 95% CI)

-0.85 [-1.87, 0.17]

9.4 Haemoglobin status (g/dL) 2   Mean Difference (IV,
Fixed, 95% CI)

Subtotals only

9.4.1 Mean change from baseline in g/dL
(at up to 6 months)

2 106 Mean Difference (IV,
Fixed, 95% CI)

0.40 [-0.50, 1.30]

9.5 Laboratory markers of haemolysis and
inflammation

2   Mean Difference (IV, Ran-
dom, 95% CI)

Subtotals only

9.5.1 Reticulocytes % (mean change from
baseline at up to 6 months)

2 106 Mean Difference (IV, Ran-
dom, 95% CI)

-0.86 [-3.56, 1.83]

9.5.2 Platelets (x 109/L) (mean change from
baseline at up to 6 months)

2 106 Mean Difference (IV, Ran-
dom, 95% CI)

-90.44 [-312.92,
132.04]

9.5.3 Total white blood cells (X 109/L)
(mean change from baseline at up to 6
months)

1 56 Mean Difference (IV, Ran-
dom, 95% CI)

0.10 [-1.92, 2.12]

9.5.4 HbF (g/dL) (mean change from base-
line at up to 6 months)

1 50 Mean Difference (IV, Ran-
dom, 95% CI)

0.10 [-0.27, 0.47]
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Analysis 9.1.   Comparison 9: L-arginine versus placebo, Outcome 1: Frequency of crisis

Study or Subgroup

9.1.1 Number of participants experiencing daily pain (at up to 6 months)
Eleuterio 2019

9.1.2 Number of participants experiencing weekly pain (at up to 6 months)
Eleuterio 2019

9.1.3 Number of participants experiencing monthly pain (at up to 6 months)
Eleuterio 2019

9.1.4 Number of participants experiencing yearly pain (at up to 6 months)
Eleuterio 2019

L-arginine
Events

0

1

5

13

Total

25

25

25

25

Placebo
Events

5

3

7

3

Total

25

25

25

25

Risk Ratio
M-H, Fixed, 95% CI

0.09 [0.01 , 1.56]

0.33 [0.04 , 2.99]

0.71 [0.26 , 1.95]

4.33 [1.40 , 13.37]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours L-arginine Favours placebo

 
 

Analysis 9.2.   Comparison 9: L-arginine versus placebo, Outcome 2: Severity of pain

Study or Subgroup

9.2.1 Mean change from baseline in pain scores using a 10-cm visual analogue scale, at up to 6 months (lower score is better )
Morris 2013
Onalo 2021
Subtotal (95% CI)
Heterogeneity: Chi² = 0.33, df = 1 (P = 0.57); I² = 0%
Test for overall effect: Z = 11.81 (P < 0.00001)

9.2.2 Dose of opioid use mg/kg (mean difference post intervention at up to 6 months)
Morris 2013
Onalo 2021
Subtotal (95% CI)
Heterogeneity: Chi² = 0.54, df = 1 (P = 0.46); I² = 0%
Test for overall effect: Z = 2.88 (P = 0.004)

9.2.3 Rate of decline of worst pain score at up to six months (mean difference post intervention) (more is better)
Onalo 2021
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)

Test for subgroup differences: Chi² = 87.54, df = 2 (P < 0.00001), I² = 97.7%

L-arginine
Mean

-6.21
-5.4

1.9
3.8

1.5

SD

2.4
0.5

2
3.32

0.814970174

Total

28
35
63

28
35
63

35
35

Placebo
Mean

-4.4
-4

4.1
5.1

1.09

SD

2.9
0.5

4.1
3.96

0.439634896

Total

29
33
62

29
33
62

33
33

Weight

2.9%
97.1%

100.0%

52.2%
47.8%

100.0%

100.0%
100.0%

Mean Difference
IV, Fixed, 95% CI

-1.81 [-3.19 , -0.43]
-1.40 [-1.64 , -1.16]
-1.41 [-1.65 , -1.18]

-2.20 [-3.87 , -0.53]
-1.30 [-3.04 , 0.44]

-1.77 [-2.97 , -0.57]

0.41 [0.10 , 0.72]
0.41 [0.10 , 0.72]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours L-arginine Favours placebo

Risk of Bias
A

+
+

+
+

+

B

?
?

?
?

?

C

+
+

+
+

+

D

+
+

+
+

+

E

?
+

?
+

+

F

+
−

+
−

−

G

−
−

−
−

−

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 9.3.   Comparison 9: L-arginine versus placebo, Outcome 3: Frequency of hospitalization

Study or Subgroup

9.3.1 Mean length of hospitalization in days (at up to 6 months)
Morris 2013
Onalo 2021
Subtotal (95% CI)
Heterogeneity: Chi² = 0.36, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 1.63 (P = 0.10)

Total (95% CI)
Heterogeneity: Chi² = 0.36, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 1.63 (P = 0.10)
Test for subgroup differences: Not applicable

L-arginine
Mean

4.1
4.38

SD

1.8
4.53

Total

28
35
63

63

Placebo
Mean

4.8
5.88

SD

2.5
5.38

Total

29
33
62

62

Weight

81.5%
18.5%

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

-0.70 [-1.83 , 0.43]
-1.50 [-3.87 , 0.87]
-0.85 [-1.87 , 0.17]

-0.85 [-1.87 , 0.17]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours L-arginine Favours placebo

 
 

Analysis 9.4.   Comparison 9: L-arginine versus placebo, Outcome 4: Haemoglobin status (g/dL)

Study or Subgroup

9.4.1 Mean change from baseline in g/dL (at up to 6 months)
Eleuterio 2019
Morris 2013
Subtotal (95% CI)
Heterogeneity: Chi² = 0.00, df = 1 (P = 1.00); I² = 0%
Test for overall effect: Z = 0.87 (P = 0.38)

L-arginine
Mean

0.7
-0.2

SD

3.12336547
2

Total

25
28
53

Placebo
Mean

0.3
-0.6

SD

3.123365
2

Total

25
28
53

Weight

26.8%
73.2%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.40 [-1.33 , 2.13]
0.40 [-0.65 , 1.45]
0.40 [-0.50 , 1.30]

Mean Difference
IV, Fixed, 95% CI

-2 -1 0 1 2
Favours L-arginine Favours placebo
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Analysis 9.5.   Comparison 9: L-arginine versus placebo, Outcome
5: Laboratory markers of haemolysis and inflammation

Study or Subgroup

9.5.1 Reticulocytes % (mean change from baseline at up to 6 months)
Eleuterio 2019
Morris 2013
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.73, df = 1 (P = 0.39); I² = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

9.5.2 Platelets (x 109/L) (mean change from baseline at up to 6 months)
Eleuterio 2019
Morris 2013
Subtotal (95% CI)
Heterogeneity: Tau² = 20436.01; Chi² = 4.40, df = 1 (P = 0.04); I² = 77%
Test for overall effect: Z = 0.80 (P = 0.43)

9.5.3 Total white blood cells (X 109/L) (mean change from baseline at up to 6 months)
Morris 2013
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)

9.5.4 HbF (g/dL) (mean change from baseline at up to 6 months)
Eleuterio 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.59)

Test for subgroup differences: Chi² = 1.12, df = 3 (P = 0.77), I² = 0%

L-arginine
Mean

-1.7
-1.9

-19
-211

-4.4

1.3

SD

9.118433
5

358.0368
161

3.9

0.663822

Total

25
28
53

25
28
53

28
28

25
25

Placebo
Mean

-2.7
-0.3

-62
-24

-4.5

1.2

SD

9.118433
7

358.0368
154

3.8

0.663822

Total

25
28
53

25
28
53

28
28

25
25

Weight

28.4%
71.6%

100.0%

42.0%
58.0%

100.0%

100.0%
100.0%

100.0%
100.0%

Mean Difference
IV, Random, 95% CI

1.00 [-4.05 , 6.05]
-1.60 [-4.79 , 1.59]
-0.86 [-3.56 , 1.83]

43.00 [-155.48 , 241.48]
-187.00 [-269.52 , -104.48]

-90.44 [-312.92 , 132.04]

0.10 [-1.92 , 2.12]
0.10 [-1.92 , 2.12]

0.10 [-0.27 , 0.47]
0.10 [-0.27 , 0.47]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours L-arginine Favours placebo

 
 

Comparison 10.   Omega-3 versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.1 Frequency of crisis 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

10.1.1 Number of pain episodes (rate ratio
at up to 12 months)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

10.2 Adverse effects 2   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.2.1 Number of participants with any ad-
verse effect (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.2.2 Number of participants who had se-
rious adverse effects (at up to 6 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.2.3 Number of participants who had any
adverse effect (at up to 12 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.3 Frequency of SCD-related complica-
tions

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.3.1 Number of participants who re-
cieved blood transfusion (at up to 12
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.3.2 Number of participants who had se-
vere anaemia (at up to 12 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.3.3 Number of participants who had se-
questration crisis (at up to 12 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.3.4 Number of participants who had
avascular necrosis (at up to 12 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.3.5 Number of participants who had
stroke (at up to 12 months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

10.4 Haemoglobin status 3   Mean Difference (IV,
Fixed, 95% CI)

Subtotals only

10.4.1 Mean change from baseline in
haemoglobin (g/L) (at up to 6 months)

1 67 Mean Difference (IV,
Fixed, 95% CI)

0.36 [-0.21, 0.93]

10.4.2 Mean change from baseline in
haemoglobin (g/L) (at up to 12 months)

2 150 Mean Difference (IV,
Fixed, 95% CI)

-0.17 [-2.53, 2.19]

10.5 Laboratory markers of haemolysis and
inflammation

3   Mean Difference (IV,
Fixed, 95% CI)

Subtotals only

10.5.1 Total white blood cells 103/µL (mean
count at 6 months)

1 67 Mean Difference (IV,
Fixed, 95% CI)

-1.50 [-3.48, 0.48]

10.5.2 Total white blood cells 103/μL (mean
count at up to 12 months)

2 150 Mean Difference (IV,
Fixed, 95% CI)

0.40 [-0.87, 1.67]

10.5.3 Reticulocytes % (mean count at up
to 6 months)

1 67 Mean Difference (IV,
Fixed, 95% CI)

-0.25 [-1.84, 1.34]

10.5.4 Reticulocytes % (mean count at up
to 12 months)

1 10 Mean Difference (IV,
Fixed, 95% CI)

-0.43 [-4.46, 3.60]

10.5.5 Platelet count 103/µL (mean count
at up to 6 months)

1 67 Mean Difference (IV,
Fixed, 95% CI)

-33.84 [-118.97,
51.29]

10.5.6 Platelet count 103/μL (mean count
at up to 12 months)

2 150 Mean Difference (IV,
Fixed, 95% CI)

30.63 [-13.48,
74.74]

10.5.7 Lactic acid dehydrogenase U/L
(mean value at up to 6 months)

1 67 Mean Difference (IV,
Fixed, 95% CI)

-70.55 [-151.81,
10.71]

10.5.8 Lactic acid dehydrogenase U/
L(mean value at up to 12 months)

1 10 Mean Difference (IV,
Fixed, 95% CI)

17.60 [-162.21,
197.41]
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Analysis 10.1.   Comparison 10: Omega-3 versus placebo, Outcome 1: Frequency of crisis

Study or Subgroup

10.1.1 Number of pain episodes (rate ratio at up to 12 months)
Tomer 2001

log[Rate Ratio]

-0.271474752

SE

0.635612

Omega-3
Total

5

Placebo
Total

5

Rate Ratio
IV, Fixed, 95% CI

0.76 [0.22 , 2.65]

Rate Ratio
IV, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours omega-3 Favours placebo

Risk of Bias
A

?

B

?

C

+

D

+

E

+

F

?

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 10.2.   Comparison 10: Omega-3 versus placebo, Outcome 2: Adverse eBects

Study or Subgroup

10.2.1 Number of participants with any adverse effect (at up to 6 months)
Daak 2018

10.2.2 Number of participants who had serious adverse effects (at up to 6 months)
Daak 2018

10.2.3 Number of participants who had any adverse effect (at up to 12 months)
Daak 2013

Omega-3
Events

37

16

2

Total

50

50

70

Placebo
Events

12

9

2

Total

17

17

70

Risk Ratio
M-H, Fixed, 95% CI

1.05 [0.74 , 1.48]

0.60 [0.33 , 1.11]

1.00 [0.14 , 6.90]

Risk Ratio
M-H, Fixed, 95% CI

0.02 0.1 1 10 50
Favours omega-3 Favours placebo
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Analysis 10.3.   Comparison 10: Omega-3 versus placebo, Outcome 3: Frequency of SCD-related complications

Study or Subgroup

10.3.1 Number of participants who recieved blood transfusion (at up to 12 months)
Daak 2013

10.3.2 Number of participants who had severe anaemia (at up to 12 months)
Daak 2013

10.3.3 Number of participants who had sequestration crisis (at up to 12 months)
Daak 2013

10.3.4 Number of participants who had avascular necrosis (at up to 12 months)
Daak 2013

10.3.5 Number of participants who had stroke (at up to 12 months)
Daak 2013

Omega-3
Events

3

2

1

1

0

Total

70

70

70

70

70

Placebo
Events

10

10

2

2

2

Total

70

70

70

70

70

Risk Ratio
M-H, Fixed, 95% CI

0.30 [0.09 , 1.04]

0.20 [0.05 , 0.88]

0.50 [0.05 , 5.39]

0.50 [0.05 , 5.39]

0.20 [0.01 , 4.09]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours omega-3 Favours placebo

 
 

Analysis 10.4.   Comparison 10: Omega-3 versus placebo, Outcome 4: Haemoglobin status

Study or Subgroup

10.4.1 Mean change from baseline in haemoglobin (g/L) (at up to 6 months)
Daak 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.23 (P = 0.22)

10.4.2 Mean change from baseline in haemoglobin (g/L) (at up to 12 months)
Daak 2013
Tomer 2001
Subtotal (95% CI)
Heterogeneity: Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

Omega-3
Mean

9.79

7.63
10.8

SD

1.25

8.5
2.6

Total

50
50

70
5

75

Placebo
Mean

9.43

7.7
11.1

SD

0.96

10.2
3.2

Total

17
17

70
5

75

Weight

100.0%
100.0%

57.4%
42.6%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.36 [-0.21 , 0.93]
0.36 [-0.21 , 0.93]

-0.07 [-3.18 , 3.04]
-0.30 [-3.91 , 3.31]
-0.17 [-2.53 , 2.19]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours omega-3 Favours placebo
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Analysis 10.5.   Comparison 10: Omega-3 versus placebo,
Outcome 5: Laboratory markers of haemolysis and inflammation

Study or Subgroup

10.5.1 Total white blood cells 103/µL (mean count at 6 months)
Daak 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.49 (P = 0.14)

10.5.2 Total white blood cells 103/μL (mean count at up to 12 months)
Daak 2013
Tomer 2001
Subtotal (95% CI)
Heterogeneity: Chi² = 0.00, df = 1 (P = 1.00); I² = 0%
Test for overall effect: Z = 0.62 (P = 0.54)

10.5.3 Reticulocytes % (mean count at up to 6 months)
Daak 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.31 (P = 0.76)

10.5.4 Reticulocytes % (mean count at up to 12 months)
Tomer 2001
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.21 (P = 0.83)

10.5.5 Platelet count 103/µL (mean count at up to 6 months)
Daak 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.78 (P = 0.44)

10.5.6 Platelet count 103/μL (mean count at up to 12 months)
Daak 2013
Tomer 2001
Subtotal (95% CI)
Heterogeneity: Chi² = 0.52, df = 1 (P = 0.47); I² = 0%
Test for overall effect: Z = 1.36 (P = 0.17)

10.5.7 Lactic acid dehydrogenase U/L (mean value at up to 6 months)
Daak 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.70 (P = 0.09)

10.5.8 Lactic acid dehydrogenase U/L(mean value at up to 12 months)
Tomer 2001
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.19 (P = 0.85)

Test for subgroup differences: Chi² = 7.93, df = 7 (P = 0.34), I² = 11.7%

Omega-3
Mean

8.7

14.4
8.9

5.51

1.58

308.71

487.4
261.4

399.45

367.4

SD

3.62

3.3
2.6

2.46

4.38

137.52

114.7
71.2

147.48

140.9

Total

50
50

70
5

75

50
50

5
5

50
50

70
5

75

50
50

5
5

Placebo
Mean

10.2

14
8.5

5.76

2.01

342.55

450.7
274.2

470

349.8

SD

3.58

5.1
1.9

3.02

1.414

160.14

165.1
124.8

147.74

149.1

Total

17
17

70
5

75

17
17

5
5

17
17

70
5

75

17
17

5
5

Weight

100.0%
100.0%

79.7%
20.3%

100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

87.7%
12.3%

100.0%

100.0%
100.0%

100.0%
100.0%

Mean Difference
IV, Fixed, 95% CI

-1.50 [-3.48 , 0.48]
-1.50 [-3.48 , 0.48]

0.40 [-1.02 , 1.82]
0.40 [-2.42 , 3.22]
0.40 [-0.87 , 1.67]

-0.25 [-1.84 , 1.34]
-0.25 [-1.84 , 1.34]

-0.43 [-4.46 , 3.60]
-0.43 [-4.46 , 3.60]

-33.84 [-118.97 , 51.29]
-33.84 [-118.97 , 51.29]

36.70 [-10.39 , 83.79]
-12.80 [-138.74 , 113.14]

30.63 [-13.48 , 74.74]

-70.55 [-151.81 , 10.71]
-70.55 [-151.81 , 10.71]

17.60 [-162.21 , 197.41]
17.60 [-162.21 , 197.41]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours omega-3 Favours placebo
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Comparison 11.   Folic acid versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

11.1 Severity of pain crises 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

11.1.1 Number of participants ex-
periencing painful crisis (at up to 12
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

11.2 Frequency of hospitalization 1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

11.2.1 Number of hospitalization
episodes (clinic visits/child) (at up to 12
months)

1   Rate Ratio (IV, Fixed, 95%
CI)

Totals not select-
ed

11.3 Frequency of SCD-related compli-
cations

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

11.3.1 Major infections (at up to 12
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

11.3.2 Minor infections (at up to 12
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

11.3.3 Dactylitis (at up to 12 months) 1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

11.3.4 Splenic sequestration (at up to 12
months)

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

 
 

Analysis 11.1.   Comparison 11: Folic acid versus placebo, Outcome 1: Severity of pain crises

Study or Subgroup

11.1.1 Number of participants experiencing painful crisis (at up to 12 months)
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

0.05 0.2 1 5 20
Favours folic acid Favours placebo

Risk of Bias
A

?

B

?

C

+

D

+

E

−

F

?

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 11.2.   Comparison 11: Folic acid versus placebo, Outcome 2: Frequency of hospitalization

Study or Subgroup

11.2.1 Number of hospitalization episodes (clinic visits/child) (at up to 12 months)
Rabb 1983

log[Rate Ratio]

0.005201194

SE

0.489418

Folic acid
Total

59

Placebo
Total

56

Rate Ratio
IV, Fixed, 95% CI

1.01 [0.39 , 2.62]

Rate Ratio
IV, Fixed, 95% CI

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

Risk of Bias
A

?

B

?

C

+

D

+

E

−

F

?

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 11.3.   Comparison 11: Folic acid versus placebo, Outcome 3: Frequency of SCD-related complications

Study or Subgroup

11.3.1 Major infections (at up to 12 months)
Rabb 1983

11.3.2 Minor infections (at up to 12 months)
Rabb 1983

11.3.3 Dactylitis (at up to 12 months)
Rabb 1983

11.3.4 Splenic sequestration (at up to 12 months)
Rabb 1983

Folic acid
Events

14

50

12

9

Total

59

59

59

59

Placebo
Events

15

48

17

8

Total

56

56

56

56

Risk Ratio
M-H, Fixed, 95% CI

0.89 [0.47 , 1.66]

0.99 [0.85 , 1.15]

0.67 [0.35 , 1.27]

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

Risk of Bias
A

?

?

?

?

B

?

?

?

?

C

+

+

+

+

D

+

+

+

+

E

−

−

−

−

F

?

?

?

?

G

+

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 12.   Extended-release niacin (niacin-ER) versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

12.1 Haemoglobin status 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

12.1.1 Haemoglobin level g/dL (mean
change from baseline at up to six months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

12.2 Laboratory markers of haemolysis
and inflammation

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

12.2.1 Total white blood cells K/μL (mean
change from baseline at up to 6 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

12.2.2 Reticulocytes K/μL (mean change
from baseline at up to 6 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

 
 

Analysis 12.1.   Comparison 12: Extended-release niacin (niacin-ER) versus placebo, Outcome 1: Haemoglobin status

Study or Subgroup

12.1.1 Haemoglobin level g/dL (mean change from baseline at up to six months)
Scoffone 2013

Extended-release niacin
Mean

9.2

SD

1.6

Total

12

Placebo
Mean

8.8

SD

1.2

Total

15

Mean Difference
IV, Fixed, 95% CI

0.40 [-0.69 , 1.49]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours extended-release niacin Favours placebo

 
 

Analysis 12.2.   Comparison 12: Extended-release niacin (niacin-ER) versus
placebo, Outcome 2: Laboratory markers of haemolysis and inflammation

Study or Subgroup

12.2.1 Total white blood cells K/μL (mean change from baseline at up to 6 months)
Scoffone 2013

12.2.2 Reticulocytes K/μL (mean change from baseline at up to 6 months)
Scoffone 2013

Extended-release niacin
Mean

7.9

199

SD

1.7

84

Total

12

12

Placebo
Mean

7.9

200

SD

2.8

101

Total

15

15

Mean Difference
IV, Fixed, 95% CI

0.00 [-1.71 , 1.71]

-1.00 [-70.79 , 68.79]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours extended-release niacin Favours placebo

 
 

Comparison 13.   Oral propionyl-L-carnitine (PLC) versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

13.1 Frequency of SCD-related complica-
tions

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

13.1.1 Leg ulcers area - change in size in
cm (at up to 6 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed
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Analysis 13.1.   Comparison 13: Oral propionyl-L-carnitine (PLC)
versus placebo, Outcome 1: Frequency of SCD-related complications

Study or Subgroup

13.1.1 Leg ulcers area - change in size in cm (at up to 6 months)
Serjeant 1997

Oral propionyl-L-carnitine (PLC)
Mean

-3.2

SD

5.2

Total

8

Placebo
Mean

0.7

SD

12.6

Total

7

Mean Difference
IV, Fixed, 95% CI

-3.90 [-13.91 , 6.11]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours PLC Favours placebo

 
 

Comparison 14.   Vitamin A versus vitamin A + zinc

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

14.1 Frequency of crisis 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.1.1 Mean number of vaso-occlusive
crises (at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.2 Frequency of hospitalization (mean
change from baseline)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.2.1 Mean number hospitalizations
(measured as the number of hospitaliza-
tions at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.2.2 Mean number of days in short-stay
medical unit (haematology acute care
unit) (at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.2.3 Mean number of emergency visits
(at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.3 Frequency of SCD-related complica-
tions

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.3.1 Acute chest events ( mean change
from baseline at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.4 Laboratory markers of haemolysis
and inflammation

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

14.4.1 Reticulocyte count % (mean
change from baseline at up to 12 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed
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Analysis 14.1.   Comparison 14: Vitamin A versus vitamin A + zinc, Outcome 1: Frequency of crisis

Study or Subgroup

14.1.1 Mean number of vaso-occlusive crises (at up to 12 months)
Dougherty 2012

Vitamin A
Mean

0.2

SD

0.4

Total

23

vitamin A + zinc
Mean

-0.2

SD

1.9

Total

18

Mean Difference
IV, Fixed, 95% CI

0.40 [-0.49 , 1.29]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours vitamin A Favours vitamin A + zinc

 
 

Analysis 14.2.   Comparison 14: Vitamin A versus vitamin A + zinc,
Outcome 2: Frequency of hospitalization (mean change from baseline)

Study or Subgroup

14.2.1 Mean number hospitalizations (measured as the number of hospitalizations at up to 12 months)
Dougherty 2012

14.2.2 Mean number of days in short-stay medical unit (haematology acute care unit) (at up to 12 months)
Dougherty 2012

14.2.3 Mean number of emergency visits (at up to 12 months)
Dougherty 2012

Vitamin A
Mean

1.1

-0.4

0

SD

4

1.8

0.8

Total

23

23

23

Vitamin A + zinc
Mean

0.4

0.3

-0.1

SD

6.7

1.3

1.6

Total

18

18

18

Mean Difference
IV, Fixed, 95% CI

0.70 [-2.80 , 4.20]

-0.70 [-1.65 , 0.25]

0.10 [-0.71 , 0.91]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours vitamin A Favours vitamin A + zinc

Risk of Bias
A

?

?

?

B

?

?

?

C

+

+

+

D

+

+

+

E

+

+

+

F

+

+

+

G

+

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 14.3.   Comparison 14: Vitamin A versus vitamin A
+ zinc, Outcome 3: Frequency of SCD-related complications

Study or Subgroup

14.3.1 Acute chest events ( mean change from baseline at up to 12 months)
Dougherty 2012

Vitamin A
Mean

0

SD

0.4

Total

23

Vitamin A + zinc
Mean

0.2

SD

0.6

Total

18

Mean Difference
IV, Fixed, 95% CI

-0.20 [-0.52 , 0.12]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours vitamin A Favours vitamin A + zinc

Risk of Bias
A

?

B

?

C

+

D

+

E

+

F

+

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 14.4.   Comparison 14: Vitamin A versus vitamin A + zinc,
Outcome 4: Laboratory markers of haemolysis and inflammation

Study or Subgroup

14.4.1 Reticulocyte count % (mean change from baseline at up to 12 months)
Dougherty 2012

Vitamin A
Mean

14.1

SD

5.06

Total

23

Vitamin A + zinc
Mean

14.3

SD

5.1

Total

18

Mean Difference
IV, Fixed, 95% CI

-0.20 [-3.33 , 2.93]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours vitamin A Favours vitamin A + zinc

 
 

Comparison 15.   Standard local care plus arginine butyrate (500 mg/kg) versus standard local care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

15.1 Frequency of SCD-related complica-
tions (improvement in leg ulcer size)

2   Mean Difference (IV,
Fixed, 95% CI)

Subtotals only

15.1.1 Mean reduction in leg ulcer areas (cm)
(change from baseline at up to six months)

2 46 Mean Difference (IV,
Fixed, 95% CI)

-22.87 [-37.92,
-7.82]

15.2 Frequency of SCD-related complica-
tions (leg ulcer healing rate)

2   Rate Ratio (IV, Fixed,
95% CI)

Subtotals only

15.2.1 Number of completely-healed leg ul-
cers (at up to 6 months)

2 46 Rate Ratio (IV, Fixed,
95% CI)

1.38 [0.64, 2.99]

15.2.2 Number of partially-healed leg ulcers
(at up to 6 months)

1 26 Rate Ratio (IV, Fixed,
95% CI)

1.67 [0.69, 4.03]

 
 

Analysis 15.1.   Comparison 15: Standard local care plus arginine butyrate (500 mg/kg) versus standard
local care, Outcome 1: Frequency of SCD-related complications (improvement in leg ulcer size)

Study or Subgroup

15.1.1 Mean reduction in leg ulcer areas (cm) (change from baseline at up to six months)
Koshy 2001
McMahon 2010
Subtotal (95% CI)
Heterogeneity: Chi² = 0.74, df = 1 (P = 0.39); I² = 0%
Test for overall effect: Z = 2.98 (P = 0.003)

Mean Difference

-37.15
-19.8

SE

18.2518
8.465648512

Standard local care + arginine butyrate (500 mg/kg)
Total

12
12
24

Standard local care
Total

8
14
22

Weight

17.7%
82.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

-37.15 [-72.92 , -1.38]
-19.80 [-36.39 , -3.21]
-22.87 [-37.92 , -7.82]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours standard local care + arginine butyrate (500 mg/kg) Favours standard local care

Risk of Bias
A

?
+

B

?
?

C

?
?

D

?
+

E

?
+

F

?
+

G

−
?

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 15.2.   Comparison 15: Standard local care plus arginine butyrate (500 mg/kg) versus
standard local care, Outcome 2: Frequency of SCD-related complications (leg ulcer healing rate)

Study or Subgroup

15.2.1 Number of completely-healed leg ulcers (at up to 6 months)
Koshy 2001
McMahon 2010
Subtotal (95% CI)
Heterogeneity: Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.83 (P = 0.41)

15.2.2 Number of partially-healed leg ulcers (at up to 6 months)
McMahon 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.15 (P = 0.25)

Test for subgroup differences: Chi² = 0.10, df = 1 (P = 0.75), I² = 0%

log[Rate Ratio]

0.238882089
0.570100974

0.513985032

SE

0.456435
0.768706115

0.448496851

Standard local care + arginine butyrate (500 mg/kg)
Total

12
12
24

12
12

Standard local care
Total

8
14
22

14
14

Weight

73.9%
26.1%

100.0%

100.0%
100.0%

Rate Ratio
IV, Fixed, 95% CI

1.27 [0.52 , 3.11]
1.77 [0.39 , 7.98]
1.38 [0.64 , 2.99]

1.67 [0.69 , 4.03]
1.67 [0.69 , 4.03]

Rate Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours standard local care + arginine butyrate (500 mg/kg) Favours standard local care

Risk of Bias
A

?
+

+

B

?
?

?

C

?
?

?

D

?
+

+

E

?
+

+

F

?
+

+

G

−
?

?

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 16.   Vitamin A (3000 mg) versus vitamin A (6000 mg)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

16.1 Haemoglobin status (g/dL) 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

16.1.1 Haemoglobin (g/dL) mean change
from baseline at up to 6 months

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

16.2 Laboratory markers of haemolysis
and inflammation

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

16.2.1 Reticulocytes % (mean change
from baseline at up to 6 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

16.2.2 Foetal haemoglobin % (mean
change from baseline at up to 6 months)

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

 
 

Analysis 16.1.   Comparison 16: Vitamin A (3000 mg) versus
vitamin A (6000 mg), Outcome 1: Haemoglobin status (g/dL)

Study or Subgroup

16.1.1 Haemoglobin (g/dL) mean change from baseline at up to 6 months
Brownell 2020

Vitamin A 3000 mg
Mean

0

SD

0.621161683

Total

11

Vitamin A 6000 mg
Mean

0

SD

0.626098

Total

11

Mean Difference
IV, Fixed, 95% CI

0.00 [-0.52 , 0.52]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours vitamin A 3000 mg Favours vitamin A 6000 mg

Risk of Bias
A

+

B

+

C

+

D

+

E

?

F

+

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Antioxidant supplementation for sickle cell disease (Review)

Copyright © 2024 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

124



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
 

Analysis 16.2.   Comparison 16: Vitamin A (3000 mg) versus vitamin A (6000
mg), Outcome 2: Laboratory markers of haemolysis and inflammation

Study or Subgroup

16.2.1 Reticulocytes % (mean change from baseline at up to 6 months)
Brownell 2020

16.2.2 Foetal haemoglobin % (mean change from baseline at up to 6 months)
Brownell 2020

Vitamin A 3000 mg
Mean

0.8

3.1

SD

2.258769757

5.185455303

Total

11

11

Vitamin A 6000 mg
Mean

-1.6

1.7

SD

2.453625

4.738035

Total

11

11

Mean Difference
IV, Fixed, 95% CI

2.40 [0.43 , 4.37]

1.40 [-2.75 , 5.55]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours vitamin A 3000 mg Favours vitamin A 6000 mg

Risk of Bias
A

+

+

B

+

+

C

+

+

D

+

+

E

?

?

F

+

+

G

+

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 17.   N-acetylcysteine (1200 mg) versus N-acetylcysteine (2400 mg)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

17.1 Frequency of crisis 1   Rate Ratio (IV, Fixed, 95% CI) Totals not selected

17.1.1 Number of VOC episodes (at
up to 12 months)

1   Rate Ratio (IV, Fixed, 95% CI) Totals not selected

17.2 Haemoglobin status (g/dL) 1   Mean Difference (IV, Fixed,
95% CI)

Totals not selected

17.2.1 Mean change from baseline at
up to 6 months

1   Mean Difference (IV, Fixed,
95% CI)

Totals not selected

 
 

Analysis 17.1.   Comparison 17: N-acetylcysteine (1200 mg) versus
N-acetylcysteine (2400 mg), Outcome 1: Frequency of crisis

Study or Subgroup

17.1.1 Number of VOC episodes (at up to 12 months)
Pace 2003

log[Rate Ratio]

-0.263241435

SE

0.60092512

NAC 1200 mg
Total

5

NAC 2400 mg
Total

5

Rate Ratio
IV, Fixed, 95% CI

0.77 [0.24 , 2.50]

Rate Ratio
IV, Fixed, 95% CI

0.05 0.2 1 5 20
Favours NAC 1200 mg Favours NAC 2400 mg
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Analysis 17.2.   Comparison 17: N-acetylcysteine (1200 mg) versus N-
acetylcysteine (2400 mg), Outcome 2: Haemoglobin status (g/dL)

Study or Subgroup

17.2.1 Mean change from baseline at up to 6 months
Nur 2012

NAC 1200 mg
Mean

2.7

SD

3.999166927

Total

6

NAC 2400 mg
Mean

6.5

SD

2.50987222

Total

5

Mean Difference
IV, Fixed, 95% CI

-3.80 [-7.68 , 0.08]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours NAC 1200 mg Favours NAC 2400 mg

Risk of Bias
A

?

B

?

C

?

D

?

E

?

F

−

G

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 

 

A D D I T I O N A L   T A B L E S
 

L-glutamine versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: L-glutamine

Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with place-
bo

Risk with L-gluta-
mine

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis (num-
ber of pain crises)

Follow-up: 12 months

The mean fre-
quency of crisis
was 3.9

The mean score in the
intervention group
was 0.7 lower (1.37
lower to 0.03 lower)

- 230
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of participants living
with SCD and their care-
givers

Not measured.

Adverse effects

Follow-up: 12 months

"The rate of adverse events was higher in
the placebo group than in the l-glutamine
group (100% vs. 98.0%), as was the rate of
serious adverse events (87.1% vs. 78.2%)."

  230
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Frequency of hospitaliza-
tion

Follow-up: 12 months

The mean fre-
quency of hospi-
talisation was 0

The mean score in the
intervention group
was 0.7 lower
(1.31 lower to 0.09
lower)

- 230
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Table 1.   Summary of findings: L-glutamine versus placebo for sickle cell disease at up to 12 months 
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Frequency of sickle cell-re-
lated complications: acute
chest syndrome

Follow-up: 12 months

231 per 1000 85 per 1000
(44 to 166)

RR 0.37
(0.19 to
0.72)

230
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Haemoglobin status (g/L) Not measured.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio; vs: versus.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 1.   Summary of findings: L-glutamine versus placebo for sickle cell disease at up to 12 months  (Continued)

aDowngraded by two levels for serious risk of bias due to study limitations such as unclear risk of bias for allocation sequence generation
and concealment, and high risk of bias for selective reporting.
bDowngraded by one level for serious imprecision due to wide CI.
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Arruda 2012

Laboratory pa-
rameter

Intervention N Baseline median
(IQR)

Day 90 median
(IQR)

P value N Day 180 median
(IQR)

P value

Placebo 39 95 (82–103) 93 (85–101) 0.23 34 93.5 (84–105) 0.62Haemoglobin (g/
L)

Vitamin C + E 44 89 (82–97) 88 (79–95) 0.62 37 90 (81–96) 0.07

Placebo 39 193 (100–260) 153 (787–239) 0.14 34 142 (971–259) 0.91Reticulocytes (x

109/L)
Vitamin C + E 44 152 (564–237) 162 (749–228) 0.82 37 193 (118–370) 0.02

Placebo 39 366 (272–675) 397 (290–652) 0.5 34 390 (303–599) 0.70Lactate dehy-
drogenase (u/L)

Vitamin C + E 44 396 (2768–564) 3845 (302–568) 0.11 37 474 (318–651) 0.04

Placebo 39 4.28 (2.44-6.19) 4.63 (6.18-12.40) 0.33 34 4.08 (2.68-5.63) 0.72Neutrophils (x

109/L)
Vitamin C + E 44 4.24 (2.46-5.76) 4.23 (6.25-10.65) 0.73 37 4.96 (2.75-5.91) 0.02

Table 2.   Vitamin C (1400 mg) + vitamin E (800 mg) versus placebo for sickle cell disease at up to six months 

ID: identifier; IQR: interquartile range; N: number of participants
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Zinc versus placebo for sickle cell disease at up to 18 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: zinc

Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with
placebo

Risk with zinc

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis: VOC
Follow-up: 18 months

- - Rate ratio
0.68 (0.53
to 0.87)

130
(1 RCT)

⨁⨁⨁◯

Moderatea

-

Severity of pain

Follow-up: 18 months

Not measured for this time point

QoL of participants living
with SCD and their care-
givers (loss of work days/
crisis)
Follow-up: 18 months

The mean loss
of work days/
crisis when tak-
ing placebo
was 4.9 days/
crisis

The mean loss of
work days/crisis
when taking zinc was
1.5 days/crisis low-
er (2.24 lower to 0.76
lower)

MD -1.5 
(-2.24 to
-0.76)

130
(1 RCT)

⨁⨁◯◯

Lowa,b

-

Adverse effects Not measured.

Frequency of hospitaliza-
tion: hospital stay/crisis
Follow-up: 18 months

The mean fre-
quency of hos-
pital stay/cri-
sis when taking
placebo was
3.9 days

The mean frequency
of hospital stay/crisis
when taking zinc was
0.4 days higher (0.26
lower to 1.06 higher)

MD 0.4
days (-0.26
to 1.06)

130
(1 RCT)

⨁⨁◯◯

Lowa,b

Frequency of
hospitaliza-
tions reported
as the mean
hospital stay/
crisis which
was the num-
ber of days
spent in the
hospital per
crisis

Frequency of sickle cell-
related complications:
haemolytic crisis
Follow-up: 18 months

- - Rate ratio
0.69 (0.39
to 1.22)

130
(1 RCT)

⨁⨁◯◯

Lowa,b

The risk of
haemolytic
crisis and se-
questration
were also re-
ported for this
time point.

Haemoglobin status (%)
Follow-up: 18 months

The mean
haemoglobin
level when tak-
ing placebo
was 68%

The mean haemo-
globin with zinc was
11% higher (10.18
higher to 11.82 high-
er)

MD 11%
(10.18 to
11.82 )

130
(1 RCT)

⨁⨁⨁◯

Moderatea

-

Table 3.   Summary of findings: Zinc versus placebo for sickle cell disease at up to 18 months 
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*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; №: number; RCT: randomized controlled trial; RR: risk ratio; SCD: sickle cell disease;
VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 3.   Summary of findings: Zinc versus placebo for sickle cell disease at up to 18 months  (Continued)

aDowngraded by one level for risk of bias as we rated the study (Gupta 1995) as having unclear risk of bias for allocation concealment,
attrition, and selective reporting.
bDowngraded by one level for serious imprecision due to wide CI involving harm and benefit.
 
 

Vitamin A versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: vitamin A

Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with vitamin A

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of cri-
sis: vaso-occlusive
crisis

Follow-up: 12
months

The mean change in
the frequency of VOC
when taking placebo
was 0.1

The mean frequency of
VOC when taking vitamin A
was 0.1 higher (0.17 lower
to 0.37 higher)

MD 0.1
(-0.17 to
0.37)

44
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of partici-
pants living with
SCD and their
caregivers

Not measured.

Adverse effects Not measured.

Frequency of hos-
pitalization (days)
Follow-up: 12
months

The mean change in
number of hospital-
izations when tak-
ing placebo was -0.5
days

The mean number of hos-
pitalizations when taking
vitamin A was 1.6 days
higher (0.14 lower to 3.34
higher)

MD 1.6
days 
(0.14 to
3.34)

44
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Table 4.   Summary of findings: Vitamin A versus placebo for sickle cell disease at up to 12 months 
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Frequency of sick-
le cell-related
complications:
acute chest syn-
drome

Follow-up 12
months

The mean change in
frequency of acute
chest syndrome
when taking a place-
bo was -0.3

The mean frequency of
acute chest syndrome
when taking vitamin A was
0.3 higher (0.12 lower to
0.72 higher)

MD 0.3 
(-0.12 to
0.72)

44
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Haemoglobin sta-
tus (g/mL)

Median (IQR)

Follow-up: 12
months

At baseline, the haemoglobin estimation decreased
slightly in the vitamin A group from median (IQR)
8.2 (6.2-9.8) to 8.0 (6.9-10.8) post-intervention. In
the placebo group, haemoglobin increased slightly
from median (IQR) 7.9 (6.6-9.9) to 8.1 (6.8-9.6) after
the intervention.

- 44
(1 RCT)

⨁◯◯◯

Very lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; IQR: interquartile range; MD: mean difference; №: number; QoL: quality of life; RCT: randomized controlled
trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 4.   Summary of findings: Vitamin A versus placebo for sickle cell disease at up to 12 months  (Continued)

aDowngraded by two levels for very serious risk of bias for unclear risk of bias for random sequence generation and allocation concealment.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size from a single study.
 
 

Dougherty 2012

Laboratory para-
meter

Intervention N Baseline median (IQR) 12 months median (IQR)

Vitamin A 23 8.2 (6.2-9.8) 8.0 (6.9-10.8)Haemoglobin (g/
mL)

Placebo 21 7.9 (6.6-9.9) 8.1 (6.8-9.6)

Vitamin A 23 6.9 (0.5-22.9) 7.2 (0.5-21.8)HbF (%)

Placebo 21 10.0 (1.5-20.3) 8.8 (1.4-18.4)

Vitamin A 23 429 (239-682) 448 (237-582)Platelets (103/µL)

Placebo 21 451 (224-961) 489 (246-940)

Vitamin A 23 12.0 (5.4-22.7) 13.7 (6.8-20.7)WBC (103/µL)

Placebo 21 12.1 (6.1-25.1) 10.8 (7.2-14.9)

Table 5.   Vitamin A versus placebo for sickle cell disease at up to 12 months 
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HbF: foetal haemoglobin; ID: identifier; IQR: interquartile range; N: number of participants; WBC: white blood cells
 
 

Vitamin A + zinc versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: vitamin A + zinc

Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with place-
bo

Risk with vitamin A + zinc

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis:
VOC
Follow-up: 12
months

The mean fre-
quency of VOC
when taking
placebo was 0.1

The mean frequency of VOC
when taking vitamin A + zinc
was 0.3 lower (1.2 lower to
0.6 higher)

MD -0.3 
(-1.2 to 0.6 )

39
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of participants
living with SCD and
their caregivers

Not measured.

Adverse effects Not measured.

Frequency of hospi-
talization

Follow-up: 12
months

The mean fre-
quency of hospi-
talisation when
taking placebo
was -0.5 days

The mean frequency of hos-
pitalisation when taking vi-
tamin A + zinc was 0.9 days
higher (2.61 lower to 4.41
higher)

MD 0.9
days (-2.61
to 4.41)

39
(1 RCT)

⨁◯◯◯

Very lowa,b

Reported
as the time
spent in
haematol-
ogy acute
care unit
and emer-
gency clin-
ic visits
during 12
months of
follow-up

Frequency of sickle
cell-related compli-
cations: acute chest
syndrome
Follow-up: 12
months

The mean fre-
quency of acute
chest syndrome
when taking
placebo was 0.2

The mean frequency of acute
chest syndrome when tak-
ing vitamin A + zinc was 0.2
higher
(-0.17 lower to 0.57 higher)

MD 0.2
(-0.17 to
0.57)

39
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Haemoglobin sta-
tus
Follow-up: 12
months

The median
haemoglobin
status was 8.1 g/
dL

The median haemoglobin
status in the intervention
group was 7.6 g/dL higher
(6.7 higher to 10.7 higher)

Median 7.6
g/dL (6.7 to
10.7)

39
(1 RCT)

⨁◯◯◯

Very lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

Table 6.   Summary of findings: Vitamin A + zinc versus placebo for sickle cell disease at up to 12 months 
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CI: confidence interval; IQR: interquartile range; MD: mean difference; №: number; QoL: quality of life; RCT: randomized controlled
trial; SCD: sickle cell disease; VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 6.   Summary of findings: Vitamin A + zinc versus placebo for sickle cell disease at up to 12 months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size.
 
 

Dougherty 2012

Laboratory pa-
rameter

Intervention N Baseline median (IQR) 12 months median (IQR)

Vitamin A + zinc 18 7.9 (6.6-10.0) 7.6 (6.7-10.7)Haemoglobin
(g/mL)

Placebo 21 7.9 (6.6-9.9) 8.1 (6.8-9.6)

Vitamin A + zinc 18 7.6 (2.2-18.4) 6.6 (2.5-19.0)HbF (%)

Placebo 21 10.0 (1.5-20.3) 8.8 (1.4-18.4)

Vitamin A + zinc 18 484 (173-490) 514 (208-812)Platelets (103/
µL)

Placebo 21 451 (224-961) 489 (246-940)

Vitamin A + zinc 18 13.2 (8.7-26.8) 14.5 (5.6-18.1)WBC (103/µL)

Placebo 21 12.1 (6.1-25.1) 10.8 (7.2-14.9)

Table 7.   Vitamin A + zinc versus placebo for sickle cell disease at up to 12 months 

HbF: foetal haemoglobin; ID: identifier; IQR: interquartile range; N: number; WBC: white blood cells
 
 

N-acetylcysteine (600 mg) versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: N-acetylcysteine (NAC) (600 mg)

Comparison: placebo

Outcomes Anticipated absolute ef-

fects* (95% CI)

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence

Comments

Table 8.   Summary of findings: N-acetylcysteine (600 mg) versus placebo for sickle cell disease at up to 12 months 
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Risk with
placebo

Risk with
NAC (600
mg)

(GRADE)

Frequency of crisis-related complications:
VOC

Follow-up: 12 months

- - Rate ratio
1.05
(0.43 to
2.57)

10
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of participants living with SCD and
their caregivers

Not measured.

Adverse effects Not measured.

Frequency of hospitalizations Not measured.

Frequency of SCD-related complications Not measured.

Haemoglobin status Not measured.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; NAC: N-acetylcysteine; №: number; QoL: quality of life; RCT: randomized controlled trial; SCD: sickle cell dis-
ease; VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 8.   Summary of findings: N-acetylcysteine (600 mg) versus placebo for sickle cell disease at up to 12
months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision due to wide CI because the sample size was small.
 
 

N-acetylcysteine (1200 mg) compared to placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient

Intervention: N-acetylcysteine (NAC) (1200 mg)

Comparison: placebo

Outcomes Anticipated absolute ef-

fects* (95% CI)

Relative ef-
fect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence

Comments

Table 9.   Summary of findings: N-acetylcysteine (1200 mg) compared to placebo for sickle cell disease at up to 12
months 
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Risk with
Placebo

Risk with
NAC (1200
mg)

(GRADE)

Frequency of crisis at up to 12 months - - Rate ratio
0.83
(0.72 to 0.95)

10
(1 RCT)

⨁⨁◯◯

Very lowa,b

-

Severity of pain Not measured

QoL of participants living with SCD and
their caregivers

Not measured

Adverse effects Not measured

Frequency of hospitalization Not measured

Frequency of SCD-related complications Not measured

*The risk in the intervention group (and its 95% CI is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI)

CI: confidence interval; NAC: N-acetylcysteine; №: number; QoL: quality of life; RCT: randomized controlled trial; SCD: sickle cell dis-
ease

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 9.   Summary of findings: N-acetylcysteine (1200 mg) compared to placebo for sickle cell disease at up to 12
months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size from a single study.
 
 

N-acetylcysteine (2400 mg) versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: N-acetylcysteine (NAC) (2400 mg)

Comparison: placebo

Anticipated absolute ef-

fects* (95% CI)

Outcomes

Risk with
placebo

Risk with
NAC (2400
mg)

Relative ef-
fect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Table 10.   Summary of findings: N-acetylcysteine (2400 mg) versus placebo for sickle cell disease at up to 12 months 
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Frequency of crisis: VOC

Follow-up: 12 months

- - Rate ratio
0.64
(0.19 to 2.11)

11
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of participants living with SCD and
their caregivers

Not measured.

Adverse effects Not measured.

Frequency of hospitalization Not measured.

Frequency of SCD-related complications Not measured.

Haemoglobin status Not measured.

*The risk in the intervention group (and its 95% CI is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI)

CI: confidence interval; NAC: N-acetylcysteine; №: number; QoL: quality of life; RCT: randomized controlled trial; SCD: sickle cell dis-
ease; VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 10.   Summary of findings: N-acetylcysteine (2400 mg) versus placebo for sickle cell disease at up to 12
months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size from a single study.
 
 

Omega-3 versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: omega-3

Comparison: placebo

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with
placebo

Risk with
omega-3

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis

Follow-up: 12 months

- - Rate ratio
0.76
(0.22 to
2.65)

10
(1 RCT)

⨁◯◯◯

Very lowa,b

Daak 2013 also re-
ported the medi-
an rate of VOC at
12 months: medi-

Table 11.   Summary of findings: Omega-3 versus placebo for sickle cell disease at up to 12 months 
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an of 2.7 (IQR 0.9 to
4.8) in the omega-3
group versus 4.6
(IQR 3.0 to 6.4) in
the placebo group
(1 trial, 140 partici-
pants).

Severity of pain Not measured.

QoL of participants living
with SCD and their care-
givers

Follow-up: 12 months

Participants in the omega-3 group missed a medi-
an (IQR) of 0 (7.6) days versus the placebo group
who missed a median (IQR) of 4.3 (21.1) days

95
(1 RCT)

⨁◯◯◯

Very lowb,c

-

Adverse effects

Follow-up: 12 months

The risk when
taking place-
bo was 29 per
1000

The risk when
taking omega-3
was 29 per 1000

RR 1.00
(0.14 to
6.90

140
(1 RCT)

⨁◯◯◯

Very lowb,c

-

Frequency of hospitaliza-
tion

Not measured.

Frequency of sickle cell-
related complications -
blood transfusion
Follow-up: 12 months

The risk when
taking place-
bo was 143
per 1000

The risk when
taking omega-3
was 43 per 1000
(13 to 149)

RR 0.30
(0.09 to
1.04)

140
(1 RCT)

⨁◯◯◯

Very lowb,c

Other complica-
tions reported were
sequestration crisis,
avascular necro-
sis, and severe
anaemia.

Haemoglobin status (g/L)
Follow-up: 12 months

The mean
haemoglobin
level when
taking place-
bo was 0 g/L

The mean when
taking omega-3
was 0.17 g/L
lower
(2.23 lower to
2.19 higher)

MD -0.17 g/
L
(-2.23 to
2.19)

150
(2 RCTs)

⨁◯◯◯

Very lowb,c

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; IQR: interquartile range; MD: mean difference; №: number; RR: risk ratio; RCT: randomized controlled trial

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 11.   Summary of findings: Omega-3 versus placebo for sickle cell disease at up to 12 months  (Continued)

aDowngraded by two levels for very serious risk of bias due to study limitations such as unclear risk of bias for random sequence generation,
allocation concealment, and selective reporting.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size.
cDowngraded by two levels for very serious risk of bias due to study limitations such as unclear risk of bias for random sequence generation,
allocation concealment, and high risk of selective reporting bias.
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Omega 3 (n = 49) Placebo (n = 46) P value

Median 0 (IQR 7.6) Median 4.3 (IQR 21.1) "Not significant"

Table 12.   Omega-3 versus placebo: absence from school at up to 12 monthsa 

a33 participants (n = 31 younger than school age and 2 not attending school) were not included in the analysis. Zero-inflated Poisson
regression was used to test for statistical significance, Daak 2013.
IQR: interquartile range; n: number of participants
 
 

Folic acid versus placebo for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outcome clinic

Intervention: folic acid

Comparison: placebo

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with place-
bo

Risk with folic
acid

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis Not measured.

Severity of pain
Follow-up: 12 months

The risk of severe
pain when taking
placebo was 321
per 1000

The risk when
taking folic acid
was 373 per 1000
(225 to 617)

RR 1.16
(0.70 to
1.92)

115
(1 RCT)

⨁⨁◯◯

Lowa,b

-

QoL of participants living
with SCD and their caregivers

Not measured.

Adverse effects Not measured.

Frequency of hospitalization 
Follow-up: 12 months

- - Rate ratio
1.01
(0.39 to
2.62)

115
(1 RCT)

⨁⨁◯◯

Lowa,b

Reported
as the rate
of clinic vis-
its/child

Frequency of sickle cell-relat-
ed complications: major in-
fection

Follow-up: 12 months

The risk of major
infections when
taking placebo
was 268 per 1000

The risk when
taking folic acid
was 238 per 1000

(126 to 445)

Risk ratio
0.89

(0.47 to
1.66)

115
(1 RCT)

⨁⨁◯◯

Lowa,b

This outcome
was also re-
ported as mi-
nor infections,
sequestration
and dactylitis.

Haemoglobin status Not measured.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; № : number; QoL: quality of life; RR: risk ratio; RCT: randomized controlled trial;

Table 13.   Summary of findings: Folic acid versus placebo for sickle cell disease at up to 12 months 
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GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 13.   Summary of findings: Folic acid versus placebo for sickle cell disease at up to 12 months  (Continued)

aDowngraded by one level for serious risk due to attrition bias.
bDowngraded by one level for serious imprecision due to a wide CI involving both harm and benefit.
 
 

Oral propionyl-L-carnitine (PLC) compared to placebo for sickle cell disease at up to six months

Patient or population: sickle cell disease
Setting: outpatient clinic

Intervention: PLC

Comparison: placebo

Anticipated absolute effects*
(95% CI)

Outcomes

Risk with
placebo

Risk with PLC

Relative
effect
(95%
CI)

№ of
partici-
pants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis Not measured. -

Severity of pain Not measured. -

QoL of participants living with
SCD and their caregivers

Not measured. -

Adverse effects Not measured. -

Frequency of hospitalization Not measured. -

Frequency of SCD-related com-
plications (increase in leg ulcer
area in cm)

Follow-up: up to 6 months

The mean in-
crease in leg
ulcer area
when taking
placebo was
0.7 cm

The mean in-
crease in leg ulcer
area when taking
PLC was 3.9 cm
lower (13.91 lower
to 6.11 higher).

MD -3.90
(-13.91 to
6.11)

15
(1 RCT)

⊕⊝⊝⊝

Very lowa
Ulcer size
after treat-
ment
(lower size
is better)

Haemoglobin status Not measured. -

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; PLC: propionyl-L-carnitine; QoL: quality of life; RCT: randomised controlled trial; SCD:
sickle cell disease.

GRADE Working Group grades of evidence

Table 14.   Summary of findings: Oral propionyl-L-carnitine (PLC) compared to placebo for sickle cell disease at up to
six months 
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High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the
estimate of effect.

Table 14.   Summary of findings: Oral propionyl-L-carnitine (PLC) compared to placebo for sickle cell disease at up to
six months  (Continued)

aDowngraded by three levels for very serious risk of bias due to high risk of bias for random sequence generation and incomplete outcome
data, and very serious imprecision due to very wide CI that include both harm and benefit.
 
 

Vitamin A versus vitamin A + zinc for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: vitamin A

Comparison: vitamin A + zinc

Anticipated absolute effects* (95% CI)Outcomes

Risk with vitamin A Risk with vitamin A + zinc

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of cri-
sis: VOC
Follow-up: 12
months

The mean change in
the frequency of cri-
sis (VOC) when tak-
ing only vitamin A
was -0.2.

The mean change when tak-
ing vitamin A plus zinc was
0.4 higher (0.49 lower to
1.29 higher)

MD 0.4 
(-0.4 to
1.29)

41
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of partici-
pants living with
SCD and their
caregivers

Not measured.

Adverse effects Not measured.

Frequency of
hospitalization
Follow-up: 12
months

The mean number
of hospitalizations
when taking only vit-
amin A was 0.4 days

The mean number of hospi-
talizations when taking vi-
tamin A plus zinc was 0.7
days lower (2.8 lower to 4.2
higher)

MD - 0.7
(-2.8 to 4.2)

41
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Frequency of
sickle cell-re-
lated compli-
cations: acute
chest 'event'
Follow-up: 12
months

The mean frequen-
cy of acute chest syn-
drome when taking
only vitamin A was
0.2

The mean frequency of
acute chest syndrome when
taking vitamin A plus zinc
was 0.2 lower
(0.52 lower to 0.12 higher)

MD -0.2 
(-0.52 to
0.12)

41
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Table 15.   Summary of findings: Vitamin A versus vitamin A + zinc for sickle cell disease at up to 12 months 
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Haemoglobin
status
Follow-up: 12
months

There may be little or no difference in the effect of
vitamin A compared to vitamin A + zinc in haemo-
globin levels in SCD (vitamin A reduced from me-
dian (IQR) 8.2 g/mL (6.2-9.8) to 8.0 g/mL (6.9-10.8)
versus median (IQR) 7.9 g/mL (6.6-10.0) to 7.6 g/mL
(6.7-10.7) in vitamin A + zinc).

- 41
(1 RCT)

⨁◯◯◯

Very lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; №: number; QoL: quality of life; RCT: randomized controlled trial; SCD: sickle cell dis-
ease; VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 15.   Summary of findings: Vitamin A versus vitamin A + zinc for sickle cell disease at up to 12 months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size.
 
 

Dougherty 2012

Laboratory pa-
rameters

Intervention N Baseline median (IQR) 12 months median (IQR)

Vitamin A 23 8.2 (6.2-9.8) 8.0 (6.9-10.8)Haemoglobin
(g/mL)

Vitamin A + zinc 21 7.9 (6.6-10.0) 7.6 (6.7-10.7)

Vitamin A 23 6.9 (0.5-22.9) 7.2 (0.5-21.8)HbF (%)

Vitamin A + zinc 21 7.6 (2.2-18.4) 6.6 (2.5-19.0)

Vitamin A 23 429 (239-682) 448 (237-582)Platelets (103/
µL)

Vitamin A + zinc 21 484 (173-490) 514 (208-812)

Vitamin A 23 12.0 (5.4-22.7) 13.7 (6.8-20.7)WBC (103/µL)

Vitamin A + zinc 21 13.2 (8.7-26.8) 14.5 (5.6-18.1)

Table 16.   Vitamin A versus vitamin A + zinc for sickle cell disease at up to 12 months 

HbF: foetal haemoglobin; ID: identifier; IQR:interquartile range; N: number; WBC: white blood cells
 
 

Standard local care + arginine butyrate (500 mg/kg/dose) versus standard local care for sickle cell disease at up to six months

Table 17.   Summary of findings: Standard local care + arginine butyrate (500 mg/kg/dose) versus standard local care
for sickle cell disease at up to six months 
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Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: standard local care + arginine butyrate (500 mg/kg/dose)

Comparison: standard local care

Anticipated absolute effects* (95% CI)Outcomes

Risk with stan-
dard local care

Risk with standard lo-
cal care + arginine bu-
tyrate 500 mg/kg/dose

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of cri-
sis

Not measured.

Severity of pain Not measured.

QoL of partici-
pants living with
SCD and their
caregivers

Not measured.

Adverse effects

Follow-up: up to
6 months

Only McMahon 2010 reported adverse events
and reported: "No serious adverse events
were reported to be directly related to the
study drug. Drug-related adverse events re-
lated to Arginine Butyrate included headache
and nausea, which were usually preventable
or controlled with anti-emetics and aceta-
minophen or ibuprofen therapy given prior to
and during the cell disease infusions".

- 26

(1 RCT)

⊕⊕⊝⊝

Lowa

-

Frequency of
hospitalization

Not measured.

Frequency of
sickle cell-relat-
ed complications
(mean reduction
in leg ulcer area
(cm))

Follow-up: up to
6 months

The mean reduc-
tion in leg ulcer
area was

-2.5 cm in the
standard care
group.

The mean reduction in
leg ulcer area was 22.87
cm lower

(37.92 lower to 7.82
lower) in the interven-
tion group.

MD

-22.87

(-37.92 to
-7.82)

46

(2 RCTs)

⊕⊕⊕⊝

Very lowb,c

The studies
(Koshy 2001;
McMahon 2010) al-
so reported num-
ber of complete-
ly healed leg ul-
cers at up to six
months (46 partic-
ipants; rate ratio
1.38, 95% CI 0.64

to 2.99; I2 = 0%; 2
trials) and McMa-
hon 2010 (26 par-
ticipants) report-
ed number of par-
tially healed leg
ulcers (rate ratio
1.61, 95% CI 0.69
to 4.03).

Table 17.   Summary of findings: Standard local care + arginine butyrate (500 mg/kg/dose) versus standard local care
for sickle cell disease at up to six months  (Continued)
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Haemoglobin
status

Not measured.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; QoL: quality of life; RCT: randomized controlled trial; SCD: sickle cell disease

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 17.   Summary of findings: Standard local care + arginine butyrate (500 mg/kg/dose) versus standard local care
for sickle cell disease at up to six months  (Continued)

aWe downgraded by two levels for very serious risk of bias due to study limitations. McMahon 2010 had unclear risk of bias for selection
bias, blinding of participants and personnel, and 'other bias.'
bWe downgraded by two levels for very serious risk of bias due to study limitations. McMahon 2010 and Koshy 2001 had unclear risk of bias
in most of the domains, and Koshy 2001 had a high risk of bias for 'other bias'.
cDowngraded by one level for serious imprecision due to a wide CI.
 
 

Vitamin A (3000mg) compared to vitamin A (6000 mg) for sickle cell disease at up to six months

Patient or population: sickle cell disease
Setting: outpatient clinic

Intervention: vitamin A (3000 mg)

Comparison: vitamin A (6000 mg)

Anticipated absolute effects* (95% CI)Outcomes

Risk with vita-
min A
(6000 mg)

Risk with vitamin
A
(3000 mg)

Relative
effect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis Not measured. -

Severity of pain Not measured. -

QoL of participants living
with SCD and their caregivers

Not measured. -

Adverse effects Not measured. -

Frequency of hospitalization Not measured. -

Frequency of sickle cell-relat-
ed
complications

Not measured. -

Table 18.   Summary of findings: Vitamin A (3000 mg) compared to vitamin A (6000 mg) for sickle cell disease at up to
six months 
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Haemoglobin status
Follow-up: up to 6 months

The mean
change in
haemoglobin
level when tak-
ing vitamin A
(6000 mg) was 0
g/dL

The mean change
in haemoglobin lev-
el when taking vit-
amin A (3000 mg)
was 0 g/dL (0.52
lower to 0.52 high-
er)

MD 0.00
(-0.52 to
0.52)

22
(1 RCT)

⊕⊕⊝⊝

Lowa,b

-

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; QoL: quality of life; RCT: randomised controlled trial; SCD: sickle cell disease

Table 18.   Summary of findings: Vitamin A (3000 mg) compared to vitamin A (6000 mg) for sickle cell disease at up to
six months  (Continued)

aDowngraded by one level for serious risk of bias due to unclear risk of bias for attrition because no explanation was given for participants
lost to follow-up.
bDowngraded by one level for serious imprecision due to wide CI due to small sample size.
 
 

N-acetylcysteine (1200 mg) versus N-acetylcysteine (2400 mg) for sickle cell disease at up to 12 months

Patient or population: sickle cell disease

Setting: outpatient clinic

Intervention: N-acetylcysteine (NAC) (1200 mg)

Comparison: NAC (2400 mg)

Anticipated absolute ef-

fects* (95% CI)

Outcomes

Risk with
NAC (2400
mg)

Risk with
NAC (1200
mg)

Relative ef-
fect
(95% CI)

№ of par-
ticipants
(studies)

Certainty
of the evi-
dence
(GRADE)

Comments

Frequency of crisis (VOC)
Follow-up: 12 months

- - Rate ratio
0.77
(0.24 to 2.50)

10
(1 RCT)

⨁◯◯◯

Very lowa,b

-

Severity of pain Not measured.

QoL of participants living with SCD and
their caregivers

Not measured.

Adverse effects Not measured.

Frequency of hospitalization Not measured.

Frequency of SCD-related complications Not measured.

Haemoglobin status Not measured.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

Table 19.   Summary of findings: N-acetylcysteine (1200 mg) versus N-acetylcysteine (2400 mg) for sickle cell disease
at up to 12 months 
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CI: confidence interval; NAC: N-acetylcysteine; №: number; QoL: quality of life; RCT: randomised controlled trial; SCD: sickle cell dis-
ease; VOC: vaso-occlusive crisis

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 19.   Summary of findings: N-acetylcysteine (1200 mg) versus N-acetylcysteine (2400 mg) for sickle cell disease
at up to 12 months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision for wide CI due to small sample size from a single study.
 
 

Extended-release niacin (niacin-ER) compared to placebo for sickle cell disease at up to six months

Patient or population: sickle cell disease
Setting: outpatient clinic
Intervention: extended-release niacin (niacin-ER)
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with place-
bo

Risk with extend-
ed release niacin
(niacin-ER)

Relative
effect
(95% CI)

№ of
partici-
pants
(studies)

Certainty
of
the evi-
dence
(GRADE)

Comments

Frequency of crisis Not measured. -

Severity of pain Not measured. -

QoL of participants living
with SCD and their care-
givers

Not measured. -

Adverse effects Not measured. -

Frequency of hospitaliza-
tion

Not measured. -

Frequency of sickle cell-re-
lated complications

Not measured. -

Haemoglobin status (g/dL)

Follow-up: up to 6 months

The mean
change from
baseline in
haemoglobin
level when tak-
ing placebo was
8.8 g/dL.

The mean change in
haemoglobin levels
when taking niacin-
ER was 0.4 g/dL high-
er (0.69 lower to 1.49
higher).

MD 0.40
(-0.69 to
1.49)

27
(1 RCT)

⊕⊝⊝⊝ Very

lowa,b

-

Table 20.   Summary of findings: Extended-release niacin (niacin-ER) compared to placebo for sickle cell disease at
up to six months 
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*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; MD: mean difference; QoL: quality of life; RCT: randomized controlled trial

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Table 20.   Summary of findings: Extended-release niacin (niacin-ER) compared to placebo for sickle cell disease at
up to six months  (Continued)

aWe downgraded by two levels for very serious risk of bias due to attrition bias and unclear risk of bias in other
domains.
bWe downgraded by one level for serious imprecision due to a wide confidence interval because of the small sample size.
 
 

N-acetylcysteine (1200 mg) compared to N-acetylcysteine (2400 mg) for sickle cell disease

Patient or population: sickle cell disease
Setting: outpatient clinic
Intervention: N-acetylcysteine (NAC) (1200 mg)
Comparison: NAC (2400 mg)

Anticipated absolute effects*
(95% CI)

Outcomes

Risk with NAC
(2400 mg)

Risk with NAC
(1200 mg)

Relative
effect
(95% CI)

№ of
partici-
pants
(studies)

Certainty
of the
evidence
(GRADE)

Comments

Frequency of crisis Not measured. -

Severity of pain Not measured. -

QoL of participants
living with SCD and
their caregivers

Not measured. -

Adverse events
Follow-up: up to 6
months

Nur 2011 reported: "One patient (P4) discontinued using NAC
after 3 weeks and withdrew from the study. One patient on the
2400 mg NAC dose had gastro-intestinal complaints that disap-
peared after switching to 1200 mg on the second day of treat-
ment which she continued using. No other patient reported ad-
verse events".

11
(1 RCT)

⊕⊝⊝⊝

Very lowa,b

-

Frequency of hospi-
talizations

Not measured. -

Frequency of SCD-re-
lated complications

Not measured. -

Table 21.   Summary of findings: N-acetylcysteine (1200 mg) compared to N-acetylcysteine (2400 mg) for sickle cell
disease at up to six months 
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Haemoglobin status
(g/dL)
Follow-up: up to 6
months

The mean haemo-
globin level when
taking NAC 2400
mg was 6.5 g/dL.

The mean haemoglo-
bin level when taking
NAC 1200 mg was 3.8 g/
dL lower (7.68 lower to
0.08 higher).

MD -3.80
(-7.68 to
0.08)

11
(1 RCT)

Very lowa, b -

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; NAC: N-acetylcysteine; № : number; QoL: quality of life; RCT: randomised controlled trial; SCD: sickle cell dis-
ease

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of the effect.

Table 21.   Summary of findings: N-acetylcysteine (1200 mg) compared to N-acetylcysteine (2400 mg) for sickle cell
disease at up to six months  (Continued)

aDowngraded by two levels for very serious risk of bias due to unclear risk of bias for random sequence generation and allocation
concealment.
bDowngraded by one level for serious imprecision for wide CI due to small sample size.
 

 

A P P E N D I C E S

Appendix 1. Glossary of terms

 

Term Definition

Polymerization Arrangement of haemoglobin within the red blood cell as long parallel fibres

Microcapillaries The microvessels that carry blood from arterioles to venules. They are lined by the endothelial
walls, and serve as an exchange site between the intravascular compartment and the interstitium.

Lyse Break down

Peroxidation Loss of free electron to free radicals

Neutralizing Removing the toxic effect

Resonance delocalization Release of free electron from a covalent bond

Cell signalling Transfer of information from receptors on the cell surface to the nucleus for gene expression

Gene expression Process by which nucleotide sequence is being used for protein synthesis

 

 

Antioxidant supplementation for sickle cell disease (Review)

Copyright © 2024 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

147



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Appendix 2. Search methods – Electronic databases

MEDLINE via PubMed

DATE OF SEARCH up to 15 August 2023

1. Anemia, Sickle Cell [mh: noexp]

2. Sickle cell trait [mh]

3. Hemoglobin SC Disease [mh]

4. Hemoglobin, Sickle [mh]

5. “Hemoglobin SC” [tiab]OR “Haemoglobin SC” [tiab] OR “Hemoglobin SS” [tiab] OR “Haemoglobin SS” [tiab] OR “Hemoglobin C” [tiab]
OR “Haemoglobin C” [tiab] OR “Hemoglobin S” [tiab] OR “haemoglobin S” [tiab] OR “Hemoglobin D” [tiab] OR “Haemoglobin D” [tiab]
OR “Hemoglobin SE” [tiab] OR “Haemoglobin SE” [tiab]

6. “Hb C disease” [tiab] OR “Hb D disease” [tiab] OR “Hb E disease” [tiab] OR “SC disease” [tiab] OR “HbS Disease” [tiab]

7. “Sickle cell” [tiab] OR “Sickling disorder” [tiab]

8. Hemoglobinopathies [tiab]

9. ("Cell Disorder" [tiab] OR "Cell Disorders" [tiab] OR “Cell Diseases” [tiab] OR “Cell Disease” [tiab]) AND Sickle [tiab]

10.Hb SC [tiab] OR HbSC [tiab] OR HbAS [tiab] OR Hb AS [tiab] OR HbSS [tiab] OR Hb SS [tiab] OR HbAC [tiab] OR Hb AC [tiab] OR Hb SE
[tiab] OR HbSE [tiab]

11.Thalassaemia [tiab] OR Thalassemia [tiab]

12.#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11

13.Antioxidants [mh]

14.Antioxidant* [tiab] OR “Anti oxidants” [tiab] OR “Anti Oxidant” [tiab]

15.Vitamin e [mh]

16.Beta carotene [mh]

17.Ascorbic Acid [mh]

18.Vitamin A [mh]

19.selenium [mh]

20.Glutathione [mh]

21.Retinoids [mh]

22.Curcumin [mh]

23.tocopherols [mh] OR tocotrienols [mh]

24.“Ascorbic acid” [tiab] OR “Vitamin C” [tiab] OR Ascorbate [tiab] OR Ascorbicum [tiab]

25.“vitamin E” [tiab] OR carotene [tiab] OR betacarotene [tiab] OR “beta carotene” [tiab]

26.tocopherol* [tiab] OR tocotrienol* [tiab] OR selenium [tiab] OR magnorbin [tiab]

27.GSH [tiab] OR Glutathione [tiab] OR NAC [tiab] OR Acetylcysteine [tiab] OR Cysteine [tiab]

28.Retinoid* [tiab] OR Zinc [tiab] OR Glutamine [tiab] OR Micronutrients [tiab] OR “Edetate sodium” [tiab]

29.#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28

Embase Ovid SP

 

Source Search strategy

Embase Ovid SP 1 sickle cell anemia/ (34884) 
2 sickle cell trait/ (2819) 
3 hemoglobin SC disease/ (852) 
4 hemoglobin S/ (5155) 
5 ("Hemoglobin SC" or "Haemoglobin SC" or "Hemoglobin SS" or "Haemoglobin SS" or "Hemoglo-
bin C" or "Haemoglobin C" or "Hemoglobin S" or "haemoglobin S" or "Hemoglobin D" or "Haemo-
globin D" or "Hemoglobin SE" or "Haemoglobin SE").ti,ab. (3052) 
6 ("Hb C disease" or "Hb D disease" or "Hb E disease" or "SC disease" or "HbS Disease").ti,ab. (523) 
7 ("Sickle cell" or "Sickling disorder").ti,ab. (34777) 
8 Hemoglobinopathies.ti,ab. (4441) 
9 (("Cell Disorder" or "Cell Disorders" or "Cell Diseases" or "Cell Disease") and Sickle).ti,ab. (26040) 
10 (Hb SC or HbSC or HbAS or Hb AS or HbSS or Hb SS or HbAC or Hb AC or Hb SE or HbSE).ti,ab.
(69349) 
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11 (Thalassaemia or Thalassemia).ti,ab. (26364) 
12 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 (124840) 
13 antioxidant/ (175854) 
14 (Antioxidant* or "Anti oxidants" or "Anti Oxidant").ti,ab. (338479) 
15 alpha tocopherol/ (62885) 
16 beta carotene/ (19526) 
17 ascorbic acid/ (88247) 
18 retinol/ (33645) 
19 selenium/ (38687) 
20 glutathione/ (107920) 
21 retinoid/ (13355) 
22 curcumin/ (35829) 
23 tocopherol/ or alpha tocotrienol/ (7164) 
24 ("Ascorbic acid" or "Vitamin C" or Ascorbate or Ascorbicum).ti,ab. (66150) 
25 ("vitamin E" or carotene or betacarotene or "beta carotene").ti,ab. (43625) 
26 (tocopherol* or tocotrienol* or selenium or magnorbin).ti,ab. (52791) 
27 (GSH or Glutathione or NAC or Acetylcysteine or Cysteine).ti,ab. (280792) 
28 (Retinoid* or Zinc or Glutamine or Micronutrients or "Edetate sodium").ti,ab. (200243) 
29 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 (929847) 
30 12 and 29 (5854) 
31 limit 30 to embase (3784)

  (Continued)

 

Appendix 3. Search methods – Clinical trial registries

 

Database/ Resource Strategy

ClinicalTrials.gov [Advanced search]

CONDITION OR DISEASE: sickle cell

OTHER TERMS: antioxidant OR oxidative OR vitamin e OR vitamin C OR vitamin a OR ascorbic
acid OR zinc OR Glutamine OR glutathione OR Retinoid OR Selenium OR Micronutrients OR Be-
ta-carotene OR Edetate sodium OR EDTA OR acetylcysteine

STUDY TYPE: Interventional Studies (Clinical Trials)

WHO ICTRP [Advanced Search]

CONDITION: sickle cell

INTERVENTION: antioxidant OR oxidative OR vitamin e OR vitamin C OR vitamin a OR ascorbic
acid OR zinc OR Glutamine OR glutathione OR Retinoid OR Selenium OR Micronutrients OR Be-
ta-carotene OR Edetate sodium OR EDTA OR acetylcysteine

RECRUITMENT STATUS: All

The Cochrane Cystic Fibrosis
and Genetic Disorders Group's
Haemoglobinopathies Trials
Register

(sickle cell OR (haemoglobinopathies AND general)) AND (antioxidants)

 

 

Appendix 4. Additional summary of findings tables

Table 1; Table 3; Table 4; Table 6; Table 8; Table 9; Table 10; Table 11; Table 13; Table 15; Table 17; Table 19; Table 20; Table 14; Table 18;
Table 21; Table 19
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We prespecified the frequency of hospitalization as one of our secondary outcomes. However, our review also reported the mean number
of hospitalization days/crisis, because the review team believes this information is clinically relevant.
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We had planned to use the standardized mean diKerence (SMD) and corresponding 95% CIs if included studies had used diKerent scales
for measuring the same outcome.

As recommended in Chapter 23 of the Cochrane Handbook for Systematic Reviews of Interventions, for studies with multiple treatment
groups of the same intervention (i.e. dose, route of administration), had study arms been suKiciently homogeneous to be combined, we
would have included each pairwise comparison separately, but split the ‘shared’ group into two or more groups with a smaller sample
size, creating two or more independent comparisons. We would have divided the number of events and the total number of participants
for dichotomous outcomes, and for continuous outcomes, we would have divided the total number of participants without altering their
means and standard deviations (Higgins 2022d).

Had we found any cross-over trials that had included a 'washout' period in the trial design and investigators performed an appropriate
paired analysis, then we would have included the eKect estimate of the intervention for each outcome in a meta-analysis using the generic
inverse-variance method (Deeks 2022). If a 'washout' period was not included or investigators had not analysed the data appropriately
(i.e. paired analyses), we would have included data from the first phase of the cross-over and analysed these as if the trial had a parallel-
group design (Deeks 2022; Higgins 2022d).

We had planned to combine the results from both individually-randomized studies and cluster-randomized studies if there was no
heterogeneity between the studies. If possible, we also would have performed a sensitivity analysis to investigate the eKects of the
randomization unit. Had the authors of the cluster-randomized studies ignored the clustering eKect in their analyses, we would have
calculated the studies' eKective sample sizes using an estimate of the intracluster correlation coeKicient (ICC). We had planned to derive
the ICC from a study (if available in the publication or by contacting the authors) or from similar studies, and we would have calculated the
design eKect using the formula given in Section 23.1 in the Cochrane Handbook of Systematic Reviews of Interventions (Higgins 2022d).

In the case of missing data, we would have assumed that data were missing at random when there was no diKerence in the proportion of
missing data between intervention and control groups. If there were too much missing data for one treatment group compared to another
group, we would have performed an ‘as-treated analysis’, using data for those participants who completed the trial, and an ITT analysis
by analysing participants in the group to which they were randomized, and we would have assumed that the missing data had a poor
outcome, irrespective of whether participants completed the trial. We would have compared the two results and used the result that is
most representative of the true eKect (Higgins 2022a).

Had there been at least substantial heterogeneity, we would have investigated possible causes through the following subgroup analyses.

• Types of antioxidants

• Age of participants (children up to 18 years versus adults)

• Trial location (comparing the eKect of race and nationality on the outcome of the trial)

• Types of treatment (steady-state treatment versus acute-care treatment)

Had we conducted any meta-analyses with suKicient numbers of trials, we would have conducted sensitivity analyses, to assess for the
eKect of the overall risk of bias by including or excluding those trials with an overall high risk of bias. We also would have assessed the
eKect of including or excluding cross-over trials (Deeks 2022).

We had planned to present summary of findings tables for all comparisons. However, because this review had too many comparisons, we
only present those comparisons that we believe are most important for decision-makers.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Anemia, Sickle Cell  [blood]  [drug therapy];  *Antioxidants  [therapeutic use];  Ascorbic Acid  [therapeutic use];  Bias;  *Dietary
Supplements;  Oxidative Stress  [drug eKects];  Placebos  [therapeutic use];  Quality of Life;  *Randomized Controlled Trials as Topic

MeSH check words

Humans
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