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A B S T R A C T

Background

Anaemia is a condition where the number of red blood cells (and consequently their oxygen-carrying capacity) is insuDicient to meet the
body's physiologic needs. Fortification of wheat flour is deemed a useful strategy to reduce anaemia in populations.

Objectives

To determine the benefits and harms of wheat flour fortification with iron alone or with other vitamins and minerals on anaemia, iron
status and health-related outcomes in populations over two years of age.

Search methods

We searched CENTRAL, MEDLINE, Embase, CINAHL, and other databases up to 4 September 2019.

Selection criteria

We included cluster- or individually randomised controlled trials (RCT) carried out among the general population from any country aged
two years and above. The interventions were fortification of wheat flour with iron alone or in combination with other micronutrients. Trials
comparing any type of food item prepared from flour fortified with iron of any variety of wheat were included.

Data collection and analysis

Two review authors independently screened the search results and assessed the eligibility of studies for inclusion, extracted data from
included studies and assessed risk of bias. We followed Cochrane methods in this review.

Main results

Our search identified 3048 records, aKer removing duplicates. We included nine trials, involving 3166 participants, carried out in
Bangladesh, Brazil, India, Kuwait, Phillipines, Sri Lanka and South Africa. The duration of interventions varied from 3 to 24 months. One
study was carried out among adult women and one trial among both children and nonpregnant women. Most of the included trials were
assessed as low or unclear risk of bias for key elements of selection, performance or reporting bias.

Three trials used 41 mg to 60 mg iron/kg flour, two trials used less than 40 mg iron/kg and three trials used more than 60 mg iron/kg flour.
One trial employed various iron levels based on type of iron used: 80 mg/kg for electrolytic and reduced iron and 40 mg/kg for ferrous
fumarate.
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All included studies contributed data for the meta-analyses. Seven studies compared wheat flour fortified with iron alone versus unfortified
wheat flour, three studies compared wheat flour fortified with iron in combination with other micronutrients versus unfortified wheat flour
and two studies compared wheat flour fortified with iron in combination with other micronutrients versus fortified wheat flour with the
same micronutrients (but not iron). No studies included a 'no intervention' comparison arm.

None of the included trials reported any other adverse side eDects (including constipation, nausea, vomiting, heartburn or diarrhoea).

Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients added)

Wheat flour fortification with iron alone may have little or no eDect on anaemia (risk ratio (RR) 0.81, 95% confidence interval (CI) 0.61 to 1.07;
5 studies; 2200 participants; low-certainty evidence). It probably makes little or no diDerence on iron deficiency (RR 0.43, 95% CI 0.17 to
1.07; 3 studies; 633 participants; moderate-certainty evidence) and we are uncertain about whether wheat flour fortified with iron increases
haemoglobin concentrations by an average 3.30 (g/L) (95% CI 0.86 to 5.74; 7 studies; 2355 participants; very low-certainty evidence).

No trials reported data on adverse eDects in children, except for risk of infection or inflammation at the individual level. The intervention
probably makes little or no diDerence to risk of Infection or inflammation at individual level as measured by C-reactive protein (CRP)
(moderate-certainty evidence).

Wheat flour fortified with iron in combination with other micronutrients versus unfortified wheat flour (no micronutrients added)

Wheat flour fortified with iron, in combination with other micronutrients, may or may not decrease anaemia (RR 0.95, 95% CI 0.69 to 1.31;
2 studies; 322 participants; low-certainty evidence). It makes little or no diDerence to average risk of iron deficiency (RR 0.74, 95% CI 0.54 to
1.00; 3 studies; 387 participants; moderate-certainty evidence) and may or may not increase average haemoglobin concentrations (mean
diDerence (MD) 3.29, 95% CI -0.78 to 7.36; 3 studies; 384 participants; low-certainty evidence).

No trials reported data on adverse eDects in children.

Wheat flour fortified with iron in combination with other micronutrients versus fortified wheat flour with same micronutrients
(but not iron)

Given the very low certainty of the evidence, the review authors are uncertain about the eDects of wheat flour fortified with iron in
combination with other micronutrients versus fortified wheat flour with same micronutrients (but not iron) in reducing anaemia (RR 0.24,
95% CI 0.08 to 0.71; 1 study; 127 participants; very low-certainty evidence) and in reducing iron deficiency (RR 0.42, 95% CI 0.18 to 0.97;
1 study; 127 participants; very low-certainty evidence). The intervention may make little or no diDerence to the average haemoglobin
concentration (MD 0.81, 95% CI -1.28 to 2.89; 2 studies; 488 participants; low-certainty evidence).

No trials reported data on the adverse eDects in children. Eight out of nine trials reported source of funding with most having multiple
sources. Funding source does not appear to have distorted the results in any of the assessed trials.

Authors' conclusions

Eating food items containing wheat flour fortified with iron alone may have little or no eDect on anaemia and probably makes little or
no diDerence in iron deficiency. We are uncertain on whether the intervention with wheat flour fortified with iron increases haemoglobin
concentrations improve blood haemoglobin concentrations.

Consuming food items prepared from wheat flour fortified with iron, in combination with other micronutrients, has little or no eDect on
anaemia, makes little or no diDerence to iron deficiency and may or may not improve haemoglobin concentrations.

In comparison to fortified flour with micronutrients but no iron, wheat flour fortified with iron with other micronutrients, the eDects on
anaemia and iron deficiency are uncertain as certainty of the evidence has been assessed as very low. The intervention may make little or
no diDerence to the average haemoglobin concentrations in the population.
None of the included trials reported any other adverse side eDects. The eDects of this intervention on other health outcomes are unclear.

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

Does adding iron to wheat flour reduce anaemia and increase iron levels in the general population?

Why is this question important?

Anaemia is a common condition usually caused by low iron levels in the body. Iron is important because it is the main component of
haemoglobin, the protein in red blood cells that carries oxygen around the body. If the body cannot produce enough healthy red blood
cells to provide the body with suDicient oxygen, people may suDer from problems such as tiredness and inability to concentrate, children
may have learning diDiculties, and pregnant women and their babies may be at risk of death or developmental problems. People in low-
income countries oKen have diets that are low in iron, resulting in anaemia or low blood iron levels. Such countries attempt to tackle this
problem at the population level by adding iron and other minerals and vitamins (micronutrients) to staple foods, such as wheat flour.
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We wanted to know whether adding iron to wheat flour, alone or with additional micronutrients, reduces anaemia and iron deficiency
in the general population. We also wanted to know if it causes any unwanted eDects, for example diarrhoea, infection or inflammation,
constipation, nausea, or death.

How did we identify and assess the evidence?

We searched medical databases for randomised controlled trials (RCTs) that assessed the eDects on the general population, aged over
two years, of wheat flour with added iron and other micronutrients compared to wheat flour alone or wheat flour with the same added
nutrients but no additional iron. RCTs are medical studies where people are chosen at random to receive a treatment (the intervention),
or a diDerent treatment or no treatment (the control). RCTs provide the most reliable evidence.

Based on factors such as how studies were conducted and consistency of findings across studies, we categorised the evidence as high,
moderate, low or very low certainty. High certainty means we are confident in the evidence, moderate certainty means we are fairly
confident, low or very low certainty means that we are unsure or very unsure of the reliability of the evidence.

What did we find?

We found nine relevant RCTs. The study participants were 3166 children, adolescent girls and adult women living in Bangladesh, Brazil,
India, Kuwait, the Philippines, Sri Lanka and South Africa. The studies assessed the eDects of wheat flour with diDerent forms of iron alone
or combined with other micronutrients, compared with wheat flour alone or wheat flour with the same added micronutrients but no
iron. Studies lasted from 3 to 24 months and reported anaemia, haemoglobin concentrations, iron deficiency and iron status. Two studies
assessed infection and inflammation. None of the included studies assessed diarrhoea, respiratory infections, death, or other unwanted
eDects. Eight studies clearly reported their source of funding, including three with industry funding.

Key results

Wheat flour with iron may have little or no eDect on anaemia and probably makes little or no diDerence in iron deficiency compared to
wheat flour alone. We are uncertain whether wheat flour with iron increases haemoglobin concentrations. Wheat flour with iron probably
makes little or no diDerence to individual risk of infection or inflammation.

Wheat flour with iron plus other micronutrients, may make little or no diDerence to anaemia, probably makes little or no diDerence to iron
deficiency and may or may not improve haemoglobin concentrations compared to wheat flour alone.

We are very uncertain about the eDects of wheat flour with iron plus other micronutrients compared to wheat flour with the same
micronutrients but no iron on anaemia and iron deficiency, as the certainty of the evidence was very low. Wheat flour with iron may make
little or no diDerence to haemoglobin concentrations.

What this means

We judged the evidence as very low to moderate certainty, which means we are not certain of the eDect of wheat flour with added iron on
the reduction of anaemia and iron deficiency on people in countries that add iron to wheat flour. We do not know whether adding iron to
wheat flour causes unwanted eDects because none of the studies reported unwanted eDects.

How up to date is this review?

The review is up to date to September 2019.
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Summary of findings 1.   Wheat flour fortified with iron alone compared to unfortified wheat flour (no micronutrients added) for reducing anaemia
and improving iron status in populations

Wheat flour fortified with iron alone compared to unfortified wheat flour (no micronutrients added) for reducing anaemia and improving iron status in popula-
tions

Patient or population: general population of all age groups (including pregnant women) from any country over two years of age
Setting: any country (studies providing data for this comparison: Brazil, India, Kuwait, Pakistan, Philippines, South Africa, Sri Lanka)
Intervention: wheat flour fortified with iron alone
Comparison: unfortified wheat flour (no micronutrients added)

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with un-
fortified wheat
flour (no mi-
cronutrients
added)

Risk with
wheat flour
fortified with
iron alone

Relative
effect
(95% CI)

№ of
partici-
pants
(stud-
ies)

Certain-
ty of
the evi-
dence
(GRADE)

Comments

Study populationAnaemia (defined as haemoglobin below WHO
cut-o< for age and adjusted for altitude as ap-
propriate)

follow up: range 3 months to 24 months

231 per 1,000 187 per 1,000
(141 to 247)

RR 0.81
(0.61 to
1.07)

2200
(5 RCTs)

⊕⊕⊝⊝

LOW 1,2

Included studies: Barbosa 2012 (C); Cabalda
2009; Dad 2017; Muthayya 2012; Nestel 2004
(C); data for Barbosa 2012 (C); Nestel 2004
(C) are adjusted for clustering effect

Study populationIron deficiency (as defined by study authors,
based on a biomarker of iron status)

follow up: range 5.5 months to 8 months
570 per 1,000 245 per 1,000

(97 to 610)

RR 0.43
(0.17 to
1.07)

633
(3 RCTs)

⊕⊕⊕⊝
MODER-

ATE 3

Included studies: Biebinger 2009; Cabalda
2009; Muthayya 2012;

Haemoglobin concentration (g/L)

follow up: range 3 months to 24 months

The mean haemoglobin concentra-
tion (g/L) was

MD 3.3 higher (0.86 higher to 5.74
higher)

- 2355
(7 RCTs)

⊕⊝⊝⊝
VERY

LOW 4,5,6

Included studies: Amalrajan 2012; Barbosa
2012 (C); Biebinger 2009; Cabalda 2009; Dad
2017; Muthayya 2012; Nestel 2004 (C); ; data
for Barbosa 2012 (C); Nestel 2004 (C) are ad-
justed for clustering effect

Study populationDiarrhoea (three liquid stools in a single day)
(only in children 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on this outcome.
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Study populationRespiratory infections (as measured by trial-
ists) (only in children 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on this outcome.

Study populationAll-cause death (only in children 2 to 11 years of
age)

- -

- (0 stud-
ies)

- No study reported on this outcome.

Infection or inflammation at individual level
as measured by C-reactive protein (CRP) (only
in children 2 to 11 years of age)
follow up: mean 7 months

The mean difference in infection or
inflammation (CRP) was MD 0.04
higher (0.02 lower to 0.11 higher)

- 558
(2 RCTs)

⊕⊕⊕⊝
MODER-

ATE 7

Included studies: Amalrajan 2012; Muthayya
2012

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

CI: Confidence interval; RR: Risk ratio; OR: Odds ratio;

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

1 Downgraded 1 level for limitations in the study design or execution (risk of bias). Two studies included for this outcome were at low overall risk of bias and three studies were
at high risk.
2 Downgraded 1 level for indirectness. Of the five studies contributing data for this outcome, three trials conducted on children or adolescents. Only one study was conducted
among preschool-age children (9 - 71 months of age); school-age children (6-11 years of age); adult, non-pregnant women.
3 Downgraded 1 level for limitations in the study design and execution (risk of bias). The proportion of information from results came from studies with overall risk of bias, which
lowers the confidence in the estimate of the eDect.
4 Downgraded 1 level for limitations in the study design or execution (risk of bias). The majority of the information for this outcome came from studies considered to have an
overall high risk of bias suDicient to aDect the interpretation. Two studies were at low overall risk of bias but five studies were at high risk.
5 Downgraded 1 level for indirectness. The prevalence of anaemia at baseline varied among the trials, being low (<20%) in one trial; moderate 20-39%) in three trials and high in
two trials. One trial did not specify the prevalence of anaemia at baseline. Mos studies were conducted in children.
6 Downgraded 1 level for imprecision. The only study that provided information for this outcome included few participants and few events.
7 Downgraded 1 level for limitations in the study design and execution. only two studies provided information for this assessment and one was considered to have overall high
risk of bias, lowering the confidence in the results.
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Summary of findings 2.   Wheat flour fortified with iron in combination with other micronutrients compared to unfortified wheat flour (no
micronutrients added) for reducing anaemia and improving iron status in populations

Wheat flour fortified with iron in combination with other micronutrients compared to unfortified wheat flour (no micronutrients added) for reducing anaemia and
improving iron status in populations

Patient or population: general population of all age groups (including pregnant women) from any country over two years of age
Setting: any country (studies providing data for this comparison: Bangladesh, Kuwait and Philippines)
Intervention: wheat flour fortified with iron in combination with other micronutrients
Comparison: unfortified wheat flour (no micronutrients added)

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with un-
fortified wheat
flour (no mi-
cronutrients
added)

Risk with wheat
flour fortified
with iron in com-
bination with oth-
er micronutrients

Relative
effect
(95% CI)

№ of
partici-
pants
(stud-
ies)

Certain-
ty of
the evi-
dence
(GRADE)

Comments

Study populationAnaemia (defined as haemoglobin below WHO cut-o< for
age and adjusted for altitude as appropriate)

follow up: range 6 months to 8 months
313 per 1,000 297 per 1,000

(216 to 410)

RR 0.95
(0.69 to
1.31)

322
(2 RCTs)

⊕⊕⊝⊝

LOW 1 2

Included studies: Cabalda
2009; Rahman 2015 (C)

Study populationIron deficiency (as defined by study authors, based on a bio-
marker of iron status)

follow up: range 5.5 months to 8 months
353 per 1,000 261 per 1,000

(191 to 353)

RR 0.74
(0.54 to
1.00)

387
(3 RCTs)

⊕⊕⊕⊝
MODER-

ATE 3

Included studies:
Biebinger 2009; Cabalda
2009; Rahman 2015 (C)

Haemoglobin concentration (g/L)

follow up: range 5.5 months to 8 months

The mean haemoglobin concentration
(g/L) was

MD 3.29 higher (0.78 lower to 7.36
higher)

- 384
(3 RCTs)

⊕⊕⊝⊝

LOW 3 4

Included studies:
Biebinger 2009; Cabalda
2009; Rahman 2015 (C)

Study populationDiarrhoea (three liquid stools in a single day) (only in chil-
dren 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on this
outcome.

Study populationRespiratory infections (as measured by trialists) (only in
children 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on this
outcome.
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Study populationAll-cause death (only in children 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on this
outcome.

Study populationInfection or inflammation at individual level (as measured
by urinary neopterin, C-reactive protein or alpha-1-acid glyco-
protein variant A) - -

- (0 stud-
ies)

- No study reported on this
outcome.

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

CI: Confidence interval; RR: Risk ratio; OR: Odds ratio;

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

1 Downgraded 1 level for limitations in the study design or execution (risk of bias). The two studies contributing information were considered as having overall high risk of bias.
2 Downgraded 1 level for indirectness. The studies were conducted in children, in settings with high or moderate prevalence of anaemia.
3 Downgraded 1 level for limitations in the study design or execution (risk of bias). All three studies contributing information were considered to have overall high risk of bias
suDicient to aDect the interpretation of the results.
4 Downgraded 1 level for indirectness. One study included adult participants who were already iron deficient and another on children who were already anaemic.
 
 

Summary of findings 3.   Wheat flour fortified with iron in combination with other micronutrients compared to fortified wheat flour with same
micronutrients (but not iron) for reducing anaemia and improving iron status in populations

Wheat flour fortified with iron in combination with other micronutrients compared to fortified wheat flour with same micronutrients (but not iron) for reducing
anaemia and improving iron status in populations

Patient or population: general population of all age groups (including pregnant women) from any country over two years of age
Setting: any country (studies providing data for this comparison: Phillipines, South Africa)
Intervention: wheat flour fortified with iron in combination with other micronutrients
Comparison: fortified wheat flour with same micronutrients (but not iron)

Anticipated absolute effects* (95% CI)Outcomes

Risk with forti-
fied wheat flour
with same mi-

Risk with wheat
flour fortified with
iron in combination

Relative
effect
(95% CI)

№ of
partici-
pants
(stud-
ies)

Certain-
ty of
the evi-
dence
(GRADE)

Comments
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cronutrients
(but not iron)

with other micronu-
trients

Study populationAnaemia (defined as haemoglobin below WHO cut-o< for age
and adjusted for altitude as appropriate)

follow up: 8 months
219 per 1,000 53 per 1,000

(18 to 155)

RR 0.24
(0.08 to
0.71)

127
(1 RCT)

⊕⊝⊝⊝
VERY

LOW 1 2 3

Included trial: Cabal-
da 2009

Study populationIron deficiency (as defined by study authors, based on a bio-
marker of iron status)

follow up: 8 months
250 per 1,000 105 per 1,000

(45 to 243)

RR 0.42
(0.18 to
0.97)

127
(1 RCT)

⊕⊝⊝⊝
VERY

LOW 1 2 3

Included trial: Cabal-
da 2009

Haemoglobin concentration (g/L)

follow up: range 8 months to 8.5 months

The mean haemoglobin concentration (g/
L) was

MD 0.81 higher (1.28 lower to 2.89 higher)

- 488
(2 RCTs)

⊕⊕⊝⊝

LOW 4 5

Included trials: Ca-
balda 2009;van Stui-
jvenberg 2008

Study populationDiarrhoea (three liquid stools in a single day) (only in children
2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on
this outcome.

Study populationRespiratory infections (as measured by trialists) (only in chil-
dren 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on
this outcome.

Study populationAll-cause death (only in children 2 to 11 years of age)

- -

- (0 stud-
ies)

- No study reported on
this outcome.

Study populationInfection or inflammation at individual level (as measured by
urinary neopterin, C-reactive protein or alpha-1-acid glycopro-
tein variant A) - -

- (0 stud-
ies)

- No study reported on
this outcome.

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

CI: Confidence interval; RR: Risk ratio; OR: Odds ratio;

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
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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

1 Downgraded for limitations in the study design or execution (risk of bias). The only study that contributed information for this outcome was assessed as having overall high
risk of bias.
2 Downgraded 1 level for indirectness. The only study included was conducted among anaemic 6 to 12 year old Filipino children in two elementary schools.
3 Downgraded 1 level for imprecision. The only study included had very few participants and few events.
4 Downgraded by 1 level. The two studies contributing information for this outcome were assessed as having overall high risk of bias.
5 Downgraded by 1 level for indirectness. The two studies providing data for this outcome were conducted among anaemic children aged 6-12 years in Philippines, and the other
was on children aged 6 to 11 years attending a primary school serving a low socioeconomic community in South Africa.
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Description of the condition

Anaemia is a condition in which the number of red blood cells
(and consequently their oxygen-carrying capacity) is insuDicient
to meet the body's physiologic needs. Specific physiologic needs
vary with a person's age, sex, residential elevation above sea level
(altitude), smoking behaviour, and diDerent stages of pregnancy.
Haemoglobin concentrations are used for the diagnosis of anaemia
and assessment of its severity (WHO 2011a; WHO 2017). Anaemia
results when there is an imbalance between production and
the destruction of erythrocytes (Schnall 2000; Chaparro 2019).
Similarly, iron deficiency occurs when physiological demands for
iron are not met due to inadequate intake, absorption or utilization,
or due to excessive losses. Several processes lead to iron-deficiency
anaemia, starting with a decrease in body iron stores, an impaired
supply of iron to tissues, a sustained shortage of iron leading to
iron-deficient erythropoiesis, and finally an inadequate supply of
ferrous iron for haemoglobin synthesis (Cook 1999; Camaschella
2017; Chaparro 2019).

Although iron deficiency is the most common cause of anaemia
globally, other nutritional deficiencies (particularly folate, vitamin
B12, vitamin A, copper); parasitic infections (including malaria,

helminthes, schistosomes (i.e. hookworms and others)); chronic
infection associated inflammation; and genetic disorders, such
as common haemoglobinopathies like sickle cell disease, can all
cause anaemia (WHO 2017). A high prevalence of anaemia is oKen
found in low-income countries, especially where infections such as
malaria or hookworm are common. In addition, infection with HIV
aDects millions of people in the low- and middle-income countries
and may influence their iron status, but little is known about
the acute phase response during HIV infection in the absence
of opportunistic infection (WHO/CDC 2007; WHO 2017). In most
settings, the relative contributions of these interacting factors is
oKen unknown (Osorio 2002; WHO 2017). The red blood cell indices
(mean corpuscular volume, mean corpuscular haemoglobin) are
reduced in iron deficiency and can therefore help distinguish
iron deficiency anaemia from some other causes, but they are
not specific to iron deficiency, and can also be aDected in the
thalassaemic syndromes, which are common in many countries,
and to some extent in the anaemia of infection and inflammation
(Lynch 2012; Ganz 2019).

Haemoglobin concentrations alone cannot be used to diagnose
iron deficiency. However, the concentration of haemoglobin should
be measured, even though not all anaemia is caused by iron
deficiency. For diagnosis of earlier stages of iron deficiency (before
anaemia onset) several indicators are used. Currently available
iron indicators permit a specific diagnosis of iron deficiency and
iron deficiency anaemia in the clinical setting where other patient-
related information is available. However, these indicators are
more diDicult to interpret in populations from low- and middle-
income countries because anaemia is a multifactorial disease
(Lynch 2012; Chaparro 2019). For example, the concentration
of serum ferritin is positively correlated with the size of the
total body iron stores in the absence of inflammation. Ferritin
concentration is low in iron deficient individuals, regardless of
confounding clinical conditions (Garcia-Casal 2018b) and the
laboratory methods most used to determine ferritin concentrations
have comparable accuracy and performance (Garcia-Casal 2018c).

The WHO has recently updated their global, evidence-informed
recommendations on the use of ferritin concentration for assessing
iron status in a population and for monitoring and evaluating
iron interventions (WHO 2020). A low serum ferritin value reflects
depleted iron stores, but not necessarily the severity of the
depletion as iron deficiency progresses (WHO 2011b; Lynch 2017).
Serum ferritin concentrations are proportional to stainable marrow
iron in healthy individuals and are an indicator of depleted iron
stores in liver, spleen, and bone marrow (Dallman 1986; Lynch
2017). Serum ferritin is also an acute phase protein and therefore
values may not reflect iron status accurately in the presence of
infection, limiting its usefulness in developing countries where
malaria, HIV disease and tuberculosis are prevalent (Thurnham
2012).

Transferrin receptor is primarily expressed on cell surfaces to
allow uptake of circulating iron bound to transferrin into cells and
it is increased when tissue iron supply is reduced (Lynch 2007;
Lynch 2017). However, this marker can also be an indicator of
erythropoietic drive, as it is increased in conditions of haemolysis
during acute and chronic asymptomatic malaria infection (Verhoef
2001; Stoltzfus 2017) and in conditions like sickle cell disease (Lulla
2010).

Transferrin saturation, which is less aDected by inflammation
status, is widely used to assess inadequate iron supply
to tissue despite its diurnal variation (Umbreit 2005; Lynch
2017). Iron-deficient erythropoiesis can be measured using zinc
protoporphyrin, a relatively simple and valid technique (Gibson
2005; Lynch 2017), which may diDerentiate between infants who
benefit from iron supplementation versus those who do not in a
malaria-endemic settings (Sazawal 2006).

Finally, the ratio of logged serum ferritin to soluble transferrin
receptor concentration allows for the combination of iron status
and tissue iron supply to determine body iron stores (Cook 2003),
and is reported in one study to reflect bone marrow iron stores
even in the presence of malaria and other infections (Phiri 2009).
Since most of these indicators to assess iron status are susceptible
to inflammation, markers of the acute phase, such as C-reactive
protein or alpha-1-acid-glycoprotein (Wieringa 2002), should be
measured concomitantly (Lynch 2017; Stoltzfus 2017; WHO 2017).

Ferritin concentrations increase in response to iron-related
interventions and may be used to monitor and assess the impact of
interventions on iron status (WHO 2020) and should be measured
with the haemoglobin concentration in all programme evaluations
(WHO 2017).

Epidemiology

The population groups most vulnerable to anaemia, as of 2016,
include children under 5 years of age (41.7% with anaemia
worldwide), particularly infants and children under 2 years; non-
pregnant women (15 to 49 years; 32.5% with anaemia worldwide);
and pregnant women (40.1% with anaemia worldwide) (WHO
2019a; Stevens 2013). Iron deficiency, a primary cause of anaemia
in many settings, is estimated to aDect an even larger number
of people – two billion (WHO 2019b, Chaparro 2019). For severe
anaemia, the aetiology of this condition is 50% in non-pregnant
women and children and 60% for pregnant women (Stevens
2013), reflecting the increased iron requirements during pregnancy.
However, since iron deficiency can occur without concomitant

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

10



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

anaemia, population iron deficiency rates may be greater than
those of anaemia (Zimmermann 2007). Furthermore, while the
early stages of iron deficiency are oKen asymptomatic, functional
consequences in absence of anaemia may include increased
maternal and perinatal mortality, low birth weight, impaired
cognitive performance and poorer educational achievement as
well as reduced work capacity (Beard 2006; Khan 2006), with
serious economic impact on families and populations (Horton
2007; Garcia-Casal 2019).

In low- and middle-income countries, populations may experience
a greater infectious burden and greater systemic inflammation,
both of which can increase iron loss and concomitantly reduce iron
absorption and utilisation (Prentice 2007; Weiss 2005). Moreover,
in resource-poor settings, demands for iron are less likely to be
met through the diet, which is commonly plant-based and low in
bioavailable iron (Hurrell 2000; WHO 2017).

Description of the intervention

There are several strategies to prevent and/or treat iron
deficiency and iron-deficiency anaemia: dietary modification and
diversification that aims to increase the content and bioavailability
of iron in the diet (FAO/CAB International 2011); preventive or
intermittent iron supplementation through tablets, syrups or
drops; blood transfusion, indicated only for very severe anaemia;
biofortification through conventional plant breeding or genetic
engineering that increases the iron content or its bioavailability
in edible plants and vegetables; and fortification with iron
compounds of staple foods (typically maize, soy and wheat flour)
at the point of production or milling (WHO/FAO 2006; WHO
2017). These are complementary interventions, some of which
are population-based while others are targeted at specific age
groups or consumer groups. Deworming in conjunction with
other interventions, such as malaria control interventions can
be eDective in some situations in reducing anaemia and in
increasing the eDicacy of interventions that increase iron intakes
(Spottiswoode 2012).

Mass large-scale fortification of staple foods or condiments is
a preventive strategy aimed at reducing the risk of developing
iron deficiency and iron-deficiency anaemia through increased
dietary iron. This intervention aims to reduce pre-existing iron
deficiency and iron-deficiency anaemia prevalence and is designed
and implemented to reach a large proportion of the population
- the one that consumes the industrialised fortified product. Iron
fortification can be, and oKen is, accompanied by fortification with
other micronutrients (i.e. folic acid, vitamin B12 or vitamin C), which

may or may not enhance the eDectiveness of the intervention
(Zimmermann 2007).

Mass, targeted or market-driven food fortification with iron has
been used with various vehicles: soy sauce, fish sauce, salt, milk,
sugar, beverages, bouillon cubes, maize flour, and complementary
foods (WHO/FAO 2006). Iron fortification of foods is associated
with increased haemoglobin, improved iron status, and reduced
anaemia across populations (Gera 2012; Barkley 2015).

Wheat flour is a staple food for bread baking and by far the
most commonly used medium in large-scale iron-fortification
programmes. There are over 80 countries with legislation to fortify
wheat flour produced in industrial mills with vitamins and minerals
(FFI 2017). In all countries where it is mandatory to fortify wheat

flour it is required that the flour includes at least iron and folic
acid. The exceptions are Australia, which does not require iron,
and Congo, Philippines, United Kingdom and Venezuela, which
do not require folic acid (FFI 2014). Mandatory fortification of
wheat flour was a key success in Morocco and Uzbekistan (Wirth
2012). Uzbekistan has wheat flour enriched with iron and folic
acid at 50% of the nation's flour milling enterprises, with support
provided by the Global Alliance for Improved Nutrition (GAIN)
grant administered by the World Bank. Through the national wheat
flour fortification programme, ferrous sulphate and folic acid are
added to all wheat flour produced under the national food subsidy
programme for baladi bread, a traditional bread in Egypt reaching
an estimated 50 million Egyptians on a daily basis (Elhakim 2012).
In 2009, Kyrgyzstan introduced the law 'On the Enrichment of Bread
Flour' that envisages a phased transition of all mills to mandatory
production of enriched flour (UNICEF 2009).

The benefit from and sustainability of an iron fortification
programme depends not only on factors such as regular
consumption of the chosen vehicle across the entire population,
the quantity of added iron and its bioavailability, but also on the
organization of the industrial sector in a given country. The choice
of the food vehicle should be based on consumption data to ensure
that the vehicle is consumed throughout the population and in
suDicient quantity such that a suitable and aDordable fortificant
can be added with respect to bioavailability, sensorial stability,
mixing properties, and cost constraints. More specifically, there
must also be a balance between intake of the vehicle (wheat flour)
and the amount of iron added to achieve an estimated eDective
daily iron absorption of about 1 to 2 mg per day (WHO 2009).

Wheat production, processing and flour preparation

Wheat is the third largest cereal crop produced in the world, aKer
maize and rice, and the second most consumed in the diet aKer
rice. It is estimated that about 65% of the global wheat crop is
used for food, 17% is used for animal feed and 12% is used in
industrial applications including bio-fuel production (FAO 2013).
Wheat varieties including hard/soK, winter/spring, and red, white,
or durum are grown at a variety of altitudes and in various soil types
throughout the world (FAO 2009). All types belong to the genus
Triticum aestivum, subspecies vulgare. In addition, three other
species are cultivated and traded: the Triticum durum, compactum
and spelta. Because of its quality, durum wheat is used by the pasta
industry, and non-durum is used by either the milling, livestock
feed or for ethanol production. Wheat kernels are composed of
three components: the bran, the germ, and the endosperm.

The Food and Agriculture Organization of the United Nations (FAO)
is forecasting global wheat output at 766.4 million tonnes for 2019
(a 4.8% increase from 2018) (FAO 2019). Consumption of wheat
is forecast to register 758 million tonnes in 2019/20 (FAO 2019).
International wheat prices declined slightly over the course of 2019,
with the benchmark United States wheat (No.2 hard red winter)
ending around USD 220 per tonne (FAO 2019b). The United States,
the European Union, Canada, Australia and the former Soviet
Union were the five top wheat exporters between 1980 and 2013.
Developing countries consume 77% of wheat produced globally
and are generally wheat importers, with wheat accounting for 24%
of imported food commodities in these countries (Enghiad 2017).

The majority of wheat is milled into flour through the mechanical
extraction of the endosperm, the core part of the kernel. The
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endosperm contains the bulk portion of the kernel's protein and
carbohydrates (FAO 2009). The cost of grain accounts for about 81%
of the total cost of flour, while the rest of the cost is for electricity
(6.5%), labour (4%), expendable materials and other costs (8.5%),
according to the International Association of Operative Millers
(FAO 2009). Wheat flour is then used to prepare diDerent breads
that use methods for breadmaking that have been developed
and adapted to consumer demands, such as conventional bread
making, retarded proofing, interrupted proofing, frozen dough,
frozen fermented dough and bake-oD technology (Rosell 2011).
Breadmaking involves continuous biochemical, microbiological
and organoleptic changes that result from the mechanical and
thermal action as well as the activity of the yeast, lactic acid
bacteria and the endogenous enzymes.

The production of wheat flour is a complex, multi-step process that
depends up on the physical grinding and separation of the kernel
components of wheat (more specifically to isolate the protein- and
carbohydrate-containing endosperm) and subsequent siKing into
flour (Van Der Borght 2005). The extent to which the flour is siKed
to separate the fine-grain endosperm is known as extraction rate,
with higher extraction rate indicating higher retention of the bran
and germ. Most of the vitamins and minerals from wheat are found
in the bran or germ, and flours of 80% or lower extraction rates have
a significantly reduced nutrient content. However, high-extraction
flour contains higher levels of phytates, which chelate minerals and
thus interfere with intestinal absorption of iron (Kumar 2010).

Some products made with wheat flour may be leavened or
unleavened. In India, wheat flour is used to produce unleavened flat
bread such as the South Indian parotta, naan and batura (Indrani
2011). Sourdough breads are also produced primarily in retail and
artisan bakeries with wheat flour and water using baker's yeast for
dough leavening. Lactic acid, bacteria and yeast are responsible for
the fermentation as well as for the aromatic precursors of bread
(Catzeddu 2011). Composite wheat flours that include plantains,
soybeans, tiger nuts, and breadfruits can be relevant for places with
scarce resources for bread production, but at least 70% of wheat
flour is required for good dough formation (Olaoye 2011).

How the intervention might work

The more the industrial sector of wheat flour is centralised,
formalised and has established an eDicient distribution system,
the lower the costs associated with mass fortification. Local
governments have a central role in regulatory enforcement, good
manufacturing practices, distribution and control of the fortificant
premix (Dary 2002). Together with an eDective distribution system
for wheat flour, this increases the accessibility and aDordability of
appropriately fortified wheat flour to the at-risk population. It also
limits the need to promote an active role for individuals to maintain
adherence to the intervention itself.

The challenges of wheat flour fortification with iron relate to the
bioavailability of the iron compound used, the sensory eDects of

the compound in the final product produced with the wheat flour,
and/or the shelf stability of the compound in the flour and/or
final product. For example, ferrous fumarate and ferrous sulphate
are relatively bioavailable, but ferrous sulphate can aDect product
flavour, especially aKer long-term storage and in presence of fat
(Dary 2002; Hurrell 2010). It is also important to consider wheat
consumption patterns and the cost/feasibility of the fortification
scheme when determining optimal iron fortificant levels in flour
(Hurrell 2010). Although sodium iron ethylenediaminetetraacetate
is protected from chelation by phytates in high extraction rate
wheat flour, it is considerably more costly than the other iron forms
used for fortification (Hurrell 2010).

For wheat flour fortification, several iron compounds have been
used over the years, but recently published recommendations
suggest the following iron fortificants and levels, which also take
into account wheat flour extraction rates and consumption levels
(Hurrell 2010; WHO 2009).

• For high extraction wheat flour (that has a high content of
iron absorption inhibitors), the only recommended compound
is sodium iron ethylenediaminetetraacetate. Levels of addition
depend on the daily per capita consumption: 15 ppm iron as
sodium iron ethylenediaminetetraacetate if daily consumption
is over 300 g of wheat flour/day, 20 ppm if daily consumption is
between 150 and 300 g per day, and 40 ppm if consumption is
below 150 g/day.

• Ferrous sulphate and fumarate can be used with low extraction
rate flour: 20 ppm iron for flour intakes >300 g/day; 30 ppm iron
for flour intakes 150-300 g/day and 60 ppm iron for intakes < 150
g/day.

• Sodium iron ethylenediaminetetraacetate, ferrous sulphate and
ferrous fumarate are first choices as iron fortificants. The use of
electrolytic iron, which can be used for low extraction flours, is
now discouraged (Hurrell 2010).

This review aims to assess the eDects of wheat flour fortification
with iron as a public health intervention. The World Health
Organization and Centers for Disease Control and Prevention
(WHO/CDC) logic model for micronutrient interventions in public
health depicts the programme theory and plausible relationships
between inputs and expected improvement in 'Sustainable
Development Goals' (WHO 2018). This model can be adapted
to diDerent contexts (De-Regil 2014). The eDectiveness of wheat
flour fortification with iron in public health depends on several
factors related to policies and legislation regulations; production
and supply of the fortified maize flour; the development of
delivery systems for the fortified wheat flour; the development
and implementation of external and internal food quality control
systems; and the development and implementation of strategies
for information, education and communication for behaviour
change among consumers (WHO 2011c). A generic logic model
for micronutrient interventions that depicts these processes and
outcomes is presented in Figure 1.

 

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 1.   WHO/CDC generic logic model for micronutrient interventions (with permission from WHO)

 
Risks of wheat flour fortification with iron

As is the case with any fortification or supplementation programme
involving iron, the largest potential risk of the programme is
secondary iron overload in certain individuals of the given
fortified population (Pasricha 2012). Iron overload is observed in
individuals who have heritable iron metabolism disorders which
cause perturbed iron absorption and/or storage, leading to iron
accumulation to subsequent tissue damage most commonly in
the liver, pancreas and endocrine organs (Sousa 2019). The most
common iron overload disorder is associated with mutations in
the HFE gene, the gene for hereditary haemochromatosis. Other
physiological conditions are also associated with iron overload
including, thalassaemia, pyruvate kinase deficiency, and glucose-6-
phosphate dehydrogenase deficiency, among others (Andrews
2000; Garcia-Casal 2018). A generic logic model for micronutrient
interventions depicting the processes and outcomes along with the
interconnected factors being considered in this review is presented
in Figure 1.

Why it is important to do this review

Iron deficiency is one of the most common micronutrient
deficiencies worldwide, and iron-deficiency anaemia aDects
billions of people in all countries (Zimmermann 2007; Chaparro
2019). Food fortification of staple foods with iron is thought
to be a feasible, well tolerated and potentially very eDective
strategy to prevent and reduce iron deficiency and iron-deficiency

anaemia (WHO/FAO 2006; Garcia-Casal 2018). Wheat flour is a staple
food for baking in a large number of countries, and therefore is
considered one of the most optimal vehicles for fortification with
iron and other vitamins and minerals. Since wheat flour fortification
is a complex intervention, a variety of study designs across a
range of settings and amongst diverse populations are needed to
adequately measure success and to develop policies for improving
the health of diverse populations. The generalisability of findings
remains crucial. Several studies have been conducted to determine
the eDicacy and eDectiveness of wheat flour fortification with iron
to reduce iron deficiency and iron-deficiency anaemia (Darnton-Hill
1999; Hurrell 2000; Mannar 2002; Nestel 2004; Zimmermann 2005a),
but results from both experimental and observational studies have
not been systematically summarised.

O B J E C T I V E S

To determine the benefits and harms of wheat flour fortification
with iron alone or with other vitamins and minerals (vitamin A,
zinc, folic acid, others) on anaemia, iron status and health-related
outcomes in populations over two years of age.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included the following study designs.
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• Randomised-controlled trials (RCTs), with randomization at
either the individual or cluster level

• Quasi-RCTs (where allocation of treatment has been made, for
example, by alternate allocation, date of birth, alphabetical
order, or other means).

RCTs can provide information on whether iron-fortified wheat flour
can eDectively achieve changes in health outcomes and anaemia,
iron deficiency, or vitamin and mineral status for those receiving
the intervention. Food fortification is, however, an intervention that
aims to reach large sections of the population and is frequently
delivered through the market system. We anticipated, therefore,
that we would not be able to assess the benefits and risks of wheat
flour fortification by only including randomised trials. We thus
considered including other study designs (Higgins 2019). Initially
we intended to include non-RCTs and observational studies, with
an aim to cover evidence from designs other than RCTs. However,
considering the limited information provided and the narrative
aspects of conclusions drawn from non-RCTs, only RCTs were
used to assess the eDicacy of wheat fortification in reducing
the prevalence of anaemia. Hence we excluded non-RCTs and
observational studies from this review, and they were not used to
complement the discussions or draw any conclusions.

Types of participants

General population of all age groups (including pregnant women)
from any country over two years of age. If any study included
participants in the age range of less than 2 years and also had
more than half of its population in the 2 years and above category,
we included such studies in this review. We excluded studies of
interventions targeted toward participants with a pre-diagnosed
critical illness or severe co-morbidities.

Types of interventions

Any form of wheat flour iron fortification, with or without other
micronutrients, compared to no fortification, fortification without
iron or no intervention.

Standard criteria and terminology for fortification interventions
has been used since January 1970 (Finch 1972). We thus considered
any form of wheat flour iron fortification independently of length
of intervention, extraction rate of wheat flour, iron compounds
used, preparation of the iron-flour premix, and fortification levels
achieved in the wheat flour or derivative foods.

We considered any wheat flour for direct human consumption
prepared from common wheat, Triticum aestivum L., or club
wheat, Triticum compactum Host., or mixtures thereof (Codex
Alimentarius 1995); durum wheat semolina, including whole durum
wheat semolina and durum wheat flour prepared from durum
wheat (Triticum durum Desf.) (Codex Alimentarius 1991) as well as
products prepared with these flours. We included composite flours
that contained more than 70% wheat flour within the definition of
wheat flour in this review.

We excluded studies with wheat flour destined for use as a brewing
adjunct or for the manufacture of starch and/or gluten or flours
whose protein content had been reduced or which had been
submitted aKer the milling process to a special treatment other
than drying or bleaching.

We only included studies where the fortification occurred at the
production stage of food items (e.g. biscuits, bread rolls) made with
the fortified wheat flour (fortification at flour stage).

We only included studies with co-interventions (i.e. such as
education, deworming) if the comparison group also received the
same co-intervention in addition to the unfortified wheat flour.

Comparisons included the following:

1. wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added);

2. wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no
micronutrients added);

3. wheat flour fortified with iron in combination with other
micronutrients versus fortified wheat flour with same
micronutrients (but not iron);

4. wheat flour fortified with iron alone versus no intervention; and

5. wheat flour fortified with iron in combination with other
micronutrients versus no intervention.

We excluded studies comparing iron-fortified wheat flour
with other forms of micronutrient interventions (that is
supplementation, dietary diversification, point-of-use fortification
of foods with multiple micronutrient powders, biofortification
of crops) or the eDects of the fortification of other food
vehicles (Garcia-Casal 2018; Peña-Rosas 2019). We also excluded
fortification of wheat flours with other micronutrients (Centeno
Tablante 2019; Das 2012; Hombali 2019; Santos 2019; Shah 2016) as
these topics are covered in other systematic reviews.

Types of outcome measures

Primary outcomes

The primary outcomes considered across all populations in
this review are the presence of anaemia, iron deficiency and
haemoglobin concentrations.

1. Anaemia (defined as haemoglobin below WHO cut-oD for age
and adjusted for altitude as appropriate).

2. Iron deficiency (as defined by trialists, based on a biomarker of
iron status).

3. Haemoglobin concentration (g/L).

For children aged 2 to 11 years, we also included the following
primary outcomes.

1. Diarrhoea (three liquid stools in a single day).

2. Respiratory infections (as measured by trialists).

3. All-cause death.

4. Infection or inflammation at individual level (as measured
by urinary neopterin, C-reactive protein or alpha-1-acid
glycoprotein variant A).

Secondary outcomes

We considered the following secondary outcomes.

1. Anthropometric measures (height-for-age z-score and weight-
for-height z-score for children, body mass index (BMI) for adults).
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2. Risk of iron overload (defined as serum ferritin higher than 150
µg/L in females and higher than 200 µg/L in men) (WHO 2011b).

3. Cognitive development in children aged 2 to 11 years (as defined
by trialists).

4. Motor skill development in children aged 2 to 11 years (as
defined by trialists).

5. Clinical malaria (as defined by trialists).

6. Severe malaria (as defined by trialists).

7. Adverse side eDects (including constipation, nausea, vomiting,
heartburn or diarrhoea, as defined by trialists).

Search methods for identification of studies

We designed and piloted a structured search strategy. We
carried out this search strategy to date, in electronic databases
and handsearched relevant journals and publications to
identify relevant primary studies and, where necessary, we
contacted authors for unpublished/ongoing studies. We consulted
institutions, agencies and experts in the fields regarding the results
of our search and for any additional data (Dealing with missing
data).

Electronic searches

We searched the following electronic databases:

International databases

1. MEDLINE (OVID; 1946 to 27 September 2019)

2. MEDLINE (R) In Process (OVID) 1946 to September week 4 2019
(27/09/2019)

3. Web of Science; Social Science Citation Index (SSCI) and Science
Citation Index (SCI) (27/09/2019)

4. Cochrane Central Register of Controlled Trials (CENTRAL) via
Cochrane Register of Studies Online (CRSO) (27/09/2019)

5. EMBASE (OVID; 1947 to 27 September 2019)

6. CINAHL EBSCOhost (1982 to 27 Septmeber 2019)

7. POPLINE (http://www.popline.org/; 16 April 2018) - Database no
longer exists

8. BIOSIS (ISI; Previews to January 2020)

9. AGRICOLA (Ebsco; 1970 to 27/09/2019)

10.Food Science and Technology Abstracts (FSTA) 1969 to present
(16/04/2018)

11.OpenGrey 1960 to present (16/04/2018)

12.Trials Register of Promoting Health Interventions (TRoPHI)
(16/04/2018)

13.ClinicalTrials.gov (searched 27/09/2019)

14.The International Clinical Trials Registry Platform (ICTRP;
apps.who.int/trialsearch; searched 27 September 2019), and we
also contacted relevant organisations (September 2019) for the
identification of ongoing and unpublished studies.

Regional databases

1. Índice Bibliográfico Español en Ciencias de la Salud (IBECS);
ibecs.isciii.es; searched 27 September 2019

2. Scientific Electronic Library Online (SciELO); www.scielo.br;
searched 27 September 2019

3. Global Index Medicus - WHO African Region (AFRO) (includes
African Index Medicus (AIM); www.globalhealthlibrary.net/
php/index.php?lang=en); WHO Eastern Mediterranean Region

(EMRO) (includes Index Medicus for the Eastern Mediterranean
Region (IMEMR); www.globalhealthlibrary.net/php/index.php?
lang=en); searched 27 September 2019

4. LILACS (Latin American and Caribbean Health Sciences
Literature); lilacs.bvsalud.org/en; searched 27 September 2019

5. WHO Pan American Health Organization (PAHO) Library;
www1.paho.org/english/DD/IKM/LI/library.htm; searched 27
September 2019

6. WHO Library and Information Networks for Knowledge online
catalogue (WHOLIS (WHO Library); dosei.who.int/); searched 27
September 2019

7. WPRIM (Western Pacific Region Index Medicus;
www.wprim.org/); searched 27 September 2019

8. Index Medicus for South-East Asia Region (IMSEAR;
imsear.hellis.org); searched 27 September 2019

9. IndMED, Indian medical journals; medind.nic.in/imvw/;
searched to September 2019 (27/09/2019)

10.Native Health Research Database; hslic-nhd.health.unm.edu;
searched to September 2019 (27/09/2019)

For dissertations or theses, we searched WorldCat, Networked
Digital Library of Theses and Dissertations and ProQuest-
Desertations and Theses. We also contacted the Trials Search
Co-ordinator of the Cochrane Public Health Group to search
the Group's Specialised Register. The search used keywords and
controlled vocabulary (when available), using the search strategy
set out in the Appendix 1 and adapting them as appropriate for each
database. As wheat flour fortification technologies are relatively
novel, we limited the search, from 1960 to present, for all databases.

We did not apply any language restrictions. If we identified articles
written in a language other than English, we had commissioned
their translation into English. If this was not possible, we aimed
to seek advice from the Cochrane Public Health Group. We aimed
to categorise such articles as 'Studies awaiting classification' until
the availability of English translation. However we did not find any
studies screened for full text published in other languages.

Searching other resources

For assistance in identifying ongoing or unpublished studies,
we contacted headquarters and regional oDices of the WHO,
the nutrition section of the United Nations Children's Fund
(UNICEF), the World Food Programme (WFP), the U.S. Centers for
Disease Control and Prevention (CDC), US Agency for International
Development (USAID), Nutrition International (NI), the Global
Alliance for Improved Nutrition (GAIN), Hellen Keller International
(HKI), Sight and Life Foundation, PATH, the Wright Group, premix
producers DSM and BASF, and the Food Fortification Initiative (FFI)
(September 2019).

Data collection and analysis

Selection of studies

Two review authors (MF, DE) independently screened the titles and
abstracts of articles retrieved by each search to assess eligibility,
as determined by the inclusion and exclusion criteria listed above
in the initial search. Two review authors (PM, JPPR) independently
screened the updated search results in September 2019 using
the Covidence platform (Covidence 2018). We retrieved full-text
copies of all eligible papers for further evaluation when a title or
abstract could not be rejected with certainty. If full-text articles
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could not be obtained, we attempted to contact the authors
to obtain further details of the study. Failing this, we classified
such studies as 'Studies awaiting classification' until further
information is published or made available to us. We resolved any
disagreements at any stage of the eligibility assessment process
through discussion and consultation with a third author (JPPR) in
the initial search and (MF) in the updated search in 2018, where
necessary. An author (JPPR) checked the excluded titles. We used
a Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow diagram to summarise our study selection
processes (Liberati 2009).

Data extraction and management

Two review authors (MF, DE) independently extracted data using
the data extraction forms released by the Cochrane Public Health
Group and the Cochrane EDective Practice and Organisation of Care
(EPOC) Group (Cochrane EPOC Group 2013; Cochrane Public Health
Group 2011).

All review authors were involved in piloting the form using
a subset of articles in order to enhance consistency amongst
reviewers; based on this, we modified the form. We collected
information on study design, study setting, participants (number
and characteristics) and provide a full description of the
interventions examined. We also collected details of outcomes
measured (including a description of how and when outcomes were
measured) and study results.

The form was designed so that we were able to record results
for our prespecified outcomes as well as for other (non-specified)
outcomes (although such outcomes did not underpin any of
our conclusions). We extracted additional items relating to
study recruitment and the implementation of the intervention,
including number of sites for an intervention, whether recruitment
was similar at diDerent sites, levels of compliance and use of
condiments in diDerent sites within studies, resources required for
implementation, and whether a process evaluation was conducted.
We used the PROGRESS plus (Place of Residence, Race/Ethnicity,
Occupation, Gender, Religion, Education, Socioeconomic Status,
and Social Capital) checklist (O'Neill 2013) to record whether
or not outcome data had been reported by sociodemographic
characteristics known to be important from an equity perspective.
We also recorded whether or not studies included specific
strategies to address diversity or disadvantage. We documented the
sources of study funding (marked as 'unknown' if this information
was not available and we were unable to obtain it on request from
the authors).

We entered all data into the Cochrane statistical soKware, Review
Manager 2020, and the data were checked for accuracy.

Assessment of risk of bias in included studies

We used the Cochrane EPOC Group 'RIsk of bias' tool for studies
with a separate control group to assess the risk of bias of all
studies (Cochrane EPOC Group 2013). This includes five domains
of bias: selection, performance, attrition, detection and reporting;
as well as an 'other bias' category to capture other potential
threats to validity. The risk of bias assessment was made at
the study level. We assessed each item to be at low, high, or
unclear risk of bias (unclear bias corresponding to studies with
insuDicient information for judgement despite all eDorts to gather
the information related to that domain), as set out in the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011).
While justifying the judgement, we provided quote from the study
for each item in the 'Risk of bias' tables. In case of unclear
data or missing information, the authors of included studies were
contacted for clarification.

Two review authors (JPPR, MF) independently assessed risk of bias
for each study and any disagreement was resolved by discussion or
by involving an additional review team member (PM).

Assessing risk of bias in randomised trials and quasi-
randomised trials

(1) Random sequence generation (checking for possible selection bias)

We assessed studies as:

• low risk of bias if there is a random component in the sequence
generation process (e.g. random number table; computer
random number generator);

• high risk of bias if a non-random approach has been used (e.g.
odd or even date of birth; hospital or clinic record number). Non-
randomised studies should be scored 'high';

• unclear risk of bias if not specified in the paper.

(2) Allocation concealment (checking for possible selection bias)

We assessed studies as:

• low risk of bias if participants and investigators enrolling
participants could not foresee assignment because an
appropriate method was used to conceal allocation (e.g.
telephone or central randomization; consecutively numbered
sealed opaque envelopes). This rating will be given to studies
where the unit of allocation was by institution and allocation
was performed on all units at the start of the study;

• high risk of bias if participants of investigators enrolling
participants could possibly foresee assignments and potentially
introduce selection bias (e.g. open random allocation; unsealed
or non-opaque envelopes);

• unclear.  

(3) Blinding of participants and personnel (checking for possible
performance bias)

We assessed the risk of performance bias associated with blinding
as:

• low risk of bias if there was blinding of participants and key study
personnel and it was unlikely to have been broken

• high risk of bias if there was no blinding or incomplete blinding
or if there was blinding that was likely to have been broken

• unclear risk of bias.

(4) Blinding of outcome assessment (checking for possible
detection bias)

We assessed the risk of detection bias associated with blinding as
low, high or unclear risk of bias for outcome assessment.

• low risk of bias if there was blinding of the outcomes.

• high risk of bias if there was no blinding or incomplete blinding
or if there was blinding that was likely to have been broken and
the outcome or outcome assessment was likely to be influenced
by a lack of blinding;
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• unclear risk of bias.

(5) Incomplete outcome data (checking for possible attrition bias
through withdrawals, dropouts and protocol deviations)

We assessed outcomes in each included study as:

• low risk of bias due to incomplete outcome data, which could be
either that there were no missing outcome data or the missing
outcome data were unlikely to bias the results based on the
following considerations: study authors provided transparent
documentation of participant flow throughout the study, the
proportion of missing data was similar in the intervention and
control groups, the reasons for missing data were provided
and balanced across the intervention and control groups, the
reasons for missing data were not likely to bias the results (e.g.
moving house).

• high risk of bias if missing outcome data was likely to bias
the results. Studies will also receive this rating if an 'as-
treated' (per protocol) analysis is performed with substantial
diDerences between the intervention received and that assigned
at randomization, or if potentially inappropriate methods for
imputation have been used;

• unclear risk of bias.

(6) Selective reporting bias

We assessed studies as:

• low risk of bias if it is clear, either by availability of the study
protocol or otherwise, that all prespecified outcomes that are of
interest in the review have been reported;

• high risk of bias if it is clear that not all of the study's prespecified
outcomes have been reported, or reported outcomes were not
prespecified (unless justification for reporting is provided), or
outcomes of interest are reported incompletely and cannot
be used, or where one or more of the primary outcomes is
reported using measurements or analysis methods that were
not prespecified, or finally if the study report fails to include
an important outcome that would be expected to have been
reported;

• unclear risk of bias.

(7) Other sources of bias

We detail other possible sources of bias (if any, for e.g. source of
funding, protocol quality etc) for each included study and give a
rating of low, high or unclear risk of bias for this item.

Assessing risk of bias in cluster-randomised trials

In addition to the domains mentioned above, the domains of risk
of bias assessed for cluster-randomised trials included recruitment
bias, baseline imbalance, loss of clusters, incorrect analysis, and
comparability with individually randomised trials. We assessed
each domain to be at low, high, or unclear risk of bias.

We assessed included studies as follows.

(1) Recruitment Bias

We assessed the risk of recruitment bias as:

• low risk of bias if individuals were recruited to the trial before the
clusters were randomised

• high risk of bias if individuals were recruited to the trial aKer the
clusters were randomised

• unclear risk of bias

(2) Baseline imbalance

We assessed the risk of baseline imbalance bias as:

• low risk of bias if baseline characteristics were reported and
were similar across clusters or if authors used stratified or pair
matched randomization of clusters.

• high risk of bias if baseline characteristics were not reported or
if there were diDerences across clusters.

• unclear risk of bias.

(3) Loss of clusters

We assessed the risk of loss of clusters bias as:

• low risk of bias if no complete clusters were lost or omitted from
the analysis.

• high risk of bias if complete clusters were lost or omitted from
the analysis.

• unclear risk of bias.

(4) Incorrect analysis

We assessed the risk of in correct analysis bias as:

• low risk of bias if study authors appropriately accounted for
clusters in the analysis or provided enough information for
review authors to account for clusters in the meta-analysis.

• high risk of bias if study authors have not appropriately
accounted for clusters in the analysis or did not provide enough
information for review authors to account for clusters in the
meta-analysis.

• unclear risk of bias

(5) Compatibility with individual RCT

We assessed the risk of compatibility with individual RCT as:

• low risk of bias if eDects of the intervention were likely not
altered by the unit of randomization.

• high risk of bias if eDects of the intervention were likely altered
by the unit of randomization.

• unclear risk of bias.

Overall risk of bias

For each of the included study, we summarised the overall risk of
bias by primary outcomes within that study. Studies were deemed
to be at low risk of bias if they were assessed as low risk of bias in
all of the following domains: allocation concealment, similarity of
baseline outcome measurements, and incomplete outcome data.
When the risk of bias in any of the domains was either high
or unclear, we classified that study at high overall risk of bias.
Judgements also considered the likely magnitude and direction of
bias and whether it was likely to impact on the findings of the study.

Overall certainty of evidence

We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach to interpret
findings (Langendam 2013), and we used the GRADEprofiler
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soKware to import data from Review Manager 2020 to create
'Summary of findings' tables (GRADEpro GDT 2015). The
GRADE approach included risk of bias, directness of evidence,
inconsistency (heterogeneity), precision of eDect estimates and risk
of publication bias across the included studies.

We listed the primary outcomes for each comparison with
estimates of relative eDects along with the number of participants
and studies contributing data for those outcomes. These tables
provide outcome-specific information concerning the overall
certainty of evidence from studies included in the comparison, the
magnitude of eDect of the interventions examined, and the sum
of available data on the outcomes we considered. We included
only primary outcomes in the 'Summary of findings' tables.
For each individual outcome, two review authors (JPPR, LMD)
independently assessed the certainty of the evidence using the
GRADE approach (Balshem 2011).

For each outcome that included pooled data from included RCTs,
we presented the number of participants and studies for each
outcome and certainty of the body of evidence, using the GRADE
approach (GRADEpro GDT 2015), as stated above. We downgraded
the certainty of evidence on the basis of risk of bias (reporting bias
and overall risk of bias), inconsistency, substantial heterogeneity
(I2), overlapping 95% confidence intervals between studies and
large between-study variance (tau2). We considered the extent of
consistency towards direction of point estimates from individual
studies. We expressed the certainty of evidence at one of the four
levels of certainty (high, moderate, low, or very low). 

Measures of treatment e<ect

For dichotomous outcomes, we presented proportions and, for
two-group comparisons, we presented results as risk ratios (RRs)
with 95% confidence intervals (CIs).

For continuous outcomes, we used the mean diDerences (MDs) with
95% CIs if outcomes were measured in the same way between trials.
Where some studies have reported endpoint data and others have
reported changes from baseline data (with errors), we combined
these in the meta-analyses if the outcomes had been reported using
the same scale.

We used standardized mean diDerences (SMDs) with 95% CIs to
combine trials that measured the same outcome (for example
haemoglobin) but used diDerent methods.

Unit of analysis issues

Cluster-randomised trials

We combined results from both cluster- and individually
randomised studies if there was little heterogeneity between
the studies. If the authors of cluster-randomised trials (CRTs)
conducted their analyses at a diDerent level to that of allocation,
and they had not appropriately accounted for the cluster design
in their analyses, we calculated trials' eDective sample sizes to
account for the eDect of clustering in those data. Whenever
available, we utilised the intra-cluster correlation coeDicient (ICC)
derived from the trial. However, the Nestel 2004 (C) study did not
report ICC; hence it was taken as 0.02 from other sources (Gulliford
1999; Adams 2004) as recommended by Cochrane Handbook for
Systematic Reviews of Interventions based on the cluster size,
adjusted for baseline characteristics, at 75th centile and then

calculated the design eDect with the formula provided in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2019). We reported these adjusted values and then undertook
sensitivity analysis to investigate the eDect of variations in ICC.

We extracted these parameters from the CRT articles: type of
outcome (haemoglobin, anaemia, and iron deficiency (ID)); number
of control and intervention participants as well as sample size;
mean and standard deviation (for continuous variables) or number
of events and prevalence (dichotomous variables); description
of methods used and study design; description of the clusters
including average cluster size (M). The following assumptions were
made: 1) the ICC for the outcome 'anaemia' was taken as the
ICC for the outcome 'haemoglobin' (in the absence of a specific
haemoglobin ICC); 2) the cluster type 'not-for-profit daycare' was
taken as the same as 'postal code cluster' (in the absence of
an specific not-for-profit daycare specific ICC) for the Barbosa
2012 (C) trial; and 3) for Rahman 2015 (C), the average number
of children aged six years or above in the bari was considered
as mean cluster size. Finally, we corrected all quantities aDected
by the eDective sample size (number of control and intervention
samples, sample size etc.) due to cluster-randomisation by dividing
the corresponding quantity by the design eDect. The details of
adjustments for the design eDect related to each of the included
CRTs are given in Characteristics of included studies.

Studies with more than two treatment groups

Where we identified studies with more than two intervention
groups (multi-arm studies), we combined groups where possible to
create a single pair-wise comparison or use the methods set out
in the Cochrane Handbook for Systematic Reviews of Interventions
to avoid double-counting study participants (Higgins 2019). If the
control group was shared by two or more study arms, we divided
the control group over the number of relevant subgroup categories
to avoid double-counting the participants (for dichotomous data,
we divided the events and the total population while for continuous
data we assumed the same mean and standard deviation but
divided the total population). We illustrate these details in the
'Characteristics of included studies' tables. For the Nestel 2004 (C)
trial, which had multiple arms of interventions and diDerent study
populations; the continuous variables were reported separately for
each group within the population, so we computed the weighted
average and included this in the pair-wise analysis.

Dealing with missing data

We aimed to record missing outcome data and levels of attrition
for included studies on the data extraction form. We explored the
impact of including studies with high levels of missing data in the
overall assessment of treatment eDect by using sensitivity analysis.
For all outcomes, we carried out analyses, as far as possible, on an
intention-to-treat basis, that is include all participants randomised
to each group in the analyses, and analyse in the group to which
they were allocated regardless of whether or not they received
the allocated intervention. The denominator for each outcome in
each trial is the number randomised minus any participants whose
outcomes are known to be missing.

Assessment of heterogeneity

We examined forest plots from a meta-analyses to visually
determine the level of heterogeneity (in terms of the size or

direction of treatment eDect) between studies. We used T2, I2
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and Chi2 statistics to quantify the level of heterogeneity among
the trials in each analysis. We regard substantial or considerable

heterogeneity as T2 > 0 and either I2 > 30% or a low P value (<

0.10) in the Chi2 test. We noted this in the text and explored it
using prespecified subgroup analyses mentioned below.  Caution
was taken in the interpretation of those results with high levels of
unexplained heterogeneity.

Assessment of reporting biases

Where we suspected reporting bias, we attempted to contact
study authors and asked them to provide missing outcome data.
Where this was not possible, and the missing data were thought
to introduce serious bias, we explored the impact of including
such studies in the overall assessment of results using a sensitivity
analysis.

We did not anticipate that there would be suDicient studies
contributing data for any particular outcome for us to examine
possible publication bias; if more than 10 studies reporting the
same outcome of interest were available, we planned to generate
funnel plots in Review Manager 2020 and visually examine them
for asymmetry. Where we pooled studies in a meta-analysis, we
ordered studies in terms of weight so that a visual examination of
forest plots allowed us to assess whether the results from smaller
and larger studies were similar or if there were any apparent
diDerences according to study size.

Data synthesis

We carried out meta-analyses to provide an overall estimate
of treatment eDect when more than one study examined the
same intervention, provided that studies used similar methods
and measured the same outcome in similar ways and in
similar populations. We used random-eDects model meta-analyses
(Borenstein 2009) for combining data, as we anticipated that there
may be natural heterogeneity among studies attributable to the
diDerent doses, durations, populations, and implementation or
delivery strategies. For continuous variables, we used the inverse-
variance method while for dichotomous variables, we used the one
proposed by Mantel-Haenzel.

Guided by the data extraction form in terms of the ways in which
studies may be grouped and summarised as well as by an equity
perspective based on the PROGRESS framework (Oliver 2008),
we used narrative synthesis to describe the outcomes, explore
intervention processes, and describe the impact of interventions by
sociodemographic characteristics.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses address whether the summary eDects vary in
relation to specific (usually clinical) characteristics of the included
studies or their participants.

We considered the following subgroups:

1. prevalence of anaemia at baseline in the target group: less than
20% versus 20% to 39% versus 40% or higher versus mixed/
unknown.

2. type of iron compound: high relative bioavailability (e.g. iron
ethylenediaminetetraacetic acid) versus ferrous sulphate and
comparable relative bioavailability (e.g. fumarate) versus low
relative bioavailability (e.g. reduced iron, electrolytic iron,
others).

3. estimated wheat flour available per capita: less than 75 g/day
versus 75 to 149 g/day versus 150 to 300 g/day versus more
versus unknown/unreported.

4. malaria endemicity at the time that the trial was conducted:
malaria setting versus non/unknown malaria setting.

5. duration of intervention: less than six months versus six months
to one year versus more than one year.

6. flour extraction rate: 80% or less versus more than 80% versus
unknown/unreported.

7. amount of elemental iron added to flour:40 mg/kg or less versus
41 to 60 mg/kg versus more than 60 mg/kg versus unreported/
unknown.

We examined diDerences between subgroups by visual inspection
of the CIs; non-overlapping CIs suggesting a statistically significant
diDerence in treatment eDect between the subgroups. We
conducted analyses in Review Manager 2020. We limited our
subgroup analyses to those primary outcomes for which three or
more trials contributed data.

Sensitivity analysis

We carried out sensitivity analysis to examine:

1. The eDects of removing trials at high risk of bias (trials with poor
or unclear allocation concealment and either blinding or high/
imbalanced loss to follow-up) from the analysis;

2. The eDects of diDerent intra-cluster correlation (ICC) values for
cluster randomised control trials on the overall eDect estimate
(Table 1);

3. Source of funding (industry versus non-industry funding of
study)

R E S U L T S

Description of studies

Results of the search

We identified a total of 3263 references through database searching
and 33 records through additional searching. AKer de-duplication,
there was a total of 3048 references for possible inclusion. We
considered 83 full-text articles (including three dissertations and
three unpublished RCTs) eligible aKer screening the titles and
abstracts. We excluded 70 records (from 60 studies) with reasons for
their exclusion. We confirmed that there were two ongoing studies
(Arcot 2017; Tetanye 2018). We included a total of nine trials (11
records) in the meta-analyses. We described the study selection
process in a PRISMA chart (Figure 2).
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Figure 2.   Study flow diagram.
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Included studies

All nine included trials were reported in the English language.
These studies were published between 2004 and 2017. Most of
the included trials had interventions to improve the status of
anaemia and haemoglobin concentrations, along with reducing
iron deficiency, and few trials reported secondary outcomes. We
present the details of included studies, including participants,
intervention, outcomes, source of funding, and results of contact
with the authors, in Characteristics of included studies.

Study designs

We included nine RCTs (involving 3166 participants) in this review
(Amalrajan 2012; Barbosa 2012 (C); Biebinger 2009; Cabalda 2009;
Dad 2017; Muthayya 2012; Nestel 2004 (C); Rahman 2015 (C); van
Stuijvenberg 2008). Among them, three studies were CRTs (Barbosa
2012 (C); Nestel 2004 (C); Rahman 2015 (C)). CRTs are denoted with
a '(C)' in their reference names. Six studies included randomisation
at individual level (Amalrajan 2012; Biebinger 2009; Cabalda 2009;
Dad 2017; Muthayya 2012; van Stuijvenberg 2008). Detailed study
descriptions are shown in Characteristics of included studies. Table
2 shows the summary characteristics of the included studies. All
nine trials contributed to data to the meta analyses.

Five trials had two arms in their interventions (Amalrajan 2012;
Barbosa 2012 (C); Dad 2017; Muthayya 2012; Rahman 2015 (C)).
Two trials among them (Amalrajan 2012, Muthayya 2012) included
sodium iron ethylenediaminetetraacetic acid (NaFeEDTA)-fortified
wheat flour in the intervention arm and unfortified wheat flour in
control arm. One trial (Barbosa 2012 (C)) used rolls prepared with
fortified wheat flour in the intervention arm and rolls prepared
without fortification as the control group. Other trials included
ferrous sulphate fortified wheat flour in the intervention group
while the control group being fed with non-fortified wheat flour
(Dad 2017) and wheat flour fortified with added micronutrients
(hydrogen-reduced elemental iron + retinyl palmitate) & the control
group receiving wheat flour with retinyl palmitate only (Rahman
2015 (C)).

Two trials included three arms (Biebinger 2009; Nestel 2004 (C)).
In one study (Biebinger 2009), one group received wheat biscuits
fortified with 20 mg Fe per day as reduced iron, the second received
wheat biscuits with 10 mg iron per day as encapsulated ferrous
sulphate along with 150 mg iodine, and the third group consumed
unfortified wheat biscuits. Another study with three arms (Nestel
2004 (C)), included two intervention arms with one arm receiving
wheat flour fortified with reduced iron and another arm receiving
electrolytic iron (un-annealed A-131). One control arm included
unfortified wheat flour. Each of the arm was further divided based
on the age of the population as pre-school children, primary school
children and non-pregnant adult women.

Two trials included four arms (Cabalda 2009; van Stuijvenberg
2008). The four arms in Cabalda 2009 study were: iron-fortified (with
hydrogen-reduced iron, electrolytic iron, or ferrous fumarate); iron
and Vitamin A-fortified; vitamin A-fortified; and un-fortified flour
administered through Pandesal. In another trial (van Stuijvenberg
2008) four groups received four slices of brown bread supplying no
fortification iron, NaFeEDTA, ferrous fumarate or electrolytic iron
per intervention day.

Settings

Four studies specified urban settings (Amalrajan 2012; Barbosa
2012 (C); Biebinger 2009; Muthayya 2012;). One study took
place in both urban and rural settings in Bangalore and Vadu,
India (Muthayya 2012), one was carried out in Bangalore, India
(Amalrajan 2012), one in day care centres of Sao Paulo, Brazil
(Barbosa 2012 (C)) and one study was performed in Kuwait
(Biebinger 2009). In addition, one study described rural settings
(Cabalda 2009) in the Phillipines, one in Sri Lanka (Nestel 2004 (C)),
one study in Bangladesh (Rahman 2015 (C)), and one in Western
Cape, South Africa (van Stuijvenberg 2008).

The PROGRESS-Plus equity parameters are shown in Table 3 for all
included trials. Five of the included trials were carried out in areas
where individuals were of a "low socioeconomic status" or in "poor
communities" (Barbosa 2012 (C); Cabalda 2009; Muthayya 2012;
Nestel 2004 (C); van Stuijvenberg 2008). Socioeconomic status was
described as "high standard of living" in one trial (Biebinger 2009),
but not specified in the remaining trials. None of the trials included
data on participant religion, disability, or sexual orientation (Table
3).

Malaria endemicity

Two studies reported that their study area was malaria non-
endemic (Cabalda 2009 - Compostela, Cebu, Philippines; Muthayya
2012 - urban Bangalore, Karnataka and Vadu in Maharashtra, India).
No other included trials reported the status of malaria endemicity
in their study area (Amalrajan 2012; Barbosa 2012 (C); Biebinger
2009; Dad 2017; Rahman 2015 (C); van Stuijvenberg 2008)

Prevalence of anaemia at baseline

The prevalence of anaemia at baseline varied among the trials.
Anaemia prevalence was low (< 20%) in two trials (Biebinger 2009;
van Stuijvenberg 2008), moderate in four trials (Barbosa 2012 (C);
Muthayya 2012; Nestel 2004 (C); Rahman 2015 (C)), and high in two
trials (Cabalda 2009,39%; Dad 2017, 50%). One trial did not specify
the prevalence of anaemia at baseline (Amalrajan 2012).

Participants

Age

Six trials included children (Amalrajan 2012; Barbosa 2012 (C);
Cabalda 2009; Muthayya 2012; Rahman 2015 (C); van Stuijvenberg
2008). Among these six trials, one trial included children aged 6 to
11 (van Stuijvenberg 2008), one trial included children aged 6 to12
(Cabalda 2009), one trial included children aged 6 to13 (Amalrajan
2012), and two studies had subjects aged between 6 and 15 years
(Muthayya 2012; Rahman 2015 (C)). Another trial among children
included aged 9 months to 11 years, primary school going children-
aged 6 to 11 years old, and nonpregnant women (Nestel 2004 (C)).
Two studies were carried out among adult women: (Biebinger 2009)
aged 18 to 35 years; Nestel 2004 (C)) women aged 15 to 49 years
(average 32 ± 9 years). One trial (Dad 2017) was carried out among
adolescent girls aged 15.2 ± 2.4 years.

Sex

Most of the included trials carried out in children and adolescents
included both sexes. One trial carried out among adolescents
included only girls (Dad 2017) Two trials were performed in
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adult women (Biebinger 2009; Nestel 2004 (C)). No trials included
pregnant women.

Interventions

Five trials compared wheat flour fortified with iron alone versus
unfortified wheat flour (Amalrajan 2012; Barbosa 2012 (C); Dad
2017; Muthayya 2012 andNestel 2004 (C)). Two trials compared
wheat flour fortified with iron and other nutritional component
versus unfortified wheat flour (Biebinger 2009; Rahman 2015 (C))
and one trial compared wheat flour fortified with iron and other
nutritional component versus unfortified wheat flour with the other
nutritional component (Cabalda 2009).

Type of iron compound: high relative bioavailability (e.g. iron
ethylenediaminetetraacetic acid) versus comparable relative
bioavailability (e.g. ferrous sulphate and fumarate) versus low relative
bioavailability (e.g. reduced iron, electrolytic iron, others)

Two trials included iron compounds with high relative
bioavailability (Amalrajan 2012; Muthayya 2012). Both these
trials used NaFeEDTA fortified wheat flour. Four trials included
compounds with comparable to low relative bioavailability
(Barbosa 2012 (C)); Dad 2017; Nestel 2004 (C) and Rahman 2015 (C)
The Barbosa 2012 (C) study used ferrous sulphate (sodium alginate
micro capsule covered) and Dad 2017 used ferrous sulphate.
Also, Nestel 2004 (C) included two types of interventions, reduced
iron and electrolytic iron; both were of low bioavailability. The
intervention arm in Rahman 2015 (C) trial was low bioavailability
iron in the form of hydrogen reduced iron along with retinol.

The remaining trials included more than one iron compound and
with diDerent relative bioavailabilities (Biebinger 2009; Cabalda
2009; van Stuijvenberg 2008). In the Biebinger 2009 study, the
two intervention arms received reduced elemental iron (low
bioavailability) and encapsulated ferrous sulphate (comparable
bioavailability) and the Cabalda 2009 study had three groups
of interventions with hydrogen-reduced iron, electrolytic iron
(both low bioavailability) and ferrous fumarate (comparable
bioavailability). In the van Stuijvenberg 2008 trial, one intervention
arm each received NaFeEDTA (high bioavailability), ferrous
fumarate (comparable bioavailability) and electrolytic iron (low
bioavailability), along with other micronutrients (vitamin A,
thiamine, riboflavin, niacin, pyridoxine, folic acid and zinc) being
added to all the arms as per the national food fortification policy of
South Africa.

Amount of elemental iron added to flour: 40 mg/kg or less versus 41 to
60 mg/kg versus more than 60 mg/kg versus unreported/unknown.

Three trials used 41 to 60 mg iron/kg flour (Amalrajan 2012; Barbosa
2012 (C); Muthayya 2012). Two trials used less than 40 mg iron/kg
flour (Dad 2017; van Stuijvenberg 2008), and two trials used more
than 60 mg iron/kg flour (Biebinger 2009; Rahman 2015 (C)). The
Cabalda 2009 trial varied iron levels according to the two diDerent
forms of iron used: 80 mg/kg for electrolytic iron and reduced iron
and 40 mg/kg for ferrous fumarate. The amount of iron added was
unknown for the Nestel 2004 (C) study. The fortification details of
each included trial are given in Table 4.

Duration of intervention

Eight interventions lasted less than 24 months (Amalrajan 2012;
Barbosa 2012 (C); Biebinger 2009; Cabalda 2009; Muthayya 2012;
Rahman 2015 (C); van Stuijvenberg 2008; Zimmermann 2005). The

duration of interventions varied between three to eight months:
Amalrajan 2012 was seven months, Barbosa 2012 (C) was six
months, Biebinger 2009 was 22 weeks, Cabalda 2009 was eight
months, Dad 2017 was three months, Muthayya 2012 was seven
months, Rahman 2015 (C) was six months and van Stuijvenberg
2008 was 34 weeks. The Nestel 2004 (C) trial lasted for 24 months.

Flour extraction rate: 80% or less versus more than 80% versus
unknown or unreported.

In five trials, the flour extraction rate was not specified (Amalrajan
2012; Barbosa 2012 (C); Biebinger 2009; Cabalda 2009; Nestel 2004
(C)). Flour extraction rate was < 80% in two trials (Dad 2017; Rahman
2015 (C)) and >80% in two trials (Muthayya 2012; van Stuijvenberg
2008).

Outcomes

Primary outcomes

Six trials reported anaemia based on the cut oD levels for
haemoglobin (defined as haemoglobin below WHO cut-oD for
age and adjusted for altitude as appropriate) (Barbosa 2012
(C); Cabalda 2009; Dad 2017; Muthayya 2012; Nestel 2004 (C);
Rahman 2015 (C)). Iron deficiency (as defined by trialists, based
on a biomarker of iron status) was measured in five studies
(Biebinger 2009; Cabalda 2009; Muthayya 2012; Rahman 2015
(C); van Stuijvenberg 2008). Haemoglobin concentration (g/L) was
assessed by all nine studies (Amalrajan 2012; Barbosa 2012 (C);
Biebinger 2009; Cabalda 2009; Dad 2017; Muthayya 2012; Nestel
2004 (C); Rahman 2015 (C); van Stuijvenberg 2008). No included
study assessed diarrhoea (three liquid stools in a single day - only
in children 2 to 11 years of age). Two studies reported infection
or inflammation at the individual level (as measured by urinary
neopterin, C-reactive protein or alpha-1-acid glycoprotein variant
A - only in children 2 to 11 years of age) (Amalrajan 2012; van
Stuijvenberg 2008). No studies assessed respiratory infections (as
measured by trialists - only in children 2 to 11 years of age) and all-
cause death (only in children 2 to 11 years of age). Various serum
iron indices were reported by Amalrajan 2012; Biebinger 2009;
Muthayya 2012; van Stuijvenberg 2008 , zinc indices by Amalrajan
2012 and Cabalda 2009, serum vitamin A levels by Rahman 2015 (C),
and dietary intake by Dad 2017 studies.

Secondary outcomes

No studies reported anthropometric measures (height-for-age
z-score and weight-for-height z-score for children, body mass
index (BMI)) for adults. However, in children, one study assessed
weight and height, weight-for-age z-score, body mass index-for-
age z-score, and height-for-age z-score (Cabalda 2009). No studies
assessed risk of iron overload (defined as serum ferritin higher than
150 µg/L in females and higher than 200 µg/L in men (WHO 2011b).
One study measured cognitive development in children age 2 to
11.9 (as defined by trialists) (Muthayya 2012). There were no studies
measuring motor skill development in children age 2 to 11.9 (as
defined by trialists), clinical malaria (as defined by trialists), severe
malaria (as defined by trialists) or adverse side eDects (including
constipation, nausea, vomiting, heartburn, as defined by trialists).

In addition to the above outcomes, the trials also measured other
outcomes: serum ferritin and urinary zinc excretion (Amalrajan
2012); serum ferritin concentrations, transferrin receptor, urinary
iodine, and body iron stores (Biebinger 2009); zinc protoporphyrin
concentrations (Cabalda 2009); iron deficiency (ID), various
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body iron biomarkers including serum ferritin, serum transferrin
receptor, and zinc protoporphyrin (Muthayya 2012); retinol
concentration, iron status (Rahman 2015 (C)); iron status,
transferrin saturation, serum ferritin, iron, and transferrin receptor
concentrations (van Stuijvenberg 2008). However we have not
reported these outcomes in this review.

Funding

Eight of the nine included trials reported clearly the source
of funding. Most of them had multiple sources of funding.
Among them, three trials included industries in their list of
funding agencies (Amalrajan 2012; Biebinger 2009; Muthayya
2012). Most of the funding agencies were ministries, other
governmental departments or international organisations. Two
trials (Amalrajan 2012; Muthayya 2012) were funded by Department
of Biotechnology, Ministry of Science & Technology, Government
of India, Akzo Nobel chemicals & St. John's National Academy
of Health Sciences, Bangalore, India. The Secretaria da Ciência,
Tecnologia e Desenvolvimento Econômico do Estado de São Paulo
funded Barbosa 2012 (C). Biebinger 2009 was funded by Kuwaiti
flour mills and bakeries, the International Atomic Energy Agency
(IAEA), ETH Zurich, the Medicore Company and the Kuwait Institute
for Scientific Research. Cabalda 2009 received funds from the Early
Childhood Development Project of the Philippines government.

The USAID Opportunities for Micronutrient Interventions (OMNI)
project and the International Life Sciences Insitute (ILSI)-managed
Micronutrient Global Leadership (MGL) project were the funding
agencies for Nestel 2004 (C). A grant from the MOST project
(Contract No. HRN-AA-00–98-00047-00) and by support to the
Mirsarai field area by US Cooperation Agreement No. 388-
A-00-97-00032-00 funded Rahman 2015 (C).

For one trial, the source of funding was not clear (van Stuijvenberg
2008). However, NaFeEDTA (Ferrazone) in the van Stuijvenberg 2008
trial was supplied by Akzo Nobel Functional Chemicals and ferrous
fumarate and electrolytic iron by DSM Nutritional Products SA. The
source of funding was unknown for Dad 2017.

Excluded studies

We excluded 58 studies (70 records) aKer full-text screening. We
describe these in Characteristics of excluded studies. We excluded
several studies because the type of fortified flour used as the
intervention was not wheat flour or the intervention was not
at the wheat flour production stage. Most such studies took
place in countries where multiple types of flours or foods were
fortified simultaneously: Argentina, Brazil, Venezuela (Abreu 2009;
Assunçao 2007; Bokhari 2012; Chavez 1998; Costa 2008; Da Silva
2012; De Souza 2011; Fujimori 2009; Fujimori 2011; Heijblom 2007;
Layrisse 1996; Layrisse 2002; Malpeli 2013; Sato 2008) or South
Africa (Modjadji 2007; Zimmermann 2005). Studies reported both
wheat and rye flours (Milman 1999; Osler 1999), wheat and maize
flour (Sato 2008; Sato 2015) and it was not specified if the fortified

flour was wheat flour (Sun 2008). Six studies were excluded because
they did not report an intervention (Bothwell 1978; Brown 2011;
Kendrick 2015; Rohner 2013 Simmons 1994; Varea 2011); three
studies reported only pre-fortification or post-fortification data
(Hund 2013; Pouraram 2010). Four studies were excluded because
they did not have a control group, but compared diDerent types of
iron fortificant from a programmatic point of view (Elwood 1971;
Grimm 2012; Varea 2011; Varea 2012). One study was excluded
because it assessed only bioavailability and was not an intervention
(Hallberg 1989), and one was excluded because the intervention
population was infants less than six months of age (Zavaleta 2004).
Four studies were non-randomised trials (Huang 2009; Huo 2011
(C); Huo 2012 (C); Natvig 1973 (C)). One was a repeat survey aKer
siKed flour fortification - Sjoberg 2015, some were before-and-aKer
comparison studies without a control group (Al 2016; Kendrick
2015; Papathakis 2012; Pouraram 2012; Sadighi 2009; Stuetz 2012;
Tazhibayev 2008) or used a cross-over study design (Zimmermann
2011).

We also identified two ongoing studies (Arcot 2017; Tetanye
2018). The details of these studies are given in Characteristics of
ongoing studies. One study (Arcot 2017) is being carried out to
assess the eDicacy of multi-micronutrient fortified wheat-based
biscuit on the nutrition status of primary school children aged
between 6 and 12 years in Papua New Guinea. This study has two
arms, an intervention arm and a control arm. The intervention
arm will receive biscuits fortified with food-grade vitamins and
minerals (vitamin B1, vitamin B2, vitamin B3, folic acid, vitamin

B12, vitamin A, ferrous fumarate, and zinc) and the control arm will

receive unfortified biscuits. The dose of vitamins in each biscuit
is calculated to provide the equivalent to daily consumption of
75g fortified wheat flour. Each child will receive one biscuit per
day of attendance throughout the study period. Researchers and
assistants will be blinded to intervention product code identities
throughout the trial from allocation until statistical analysis.
Another study (Tetanye 2018) intends to assess the eDicacy of an
iron-fortified wheat flour for the correction and the prevention
of iron deficiency anaemia in children aged 18 to 59 months in
eastern Cameroon with haemoglobin ranging from 70 to 110 g/
L. The authors report an intention to include an intervention arm
and control arm being randomised using coin tossing. We did not
identify any studies to be awaiting classification.

Risk of bias in included studies

We used the domains for ‘Risk of bias’ to evaluate included studies
(Cochrane EPOC Group 2013), including individually randomised
and cluster-randomised designs. We also included additional
domains related to cluster-randomisation in the ’Risk of bias’
table in the Characteristics of included studies section. The
Characteristics of included studies presents risk of bias for each of
the included trials and Figure 3 and Figure 4 provide the details of
judgement and overall summary of the risk of bias.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 4.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Barbosa 2012 (C) ? + - + + + - ? + + - + ? +

Biebinger 2009 ? ? + + + + - ? + ? ? ? ? ?
Cabalda 2009 + + ? + + + + ? + ? ? ? ? ?

Dad 2017 + - + + - - + ? - ? ? ? ? ?
Muthayya 2012 + + + + + + + + + ? ? ? ? ?
Nestel 2004 (C) ? + - - + + - ? + + - ? ? ?

Rahman 2015 (C) + + - + + + + + + + + + + +
van Stuijvenberg 2008 + ? + + + + + ? + ? ? ? ? ?
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Figure 4.   (Continued)

Rahman 2015 (C) + + - + + + + + + + + + + +
van Stuijvenberg 2008 + ? + + + + + ? + ? ? ? ? ?

 
Allocation

Sequence generation

Five trials were deemed to be at low risk of bias for random
sequence generation (Cabalda 2009; Dad 2017; Muthayya 2012;
Rahman 2015 (C); van Stuijvenberg 2008). Among them, two
trials used statistician-generated random numbers (Cabalda 2009;
van Stuijvenberg 2008), one study used book-based random
numbers (Rahman 2015 (C)) and two studies used randomisation
by computer-generated blocks (Dad 2017; Muthayya 2012). The
sequence generation technique allocating the study participants
into the interventions was not specified by four trials (Amalrajan
2012; Barbosa 2012 (C); Biebinger 2009; Nestel 2004 (C)). Four of
these studies report the words "random assignment" (Amalrajan
2012; Barbosa 2012 (C); Biebinger 2009). Nestel 2004 (C) without
further detail. Hence these four studies were judged to be at unclear
risk of bias ((Amalrajan 2012; Barbosa 2012 (C); Biebinger 2009;
Nestel 2004 (C)).

Allocation concealment

Five trials (Barbosa 2012 (C); Cabalda 2009; Muthayya 2012;
Nestel 2004 (C); Rahman 2015 (C)) exhibited low risk of allocation
concealment bias. Among them, three studies were cluster RCTs
(Barbosa 2012 (C); Nestel 2004 (C); Rahman 2015 (C)). One trial had
the investigators (peripheral Lady Health Worker (LHW) in the field)
being aware of the entire list of participants in the intervention
and control arms; hence, it was judged to be at high risk of bias
(Dad 2017). Three trials were at unclear risk of bias (Amalrajan 2012;
Biebinger 2009; van Stuijvenberg 2008), since they did not specify
the technique for allocation concealment.

Similarity in baseline outcome measurements

Five trials were determined to be at low risk of bias (Amalrajan 2012;
Biebinger 2009; Dad 2017; Muthayya 2012; van Stuijvenberg 2008).
Among these trials,  Amalrajan 2012; Biebinger 2009; Muthayya
2012; van Stuijvenberg 2008 specified all their study participants
to be iron-depleted or with low haemoglobin concentrations at
the time of recruitment to the trial as inclusion criteria. Dad 2017
reported similar levels of mean haemoglobin concentrations and
other outcome characteristics across the groups. One trial was
at unclear risk of bias (Cabalda 2009), considering the authors
reported a diDerent proportion of iron deficiency across the
groups and mentioned that there were no "statistically significant
diDerence across the groups."

Three trials were judged to be at high risk of bias (Barbosa 2012 (C);
Nestel 2004 (C); Rahman 2015 (C)), because of diDerence in baseline
anaemia prevalence across the arms in Barbosa 2012 (C); Nestel
2004 (C) studies, and both anaemia and iron deficiency levels across
the arms in the Rahman 2015 (C) trial.

Similarity in baseline characteristics

Seven trials had low risk of bias (Barbosa 2012 (C); Biebinger 2009;
Cabalda 2009; Dad 2017; Muthayya 2012; Rahman 2015 (C); van

Stuijvenberg 2008). They reported similarity across the groups in
terms of most of the demographic characteristics. Two studies were
judged to be at high risk of bias (Amalrajan 2012; Nestel 2004
(C)). among them, Amalrajan 2012 did not describe the baseline
characteristics of the study population and Nestel 2004 (C) had
various diDerences across the arms in three types of age groups as
described in Characteristics of included studies.

Blinding

Blinding of participants and personnel

Seven studies (Barbosa 2012 (C); Biebinger 2009; Cabalda 2009;
Muthayya 2012; Nestel 2004 (C); Rahman 2015 (C); van Stuijvenberg
2008) declared that field personnel and participants were not aware
of the interventions delivered and described methods to avoid
the violation of the blinding, such as providing identical meals
(colour, taste and texture) and were assessed to be at low risk.
One trial did not mention the type of blinding, apart from making
the interventions being identical (Amalrajan 2012) and so was at
unclear risk of bias. One study did not follow any blinding (Dad
2017) and was assessed to be at high risk of bias.

Blinding of outcome assessment

Eight trials were assessed to be at low risk of bias for blinding of
outcome assessment (Amalrajan 2012; Barbosa 2012 (C); Biebinger
2009; Cabalda 2009; Muthayya 2012; Nestel 2004 (C); Rahman 2015
(C); van Stuijvenberg 2008). One trial was graded to be at high risk
of bias (Dad 2017)

Incomplete outcome data

Six studies (Amalrajan 2012; Cabalda 2009; Dad 2017; Muthayya
2012; Rahman 2015 (C); van Stuijvenberg 2008) were judged to have
low risk of bias with respect to incomplete outcome data reporting.
Three trials were assessed to be at high risk of bias for incomplete
outcome data (Barbosa 2012 (C); Biebinger 2009; Nestel 2004 (C)).

Selective reporting

Two trials were assessed at low risk of bias (Muthayya 2012;
Rahman 2015 (C)) and seven trials were at unclear risk of bias
(Amalrajan 2012; Barbosa 2012 (C); Biebinger 2009; Cabalda 2009;
Dad 2017; Nestel 2004 (C); van Stuijvenberg 2008). Most of the
studies presented in the results the outcomes that were reported
in the methods. However, in some cases this could not be assessed
because reporting was not available due to lack of trial registry or
due to inadequate description in the trial publication.

Other potential sources of bias

Other sources of bias were not apparent in eight studies included
in this review (Amalrajan 2012; Barbosa 2012 (C); Biebinger 2009;
Cabalda 2009; Muthayya 2012; Nestel 2004 (C); Rahman 2015 (C);
van Stuijvenberg 2008) and were assessed to be at low risk of bias.
One study (Dad 2017) did not specify the source of funding and
protocol registration was not reported. Hence this trial was judged
to be at unclear risk of bias.
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We considered additional criteria for risk of bias in cluster-
randomised studies (recruitment bias, baseline imbalance, loss
of clusters, incorrect analysis, compatibility with individual RCTs).
Recruitment bias was low for all the three CRTs (Barbosa 2012 (C);
Nestel 2004 (C); Rahman 2015 (C)). Baseline imbalance risk was low
for Rahman 2015 (C) study and other two studies were assessed to
be at high risk of bias (Barbosa 2012 (C); Nestel 2004 (C)). For loss
of clusters, Nestel 2004 (C) study was at unclear risk and other two
were at low risk (Barbosa 2012 (C); Rahman 2015 (C)). For incorrect
analysis bias Barbosa 2012 (C); Nestel 2004 (C) studies were at
unclear risk of bias and Rahman 2015 (C) study was assessed to be
at low risk. Compatibility with individual RCTs was at low risk for
two CRTs (Barbosa 2012 (C); Rahman 2015 (C) and Nestel 2004 (C)
was graded to be at unclear risk.

Two studies were at low overall risk of bias (Barbosa 2012 (C);
Muthayya 2012) seven studies were at high risk (Amalrajan 2012;
Biebinger 2009; Cabalda 2009; Dad 2017; Nestel 2004 (C); Rahman
2015 (C); van Stuijvenberg 2008). Study characteristics along with
overall risk of bias is given in Table 2.

E<ects of interventions

See: Summary of findings 1 Wheat flour fortified with iron
alone compared to unfortified wheat flour (no micronutrients
added) for reducing anaemia and improving iron status in
populations; Summary of findings 2 Wheat flour fortified with
iron in combination with other micronutrients compared to
unfortified wheat flour (no micronutrients added) for reducing
anaemia and improving iron status in populations; Summary of
findings 3 Wheat flour fortified with iron in combination with
other micronutrients compared to fortified wheat flour with same
micronutrients (but not iron) for reducing anaemia and improving
iron status in populations

Nine RCTs were included in this review. The results are highlighted
in the summary of findings tables. Seven trials (Amalrajan 2012;
Barbosa 2012 (C); Biebinger 2009; Cabalda 2009; Dad 2017;
Muthayya 2012; Nestel 2004 (C)) compared wheat flour fortified
with iron versus unfortified wheat flour (Comparison 1, Summary
of findings 1), three trials (Biebinger 2009; Cabalda 2009; Rahman
2015 (C)) compared wheat flour fortified with iron plus other
micronutrients versus unfortified wheat flour (Comparison 2,
Summary of findings 2), and two studies (Cabalda 2009; van
Stuijvenberg 2008) compared wheat flour fortified with iron
plus other micronutrients versus wheat flour fortified with other
micronutrients but not iron (Comparison 3, Summary of findings
3). There were no studies comparing wheat flour fortified with
iron versus no intervention or wheat flour fortified with iron in
combination with other micronutrients versus no intervention. We
carried out sensitivity analyses for three cluster-randomised trials
(Barbosa 2012 (C); Nestel 2004 (C); Rahman 2015 (C)), with diDerent
ICC values and examined their eDect on RR for anaemia and MD
for haemoglobin concentrations. We observed that change in ICC
did not change the direction of eDects of interventions significantly
for both the outcomes. We have reported the details of sensitivity
analyses in Table 1.

Comparisons

1. Wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added)

Anaemia (defined as haemoglobin concentrations below WHO cut-o<
for age and adjusted for altitude as appropriate)

Five RCTs (Barbosa 2012 (C); Cabalda 2009; Dad 2017; Muthayya
2012; Nestel 2004 (C)) involving 2200 participants (aKer adjusting
for the eDective sample size in cluster RCTs) contributed data in this
comparison of assessing the eDects of wheat flour fortified with iron
alone on the prevalence of anaemia (See Summary of findings 1).
Wheat flour fortification with iron alone (versus unfortified wheat
flour) may have little or no eDect on anaemia (RR 0.81, 95% CI
0.61 to 1.07; 5 studies; 2200 participants; low-certainty evidence).
Heterogeneity was high (Tau2 = 0.05; Chi2 = 9.14, df = 4, p = 0.14;
I2 = 56%). Details of the analysis are given in Analysis 1.1. DiDerent
ICC values of cluster RCTs, did not alter the overall eDect estimates
and heterogeneity in any manner (Table 1). Sensitivity analysis by
removal of one of the trial with high risk of bias (Dad 2017) from the
analysis reduced the heterogeneity (I2 = 46%) and removal of Nestel
2004 (C) study reduced I2 to 41%. However, removal of these two
trials which had high risk of bias in more domains as compared to
other included trials did not alter the eDect estimate (RR).

In the subgroup analyses, there was no clear diDerence in the
level of anaemia among fortification and control groups except
for: 1) bioavailability of iron (high and comparable bioavailability
fortification had higher rates of anaemia reduction compare to
that of low bioavailability); and 2) amount of elemental iron added
(41 to 60 mg/kg of flour had lesser anaemia than 40 mg or less
and higher than 60 mg). The Muthayya 2012 trial was driving the
trend or significant diDerence, which made interpreting subgroup
comparisons challenging. The details of the subgroup analyses are
as follows.

1. Prevalence of anaemia at baseline less than 20% (RR 1.06, 95%

CI 0.66 to 1.72; 1 study; 878 participants; I2 = 0%); between 20%
and 39% (RR 0.81, 95% CI 0.52 to 1.24; 3 studies; 999 participants;

I2 = 55%) and > 40% (RR 0.79, 95% CI 0.49 to 1.29; 2 studies; 323

participants; I2 = 69%) (Analysis 1.2).

2. There was a trend toward a reduction in the prevalence of
anaemia in the subgroup of trials using iron fortificants that
exhibit high relative bioavailability (RR 0.64, 95% CI 0.37 to 1.12;

2 studies; 460 participants; I2 = 13%). The fortification using
comparable bioavailability also tended to reduce anaemia (RR

0.66, 95% CI 0.49 to 0.90; 2 studies; 248 participants; I2 = 0%).
However there was no clear benefit from low bioavailability iron
compound fortification (RR 1.03, 95% CI 0.82 to 1.30; 2 studies;

1492 participants; I2 = 0%) (Analysis 1.3).

3. Wheat available per capita < 75 g/day (RR 1.03, 95% CI 0.67 to
1.58; 1 study; 123 participants); more than 300 g/day (RR 0.63,
95% CI 0.44 to 0.89; 1 study; 200 participants); and unknown
or unreported (RR 0.83, 95% CI 0.52 to 1.32; 3 studies; 1877

participants; I2 = 62%) (Analysis 1.4).

4. Malaria endemicity, unreported or unknown (RR 0.81, 95% CI

0.61 to 1.07; 5 studies; 2200 participants; I2 = 56%) (Analysis 1.5).

5. Duration of intervention < 6 months - (RR 0.65, 95% CI 0.47 to

0.91; 2 studies; 281 participants; I2 = 0%), 6 months to 1 year (RR

0.77, 95% CI 0.43 to 1.39; 2 studies; 502 participants; I2 = 73%)
(Analysis 1.6).
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6. Flour extraction rate < 80% (RR 0.63, 95% CI 0.44 to 0.89; 200
participants = 200; 1 study), > 80% (RR 0.78, 95% CI 0.45 to 1.36;

2 studies; 1796 participants; I2 = 80%); unknown or unreported

(RR 1.05, 95% CI 0.70 to 1.58; 2 studies; 204 participants; I2 = 0%)
(Analysis 1.7).

7. Amount of elemental iron added to the flour < 40 mg/kg of flour

(RR 0.68, 95% CI 0.51 to 0.92; 329 participants; 3 studies; I2 = 0%);
41 to 60 mg/kg of flour (RR 0.57, 95% CI 0.37 to 0.89; 1 study; 379

participants; I2 = 0%); and > 61 mg/kg (RR 1.03, 95% CI 0.82 to

1.30; 2 studies; 1492 participants; I2 = 0%) (Analysis 1.8).

Iron deficiency (as defined by trialists, based on a biomarker of iron
status)

Three trials (Biebinger 2009; Cabalda 2009; Muthayya 2012)
comprising 633 participants contributed data to this comparison.
Fortification of wheat flour with iron probably makes little or no
diDerence on iron deficiency (RR 0.43, 95% CI 0.17 to 1.07; 3 studies;
633 participants; moderate-certainty evidence). Heterogeneity was

high (Tau2 = 0.55; Chi2 = 26.69, df = 2, P < 0.0001; I2 = 93%). Details
of this analysis are given in Analysis 1.9. The subgroup analyses
for iron deficiency are presented in Analysis 1.10 to Analysis 1.16.
The decrease in iron deficiency was better among individuals with
higher prevalence of anaemia at baseline (more than 20%), iron
compounds with high and comparable bioavailability, 40 to 60 mg/
kg of elemental iron added to flour as compared to less than 40 and
more than 60 mg/kg of flour. There were no clear diDerences across
other subgroups as given below.

1. Prevalence of anaemia at the baseline less than 20% (RR 0.92,
95% CI 0.68 to 1.26; 1 study; 131 participants); 20% to 39% (RR
0.33, 95% CI 0.24 to 0.44; 1 study; 379 participants); and > 40%
(RR 0.20, 95% CI 0.06 to 0.64; 1 study; 123 participants) (Analysis
1.10).

2. High bioavailability (RR 0.33, 95% CI 0.24 to 0.44; 1 study; 379
participants); comparable bioavailability (RR 0.20, 95% CI 0.06 to
0.64; 1 study; 123 participants); low bioavailability (RR 0.92, 95%
CI 0.68 to 1.26; 1 study; 131 participants) (Analysis 1.11).

3. Wheat flour available per capita < 75mg/day (RR 0.20, 95%
CI 0.06 to 0.64; 1 study; 123 participants); 150 to 300 mg/
day (RR 0.92, 95% CI 0.68 to 1.26; 1 study; 131 participants);
unknown or unreported (RR 0.33, 95% CI 0.24 to 0.44; 1 study;
379 participants) (Analysis 1.12).

4. Malaria endemicity unreported or unknown (RR 0.43, 95% CI

0.17 to 1.07; 3 studies; 633 participants; I2 = 93%) (Analysis 1.13).

5. Duration of intervention < 6 months (RR 0.92, 95% CI 0.68 to 1.26;
1 study; 131 participants); 6 months to 1 year (RR 0.32, 95% CI

0.24 to 0.42; 2 studies; 502 participants; I2 = 0%) (Analysis 1.14).

6. Flour extraction rate > 80% (RR 0.33, 95% CI 0.24 to 0.44; 1 study;
379 participants); unknown or unreported (RR 0.48, 95% CI 0.10

to 2.17; 2 studies; 254 participants; I2 = 85%) (Analysis 1.15).

7. Amount of elemental iron added to flour, 40mg/kg or less (RR
0.36, 95% CI 0.07 to 1.91; 1 study; 46 participants); 41 to 60 mg/
kg (RR 0.33, 95% CI 0.24 to 0.44; 1 study; 379 participants); > 60
mg /kg (RR 0.41, 95% CI 0.06 to 2.76; 2 studies; 208 participants;

I2 = 82%) (Analysis 1.16).

Haemoglobin concentration (g/L)

Seven trials (Amalrajan 2012; Barbosa 2012 (C); Biebinger 2009;
Cabalda 2009; Dad 2017; Muthayya 2012; Nestel 2004 (C)) were

included in the analysis. We are uncertain whether the intervention
with wheat flour fortified with iron alone increases haemoglobin
concentrations in blood by an average 3.30 (g/L) (95% CI 0.86
to 5.74; 7 studies; 2355 participants; very low-certainty evidence)
as compared to unfortified wheat flour. Heterogeneity was high

(Tau2 = 8.24; Chi2 = 35.92, df = 6 ; I2 = 83%; p <0.00001). The
results have to be interpreted with caution. The details of the
analysis are given in Analysis 1.17 and the subgroup analyses in
Analysis 1.18 to Analysis 1.24. The mean diDerence in haemoglobin
concentrations was better for intervention duration more than six
months and also in conditions with baseline anaemia level of more
than 40%. However, we are uncertain whether fortification of wheat
flour as compared to unfortified flour improves the haemoglobin
concentrations because certainty of evidence is very low and
heterogeneity is high. The subgroup analysis findings are as given
below.

1. Prevalence of anaemia at the baseline, less than 20% (MD 1.15,

95% CI -3.93 to 6.24; 2 studies; 893 participants; I2 = 85%); 20%
to 39% (MD 2.95, 95% CI -1.35 to 7.25; 3 studies; 960 participants;

I2 = 81%); > 40% (MD 2.56, 95% CI 0.89 to 4.23; 2 studies; 323

participants; I2 = 0%) (Analysis 1.18).

2. Type of iron compound, high bioavailability (MD 5.56, 95% CI

3.71 to 7.40; 3 studies; 639 participants; I2 = 0%); comparable
bioavailability (MD 3.02, 95% CI 0.12 to 5.92; 2 studies; 248

participants; I2 = 22%); low bioavailability (MD 1.39, 95% CI -2.24

to 5.02; 3 studies; 1468 participants; I2 = 70%) (Analysis 1.19).

3. Wheat flour available per capita < 75mg/day (MD 3.77, 95% CI

-0.73 to 8.27; 1 study; 123 participants; I2 = 0%); 150 to 300 g/day
(MD 4.00, 95% CI 0.30 to 7.70; 1 study; 124 participants); > 300
g / day (MD 2.37, 95% CI 0.57 to 4.17; 1 study; 200 participants);
unknown or unreported (MD 3.43, 95% CI -0.92 to 7.78; 4 studies;

1908 participants; I2 = 91%) (Analysis 1.20).

4. Malaria endemicity, unreported or unknown (MD 3.30, 95% CI

0.86 to 5.74; 7 studies; 2355 participants; I2 = 83%) (Analysis
1.21).

5. Duration of intervention < 6 months (MD 2.73, 95% CI 1.21 to

4.25; 3 studies; 405 participants; I2 = 0%); 6 months to 1 year (MD

5.63, 95% CI 3.81 to 7.46; 3 studies; 681 participants; I2 = 0%);
more than 1 year (MD -0.87, 95% CI -2.17 to 0.43; 1 study; 1269
participants) (Analysis 1.22).

6. Flour extraction rate, less than or equal to 80% (MD 2.37, 95%
CI 0.57 to 4.17; 1 study); 200 participants; more than 80% (MD

2.49, 95% CI -4.24 to 9.22; 2 studies; 1648 participants; I2 = 96%);
unknown or unreported (MD 4.42, 95% CI 2.41 to 6.44; 4 studies;

507 participants; I2 = 0%) (Analysis 1.23).

7. Amount of elemental iron to flour, 40 mg/kg or less (MD 3.02,

95% CI 0.12 to 5.92; 2 studies; 248 participants; I2 = 22%); 41 to 60
mg/kg (MD 5.56, 95% CI 3.71 to 7.40; 3 studies; 639 participants;

I2 = 0%); > 60 mg/kg (MD 1.39, 95% CI -2.24 to 5.02; 3 studies; 1468

participants; I2 = 70%) (Analysis 1.24).

Diarrhoea

No studies reported on diarrhoea in children.

Respiratory infections

No studies reported on respiratory infections in children.
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All-cause death

No studies reported on all-cause death in children.

Infection of inflammation at an individual level

Two trials consisting of 558 individuals (Amalrajan 2012; Muthayya
2012) reported infection or inflammation using as biomarker C-
reactive protein in this comparison. There is little or no eDect of
fortification of wheat flour with iron on infection or inflammation
measures (MD 0.04, 95% CI -0.02 to 0.11; 2 studies; 558 participants;

I2 = 0%, moderate-certainty evidence). The analysis details are
given in Analysis 1.28.

Height for age z-score

One trial (Amalrajan 2012) reported height for age z-score and there
was no diDerence in the z-score in the fortification and control
arms (MD 1.90, 95% CI -2.42 to 6.22; 1 study; 179 participants). See
Analysis 1.29 for details.

Weight for age z-score

No trials reported weight for age z-score among children.

Risk of iron overload (defined as serum ferritin higher than 150 µg/L in
females and higher than 200 µg/L in men)

No trials reported risk of iron overload.

Cognitive development in children

One trial (Muthayya 2012) reported cognitive outcomes (MD 0.33,
95% CI -0.29 to 0.95; 850 participants) as depicted in Analysis
1.30. Fortification of wheat flour with iron had no eDect on
cognitive outcomes.The trial authors reported conducting series
of neuropsychological tests for school-aged children and under
relevant cognitive domains. These domains included short-term
memory, retrieval ability, cognitive speed and fluid reasoning
(Muthayya 2012).

Motor skill development in children

No studies reported on motor skill development in children

Clinical malaria (as defined by trialists)

No studies reported clinical malaria.

Severe malaria (as defined by trialists)

No studies reported severe malaria.

Adverse side e<ects (including constipation, nausea, vomiting,
heartburn or diarrhoea, as defined by trialists)

No studies reported adverse side eDects.

2. Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients
added)

Anaemia (defined as haemoglobin concentrations below WHO cut-o<
for age and adjusted for altitude as appropriate)

Two trials (322 participants) were included in this analysis (Cabalda
2009; Rahman 2015 (C)). Wheat flour fortified with iron in
combination with other micronutrients may or may not decrease
anaemia (RR 0.95, 95% CI 0.69 to 1.31; 2 studies; 322 participants;
low-certainty evidence) (Summary of findings 2) . Heterogeneity

was low (Tau2 = 0.00; Chi2 = 0.21, df = 1, p = 0.65, I2 = 0%). Details of
the analysis are given in Analysis 2.1.

Iron deficiency (as defined by trialists, based on a biomarker of iron
status)

Three trials (Biebinger 2009; Cabalda 2009; Rahman 2015 (C)) with
387 participants contributed data for this comparison. Fortification
of wheat flour with iron in combination with other micronutrients
makes little or no diDerence to iron deficiency (RR 0.74, 95% CI 0.54
to 1.00; 3 studies; 387 participants; moderate-certainty evidence).
Heterogeneity was low (Tau2 = 0.00; Chi2 = 1.14, df = 2, p= 0.57, I2
= 0%). The details of this analysis are given in Analysis 2.2. There
were no significant diDerences in iron deficiency across any of the
following subgroups (Analysis 2.3 to Analysis 2.9).

1. Prevalence of anaemia at the baseline, less than 20% (RR 0.73,

95% CI 0.51 to 1.07; 1 study; 118 participants; I2 = 0%); 20% to

39% (RR 0.93, 95% CI 0.47 to 1.84; 1 study; 143 participants; I2 =
0%); and more than 40% (RR 0.51, 95% CI 0.22 to 1.21; 1 study;

126 participants; I2 = 0%) (Analysis 2.3).

2. Type of iron compound, comparable bioavailability (RR 0.50,

95% CI 0.14 to 1.74; 1 study; 48 participants; I2 = 0%); low
bioavailability (RR 0.76, 95% CI 0.55 to 1.04; 3 studies; 339

participants; I2 = 0%) (Analysis 2.4).

3. Wheat flour available per capita, less than 75 g/day (RR 0.51,

95% CI 0.22 to 1.21; 1 study; 126 participants; I2 = 0%); between
150 and 300 g/day (RR 0.73, 95% CI 0.51 to 1.07; 1 study; 118

participants; I2 = 0%); unknown or unreported (RR 0.93, 95% CI

0.47 to 1.84; 1 study; 143 participants; I2 = 0%) (Analysis 2.5).

4. Malaria endemicity, unreported or unknown (RR 0.74, 95% CI

0.54 to 1.00; 3 studies; 387 participants; I2 = 0%) (Analysis 2.6).

5. Duration of intervention < 6 months (RR 0.73, 95% CI 0.51 to 1.07;

1 study; 118 participants; I2 = 0%); six months to one year (RR

0.73, 95% CI 0.41 to 1.30; 2 studies; 269 participants; I2 = 12%)
(Analysis 2.7)

6. Flour extraction rate, unknown or unreported (RR 0.74, 95% CI

0.54 to 1.00; 3 studies; 387 participants; I2 = 0%) (Analysis 2.8)

7. Amount of elemental iron added to flour, less than 40 mg/kg

(RR 0.63, 95% CI 0.16 to 2.45; 1 study; 47 participants; I2 = 0%),
more than 60 mg/kg (RR 0.74, 95% CI 0.54 to 1.01; 3 studies; 340

participants; I2 = 0%) (Analysis 2.9)

Haemoglobin concentration (g/L)

Haemoglobin concentration (g/L) in blood was reported in three
trials with 384 participants (Biebinger 2009; Cabalda 2009; Rahman
2015 (C)). Fortification of wheat flour with iron in combination
with other micronutrients in comparison to unfortified flour may
or may not increase average haemoglobin concentrations (g/L)
in the population (MD 3.29, 95% CI -0.78 to 7.36; 3 studies; 384
participants; low-certainty evidence). Heterogeneity was high (Tau2
= 9.61; Chi2 = 8.09, df = 2, p = 0.02, I2 = 75%). The results should
be interpreted with caution. Details of this analysis are given in
Analysis 2.10.

1. Prevalence of anaemia at the baseline, less than 20% (MD

6.00, 95% CI 2.38 to 9.62; 1 study; 118 participants; I2 = 0%);
between 20 and 39% (MD 0.00, 95% CI -2.54 to 2.54; 1 study; 140
participants); more than 40% (MD 4.54, 95% CI -0.00 to 9.08; 1

study; 126 participants; I2 = 0%) (Analysis 2.11).
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2. Type of iron compound added to flour, comparable
bioavailability (MD 2.91, 95% CI -1.35 to 7.16; 3 studies; 306

participants; I2 = 72%); low bioavailability (MD 5.15, 95% CI -1.31
to 11.61; 1 study; 78 participants) (Analysis 2.12).

3. Wheat flour available per capita, less than 75 g/day (MD 4.54,
95% CI -0.00 to 9.08; 1 study; 126 participants), between 150
and 300 g/day (MD 6.00, 95% CI 2.38 to 9.62; 1 study; 118
participants); unknown or unreported (MD 0.00, 95% CI -2.54 to
2.54; 1 study; 140 participants) (Analysis 2.13).

4. Malaria endemicity unreported or unknown (MD 3.29, 95% CI

-0.78 to 7.36; 3 studies; 384 participants; I2 = 75%) (Analysis 2.14).

5. Duration of intervention, less than 6 months (MD 6.00, 95% CI
2.38 to 9.62; 1 study; 118 participants); six months to one year

(MD 1.86, 95% CI -2.51 to 6.24; 2 studies; 266 participants; I2 =
66%) (Analysis 2.15).

6. Flour extraction rate, unknown or unreported (MD 3.29, 95% CI

-0.78 to 7.36; 3 studies; 384 participants; I2 = 75%) (Analysis 2.16).

7. Amount of elemental iron added to flour less than 40 mg/kg (MD
3.28, 95% CI -2.96 to 9.52; 1 study; 48 participants); more than 60
mg/kg (MD 3.37, 95% CI -1.13 to 7.86; 3 studies; 336 participants;

I2 = 75%) (Analysis 2.17).

Diarrhoea (three liquid stools in a single day)

No studies reported on diarrhoea in children.

Respiratory infections (as measured by trialists)

No studies reported on respiratory infections in children.

All-cause death

No studies reported on all cause death in children.

Infection or inflammation at individual level (as measured by urinary
neopterin, C-reactive protein or alpha-1-acid glycoprotein variant A)

No studies reported on infection or inflammation in children.

Anthropometric measures (height-for-age z-score and weight-for-
height z-score for children, BMI for adults)

No studies reported on anthropometric measures.

Risk of iron overload (defined as serum ferritin higher than 150 µg/L in
females and higher than 200 µg/L in men)

No studies reported on risk of iron overload.

Cognitive development in children aged 2 to 11 years (as defined by
trialists)

No studies reported on cognitive development in children.

Motor skill development in children aged 2 to 11 years (as defined by
trialists)

No studies reported on motor skill development in children.

Clinical malaria (as defined by trialists)

No studies reported on clinical malaria.

Severe malaria (as defined by trialists)

No studies reported on severe malaria.

Adverse side e<ects (including constipation, nausea, vomiting,
heartburn or diarrhoea, as defined by trialists)

No studies reported adverse side eDects.

3. Wheat flour fortified with iron in combination with other
micronutrients versus fortified wheat flour with same
micronutrients (but not iron)

Two trials contributed data to this comparison (Cabalda 2009; van
Stuijvenberg 2008) including 488 participants (children aged 6 to 12
years)(See Summary of findings 3) .

Anaemia (defined as haemoglobin concentrations below WHO cut-o<
for age and adjusted for altitude as appropriate)

Given the very-low certainty of the evidence, the review authors
are uncertain on the eDects of wheat flour fortified with iron in
combination with other micronutrients versus fortified wheat flour
with same micronutrients (but not iron) in reducing anaemia (RR
0.24, 95% CI 0.08 to 0.71; 1 study; 127 participants; very low-
certainty evidence).

Iron deficiency (as defined by trialists, based on a biomarker of iron
status)

Given the very-low certainty of the evidence we are uncertain on
whether fortification of wheat flour with iron in combination with
other micronutrients reduces iron deficiency (RR 0.42, 95% CI 0.18
to 0.97; 1 study; 127 participants; very low-certainty evidence).

Haemoglobin concentration (g/L)

Given the low certainty of the evidence, wheat flour fortified with
iron in combination with other micronutrients (compared to wheat
flour fortified with the same micronutrients, but not iron) may make
little or no diDerence to the average haemoglobin concentration
(MD 0.81, 95% CI -1.28 to 2.89; 2 studies; 488 participants; low-
certainty evidence), as depicted in Analysis 3.3.

Diarrhoea

No studies reported on diarrhoea.

Respiratory infections

No studies reported on respiratory infections.

All-cause death

No studies reported on all-cause death.

Infection or inflammation at individual level (as measured by urinary
neopterin, C-reactive protein or alpha-1-acid glycoprotein variant A)

No studies reported on infection or inflammation in children.

Anthropometric measures (height-for-age z-score and weight-for-
height z-score for children, BMI for adults)

No studies reported on anthropometric measures.

Risk of iron overload (defined as serum ferritin higher than 150 µg/L in
females and higher than 200 µg/L in men)

No studies reported on risk of iron overload.

Cognitive development in children aged 2 to 11 years (as defined by
trialists)

No studies reported on cognitive development in children.
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Motor skill development in children aged 2 to 11 years (as defined by
trialists)

No studies reported on motor skill development in children.

Clinical malaria (as defined by trialists)

No studies reported on clinical malaria.

Severe malaria (as defined by trialists)

No studies reported on severe malaria.

Adverse side e<ects (including constipation, nausea, vomiting,
heartburn or diarrhoea, as defined by trialists)

No studies reported adverse side eDects.

4. Wheat flour fortified with iron alone versus no intervention

No studies assessed this comparison.

5. Wheat flour fortified with iron in combination with other
micronutrients versus no intervention

No studies assessed this comparison.

D I S C U S S I O N

Summary of main results

We included nine RCTs in this review. Seven trials compared
wheat flour fortified with iron versus unfortified wheat flour
(comparison 1); three trials compared wheat flour fortified with iron
in combination with other micronutrients versus unfortified wheat
flour (comparison 2); and two trials compared wheat flour fortified
with iron in combination with other micronutrients versus fortified
wheat flour with same micronutrients but not iron (comparison 3).

Wheat flour fortification with iron alone may have little or no eDect
on anaemia (low-certainty evidence), and has little or no eDect
on iron deficiency (moderate-certainty evidence). We are uncertain
on whether the intervention with wheat flour fortified with
iron increases haemoglobin concentrations (very low-certainty
evidence), as compared to unfortified flour.

Wheat flour fortified with iron in combination with other
micronutrients, probably makes little or no diDerence to anaemia
(low-certainty evidence), iron deficiency (moderate-certainty
evidence), or haemoglobin concentrations (low-certainty evidence)
in comparison to unfortified flour.

Given the very low certainty of the evidence, we are uncertain
on whether wheat flour fortified with iron in combination with
other micronutrients versus fortified wheat flour with same
micronutrients (but not iron) reduces anaemia (very low-certainty
evidence), or reduces iron deficiency (very low-certainty evidence).
Given the low certainty of the evidence, wheat flour fortified with
iron in combination with other micronutrients (compared to wheat
flour fortified with the same micronutrients, but not iron) may make
little or no diDerence to the average haemoglobin concentration
(low-certainty evidence).

The majority of the included trials reported source of funding,
with many of them having multiple sources of funding received
from government agencies or international non-government
organizations.

Most of the studies included in this review had low random-
sequence generation and allocation concealment bias (selection
bias) and low risk from blinding of participants, personnel and
outcome assessment (performance and detection bias). Six out of
nine studies had low or unclear risk for incomplete outcome data
(attrition bias), and all the studies but one had unclear selective
reporting bias due to not including studies in the protocol registry
of randomised control trials databases (reporting bias). Some
trials provided diDerent interventions and were included in the
corresponding comparisons.

Overall completeness and applicability of evidence

Wheat flour is consumed across diverse populations and
fortification of wheat flour with iron is one strategy that is used to
improve iron status in populations. The ultimate goal of improving
iron intake in children and adults is to decrease the prevalence of
iron deficiency and anaemia to limit the adverse heath outcomes
associated with these conditions.

We divided this review's nine RCT into three comparison groups.
Though the diDerences in interventions and comparisons make this
division necessary, this inherently limits not only statistical power,
but also the applicability and generalisability of the findings. There
was good agreement among the comparisons that the prevalence
of iron deficiency is reduced as a result of wheat flour fortification,
but that this did not extend to a decrease in the prevalence of
anaemia.

The bioavailability of iron varies considerably among the forms
of iron fortificant identified in the analysed trials. We carried
out subgroup analysis based on the bio availability of the iron
compounds used in wheat flour fortification. We observed that
higher bio availability compounds had slightly better eDects
on anaemia, iron deficiency and haemoglobin concentrations,as
compared to iron compounds with lower bio availability. However,
there was diDerence in the duration of interventions, study
population characteristics across the studies, which limits the
applicability of the evidence. Unfortunately, several studies were
excluded because the flour fortification programmes used both
wheat and maize flour, and the focus of this review was fortification
of wheat flour with iron. It is likely that these trials oDer evidence
that was not evaluated here and may oDer further insight into
the true eDicacy of iron fortification programmes. Adherence was
measured in some studies through 24-hour recalls and in some
cases weighing of foods remains in the meals. Adherence poses in
this type of studies a challenge as the fortified food, prepared with
the fortified flour is consumed usually as part of a meal provided,
which may aDect its interpretation. Coverage and utilization of the
fortified food is complex in food fortification studies (Neufeld 2017).

Quality of the evidence

We assessed the certainty of evidence with the GRADE
methodology. The evidence was primarily of very low-, low- and
moderate-certainty. The decrease in the certainty of the evidence
was largely due to limitations in the study design or execution, or
to indirectness or imprecision.

Potential biases in the review process

In this review, two review authors (JPPR and MF) performed the
database searches. Two review authors (MF and DE) independently
assessed eligibility for inclusion, carried out data extraction using
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a standardized extraction file and assessed risk of bias following
the Chapter 8 Cochrane Manual: Assessing risk of bias in included
studies. When there was disagreement of risk of bias categorization,
issues were settled through discussion and consensus. New
authors were trained in the WHO/Cochrane Collaboration/Cornell
University Summer Institute for Systematic Reviews in Nutrition for
Global Policy Making in order to ensure the review process followed
a systematic approach.

Agreements and disagreements with other studies or
reviews

A recent systematic review assessing the eDectiveness of
fortification of both wheat and maize flour with iron found that
there was little evidence in support of a decrease in the prevalence
of anaemia due to flour fortification with iron, but that there was
stronger evidence in support of iron fortification on improving iron
status (increasing serum ferritin) in women of reproductive age
(Pachon 2015). Overall, the results found in our analysis (which
consisted of many of the same trials) are in agreement with
those of Pachon 2015; iron fortification of wheat flour was much
more successful at decreasing the prevalence of iron deficiency
than in decreasing the prevalence of anaemia. A systematic
review (Sadighi 2015) which examined flour fortification with iron
and its eDectiveness in controlling anaemia and iron deficiency
included 44 studies. Those studies consisted of trials evaluating
the eDectiveness of wheat flour fortification. They reported mixed
findings on the eDectiveness of flour fortification in improving
iron indicators and also they found various findings in diDerent
countries. Another meta-analysis (Sadighi 2017) looked at the
eDectiveness of iron-fortified flour on haemoglobin and anaemia.
The study authors reported that the fortification of flour had no
eDect on iron deficiency anaemia. They also noted that the quality
and degree of eDect varied with the type of iron compound used for
fortification.

Another systematic review (Das 2013) included 201 studies with
fortification of staple food items, condiments and processed food
items with micronutrients like iron, zinc, calcium and vitamin
D. They classified the staple food items as rice, wheat and oils.
The authors of the systematic review reported significant increase
in serum micronutrient concentrations based on their included
studies. Iron fortification led to a significant increase in serum
ferritin and haemoglobin levels in women of reproductive age
and pregnant women. Folate fortification significantly reduced
the incidence of congenital abnormalities like neural tube defects
without increasing the incidence of twinning. The number of
studies pooled for zinc and multiple micronutrients for women
were few, though the evidence suggested benefit. There was
a dearth of evidence for the impact of fortification strategies
on morbidity and mortality outcomes in women and children.
Combined eDect: RR 0.68, 95% CI 0.49 to 0.93; processed food: RR
0.51, 95% CI 0.21 to 1.25; staple food: RR 0.67, 95% CI 0.39 to 1.17);
condiments: RR 0.74, 95% CI 0.61 to 0.90 (low-certainty evidence).

Gera 2012 carried out a systematic review on the eDect of iron-
fortified foods on haematologic and biological outcomes in the
population. However, they included all food items that were
fortified with iron and examined the eDect on the above-stated
parameters. Wheat flour fortification was one of the components of
their comparisons. They concluded overall that iron-fortified foods
resulted in an improvement in haemoglobin, serum ferritin and
there was evidence of reduced risk of anaemia and iron deficiency.

One recent systematic review (Sadighi 2019) included eDects of
fortification of flours (wheat, maize, rice, soy and beans) with iron
on iron status in the population. The review included 94 trials
from 30 countries belonging to all socioeconomic strata in their
meta-analysis. The target groups in included studies were women,
children, and infants/toddlers. They reported significant increases
of mean haemoglobin level, serum ferritin level, significant
decreases of anaemia and iron deficiency and a non-significant
change in iron deficiency anaemia (IDA). Sadighi 2019 concluded
that at the global level, fortification of flours with iron is an eDective
strategy to improve the iron status of populations.

Another Cochrane review (Das 2019) assessed the impact of
fortification of various food items (rice and flour; dairy products;
non-dairy beverages; biscuits; spreads and salt) with multiple
micronutrients on health outcomes in the population. The review
authors included RCTs, cluster-RCTs, quasi-randomised trials,
controlled before-aKer studies (CBA) and interrupted-time series
(ITS) studies, irrespective of income status of the countries. The
review included a total of 43 studies with 19,585 participants
and it reported based on the RCTs that in comparison to
placebo or no intervention. Multiple micronutrients fortification
may reduce anaemia, iron deficiency anaemia and micronutrient
deficiencies (iron, vitamin A, vitamin B2 and vitamin B6) and may

improve weight-for-age z-scores (WAZ). The review also reported
uncertainty about the eDect of multiple micronutrients fortification
on zinc deficiency and anthropometric measures (HAZ/LAZ, WAZ
and WHZ/WLZ). However as the food matrix plays an important
role in the bioavailability of the fortificants and particularly of the
iron compounds it is important to have the eDects in the wheat
flour specifically with the attributes of extraction rate, and iron
compounds used at the flour stage.

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

Implications for practice

Despite the availability of RCTs assessing various types of
wheat flour fortifications on anaemia, haemoglobin and other
parameters, there is very low-, low- and moderate certainty
evidence of the eDect. To a certain extent there is uncertainty
on whether there are any diDerences in the haemoglobin
concentrations (a biomarker of anaemia) among those who
received iron-fortified wheat flour compared to those who did
not consume iron-fortified flour. However it is uncertain that
fortification of wheat flour with iron and other vitamins and
minerals in comparison to unfortified wheat flour reduces the risk
of iron deficiency in populations aged 2 years and above. There was
also a high degree of heterogeneity across the included studies with
respect to anaemia, making the eDect estimation diDicult.

No studies reported on any adverse eDects. The presence of
industry funding for some of these trials did not appear to positively
influence results from these studies.

Implications for research

The adverse health outcomes and public health burden of anaemia,
which may aDect up to 4 in 10 children, or millions or individuals
worldwide, are well-characterised and include increased maternal
and perinatal mortality, low birth weight, impaired cognitive
performance and poorer educational achievement as well as
reduced work capacity (Beard 2006; Khan 2006). The prevalence of
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anaemia is also greater in low- and middle-income countries, where
inflammatory states such as HIV or malaria or hookworm infections
are also common. Few of the trials reported here measured
inflammatory markers such as CRP. It is unclear whether this is a
modifier of the eDectiveness of iron fortification programmes, and
this is one area in which not more research, but more consistent
research (in terms of biomarkers measured) is needed. Isolating
the eDects of this population-based intervention on anaemia and
iron deficiency, at the same time that co-interventions that have
an known eDect on these outcomes are provided, makes it diDicult
to disentangle the individual eDect of fortification with iron, from
fortification with iron and other micronutrients (also aDecting these
outcomes).

Iron deficiency is just one cause of anaemia; other causes include
infection or inflammation and deficiencies in other vitamins
including folate and vitamin B12. Vitamin B12 deficiency is more

common in populations that consume plant-based diets and in the
elderly.

Iron deficiency may not be the only cause of the anaemia observed
in the trial populations, and understanding the interactions
between iron and other micronutrients in these populations is
an area for further research. Impaired cognitive development and
impaired motor skill development are two common consequences
of anaemia in children, and none of the trials identified in this
review measured motor development and one study assessed
cognitive development. The ability of programmes using iron
fortification of wheat flour on these outcomes could not be
assessed, and this is a another key area for further research.

Therefore, well-designed and implemented RCTs in this regard
would be useful in providing the exact nature of the eDect
of fortification of wheat flour with iron and or minerals on
haematological indices. The eDects can vary depending on the
geographical locations and dietary habits of populations. Areas
with high use of wheat-based food products will naturally have
more compliance and adherence, reflecting diDerent eDects of
fortification on populations belonging to diDerent settings. Both
the cost eDectiveness and eDects of usage of iron compounds with
diDerent extents of bio-availability among diDerent age groups
need to be evaluated.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Double-blind individually-randomised controlled trial investigating the effect of NaFeEDTA-fortified
wheat flour on iron status in iron-depleted schoolchildren.
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Participants A total of 179 iron-depleted (serum ferritin less 20 µg/L and/or iron deficient soluble transferrin recep-
tor > 7.6 mg/L) children 6 to 13 years of age, attending to school in urban region of Bangalore, India.

Interventions Participants were randomised into one of two groups: group 1 (n = 86) received a lunch meal (wheat
flour-based chapati, poori or dosa) made with NaFeEDTA-fortified wheat flour at the level of 6 mg
iron/100g; group 2 (n = 93) received identical but unfortified wheat-flour based meal during 7 months.

Outcomes Haemoglobin, soluble transferrin receptor, serum ferritin, C-reactive protein, zinc protoporphyrin and,
urinary zinc.

Adherence: not reported.

Notes • prevalence of anaemia at baseline in the target group: mixed/unknown

• type of iron compound: high-relative bioavailability (iron ethylenediaminetetraacetic acid)

• estimated wheat flour available per capita: unknown/unreported

• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting

• duration of intervention: six months to one year

• flour extraction rate: unknown/unreported

• amount of elemental iron added to flour: 41 - 60 mg/kg

Source of funding: Department of biotechnology, Ministry of Science and Technology, Government of
India; AkzoNobel chemicals; St. John's National Academy of Health Sciences, Bangalore, India.

Dates of the study and conflict of interest: Not reported by the trial authors.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation was not specified. "After baseline
screening, children aged 6 to 13 years were selected into the study based on
their iron status as iron depleted (serum ferritin [SF] < 20 μg/L) and/or iron de-
ficient (soluble transferrin receptor [sTfR] > 7.6 mg/L) and randomised into two
groups"

Allocation concealment
(selection bias)

Unclear risk The allocation concealment was not specified.

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

Low risk All children included in the study were iron depleted. Quote "After baseline
screening, children
aged 6 to 13 years were selected into the study based on their iron status as
iron depleted (serum ferritin [SF] < 20 µg/L) and/or iron deficient soluble trans-
ferrin receptor [sTfR] > 7.6 mg/L)"

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

High risk The trialists do not define baseline characteristics of participants.

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

Unclear risk The control group received an identical but unfortified meal. Authors report
"Iron group that received a lunch meal made with NaFeEDTA-fortified wheat
flour (wheat flour-based chapati, poori, or dosa),... and a control group that re-
ceived an identical but unfortified meal".

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

Low risk The outcome analysis was carried out in the lab using specific methods. Quote
"Hemoglobin was analysed on a hematology analyser (Beckman Coulter).
Serum and plasma samples were separated by centrifugation at 3,500 rpm for
10 minutes, and aliquots were frozen at –80°C until analysis. SF was measured
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by electro chemiluminescence (Elecsys 2010, Roche Diagnostics) and sTfR by
immuno turbidimetry (Hitachi-902, Roche Diagnostics). C-reactive protein was
measured by immuno turbidimetry (Hitachi-902, Roche Diagnostics) to rule
out subclinical infections."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No drop outs were reported in this trial.

Selective reporting (re-
porting bias)

Unclear risk The protocol registry is not available.

Other bias Low risk No evidence of other risk of biases.

Recruitment bias Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Baseline imbalance Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Loss of clusters Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Incorrect analysis Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Comparability with indi-
vidually Randomised Tri-
als

Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Amalrajan 2012  (Continued)

 
 

Study characteristics

Methods Double-blind institutional cluster-randomised controlled trial.

Participants A total of 173 children from 2 to 6 years of age with initial haemoglobin exceeding 90 g/L from four not
for profit day cares in Sao Paulo - Brazil.

Interventions Participants were randomly assigned to one of two groups: group 1 (n = 88) were given rolls with forti-
fied wheat flour (4 mg iron/day); group 2 (n = 85) were provided with unfortified rolls. The period of the
intervention was 24 weeks considering 5 days a week. The rolls weighted 20 g and were programmed
for a 4 mg elemental iron content per unit (as microencapsulated iron sulphate). The micro capsules
with iron sulphate micro-particles were covered with sodium alginate using spray drying technique.

Outcomes Haemoglobin and prevalence of anaemia.

Adherence: The individual consumption of rolls was properly registered on a card everyday by a mem-
ber of the field team of each daycare centre.

Notes We made adjustment for design effect in this cluster randomised trial to present the outcomes of
anaemia and haemoglobin concentrations and estimated the effective sample size. This trial includ-
ed two clusters each receiving fortified wheat and unfortified wheat bread. The total number of par-
ticipants who provided complete outcome data was 173 (88 + 85), and therefore mean cluster size
was 43.25. With ICC as 0.02723 for the cluster not-for-profit daycare, same as postal code cluster (in
the absence of an specific not-for-profit daycare specific ICC) reported in other studies for outcome
haemoglobin (Adams 2004; Gulliford 1999), the computed design effect was 2.15 for both anaemia and
haemoglobin concentrations. For anaemia, in the intervention arm receiving iron fortified wheat rolls,
sample size adjustment was made to 4 events (from n = 8) out of 41 participants (from n = 88) and in
control arm with un fortified wheat rolls, numbers were adjusted to 3 events (from n = 7) out of 40 par-
ticipants (from n = 85). However, for haemoglobin concentrations, only the total numbers in both in-
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tervention and control groups were adjusted as above without changing the mean and standard devia-
tion, thus making total number of participants in fortified group as 41 and control group as 40.

Regarding the acceptance, children under 36 months old ingested minor amounts in relation to older
children, both in the fortified rolls and the unfortified rolls. Authors concluded that this food (prepared
with wheat flour) as a fortification vehicle shows better results in older children.

• prevalence of anaemia at baseline in the target group: 20% to 39%

• type of iron compound: ferrous sulphate and comparable-relative bioavailability (e.g. fumarate)

• estimated wheat flour available per capita: unknown/unreported

• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting

• duration of intervention: six months

• flour extraction rate: unknown/unreported

• amount of elemental iron added to flour: 41 - 60 mg/kg

Source of funding: Secretaria da Ciência, Tecnologia e Desenvolvimento Econômico do Estado de São
Paulo.

Dates of the study: 2007 (24 weeks duration).

Conflict of interest: Trial authors have declared that there were no conflicts of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Cluster-randomised by site "double-blind randomisation by cluster (two nurs-
eries were randomly assigned to receive enriched bread and two to receive
non-enriched bread)"

Allocation concealment
(selection bias)

Low risk This is a cluster-randomised trial. Allocation concealment risk is low. Person-
nel and participants from knowing the allocation sequence before and until
assignment.

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

High risk All children included in the study had haemoglobin concentrations over 9 g/
dL. The baseline mean Haemoglobin concentration (g/dL) was similar across
both the arms (EG - 11.7 (SD: 1.0), CG - 11.1 (SD:1.1)). However, the level of
anaemia in the intervention group was 22% and in the control group 47% at
the baseline. EG = Exposure Group, CG = Control Group.

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk Quote "The children from the day cares had similar baseline socioeconom-
ic characteristics and EG and CG presented no statistical differences for the
means of age, gender and iron content in diets."

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

Low risk Authors report "We emphasize that the destination of the fortified bread was
unknown by all which could lead to undesirable individual initiatives encour-
aging a greater consumption". "The head of the department of nutrition and
the preparation and delivery of bread participated in the randomisation of the
subjects and had knowledge of the groups until the end of the study."

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

Low risk The outcome analysis was carried out in the lab using specific methods.
Specifically, "The capillary blood samples were obtained by digital puncture of
right hand's ring fingertip...A portable Hemocue photometer was used to mea-
sure haemoglobin."

Incomplete outcome data
(attrition bias)
All outcomes

High risk Authors report, "The studied population was comprised of 324 children." How-
ever, only 53.4% of participants concluded the study.
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Selective reporting (re-
porting bias)

Unclear risk Not protocol or clinical trial register reported. It is unclear if the study reported
all the outcome variables measured/intended to be measured.

Other bias Low risk Methods well described. No evidence of other risk of biases.

Recruitment bias Low risk Authors report "The studied population consisted of children aged 2 to 6 years
who attended day cares from 7 a.m. to 5 p.m. during working days and re-
ceived five meals per day" and then "The trial population was stratified so that
the children of the two day cares receiving fortified rolls with ferrous
sulphate microencapsulated with sodium alginate formed the Exposed Group
(EG) and the children of the other two day cares receiving the rolls without for-
tified wheat flour formed the Control Group (CG). "

Baseline imbalance High risk Level of anaemia in the intervention arm was 10% and in control arm 25%;
other characteristics were reported to be similar across both the arms (age,
sex and socioeconomic status)

Loss of clusters Low risk No reported loss of clusters except for the exclusion of participants consuming
<1 roll per day

Incorrect analysis Unclear risk There is no mention as to how clustering effect was taken care at the time of
analysis.

Comparability with indi-
vidually Randomised Tri-
als

Low risk The sample size calculated incorporated the clustering effect. Effrots were
made to prevent lost to follow up or any cluster loss

Barbosa 2012 (C)  (Continued)

 
 

Study characteristics

Methods Double-blind, RCT.

Participants 279 women, low body iron stores (serum ferritin less than 25 µg/L), aged 18-35 year from two colleges
in Kuwait: College for women, Kuwait University and the Nursing college public authority for applied
education and training.

Interventions Participants were assigned to one of three groups randomly: group 1 (n = 93) received wheat-based bis-

cuits produced with wheat flour fortified with 20 mg elemental iron (as reduced iron) NutraFineTM RS) ;
group 2 (n = 93) received biscuits fortified with 10 mg of elemental iron (as encapsulated ferrous sul-
phate) and 150 µg iodine; group 3 (n = 93) received unfortified biscuits. Biscuits were consumed five
days per week for 22 weeks.

Outcomes Serum ferritin, iron stores, and iron deficiency.

Adherence: consumption of fortified biscuits was not controlled, and authors report: "it may have been
less than expected"

Notes The FeSO4 treatment group exhibited increased serum ferritin by 88% compared to the control and

body iron stores increased from -0.96 to 2.24 mg/kg. Reduced iron did not significantly increase serum
ferritin or body iron stores. Urinary iodine concentrations increased from 140 to 213 µg/L.

• prevalence of anaemia at baseline in the target group: < 20%

• type of iron compound: ferrous sulphate and comparable and low relative bioavailability (reduced
iron)

• estimated wheat flour available per capita: 150-300 g/day

Biebinger 2009 
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• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting

• duration of intervention: less than six months

• flour extraction rate: unknown/unreported

• amount of elemental iron added to flour: more than 60 mg/kg

Source of funding: Kuwaiti Flour Mills and Bakeries Company (Kuwait City, Kuwait). , the International
Atomic Energy Agency (Vienna, Austria), ETH Zurich (Switzerland), The Medicore Foundation (Liechten-
stein), Kuwait Institute for Scientific Research (Kuwait City, Kuwait).

Dates of the study: December 2006 to May 2007.

Conflict of interest: The authors reported that none of them had conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Authors state, "Subjects meeting the inclusion criteria were randomly as-
signed to three groups receiving biscuits." Random sequence generation was
not specified.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment is not described.

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

Low risk Authors report " Subjects were invited to join the intervention trial if:(1) they
had low Fe stores, defined as a SF concentration < 25 mg/L; (2) were not preg-
nant or planning pregnancy; (3) had no chronic medical illnesses; (4) did not
use vitamin and mineral supplements." Also, baseline overall anaemia level
was 15% in the study population. Baseline mean Haemoglobin concentrations
(g/dl) were similar across the three arms: Control - 128 g/dl (SD:11), Encapsu-
lated FeSO4 arm - 131 g/dl (SD: 10) and NutraFine arm - 131 g/dl (SD:10).

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk Authors state that there were no significant differences between control and
intervention groups with respect to haemoglobin, anthropometric measures,
serum ferritin, or serum transferrin receptor.

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

Low risk Quote "in the flour storage trial, no significant difference in colour could be de-
tected after 3 months at different temperatures and humidity conditions". "In
the triangle testing in both Kuwait and Switzerland, the fortified biscuits were
indistinguishable from the non-fortified biscuits in colour, taste and texture".

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

Low risk Authors report "Blood samples were transported on ice to Al-Sabah Hospital in
Kuwait City."

Incomplete outcome data
(attrition bias)
All outcomes

High risk A total of 65% of the screened subjects completed the Fe fortification effica-
cy study. Drop outs were due to time constraints, changing residence, Illness,
pregnancy.

Selective reporting (re-
porting bias)

Unclear risk Changes in Hb, SF, sTfR, body Fe stores, anthropometric reported, however no
clinical trial registry available.

Other bias Low risk No evidence of other risk of biases.

Recruitment bias Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Baseline imbalance Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Biebinger 2009  (Continued)
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Loss of clusters Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Incorrect analysis Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Comparability with indi-
vidually Randomised Tri-
als

Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Biebinger 2009  (Continued)

 
 

Study characteristics

Methods Double-blind RCT.

Participants 250 anaemic 6 to 12 year old Filipino children in two elementary schools in Compostela, Cebu, Phillip-
ines.

Interventions Participants were randomly assigned to one of four groups, consuming two 60 g pandesal per day for 8
months: group 1 (n = 86) consumed pandesal fortified with iron (hydrogen-reduced iron at 80 mg/kg, or
electrolytic iron at 80 mg/kg, or ferrous fumarate at 40 mg/kg); group 2 (n = 91) consumed iron and vi-
tamin A (at 490 RE/100g) fortified pandesal; group 3 (n = 31) received vitamin A-fortified pandesal; and
group 4 (n = 30) consumed pandesal made from non-fortified flour.

Among this group of children, around 21% were currently taking vitamin/mineral supplements at the
time of the study.

All children were dewormed with an albendazole tablet (400 mg; Kopran Limited, Mumbai, India) at 4-
month intervals

to rule out the possible effect of helminth infection on iron status.

Outcomes Anaemia, iron deficiency, haemoglobin and zinc protoporphyrin concentrations.

Adherence: The article indicates that field staD observed the feeding and recorded each child’s con-
sumption per day.

Notes In all participants anaemia decreased to 26%, but there was no effect of intervention on anaemia. Iron
deficiency decreased from 58% to 12%. Mean Hb concentrations for all children increased by 13 g/L
and mean zinc protoporphyrin concentrations decreased by 24.4 µmol/mol. Haemoglobin concentra-
tion was significantly higher in the iron and vitamin A group than the non fortified group.

• prevalence of anaemia at baseline in the target group: 40% or higher versus mixed/unknown.

• type of iron compound: comparable relative bioavailability (ferrous fumarate) and low relative
bioavailability (reduced iron and electrolytic iron);

• estimated wheat flour available per capita: less than 75 g/day

• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting

• duration of intervention: six months to one year

• flour extraction rate: unknown/unreported

• amount of elemental iron added to flour: 40 mg/kg or less (40 mg/kg for ferrous fumarate) and more
than 60 mg/kg (80 mg/kg for reduced iron and electrolytic iron)

Source of funding: Early Childhood Development Project of the Philippines government.

Dates of the study: May 2003 to March 2004.

Conflict of interest: Trial authors declared that there were no conflicts of interest.
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The project statistician generated a random number for each child. The chil-
dren were grouped in groups of 33.

Allocation concealment
(selection bias)

Low risk Quote "A letter and colour code was assigned to each of the treatment groups.
Participants were randomised to 1 of 8 groups after baseline data were collect-
ed. The project statistician generated a random number for each child. Num-
bers 1 – 33 were pre assigned to group A; 34 – 66 to B; 67–99 to C; 100–132 to D;
133 – 165 to E; 166 – 198 to F; 199 – 231 to G; and 232 – 264 to H."

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

Unclear risk Quote "there are no statistically significant differences between the groups.
However, the % of participants that were iron deficient in the control group
was 77, compared to 55% or 58% in some of the intervention groups."

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk Baseline characteristics are described in Table 3, there are no statistically sig-
nificant differences between the groups.

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

Low risk "Field personnel and participants were not aware of treatment assignment for
the duration of the study".

"Every month, 62.5 kg of each type of fortified flour was prepared at the nutri-
tion centre of the Philippines food plant in Taguig City... Pandesal was baked
at the bakery in Magay Elementary school every day... approximately 66 pieces
of each type of pandesal were prepared daily... each pandesal was packed in a
plastic bag with the child's name and identification number".

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

Low risk "Venous blood specimens were collected by trained phlebotomists and Hb
concentration was instantaneously measured using a B-haemoglobin pho-
tometer and zinc protoporphyrin (ZnPP) concentration with a hematofluorom-
eter machine".

Incomplete outcome data
(attrition bias)
All outcomes

Low risk In total, 95.2% of patients completed the trial. From the original included
study population, two children were found to be less than 6 years of age and
ten children were lost to follow-up due to transferred residence (n = 2), school
drop out (n = 6), or refused participation (n = 2).

Selective reporting (re-
porting bias)

Unclear risk Not protocol or register of clinical trial reported.

Other bias Low risk Well described methodology. No evidence of other risk of biases.

Recruitment bias Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Baseline imbalance Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Loss of clusters Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Incorrect analysis Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.
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Comparability with indi-
vidually Randomised Tri-
als

Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Cabalda 2009  (Continued)

 
 

Study characteristics

Methods 2-arms RCT in district Buner in Khyber Pakhtunkhwa province of Pakistan.

Participants 200 adolescent girls selected randomly from different union councils of district Buner who were free of
chronic infectious diseases and were not taking any medication or iron supplementation.

Interventions Participants were randomly divided into one of two groups: group 1 (n = 100) was fed with iron fortified
wheat flour; group 2 (n = 100) was fed with non-fortified wheat flour. For composite-flour preparation,
the flour was collected from one flour shop of the same flour mill, brand and with 75% extraction rate
to maintain the same level of phytic acid concentration naturally found in wheat flour.

One kg of the composite-wheat flour based on 143 g small bags was given to each individual of the
study group for 7 days. Similarly one kg of non-fortified wheat flour based on 143 g small bags was pro-
vided to each individual of control group. Participants from both groups were instructed to consume
one bag per day through preparing bread without sharing to other family members and was provided
on weekly basis to both groups for 3 months to see the effect of iron fortified wheat flour consumption
on the haemoglobin status of the adolescent girls.

Outcomes Dietary intake, haemoglobin concentrations at baseline and anaemia at 1, 2 and 3 months.
Adherence: Authors indicate that the participants were interviewed for dietary assessment and record-
ed 4 times from each study group on each month to know about the pattern of dietary intake of iron.

Notes The authors report that "there was no significant difference in the nutrient intake of the subjects par-
ticipated in the study at 5% level of significance as determined by analysis of variance during the time
frame of the study."

• prevalence of anaemia at baseline in the target group: 40% or higher

• type of iron compound: ferrous sulphate and comparable-relative bioavailability (e.g. ferrous fu-
marate)

• estimated wheat flour available per capita: 300 g/day or more

• malaria endemicity at the time that the trial was conducted: unknown malaria setting.

• duration of intervention: less than six months

• flour extraction rate: 75%

• amount of elemental iron added to flour: 40 mg/kg or less

Source of funding: not reported.

Dates of the study: not reported.

Conflict of interest: not reported by the trial authors.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was based on computer generated random number table for
randomly selection of study and control utilizing the Lady Health Workers (LH-
Ws) of Department of Health (author communication, 2017)

Dad 2017 
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Allocation concealment
(selection bias)

High risk The Lady Health Workers (LHWs) of Department of Health served as a re-
searchers, The LHWs usually have their catchment area (approximately hav-
ing 700-800 population) which she usually visits their houses on monthly ba-
sis), each LHW/researcher were well aware about her assigned group. The list
of LHWs were well maintained according to the study and control adolescent
individuals’ involved (author communication, 2017).

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

Low risk Baseline values of haemoglobin concentrations and prevalence of anaemia
were similar among the two groups as reported by the Authors. Quote "Table
4 shows mean values of haemoglobin at 0 month (baseline) which was 11.878
±0.46 and 11.754 ± 0.61........"

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk There was no significant difference in the nutrient intake of the subjects partic-
ipated in the study. Both groups were of similar age, weight, height and body
mass index.

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

High risk Each and every individual involved in the trails were well aware about the ob-
jectives and processes involved. The assignment of study and controls were
based on coding for each LHW name and Union Counsel she belong to, (i.e.
Shahzia-Gagra-S, Shahzia is the name of LHW, Gagra is the name of Union
Council and S is used for Study, similarly were the case of control) (author
communication, 2017).

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

High risk Each and every individual involved in the trial were well aware about the ob-
jectives and processes involved. The assignment of study and controls were
based on coding for each LHW name and Union Counsel she belong to, (i.e.
Shahzia-Gagra-S, Shahzia is the name of LHW, Gagra is the name of Union
Council and S is used for Study, similarly were the case of control) (author
communication, 2017).

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No losses to follow up are reported.

Selective reporting (re-
porting bias)

Unclear risk No protocol or register of clinical trial reported.

Other bias High risk The study guidelines and protocols was evidence and reference based, no pri-
or registration took place but consent form were signed from each individual
explaining the purpose and objective of the study and with full participation
(author communication, 2017).

Recruitment bias Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Baseline imbalance Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Loss of clusters Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Incorrect analysis Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Comparability with indi-
vidually Randomised Tri-
als

Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Dad 2017  (Continued)
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Study characteristics

Methods School-based RCT which was double-blinded, carried out among iron-depleted children.

Participants School children in 2 locations in India: an urban primary school in Bangalore city, Karnataka state, and
2 primary
schools in rural Vadu in Maharashtra state and they were fed wheat-flour chapatis for 7 months.

Interventions The intervention group (n = 200) consumed chapatis made with wheat flour fortified with 60 mg/kg
NaFeEDTA, the control group (n = 201) consumed chapatis prepared using unfortified flour.

Outcomes Anaemia, iron deficiency, haemoglobin, sTfR, serum ferritin, anthropometric measures, cognitive

development (short-term memory and retrieval ability, cognitive speed, and fluid reasoning). Authors
state "The cognitive
measures consisted of a series of neuropsychological tests applicable for use in school-aged children
related to specific cognitive domains (shortterm memory and retrieval ability, cognitive speed, and flu-
id reasoning) consistent with the Carroll model. The cognitive battery included 3 core tests from the
Kaufman Assessment Battery for Children and
additional tests that underwent an extensive adaptation process to ensure their applicability in the lo-
cal cultural context. The specific tests used were Atlantis (learning ability/long-term storage and re-
trieval scale), KOHS Block Design (visuo-spatial ability), Word Order (sequential processing/short-term
memory scale), Pattern Reasoning (planning/
fluid reasoning scale), Verbal Fluency (broad retrieval ability), and Coding-WISC-III (cognitive speed).
The tests were adapted for use in 7- to 15-y-old Kannada-speaking children of low socioeconomic sta-
tus in Bangalore, India through an iterative process of translating, piloting, and modifying. These cogni-
tive measures were previously shown to be sensitive to the effects of nutritional interventions and were
administered by trained masters-level psychologists in the local Kannada language."

Adherence: "The research staD ensured that the study children consumed their standard meals (3

chapathis and vegetable/lentil accompaniments) under their direct supervision. The staD at both the
study sites were given adequate training on the measurement of leftovers on a visual scale to ensure
standardization."

Notes After 7 months, the prevalence of anaemia in the intervention group decreased from 20.5% to 14.1 % (P
< 0.05), but did not change in the control group. Similary the prevalence of iron deficiency decreased in
the treatment group from 62.5% to 20.5% (P < 0.001) without a change in the control group. Iron-defi-
ciency anaemia in the intervention group significantly decreased from 17.7% to 8.6% (P < 0.001). There
was a time x treatment interaction for Hb, serum ferritin, transferrin receptor, zinc protoporphyrin, and
BIS (all P < 0.0001). There were no significant differences in cognitive performance tests between the
groups.

Authors report that "Compliance was estimated based on the mean consumption of the cooked meal
per day per child throughout the study period. The mean compliance with the intervention in the Ban-
galore and Vadu sites was estimated to be 85 and 78%, respectively. While compliance in the treatment
and control groups at the Bangalore site was 84.3 and 85.7% respectively, the figures for Vadu were
78.7 and 76.5%, respectively. The level of compliance between the intervention groups was compara-
ble throughout the study period."

• prevalence of anaemia at baseline in the target group: about 20% (21.5% in treatment group, 19.4%
in control group)

• type of iron compound: high-relative bioavailability (NaFeEDTA).

• estimated wheat flour available per capita: unknown/unreported.

• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting.

• duration of intervention: six months to one year

• flour extraction rate: more than 80%

• amount of elemental iron added to flour: 41-60 mg/kg

Muthayya 2012 
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Source of funding: Department of Biotechnology, Ministry of Science and Technology, Government of
India; AkzoNobel, India; St. John's National Academy of Health Sciences, Bangalore, India.

Dates of the study: July 2007-May 2008.

Conflict of interest: the trial authors have declared that there were no conflicts of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote "Randomisation was performed by means of a computer-generated list
in blocks of 8. the enrolled children."

Allocation concealment
(selection bias)

Low risk Quote "The enrolled children who were ranged in descending order by grade
at school and age in years were assigned intervention codes in sequence."

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

Low risk No significant differences in baseline outcome characteristics between the
groups. Also Authors report " Children were eligible for inclusion into the study
if they were: 1) apparently healthy, without any chronic illness and physi-
cal/mental handicaps; 2) not severely anaemic (Hb <80 g/L); 3) Fe depleted (SF
<20 mg/L or TfR >7.6 mg/L and ZnPP concentration >40 mmol/mol heme); 4)
not intending to use micronutrient supplements during the study; and 5) plan-
ning to reside in the study area during the next 12 mo."

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk No significant differences in baseline characteristics.

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

Low risk "The study investigators, assessors of cognitive tests, and study children were
all unaware of the group assignments until the study was completed, all data
were entered, and the analyses were performed."

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

Low risk Blood samples were analysed at the Core Biochemistry Laboratory Facility at
St. John's research institute.
"The study investigators, assessors of cognitive tests, and study children were
all unaware of the group assignments until the study was completed, all data
were entered, and the analyses were performed."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Of the 401 children, 379 completed the study. For those that completed the
study, very few missing data point (table 3), less than 1% missing. Very small
dropout rate (about 5%).

Selective reporting (re-
porting bias)

Low risk All outcomes that study was designed to measure were reported.

Other bias Low risk No evidence of other risk of biases.

Recruitment bias Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Baseline imbalance Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Loss of clusters Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Incorrect analysis Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Muthayya 2012  (Continued)
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Comparability with indi-
vidually Randomised Tri-
als

Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Muthayya 2012  (Continued)

 
 

Study characteristics

Methods Cluster RCT, randomised by tea estates in Sri Lanka.

Participants There were 3229 total participants: preschool-age children (9 - 71 months of age); school-age children
(6-11 years of age); adult, non-pregnant women.

Interventions Participants were randomly assigned to one of 3 groups within the six estates; group 1 received wheat
flour fortified with electrolytic iron (n = 1011); group 2 received wheat flour fortified with reduced iron
(n = 1103); group 3 received unfortified flour (n = 1114). Each of the intervention arm was further divid-
ed depending on the age characteristics as pre-school, primary school and adult non-pregnant women.

Outcomes Anaemia and haemoglobin concentrations.
Adherence: dietary assessment were collected every six months using a 24h recall.

Notes In this cluster-randomised trial, we made adjustment towards design effect while presenting the out-
comes anaemia and haemoglobin concentration by estimating the effective sample size. The randomi-
sation was done at the level of tea estates, however there is no mention of the average population size
of these tea estates. Further authors also report the identification of study population in the eligible
age groups at the household level. Hence for calculation purposes, average household size of 3 was
taken as the mean cluster size. The trial did not report any ICC and hence its value was considered as
0.02723, from ICC for postal code reported in other studies for outcome haemoglobin (Adams 2004;
Gulliford 1999) and we computed a design effect of 1.054. Using this, we calculated effective sample
size after combining individual arms of electrolytic and reduced iron interventions across pre-school
children, primary school children and adult women of reproductive age groups, as pair wise interven-
tion and control arms. To report the outcome of anaemia, we calculated the effective sample size as
155 with anaemia (from n=163) out of 920 participants (from n=970) in the intervention arm and 83 with
anaemia (from n=88) out of 497 (from n=524) participants in the control arm. While reporting the lev-
el of anaemia based on the baseline prevalence of anaemia in the study population, it was revised as
45 out of 569 participants in the intervention arm and 23 out of 309 participants in the group with base-
line anaemia prevalence <20%. For the group with baseline anaemia prevalence of 20-39%, the effec-
tive sample size was calculated as 110 with anaemia out of 351 participants in the intervention arm and
61 out of 188 in the control arm.

However, for haemoglobin concentrations, only the total numbers in both intervention and control
groups were adjusted as above without changing the mean and standard deviation, thus making total
number of participants in fortified rice group as 152 and control group as 146.

Authors report that "Over 90% of the preschool children ate flour-containing foods: 96%, 93% and 85%
in the control, electrolytic and reduced iron flour groups, respectively. These children ate the equiv-
alent of 118.6 ±91.5 g flour/day and those in the electrolytic iron flour group ate significantly more
flour-containing foods than those in the other two groups." "For primary-school children, under 95%
of the, ate flour-containing foods: 96%, 93% and 93% in the control;. Electrolytic and reduce iron flour
groups respectively. These children ate the equivalent to 150.5 ± 100.4 g flour/day." "Over 90% of the
women ate flour-containing foods: 96%, 93% and 89% in the control, electrolytic and reduced-iron
flour groups, respectively. These women ate the equivalent to 189.5 ±158 g flour/day."

• prevalence of anaemia at baseline in the target group: less than 20% (children 9 - 71 months); less
than 20% (children 6 - 11 years); 20% to 39% (non-pregnant women).

• type of iron compound: low relative bioavailability (reduced iron and electrolytic iron).

• estimated wheat flour available per capita: unknown/unreported.

Nestel 2004 (C) 
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• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting.

• duration of intervention: more than one year (24 months).

• flour extraction rate: more than 80%.

• amount of elemental iron added to flour: more than 60 mg/kg.

Source of funding: USAID Opportunities for Micronutrient Interventions (OMNI) project and the Interna-
tional Life Sciences Insitute (ILSI)-managed Micronutrient Global Leadership (MGL) project.

Dates of the study: January 1998 to December 1999.

Conflict of interest: trial authors have not reported the conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The technique of random sequence generation is not specified except for the
mention of random assignment. Quote: "Random assignment of the estates."

Allocation concealment
(selection bias)

Low risk Quote: "The mill assigned the flour code and kept it confidential" cluster ran-
domised by estate, six estates not necessarily adjacent to one another, varia-
tion between distances of estates to nearest towns."

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

High risk There were significant differences across the arms in baseline haemoglobin
concentrations among primary school children, anaemia among groups of
women as reported by the authors; which may have affected haemoglobin
outcomes.

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

High risk There were significant differences in various baseline characteristics includ-
ing mean age in the group of women, baseline body weight and weight for age,
height for age z-scores among primary school children.

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

Low risk Quote "The three trial flours were identifiable by a clearly visible number (1, 2
or 3) on the jute bag. The mill manager assigned the flour code and kept it con-
fidential. The only other person who know the flour code was the scientist who
conducted the iron assays and sent the results directly to the mill".

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

Low risk Blood sample analysis was carried out.

Incomplete outcome data
(attrition bias)
All outcomes

High risk More than 50% dropout over 2 years.

Selective reporting (re-
porting bias)

Unclear risk All outcomes described in methods were reported, however no clinical trial
registry identified.

Other bias Low risk No evidence of other risk of biases.

Recruitment bias Low risk Initial survey was carried out to identify the study participants in three age
groups followed by assignment of "tea estates" as clusters into three arms

Baseline imbalance High risk The clusters varied in terms of geographical location, access to health care and
utilization of health services. There is no information as to which intervention
these types of clusters belonged to; however the Authors report similarity of
other social and demographic characteristics

Nestel 2004 (C)  (Continued)
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Loss of clusters Unclear risk Auhors report loss of follow up of individual participants from each of the clus-
ters, but the clusters per say were retained.

Incorrect analysis Unclear risk Analysis explained in detail incorporating the multivariate models, but no de-
tails about clustering effect taken into consideration

Comparability with indi-
vidually Randomised Tri-
als

Unclear risk The three groups of clusters and three separate age group of study population
along with the loss to follow up do not reflect the comparability with an indi-
vidually randomised trial.

Nestel 2004 (C)  (Continued)

 
 

Study characteristics

Methods This double-blind cluster RCT where "bari" (with 5 to 6 adjoining households having a population of
about 30–35 relatives) was taken as a cluster was carried out in a rural community of Bangladesh.

Participants Total of 43 baris were randomly assigned to either intervention or control group, wherein 352 children
were enrolled in the trial, 203 in the intervention group and 149 in the control group. Finally 191 in the
intervention group and 143 in the control group were included in the analysis.The study was carried
out among school going children aged 6 years and above.

Interventions The intervention group received chapati made of wheat flour fortified with added micronutrients, while
the control group received chapati made of wheat flour without added micronutrients for 6 months.

Outcomes Vitamin A, haemoglobin and iron status. The trial measured that micronutrient-fortified wheat-flour
chapati significantly increased serum retinol concentration at 6 months by 0.12 mmol/L.

Adherence: "The pre-test revealed high compliance [97.6% (n = 43)] of chapatti consumption by the
participating children."

Notes Considering the total number of children in the eligible age group in all the included 43 baris as 352
(191 + 143 + 12 + 6), giving the mean cluster size of 8. For Rahman 2015 (C), the ICC for anaemia report-
ed was 0.1 and a design effect of 1.7 was calculated. The effective sample size was calculated using
this design effect as 29 with anaemia (from n=50) out of 112 (from n = 191) in the intervention arm and
21 (from n = 36) out of 84 participants (from n = 143). For reporting haemoglobin concentrations, we
revised the total number of participants in both the intervention and control arms keeping the same
mean and SD; while using ICC = 0.2 as reported by the trial authors. The total effective sample size in
the intervention arm was revised to 80 (from n = 191) and in the control arm was revised to 60 (from n =
143) with the calculated design effect of 2.4. The ICC reported for iron deficiency was 0.19 using serum
ferritin concentration (cut oD SF 20mg L-1) and using this ICC we calculated a design effect of 2.33 for
iron deficiency. The effective sample size was adjusted to 15 children with iron deficiency (from n = 36)
among 82 children in intervention arm (from n = 191) and 12 children with iron deficiency (from n = 27)
out of 61 children in control arm (from n = 143).

Authors report that "Considering the highest possible intake of 366 chapattis, equal or greater than
90% (329 chapattis) compliance were achieved by 89% and 93% of the children in fortified and control
groups, respectively, and there were no statistical differences in the mean chapatti intake or compli-
ance between the groups."

• prevalence of anaemia at baseline in the population 24.3% in intervention arm and 30.3% in control
arm.

• type of iron compound - low bioavailability - 66 mg hydrogen-reduced elemental iron and 3030 mg
retinol equivalent retinol palmitate/kg of flour. Iron content was 90% of the added amount on the dry
weight basis.

• flour extraction rate: unknown/unreported.

• amount of elemental iron added to flour: 66 mg hydrogen-reduced elemental iron per kg of flour

Rahman 2015 (C) 
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• estimated wheat flour available per capita: not available.

• duration of follow up: 6 months.

• malaria endemicity at the time that the trial was conducted: not reported.

• they reported ICC of 0.1 for anaemia, 0.19 for iron deficiency (using SF) and 0.2 for haemoglobin con-
centration.

Source of funding: This study was funded by a grant from the MOST project (Contract No. HRN-
AA-00–98-00047-00) and by support to the Mirsarai field area by US cooperation Agreement No. 388-
A-00-97-00032-00.

Dates of the study: February 2002 to April 2002 (Recruitment to beginning of interventions, followed by
6 month follow up. Flour distribution commenced during the last week of March and the consumption
of chapatti started during the first week of April 2002

Conflict of interest: The authors reported that no researcher in the study had conflicts of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote "assuming that 7–9 eligible children (6–15years) would be available
from each bari and using a statistics book generated random number table, a
total of 44 baris were randomly selected from the total listed baris for distribu-
tion of the flour"

Allocation concealment
(selection bias)

Low risk Authors report "A person not involved with the study assigned the baris to six
different codes of flour (A, B, C, D, E and F) for distribution of the flour bags to
the baris."

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

High risk The baseline outcome measurements across intervention and control groups
were different 24.3% (intervention group) and 30.3% (control group).

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk The baseline characteristics were similar across the two groups with respect to
age, nutritional status and gender.

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

Low risk Quote "A person not involved with the study assigned the baris to six different
codes of flour (A, B, C, D, E and F) for distribution of the flour bags to the baris.
During analysis of data, the principal investigator was
informed that codes A, C and F were lumped into ‘group A’; and B, D and E into
‘group B’. It was only
after completion of the analysis, the groups were unblinded."

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

Low risk The principal investigator was blinded to the intervention until the analysis
stage

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Out of 203 children who were enrolled in to intervention group and 149 into
control group, 334 children completed the study (191 in the intervention and
143 in the control group).

Selective reporting (re-
porting bias)

Low risk The authors reported all the indicators in their results as per the reported plan.

Other bias Low risk No evidence of other risk of biases.

Rahman 2015 (C)  (Continued)
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Recruitment bias Low risk Authors report "assuming that 7–9 eligible children (6–15 years) would be
available from each bari

and using a statistics book generated random number table, a total of 44 baris
were randomly selected from the total listed baris for distribution of the flour.
Among the 44 selected baris, 22 baris were randomly assigned to the interven-
tion group and 22 baris to the control group (control)."

Baseline imbalance Low risk Authors report "there was no significant difference between groups with re-
spect to age, sex, weight,
height and the outcome variables (SR, SF, STfR,Hb, VAD, anaemia and iron de-
ficiency based on
SF), except for iron deficiency based on STfR and nutritional status (BAZ)."

Loss of clusters Low risk As per the Authors' report, during baseline data collection, one of the selected
clusters (baris)

withdrew their consent, and leaving a total of 43 baris in the study.

Incorrect analysis Low risk Authors report "As the assumption of independence among the subjects was
violated due to clustering effect of the individuals nested within baris, mul-
ti-level analyses were performed by incorporating the cluster (bari) as random
effects in the mixed-model analyses. All models were adjusted for child’s sex,
age and baseline values."

Comparability with indi-
vidually Randomised Tri-
als

Low risk During sample size calculation, conduct of the study and at analysis stage the
clustering effect was taken into account, to make the study findings compara-
ble to an individually randomised trial.

Rahman 2015 (C)  (Continued)

 
 

Study characteristics

Methods RCT.

Participants Children attending a primary school aged 6 to 11 years serving a low socioeconomic community in the
Western Cape, South Africa.

Interventions Participants were randomly assigned to one of 4 groups: group 1 (n = 90), the control group received
brown bread with no fortification of iron; group 2 (n = 90) received brown bread fortified with NaFeED-
TA; group 3 (n = 91) received brown bread fortified with ferrous fumarate; group 4 (n = 90) received
brown bread fortified with electrolytic iron. Each child received 4 slices of bread (total of 140g) distrib-
uted over 2 meal periods per school day. The study duration was 34 weeks. All participants were de
wormed four weeks prior to the baseline assessment.

Outcomes Anaemia, iron deficiency prevalence, CRP (inflammation), haemoglobin, serum ferritin, serum iron,
transferrin saturation, serum transferrin receptor.
Adherence: "Children ate the bread under supervision and the school teacher recorded compliance dai-
ly using colour-coded record sheets".

Notes This study evaluated the efficacy of NaFeEDTA and ferrous fumarate as fortificants in brown bread at
levels that are compatible with the food matrix, not inducing colour changes. These two compounds
were not efficacious in improving haemoglobin or iron status in schoolchildren. This study showed
that electrolytic iron, at the level currently used in the South African food fortification programme, al-
so does not improve the Hb concentrations or iron status. Despite the high relative bioavailability of
NaFeEDTA and ferrous fumarate, neither compound therefore appears to be suitable for use as a fortifi-
cant in brown bread baked under conditions commonly used in South Africa.

van Stuijvenberg 2008 
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Authors report that "Compliance, assessed as the amount of bread consumed as a percentage of the
total amount provided during the study period, was 91.3%in the control group, 91.5%in the NaFeEDTA
group, 89.6% in the ferrous fumarate group, and 88.4%, in the electrolytic iron group."

• prevalence of anaemia at baseline in the target group: more than 40%.

• type of iron compound: high relative bioavailability (iron ethylenediaminetetraacetic acid) and fer-
rous sulphate and comparable relative bioavailability ( fumarate) and low relative bioavailability
(electrolytic iron).

• estimated wheat flour available per capita: unknown/unreported.

• malaria endemicity at the time that the trial was conducted: non/unknown malaria setting.

• duration of intervention: six months to one year .

• flour extraction rate: more than 80%.

• amount of elemental iron added to flour: less than 40 mg/kg.

Source of funding: unclear. However, NaFeEDTA (Ferrazone) was supplied by Akzo Nobel Functional
Chemicals and ferrous fumarate and electrolytic iron (particle size, 45 mm; 325 mesh) by DSM Nutri-
tional Products SA.

Dates of the study: March 2006 to October 2006.

Conflict of interest: Trial authors have declared that there were no conflicts of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote "Children within each school grade (grades 1–6) were stratified by 3 Hb
levels (116 g/L, 116–121 g/L, and 122–125 g/L) and then randomly assigned to
4 groups using a random list generated by a statistician".

Allocation concealment
(selection bias)

Unclear risk There is no description of any procedure followed for Allocation concealment
except for the statement by the Authors "this process was performed away
from the school by a member of the research team."

Similarity of baseline out-
come measurements
(checking for confounding,
a potential consequence
of selection bias)

Low risk No significant differences in baseline outcome measurements among groups.
Quote "those with Hb < 125 g/L (n = 362) were selected to take part in the
study"

Similarity of baseline char-
acteristics (checking for
confounding, a potential
source of selection bias)

Low risk No significant differences in baseline characteristics among groups. "Baseline
characteristics with regard to age, gender, anthropometric, and iron status
were similar for the control and intervention groups"

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

Low risk "The 4 groups were linked to specific colour codes to ensure that teachers,
field workers, and participants were unaware of the treatment assignment."

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

Low risk "All measurements were conducted without knowledge of the treatments and
only the project leader was aware of group allocation".

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Dropout rate was lower than 5% in the study

van Stuijvenberg 2008  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk All iron indicators that they indicated to measure in the methods were report-
ed, however not clinical trial registry identified.

Other bias Low risk No evidence of other risk of biases.

Recruitment bias Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Baseline imbalance Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Loss of clusters Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Incorrect analysis Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

Comparability with indi-
vidually Randomised Tri-
als

Unclear risk Not applicable. We evaluated this domain in cluster-randomised studies only.

van Stuijvenberg 2008  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abreu 2009 This dissertation is a subproject from "The impact of iron and folic acid fortification in wheat and
corn flours in pregnant haemoglobin concentration attended in health public services" using sec-
ondary data collected through pregnant women individual medical chart at a prenatal attention
programme in Sao Bernardo do Campo city at Sao Paulo State, Brazil. It assessed haemoglobin
concentrations in two groups: group 1 (n = 384) women who attended prenatal services and gave
birth before June 2004 and received no flour fortification; group 2 (n = 384) women with a date
from the last menstrual period after June 2005 who received flour fortification. It was excluded due
to simultaneous wheat and maize flours fortification with iron in Brazil.

Al 2016 This was a retrospective analysis of a study carried out in Jordan from two repeated national cross-
sectional surveys among pre-school age children to evaluate changes in the prevalence of anaemia
after implementation of wheat flour fortification with multiple micronutrients. The two surveys
were conducted in 2007 and 2009. But since this study did not report a control group, it was exclud-
ed.

Araujo 2013 This before-and-after study was carried out in independent population samples in 366 pregnant
women before mandatory fortification of flours and 419 pregnant women after mandatory fortifi-
cation. It was excluded due to simultaneous fortification of wheat and maize flours in Brazil.

Assunçao 2007 This time-series study was carried out in Pelotas, southern Brazil, and consisted of three assess-
ments with 12 month intervals. The first one in May 2004, before mandatory wheat and maize flour
fortification in Brazil, including 453 pre-school children in the before group, 923 after 12 months
and 863 after 24 months. It was excluded due to simultaneous fortification of wheat and maize
flour in Brazil. A similar study used population-based surveys conducted in 2004 (baseline, before
mandatory wheat and maize flour fortification in Brazil), 2005, 2006 and 2008, including children
under 6 years of age residing in the urban area of the city of Pelotas, southern Brazil. It was exclud-
ed due to simultaneous fortification of wheat and maize flours in Brazil.

Biemi 2013 This study was a before-and-after study without a control group. It was conducted at the paediatric
unit of the university hospital of Treichville, one of the three main hospitals of Abidjan, the largest
city of Ivory Coast. The medical records of 467 children from 5 to 14 years old were analysed. The
period from 1 January 2004 to 31 December 2006 was considered as pre-fortification period and
the period from 1 January 2008 to 31 December 2010 was regarded as the post-fortification period.
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Study Reason for exclusion

Data for anaemia, haemoglobin, haematocrit, red blood cell count, and mean corpuscular volume
were compared between pre- and post-fortification periods.

Bokhari 2012 This double-blind, randomised trial included 34 Caucasian, primiparous antenatal patients dur-
ing six weeks intervention with iron-rich bread; however the flour used for the preparation of such
bread was eragrostis and not wheat flour.

Bothwell 1978 This study described potential risk of iron overload in individuals with idiopathic haemochromato-
sis and beta-thalassaemia if iron fortification levels in flour were increased in the United States. It
was excluded because it was not an intervention study.

Bouhouch 2016 This 2 × 2 factorial, double-blind, placebo-controlled trial evaluated effects of iron and EDTA, alone
and in combination, on blood lead concentration, iron status, and cognition of 457 lead-exposed
Moroccan children. This study was excluded because the fortification was not at flour stage.

Bromage 2018 This study evaluated the effectiveness and safety of Industrial fortification of wheat flour alone and
in combination with edible oil and milk in reducing the prevalence of multiple micronutrient in-
take deficiencies among healthy non-pregnant adults in Mongolia (n=320). Here summer and win-
ter bioavailable micronutrient intake and intake deficiency under different fortification guidelines
were assessed. Since it was not an RCT and objectives of the study was to assess the micronutrient
intake status of the participants, this study was excluded.

Brown 2011 This article presents some results from a national survey: prevalence of vitamin A, iron deficiency
and intakes of fortifiable foods in Cameroon to assess baseline biomarkers before applying a mass
food-fortification programme.

Chavez 1998 This survey was carried out in the metropolitan zone of Caracas in 1994 and reported the average
consumption of fortified corn and wheal flours in Venezuela.

Costa 2008 This study was not an intervention trial and was excluded because it presented only the prevalence
of anaemia in pre-school children attending public day cares in Sao Paulo, Brazil and assessed
whether the school menu provided enough iron considering the iron fortification program that in-
cluded fortification of both maize and wheat flours.

Da Silva 2012 This before-and-after study of 778 pregnant women attending prenatal care (n = 391) in the pre-
fortification group; (n = 387) in the post-fortification group) was excluded because it assessed the
effect of simultaneous iron fortification of wheat and maize flours in Brazil. In addition, this study
lacked a control group.

De Souza 2011 This before-and-after study in 854 pregnant women in Teresina, Brazil was excluded due to simul-
taneous iron fortification of wheat and maize flours in Brazil. In addition, this study lacked a control
group.

de Vasconcelos 2014 This study reported data from two health and nutrition surveys as time trends observed in anaemia
prevalence and other associated factors among children 6-23 and 24-59 months of age in Pernam-
buco State, Brazil after fortification of wheat and maize flour with iron. This study was excluded be-
cause it provided only post-fortification data and lacked a control group.

El Hamoduchi 2010 This study evaluated the prevalence of iron-deficiency anaemia after wheat flour fortification with
elemental iron in Morocco. This study was performed as two separate post-fortification surveys
with target populations of women aged 15-49 years and preschool aged (2 - 5 years of age) children
and involved a total of 2495 children and 3034 women. This study was excluded because it provid-
ed only post-fortification data and lacked a control group.

Elwood 1971 This study enrolled 304 women in "therapeutic trial," in which women were supplied either with
bread containing "powdered iron" or bread containing ferric ammonium citrate. Therefore, this
was excluded because both groups were fortified with iron. SImilarly, in the "prophylactic trial"
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Study Reason for exclusion

presented in this study women were also provided with oral iron supplements, which is also an ex-
clusion criteria for this review.

Engle-Stone 2017 This study included two representative surveys 2 years before and 1 year after the introduction of
fortified wheat flour in Yaound´e and Douala, Cameroon. The study authors assessed Indicators
of inflammation, malaria, anaemia, and micronutrient status (plasma ferritin, soluble transferrin
receptor (sTfR), zinc, folate, and vitamin B-12) among women in15 to 49 years age group and chil-
dren between 12 and 59 months of age in a total of 300 households (10 households from the same
30 clusters). However, they did not report any control group in this repeat survey and hence it was
excluded.

Fallahi 2003 This is a before-and-after study without a control group, although it is described in the publication
as a "double-blind randomised controlled trial." A total of 30 subjects were surveyed, 15 received
bread fortified with FeSO4 only and 15 subjects received bread fortified with FeSO4 + Na2EDTA,
however data for 13 subjects in the first group and 12 in the second group completed the study.
Therefore, 25 university female students judged iron deficient on haemoglobin concentration of
less than 120 g/L and either low transferrin saturation (<16%) or serum ferritin (< 12ug/L). Subjects
consumed one loaf bread (78g wheat flour) per day containing 10 mg of iron for 2 months.

They were divided in two groups: group 1 (n=13) received fortified bread with 50 mg FeSO4; group
2 (n=12) received fortified bread with 50 mg FeSO4 + 33.5 mg Na2EDTA. The type of study design is
outside the scope of this review.

Fujimori 2009 This before and after study in pregnant women was excluded due to assessing the effect of simulta-
neous iron fortification of wheat and maize flours in Brazil.

Fujimori 2011 A retrospective, repeated cross-sectional study of health care centres of municipalities in the five
Brazilian regions was conducted from 12,119 medical records of pregnant women distributed in
two groups: before fortification (delivery prior to June 2004) and after fortification (date of last pe-
riod after June 2005). Overall, the prevalence of anaemia fell from 25% to 20% after fortification
(p<0.001), though some region-specific differences were reported. This before and after study was
excluded due to assessing the effect of simultaneous iron fortification of wheat and maize flours in
Brazil and because it lacked a control group.

Giorgini 2001 The study population was 89 preschool children of low socioeconomic status attending two day
nurseries in Sao Paulo, Brazil. It evaluated the efficacy of sweet rolls fortified with iron bis-glycinate
chelate on iron status in preschool children. The intervention lasted for 6 months and the preva-
lence of iron deficiency anaemia dropped from 62% to 22%. The authors concluded that sweet rolls
fortified with 2 mg of iron as bisglycinate chelate was highly effective for the control of iron defi-
ciency and iron-deficiency anaemia in young children. This before-and-after study was excluded
because it lacked a control group.

Granado 2013 This before-and-after study in children under 2 years of age carried out in western Brazilian Amazo-
nia with 170 children in the pre-fortification group and 224 children in the post-fortification group.
There were no statistically significant differences in the prevalence of anaemia or iron-deficiency
anaemia. Unexpectedly, the prevalence of iron deficiency increased post-fortification. This study
was excluded due to simultaneous iron fortification of wheat and maize flours in Brazil and be-
cause of the lack of a control group.

Grimm 2012 This it is not an intervention study, it assessed the prevalence of iron deficiency in two comparison
groups of women of childbearing age in Oman: 1) estimated consumption of fortified wheat flour
above 1 kg monthly per capita, and 2) estimated consumption below 1kg monthly per capita. Con-
sumption of iron-fortified flower was associated with a lower prevalence of iron deficiency. This
study did not report a control group and was excluded.

Hallberg 1989 This study was excluded because it assessed only bioavailability and not the outcomes specified in
this review.
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Hassanvand 2015 This descriptive study investigated the effectiveness of flour enrichment with iron on iron levels in
several enriched flour samples in the Lorestan province of Iran. The content of iron was measured
in flour samples as well as iron deficiency prevalence among women of reproductive age group.
This study did not report a control group and there were no comparisons carried out. Hence it was
excluded.

Heijblom 2007 A cross-sectional survey was conducted in a representative sample of 424 randomly selected first
graders (ages 6 to 11 years) from public schools located in the Northern Public Health Region of
Brasil. The results of this post-fortification survey were compared to a survey conducted in a similar
region and population pre-fortification (1998). The prevalence of anaemia was not significantly dif-
ferent between these two surveys. This before and after study with school age children was exclud-
ed because of simultaneous fortification in Brazil for wheat and maize flours and because of lack of
a control group.

Huang 2009 Study on 409 anaemic students, 11-18 years old with iron-deficiency anaemia, divided into four
groups, each "supplied" with a different type of fortified flour or control group ("basal flour"):
group 1 (n = 109) was the control group (47 males, 62 females); group 2 (n = 96) received electrolytic
iron (60 mg Fe/kg flour), 42 males, 54 females); group 3 (n=107) consumed flour fortified with FeSO4

(30 mg Fe/kg flour (44 males,63 females). Group 4 received flour fortified with NaFeEDTA (20mg Fe/
kg flour, n=106). This study was excluded because it was not a randomised control trial despite be-
ing mentioned in the study design. There is no mention of process of randomisation anywhere in
the full-text article.

Hund 2013 This study shows haemoglobin concentrations after three years of the implementation of a nation-
al flour fortification programme but does have a control group or a before intervention description,
and was therefore excluded.

Huo 2011 (C) Study carried out in Weichang county, Chende city, China among rural Chinese females from farm-
ing community, aged 20-60. The intervention group received flour fortified with vitamin A, vitamin
B1, vitamin B2, niacin, folic acid, zinc, and 20 mg/kg electrolytic iron. This intervention group con-

sisted of 309 participants. The control group (n = 302) received non-fortified flour. The intervention
group showed a significant increase in haemoglobin levels between 24 months to 36 months inter-
vention, and the prevalence of anaemia rate decreased from 15.1% at baseline to 10.8% at 36 m.
Serum iron levels of the intervention group significantly increased at 36 months. The study was ex-
cluded because it did not specify whether it was randomised control trial.

Huo 2012 (C) Study carried out among female farmers age 20-60 from two suburbs of Lanzhou, China. The in-
tervention group received flour fortified with multiple nutrients. The control group (n = 277) re-
ceived non fortified flour. Haemoglobin levels of the intervention group were higher than the con-
trol group after 36 months, but anaemia prevalence of both the intervention and control groups
was not affected by the intervention.The study was excluded because it did not specify whether it
was randomised control trial.

ImhoD-Kunsch 2019 The study design is beyond the scope of this review. The study authors analysed data from
2012-2013 Household Income and Expenditure Survey in Solomon Islands to quantify food pur-
chases (as a proxy for food consumption) carried out among 4478 households. They estimated ap-
parent nutrient Intakes through fortified rice and wheat flour along with the study of other food
items being consumed together with the staple food items.

Kamien 1975 Before and after study lacking a control group that assessed the nutritional status of 66 aborigines
of all ages after a 6.5 month intervention with white bread fortified with iron and vitamins B1 and
niacin in Bourke, New South Wales. The first investigations were conducted during August-October,
1971 and in April 1972 and the follow up study in April 1974. The participants comprised 52 subjects
of a previous study and 14 of the members of two families who had agreed to take part in an exten-
sive dietary study. The outcomes measured were anaemia, haemoglobin, microcytic hypochromic
blood fill and white cell count.
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Kendrick 2015 This was a longitudinal study carried out in Indonesia. The study subjects included 5,828 non-preg-
nant women of child-bearing age with haemoglobin measurements in 1997, 2000, and 2007, which
were used in their analyses. This study was excluded because it did not report a control group.

Layrisse 1996 This before-and-after study compared the post-fortification prevalence of iron deficiency and
anaemia in 307 children aged 7, 11, and 15 to a previously conducted pre-fortification survey. The
prevalence of both iron deficiency and anaemia were decreased post-fortification. This study was
excluded due to simultaneous fortification with iron of wheat and maize flours in Venezuela and
because it lacked a control group.

Layrisse 2002 This study summarized three surveys carried out on children ages aged 7, 11, and 15 in Caracas,
Venezuela during the post-fortification period (surveys were conducted in 1997, 1998, and 1999).
The prevalence of iron deficiency and anaemia was compared to previous pre- and post-fortifica-
tion studies carried out in children of the same age and socioeconomic status. The authors deter-
mined that the prevalence of iron deficiency and anaemia initially declined immediately after forti-
fication and that it remained lower several years post-fortification. This study was excluded due to
simultaneous fortification with iron of wheat and maize flours in Venezuela and because it lacked a
control group.

Malpeli 2013 This prospective,non experimental, cross-sectional study evaluating pregnant women in the
province of Buenos Aires, Argentina was excluded because it assessed biomarkers of nutritional
status at baseline (n = 164) and 1 year after initiation (n = 108) of a food supplementation program.
This study was excluded because the food supplementation program provided a supplementary
diet consisting of wheat- and maize-fortified flour, rice, sugar, and fortified soup. In addition, this
study lacked a control group.

Martorell 2015 This study is an evaluation of the impact of Costa Rica’s fortification programme on anaemia in
women aged 15–45 y and children aged 1–7 y. Costa Rica has fortified several staple foods includ-
ing salt with iodine since 1972, sugar with vitamin A during 1974 through 1981 and then reinitiated
in 2003. Wheat and maize flour and rice are fortified with several water-soluble vitamins, including
folic acid but rice is not fortified with iron. Milk is also fortified with folic acid and vitamins A and D.
This study was excluded because the fortification was not specific to wheat flour.

Milman 1999 This study assessed iron status in a population survey in 1994 comprising 1332 Caucasian Danish
men equally distributed in age cohorts of 40, 50, 60 and 70 years. This study was excluded because
it did not consist of an intervention.

Modjadji 2007 This prospective cohort study in women of childbearing age assessed biomarkers of nutritional sta-
tus in 100 women (pre-fortification) compared to 80 women (post-fortification). Low haemoglobin
levels were present in 7.5% of women before fortification, and 5% of women after fortification. The
percentage of women with low ferritin levels was similar before and after fortification (25%). This
study was excluded due to simultaneous fortification of wheat and maize flours with iron in South
Africa and because it lacked a control group.

Mwangi 2015 The study reported the effect of oral iron supplementation as a capsule on Malaria and other
haematological parameters among 470 rural women aged 15 to 45 years with singleton pregnan-
cies, gestational age of 13 to 23 weeks, and haemoglobin concentration of 90 g/L or greater living
in Nyanza Province, Kenya. the women received daily supplementation with 60mg as ferrous fu-
marate (n = 237) or placebo (n = 233) from randomisation until 1 month postpartum. The primary
outcome was maternal Plasmodium infection at birth. In this population administration of daily
iron supplementation resulted in no significant differences in overall maternal Plasmodium infec-
tion risk and iron supplementation led to increased birth weight.

Natvig 1973 (C) The interventions occurred as a large-scale, community-based trial in two separate villages. Fe-
males (n=417) ages 25 - 40 from two villages in Western Norway were followed over 20 months. This
was not a randomised control trial, hence it was excluded.
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Osler 1999 This was a prospective cohort study following 238 Danish men and women (aged 35 - 65 years at
baseline) that measured dietary intake and serum ferritin at baseline, both pre-fortification and
post-fortification. This study was excluded due to simultaneous fortification of wheat and rye flour
in Denmark and because it lacked a control group.

Papathakis 2012 This before and after study assessed biomarkers of nutritional status pre- and post-fortification
with iron and other micronutrients (n=34 breast-feeding women) in South Africa. There was no
change in iron deficiency comparing rates before and after fortification. This study was excluded
due to wheat and maize fortification with iron being established simultaneously in South Africa and
because it lacked a control group.

Pouraram 2010 This study was excluded because it only presents baseline data from a study designed to assess the
effect of the flour fortification program on oxidative stress biomarkers and iron status among non-
anaemic 40 to 65-year-old adults from Damgan and Semnan provinces in Iran.

Pouraram 2012 This study was excluded because it was a before and after study that did not contain a control
group. Included male participants between 40 and 65 years of age. This was a 16 month study com-
paring wheat flour fortified with iron and other micronutrients. The outcomes measured were
haemoglobin, serum ferritin, serum iron, sTfR, and oxidative stress biomarkers. After 16 months,
serum iron levels had significantly increased from 102.9 ± 31.5 µg/dl (baseline) to 117.2 ± 29.8 µg/dl
(p < 0.001). The mean total antioxidant capacity was significantly lower than that at baseline. The
results of this study did not show any symptoms of iron overload after 8 and 16 months interven-
tion with fortified flour.

Rohner 2013 This is a national representative cross-sectional survey conducted in Cote d'Ivoire in July/Au-
gust 2007. The study focused on children aged 6-59 months and non-pregnant women aged 15-49
years. The expected sample size was 960 pre-school aged children and 960 non-pregnant women.
Anaemia prevalence was assessed. This study was excluded because it did not involve an interven-
tion.

Sadighi 2009 This was a before and after study conducted to evaluate the effectiveness of the flour fortification
programme, using a cross-sectional study. They measured blood haemoglobin and ferritin levels in
Bushehr (n = 600) and Golestan (n = 652) provinces among women aged 15–49 years. Iron content
was measured in samples of flour and bread to evaluate the flour. This study was excluded because
it was a before and after intervention observational study without a control group.

Sato 2008 This before-and-after study in pregnant woman was excluded due to simultaneous fortification of
wheat and maize flour with iron in Brazil.

Sato 2015 This study evaluated the prevalence of anaemia and haemoglobin levels in two independent cross-
sectional samples of pregnant women from Cuiaba-MT, Brazil (2003 to 2006) before (n = 414) and
after (n = 539) mandatory flour fortification with iron. There were no differences between the
groups with respect to the prevalence of anaemia or haemoglobin levels. This study was excluded
because it occurred in Brazil, where both wheat and maize flours were fortified with iron and be-
cause it lacked a control group.

Simmons 1994 This study was excluded because it does not report data for anaemia prevalence nor does it include
an intervention.

Sjoberg 2015 The study reported a repeat survey among 15 to 16 year old school going children in 1994 and
2000 in Sweden, assessing food habits with diet history interviews and iron deficiency defined with
serum ferritin stores. However the intervention was fortified sifted flour. Since this was a different
intervention other than wheat flour fortification at the flour stage, it was excluded.

Stuetz 2012 This study was excluded because it is a before and after without a control group. It consisted of two
sequential cross-sectional studies conducted in different groups of lactating mothers in a Maela
refugee camp at 12 weeks postpartum. The first survey was before and the second 4 - 5 months af-
ter micronutrient fortified flour had been provided to the camp (in addition to the regular food bas-
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ket). Iron status and micronutrients were measured in serum, whole blood and breast milk sam-
ples. Iron and zinc deficiency were associated with anaemia, and their proportions were signifi-
cantly lower after the introduction of micronutrient fortified flour.

Sun 2008 This is a before-and-after survey describing nutritional status and dietary patterns among rural
Chinese women, aged 20 to 60 years that was carried out in Weichang in Hebei province. This study
was excluded because it was a before and after study that lacked a control group.

Tazhibayev 2008 This is a before-and-after study that lacked a control group and hence was excluded. It was limited
to 40 households and 120 individuals (80 children between 2 and 15 years of age and 40 women in
reproductive age) in each country: Azerbaijan, Kazakhstan, Kyrgystan, Tajikistan, Uzbekistan and
Mongolia. Fortification of wheat flour with iron and other micronutrients as well as salt with iodine
resulted in significant increases in levels of blood haemoglobin, serum ferritin, serum folate, and
urinary iodine.

Varea 2011 This study was excluded because it presented the effect of a food program and not an intervention
of wheat flour fortification in Argentina.

Varea 2012 This article presents the effect of a food program and not an intervention of wheat flour fortifica-
tion in Argentina. Hence this study was excluded.

Zavaleta 2004 This sub sample of 250 infants, selected from a double-blind longitudinal study assessing the ef-
fects of wheat flour fortified with iron plus zinc, vitamin A and/or folic acid on biomarkers of nutri-
tional status was excluded because the population was limited to infants aged six months or less.

Zimmermann 2005 This double-blind randomised controlled trial was carried out among Thai women (non-pregnant,
aged 18-50) working in factories. They were randomised into one of four groups, receiving wheat-
based sweetened-butter cookies or sweetened white bread prepared with three different forms of
iron (ferrous sulphate, electrolytic iron, hydrogen-reduced iron) versus wheat-based snacks pre-
pared with unfortified wheat flour. The iron for a particular day’s dough was first dry-mixed into
sugar by hand in a small plastic bag. Since the fortification did not happen at the wheat flour stage,
this study was excluded.

Zimmermann 2011 This double blind randomised-controlled trial with cross over design carried out among school and
preschool children living in a lead-exposed environment with high levels of iron deficiency mea-
sured the effects of iron fortification with and without NaEDTA on lead burden, iron status, and
cognition. Because of the cross-over design, this study was excluded.

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Efficacy of multi-micronutrient fortified wheat-based food on the nutrition status of primary school
children aged 6-12 years in Lae, Papua New Guinea

Methods Generally healthy male and female children, from Lae in the Morobe Province of Papua New
Guinea.

Participants Aged 6 years to 12 years including both genders. Exclusion criteria will include severe anaemia
(haemoglobin concentration less than 70 g/L), signs of xerophthalmia and evidence of serious
chronic disease as observed by clinical nurses.

Interventions This study will be assessing the efficacy of micronutrient fortified biscuits on improving the nutri-
tion status of children aged between 6 and 12 years in schools within the city of Lae for two terms
of the school year. Each child will receive wheat flour-based biscuits. In the case of the 'Intervention
Group', these biscuits will be fortified with food-grade vitamins and minerals (thiamin mononitrate

Arcot 2017 
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(vitamin B1), riboflavin (vitamin B2), nicotinamide (vitamin B3), folic acid (vitamin B9), cyanocobal-

amin (vitamin B12), retinyl palmitate (vitamin A), iron (ferrous fumarate), and zinc (zinc oxide)).

Therefore, the dose of vitamins in each biscuit has been calculated to provide the equivalent intake
as would be found in the daily consumption of 75g of fortified wheat flour. Each child will receive
one biscuit per day of attendance throughout the study period except school and public holidays.
Researchers and assistants will also be blinded to intervention product code identities throughout
the trial from allocation to after statistical analysis.

Outcomes Plasma B12 MMA, plasma ferritin, plasma retinol, plasma zinc.

Starting date Two schools will be selected from urban Lae for the study, planned to commence at the end of Jan-
uary 2018 and conclude in June 2018.

Contact information A/Prof Jayashree Arcot

UNSW Australia School of Chemical Engineering Room 711, F10 Chemical Sciences Building Faculty
of Engineering Sydney NSW 2052, Australia

+61 2 9385 5360

j.arcot@unsw.edu.au

Notes Source of funding - Goodman Fielder

Arcot 2017  (Continued)

 
 

Study name Efficacy of an iron fortified wheat flour for the correction and the prevention of iron deficiency
anaemia in 18 to 59 months old children in Salapoumbe (East-Cameroon)

Methods Interventional study with simple randomisation done using coin -tossing

Participants Inclusion criteria: - Apparent good health, age ranging 18 to 59 months (both genders), haemoglo-
bin rate ranging 7 to 11 g/dl

Exclusion criteria: - Current iron supplementation; Apparent signs of severe malnutrition; An ob-
served chronic pathology (tuberculosis, AIDS, cycle cell disease?); Severe acute infection (serious
malaria, pneumonia, meningitis?); Blood transfusion of less than 3 months; Allergy to the cow's
milk and/or to the gluten

Interventions iron fortification vs placebo

Outcomes Haemoglobin rate, serum ferritin, serum iron, transferrin saturation, anaemia rate, iron deficiency
rate,iron deficiency rate, height and weight.

Starting date  

Contact information Jean Louis Essame Oyono

Carrefour Emia Yaounde Cameroon

+237 677 70 88 88

essame.oyono@gmail.com

Emeritus professor of pathology/ general manager IMPM

Notes Source of funding: Ministry of Health and Public Assistance, Nestle, Nutrition Institute of Africa.

Tetanye 2018 
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Comparison 1.   Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients added)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.1 Anaemia (defined as haemoglo-
bin below WHO cut-oD for age and
adjusted for altitude as appropriate)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.61, 1.07]

1.2 Anaemia (subgroup: by preva-
lence of anaemia at baseline)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.83 [0.66, 1.05]

1.2.1 Less than 20% 1 878 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.66, 1.72]

1.2.2 Between 20% and 39% 3 999 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.52, 1.24]

1.2.3 40% or higher 2 323 Risk Ratio (M-H, Random, 95% CI) 0.79 [0.49, 1.29]

1.2.4 Mixed/unknown 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.3 Anaemia (subgroup: by type or
iron compound)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.62, 1.06]

1.3.1 High relative bioavailability 2 460 Risk Ratio (M-H, Random, 95% CI) 0.64 [0.37, 1.12]

1.3.2 Comparable relative bioavail-
ability

2 248 Risk Ratio (M-H, Random, 95% CI) 0.66 [0.49, 0.90]

1.3.3 Low relative bioavailability 2 1492 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.82, 1.30]

1.4 Anaemia (subgroup: by wheat
flour available per capita)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.61, 1.07]

1.4.1 Less than 75 g/day 1 123 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.67, 1.58]

1.4.2 Between 75 and 149 g/day 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.4.3 Between 150 and 300 g/day 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.4.4 More than 300 g/day 1 200 Risk Ratio (M-H, Random, 95% CI) 0.63 [0.44, 0.89]

1.4.5 Unknown/unreported 3 1877 Risk Ratio (M-H, Random, 95% CI) 0.83 [0.52, 1.32]

1.5 Anaemia (subgroup: by malaria
endemicity)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.61, 1.07]

1.5.1 Malaria setting 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.5.2 Non/unknown Malaria setting 5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.61, 1.07]

1.6 Anaemia (subgroup: by duration
of intervention)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.61, 1.07]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.6.1 Less than six months 2 281 Risk Ratio (M-H, Random, 95% CI) 0.65 [0.47, 0.91]

1.6.2 Six months to one year 2 502 Risk Ratio (M-H, Random, 95% CI) 0.77 [0.43, 1.39]

1.6.3 More than one year. 1 1417 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.79, 1.29]

1.7 Anaemia (subgroup: by flour ex-
traction rate)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.61, 1.07]

1.7.1 Less than or equal to 80% 1 200 Risk Ratio (M-H, Random, 95% CI) 0.63 [0.44, 0.89]

1.7.2 More than 80% 2 1796 Risk Ratio (M-H, Random, 95% CI) 0.78 [0.45, 1.36]

1.7.3 Unknown/Unreported 2 204 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.70, 1.58]

1.8 Anaemia (subgroup: by amount
of elemental iron added to flour)

5 2200 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.62, 1.06]

1.8.1 40 mg/kg or less 3 329 Risk Ratio (M-H, Random, 95% CI) 0.68 [0.51, 0.92]

1.8.2 41-60 mg/kg 1 379 Risk Ratio (M-H, Random, 95% CI) 0.57 [0.37, 0.89]

1.8.3 More than 60 mg/kg 2 1492 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.82, 1.30]

1.8.4 Unreported/unknown 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.9 Iron deficiency (as defined by
study authors, based on a biomark-
er of iron status)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.10 Iron deficiency (subgroup: by
prevalence of anaemia at baseline)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.10.1 Less than 20% 1 131 Risk Ratio (M-H, Random, 95% CI) 0.92 [0.68, 1.26]

1.10.2 Between 20% and 39% 1 379 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.24, 0.44]

1.10.3 40% or higher 1 123 Risk Ratio (M-H, Random, 95% CI) 0.20 [0.06, 0.64]

1.10.4 Mixed/unknown 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.11 Iron deficiency (subgroup: by
type of iron compound)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.11.1 High relative bioavailability 1 379 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.24, 0.44]

1.11.2 Comparable relative bioavail-
ability

1 123 Risk Ratio (M-H, Random, 95% CI) 0.20 [0.06, 0.64]

1.11.3 Low relative bioavailability 1 131 Risk Ratio (M-H, Random, 95% CI) 0.92 [0.68, 1.26]

1.12 Iron deficiency (subgroup: by
wheat flour available per capita)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.12.1 Less than 75 g/day 1 123 Risk Ratio (M-H, Random, 95% CI) 0.20 [0.06, 0.64]

1.12.2 Between 75 and 149 g/day 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.12.3 Between 150 and 300 g/day 1 131 Risk Ratio (M-H, Random, 95% CI) 0.92 [0.68, 1.26]

1.12.4 More than 300 g/day 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.12.5 Unknown/unreported 1 379 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.24, 0.44]

1.13 Iron deficiency (subgroup: by
malaria endemicity)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.13.1 Malaria setting 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.13.2 Non/unknown Malaria setting 3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.14 Iron deficiency (subgroup: by
duration of intervention)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.14.1 Less than six months 1 131 Risk Ratio (M-H, Random, 95% CI) 0.92 [0.68, 1.26]

1.14.2 Six months to one year 2 502 Risk Ratio (M-H, Random, 95% CI) 0.32 [0.24, 0.42]

1.14.3 More than one year 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.15 Iron deficiency (subgroup: by
flour extraction rate)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.17, 1.07]

1.15.1 Less than or equal to 80% 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.15.2 More than 80% 1 379 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.24, 0.44]

1.15.3 Unknown/unreported 2 254 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.10, 2.17]

1.16 Iron deficiency (subgroup: by
amount of elemental iron added to
flour)

3 633 Risk Ratio (M-H, Random, 95% CI) 0.41 [0.17, 0.97]

1.16.1 40 mg/kg or less 1 46 Risk Ratio (M-H, Random, 95% CI) 0.36 [0.07, 1.91]

1.16.2 41-60 mg/kg 1 379 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.24, 0.44]

1.16.3 More than 60 mg/kg 2 208 Risk Ratio (M-H, Random, 95% CI) 0.41 [0.06, 2.76]

1.16.4 Unreported/unknown 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.17 Haemoglobin concentration (g/
L)

7 2355 Mean Difference (IV, Random, 95% CI) 3.30 [0.86, 5.74]

1.18 Haemoglobin concentra-
tion (subgroup: by prevalence of
anaemia at baseline (g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 2.79 [0.62, 4.97]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.18.1 Less than 20% 2 893 Mean Difference (IV, Random, 95% CI) 1.15 [-3.93, 6.24]

1.18.2 Between 20% and 39% 3 960 Mean Difference (IV, Random, 95% CI) 2.95 [-1.35, 7.25]

1.18.3 40% or higher 2 323 Mean Difference (IV, Random, 95% CI) 2.56 [0.89, 4.23]

1.18.4 Mixed/unknown 1 179 Mean Difference (IV, Random, 95% CI) 6.00 [2.46, 9.54]

1.19 Haemoglobin concentration
(subgroup: by type of iron com-
pound (g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 3.41 [1.02, 5.80]

1.19.1 High relative bioavailability 3 639 Mean Difference (IV, Random, 95% CI) 5.56 [3.71, 7.40]

1.19.2 Comparable relative bioavail-
ability

2 248 Mean Difference (IV, Random, 95% CI) 3.02 [0.12, 5.92]

1.19.3 Low relative bioavailability 3 1468 Mean Difference (IV, Random, 95% CI) 1.39 [-2.24, 5.02]

1.20 Haemoglobin concentration
(subgroup: by wheat flour available
per capita (g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 3.30 [0.86, 5.74]

1.20.1 Less than 75 g/day 1 123 Mean Difference (IV, Random, 95% CI) 3.77 [-0.73, 8.27]

1.20.2 Between 75 and 149 g/day 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

1.20.3 Between 150 and 300 g/day 1 124 Mean Difference (IV, Random, 95% CI) 4.00 [0.30, 7.70]

1.20.4 More than 300 g/day 1 200 Mean Difference (IV, Random, 95% CI) 2.37 [0.57, 4.17]

1.20.5 Unknown/unreported 4 1908 Mean Difference (IV, Random, 95% CI) 3.43 [-0.92, 7.78]

1.21 Haemoglobin concentration
(subgroup: by malaria endemicity
(g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 3.30 [0.86, 5.74]

1.21.1 Malaria setting 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

1.21.2 Non/unknown Malaria setting 7 2355 Mean Difference (IV, Random, 95% CI) 3.30 [0.86, 5.74]

1.22 Haemoglobin concentration
(subgroup: by duration of interven-
tion (g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 3.30 [0.87, 5.74]

1.22.1 Less than six months 3 405 Mean Difference (IV, Random, 95% CI) 2.73 [1.21, 4.25]

1.22.2 Six months to one year 3 681 Mean Difference (IV, Random, 95% CI) 5.63 [3.81, 7.46]

1.22.3 More than one year 1 1269 Mean Difference (IV, Random, 95% CI) -0.87 [-2.17, 0.43]

1.23 Haemoglobin concentration
(subgroup: by flour extraction rate
(g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 3.30 [0.86, 5.74]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.23.1 Less than or equal to 80% 1 200 Mean Difference (IV, Random, 95% CI) 2.37 [0.57, 4.17]

1.23.2 More than 80% 2 1648 Mean Difference (IV, Random, 95% CI) 2.49 [-4.24, 9.22]

1.23.3 Unknown/unreported 4 507 Mean Difference (IV, Random, 95% CI) 4.42 [2.41, 6.44]

1.24 Haemoglobin concentration
(subgroup: by amount of elemental
iron added to flour (g/L))

7 2355 Mean Difference (IV, Random, 95% CI) 3.41 [1.02, 5.80]

1.24.1 40 mg/kg or less 2 248 Mean Difference (IV, Random, 95% CI) 3.02 [0.12, 5.92]

1.24.2 41-60 mg/kg 3 639 Mean Difference (IV, Random, 95% CI) 5.56 [3.71, 7.40]

1.24.3 More than 60 mg/kg 3 1468 Mean Difference (IV, Random, 95% CI) 1.39 [-2.24, 5.02]

1.24.4 Unreported/unknown 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

1.25 Diarrhoea (three liquid stools in
a single day) (only in children 2 to 11
years of age)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.26 Respiratory infections (as mea-
sured by trialists) (only in children 2
to 11 years of age)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.27 All-cause death (only in chil-
dren 2 to 11 years of age)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

1.28 Infection or inflammation (CRP)
(only in children 2 to 11 years of age)

2 558 Mean Difference (IV, Random, 95% CI) 0.04 [-0.02, 0.11]

1.29 Height-for-age z-score (in chil-
dren)

1 179 Mean Difference (IV, Random, 95% CI) 1.90 [-2.42, 6.22]

1.30 Cognitive development (in chil-
dren)

1 850 Mean Difference (IV, Random, 95% CI) 0.33 [-0.29, 0.95]

 
 

Analysis 1.1.   Comparison 1: Wheat flour fortified with iron alone versus
unfortified wheat flour (no micronutrients added), Outcome 1: Anaemia (defined as

haemoglobin below WHO cut-o< for age and adjusted for altitude as appropriate)

Study or Subgroup

Barbosa 2012 (C)

Cabalda 2009

Dad 2017

Muthayya 2012

Nestel 2004 (C)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.14, df = 4 (P = 0.06); I² = 56%

Test for overall effect: Z = 1.46 (P = 0.14)

Test for subgroup differences: Not applicable

wheat flour fortified with iron alone
Events

4

44

32

26

155

261

Total

41

91

100

186

920

1338

unfortified wheat flour (no micronutrients added)
Events

3

15

51

47

83

199

Total

40

32

100

193

497

862

Weight

3.5%

20.8%

24.8%

20.4%

30.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.30 [0.31 , 5.45]

1.03 [0.67 , 1.58]

0.63 [0.44 , 0.89]

0.57 [0.37 , 0.89]

1.01 [0.79 , 1.29]

0.81 [0.61 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 1.2.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour
(no micronutrients added), Outcome 2: Anaemia (subgroup: by prevalence of anaemia at baseline)

Study or Subgroup

1.2.1 Less than 20%
Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.25 (P = 0.81)

1.2.2 Between 20% and 39%
Barbosa 2012 (C)

Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.07; Chi² = 4.46, df = 2 (P = 0.11); I² = 55%

Test for overall effect: Z = 0.98 (P = 0.33)

1.2.3 40% or higher
Cabalda 2009

Dad 2017

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.09; Chi² = 3.19, df = 1 (P = 0.07); I² = 69%

Test for overall effect: Z = 0.94 (P = 0.35)

1.2.4 Mixed/unknown
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.04; Chi² = 9.00, df = 5 (P = 0.11); I² = 44%

Test for overall effect: Z = 1.53 (P = 0.13)

Test for subgroup differences: Chi² = 0.92, df = 2 (P = 0.63), I² = 0%

wheat flour fortified with iron alone
Events

45

45

4

26

110

140

44

32

76

0

261

Total

569

569

41

186

351

578

91

100

191

0

1338

unfortified wheat flour (no micronutrients added)
Events

23

23

3

47

61

111

15

51

66

0

200

Total

309

309

40

193

188

421

32

100

132

0

862

Weight

14.8%

14.8%

2.5%

16.8%

27.1%

46.4%

17.3%

21.5%

38.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.06 [0.66 , 1.72]

1.06 [0.66 , 1.72]

1.30 [0.31 , 5.45]

0.57 [0.37 , 0.89]

0.97 [0.75 , 1.25]

0.81 [0.52 , 1.24]

1.03 [0.67 , 1.58]

0.63 [0.44 , 0.89]

0.79 [0.49 , 1.29]

Not estimable

0.83 [0.66 , 1.05]

Risk Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.3.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added), Outcome 3: Anaemia (subgroup: by type or iron compound)

Study or Subgroup

1.3.1 High relative bioavailability
Barbosa 2012 (C)

Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.04; Chi² = 1.15, df = 1 (P = 0.28); I² = 13%

Test for overall effect: Z = 1.57 (P = 0.12)

1.3.2 Comparable relative bioavailability
Cabalda 2009

Dad 2017

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.48, df = 1 (P = 0.49); I² = 0%

Test for overall effect: Z = 2.64 (P = 0.008)

1.3.3 Low relative bioavailability
Cabalda 2009

Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.28, df = 1 (P = 0.60); I² = 0%

Test for overall effect: Z = 0.29 (P = 0.77)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.59, df = 5 (P = 0.09); I² = 48%

Test for overall effect: Z = 1.52 (P = 0.13)

Test for subgroup differences: Chi² = 6.38, df = 2 (P = 0.04), I² = 68.6%

wheat flour fortified with iron alone
Events

4

26

30

13

32

45

31

155

186

261

Total

41

186

227

32

100

132

59

920

979

1338

unfortified wheat flour (no micronutrients added)
Events

3

47

50

8

51

59

7

83

90

199

Total

40

193

233

16

100

116

16

497

513

862

Weight

3.2%

19.1%

22.3%

11.9%

23.6%

35.4%

12.9%

29.4%

42.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.30 [0.31 , 5.45]

0.57 [0.37 , 0.89]

0.64 [0.37 , 1.12]

0.81 [0.43 , 1.55]

0.63 [0.44 , 0.89]

0.66 [0.49 , 0.90]

1.20 [0.66 , 2.20]

1.01 [0.79 , 1.29]

1.03 [0.82 , 1.30]

0.81 [0.62 , 1.06]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 1.4.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour
(no micronutrients added), Outcome 4: Anaemia (subgroup: by wheat flour available per capita)

Study or Subgroup

1.4.1 Less than 75 g/day
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.14 (P = 0.89)

1.4.2 Between 75 and 149 g/day
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.4.3 Between 150 and 300 g/day
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.4.4 More than 300 g/day
Dad 2017

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.65 (P = 0.008)

1.4.5 Unknown/unreported
Barbosa 2012 (C)

Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.09; Chi² = 5.20, df = 2 (P = 0.07); I² = 62%

Test for overall effect: Z = 0.80 (P = 0.42)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.14, df = 4 (P = 0.06); I² = 56%

Test for overall effect: Z = 1.46 (P = 0.14)

Test for subgroup differences: Chi² = 3.25, df = 2 (P = 0.20), I² = 38.5%

Experimental
Events

44

44

0

0

32

32

4

26

155

185

261

Total

91

91

0

0

100

100

41

186

920

1147

1338

Control
Events

15

15

0

0

51

51

3

47

83

133

199

Total

32

32

0

0

100

100

40

193

497

730

862

Weight

20.8%

20.8%

24.8%

24.8%

3.5%

20.4%

30.5%

54.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.03 [0.67 , 1.58]

1.03 [0.67 , 1.58]

Not estimable

Not estimable

0.63 [0.44 , 0.89]

0.63 [0.44 , 0.89]

1.30 [0.31 , 5.45]

0.57 [0.37 , 0.89]

1.01 [0.79 , 1.29]

0.83 [0.52 , 1.32]

0.81 [0.61 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.5.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added), Outcome 5: Anaemia (subgroup: by malaria endemicity)

Study or Subgroup

1.5.1 Malaria setting
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.5.2 Non/unknown Malaria setting
Barbosa 2012 (C)

Cabalda 2009

Dad 2017

Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.14, df = 4 (P = 0.06); I² = 56%

Test for overall effect: Z = 1.46 (P = 0.14)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.14, df = 4 (P = 0.06); I² = 56%

Test for overall effect: Z = 1.46 (P = 0.14)

Test for subgroup differences: Not applicable

Experimental
Events

0

4

44

32

26

155

261

261

Total

0

41

91

100

186

920

1338

1338

Control
Events

0

3

15

51

47

83

199

199

Total

0

40

32

100

193

497

862

862

Weight

3.5%

20.8%

24.8%

20.4%

30.5%

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable

1.30 [0.31 , 5.45]

1.03 [0.67 , 1.58]

0.63 [0.44 , 0.89]

0.57 [0.37 , 0.89]

1.01 [0.79 , 1.29]

0.81 [0.61 , 1.07]

0.81 [0.61 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 1.6.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added), Outcome 6: Anaemia (subgroup: by duration of intervention)

Study or Subgroup

1.6.1 Less than six months
Barbosa 2012 (C)

Dad 2017

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.95, df = 1 (P = 0.33); I² = 0%

Test for overall effect: Z = 2.50 (P = 0.01)

1.6.2 Six months to one year
Cabalda 2009

Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.13; Chi² = 3.76, df = 1 (P = 0.05); I² = 73%

Test for overall effect: Z = 0.86 (P = 0.39)

1.6.3 More than one year.
Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.14, df = 4 (P = 0.06); I² = 56%

Test for overall effect: Z = 1.46 (P = 0.14)

Test for subgroup differences: Chi² = 4.39, df = 2 (P = 0.11), I² = 54.4%

wheat flour fortified with iron alone
Events

4

32

36

44

26

70

155

155

261

Total

41

100

141

91

186

277

920

920

1338

unfortified wheat flour (no micronutrients added)
Events

3

51

54

15

47

62

83

83

199

Total

40

100

140

32

193

225

497

497

862

Weight

3.5%

24.8%

28.4%

20.8%

20.4%

41.2%

30.5%

30.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.30 [0.31 , 5.45]

0.63 [0.44 , 0.89]

0.65 [0.47 , 0.91]

1.03 [0.67 , 1.58]

0.57 [0.37 , 0.89]

0.77 [0.43 , 1.39]

1.01 [0.79 , 1.29]

1.01 [0.79 , 1.29]

0.81 [0.61 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.7.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added), Outcome 7: Anaemia (subgroup: by flour extraction rate)

Study or Subgroup

1.7.1 Less than or equal to 80%
Dad 2017

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.65 (P = 0.008)

1.7.2 More than 80%
Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.13; Chi² = 4.93, df = 1 (P = 0.03); I² = 80%

Test for overall effect: Z = 0.87 (P = 0.39)

1.7.3 Unknown/Unreported
Barbosa 2012 (C)

Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.10, df = 1 (P = 0.76); I² = 0%

Test for overall effect: Z = 0.24 (P = 0.81)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.14, df = 4 (P = 0.06); I² = 56%

Test for overall effect: Z = 1.46 (P = 0.14)

Test for subgroup differences: Chi² = 3.59, df = 2 (P = 0.17), I² = 44.3%

Experimental
Events

32

32

26

155

181

4

44

48

261

Total

100

100

186

920

1106

41

91

132

1338

Control
Events

51

51

47

83

130

3

15

18

199

Total

100

100

193

497

690

40

32

72

862

Weight

24.8%

24.8%

20.4%

30.5%

50.8%

3.5%

20.8%

24.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.63 [0.44 , 0.89]

0.63 [0.44 , 0.89]

0.57 [0.37 , 0.89]

1.01 [0.79 , 1.29]

0.78 [0.45 , 1.36]

1.30 [0.31 , 5.45]

1.03 [0.67 , 1.58]

1.05 [0.70 , 1.58]

0.81 [0.61 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 1.8.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 8: Anaemia (subgroup: by amount of elemental iron added to flour)

Study or Subgroup

1.8.1 40 mg/kg or less
Barbosa 2012 (C)

Cabalda 2009

Dad 2017

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.29, df = 2 (P = 0.52); I² = 0%

Test for overall effect: Z = 2.51 (P = 0.01)

1.8.2 41-60 mg/kg
Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.50 (P = 0.01)

1.8.3 More than 60 mg/kg
Cabalda 2009

Nestel 2004 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.28, df = 1 (P = 0.60); I² = 0%

Test for overall effect: Z = 0.29 (P = 0.77)

1.8.4 Unreported/unknown
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.05; Chi² = 9.59, df = 5 (P = 0.09); I² = 48%

Test for overall effect: Z = 1.52 (P = 0.13)

Test for subgroup differences: Chi² = 8.02, df = 2 (P = 0.02), I² = 75.1%

wheat flour fortified with iron alone
Events

4

13

32

49

26

26

31

155

186

0

261

Total

41

32

100

173

186

186

59

920

979

0

1338

unfortified wheat flour (no micronutrients added)
Events

3

8

51

62

47

47

7

83

90

0

199

Total

40

16

100

156

193

193

16

497

513

0

862

Weight

3.2%

11.9%

23.6%

38.6%

19.1%

19.1%

12.9%

29.4%

42.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.30 [0.31 , 5.45]

0.81 [0.43 , 1.55]

0.63 [0.44 , 0.89]

0.68 [0.51 , 0.92]

0.57 [0.37 , 0.89]

0.57 [0.37 , 0.89]

1.20 [0.66 , 2.20]

1.01 [0.79 , 1.29]

1.03 [0.82 , 1.30]

Not estimable

0.81 [0.62 , 1.06]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.9.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients
added), Outcome 9: Iron deficiency (as defined by study authors, based on a biomarker of iron status)

Study or Subgroup

Biebinger 2009

Cabalda 2009

Muthayya 2012

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Not applicable

wheat flour fortified with iron alone
Events

37

4

38

79

Total

70

91

186

347

unfortified wheat flour (no micronutrients added)
Events

35

7

121

163

Total

61

32

193

286

Weight

37.9%

24.2%

37.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.92 [0.68 , 1.26]

0.20 [0.06 , 0.64]

0.33 [0.24 , 0.44]

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]
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Analysis 1.10.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 10: Iron deficiency (subgroup: by prevalence of anaemia at baseline)

Study or Subgroup

1.10.1 Less than 20%
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

1.10.2 Between 20% and 39%
Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 7.23 (P < 0.00001)

1.10.3 40% or higher
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.71 (P = 0.007)

1.10.4 Mixed/unknown
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 24.79, df = 2 (P < 0.00001), I² = 91.9%

Experimental
Events

37

37

38

38

4

4

0

79

Total

70

70

186

186

91

91

0

347

Control
Events

35

35

121

121

7

7

0

163

Total

61

61

193

193

32

32

0

286

Weight

37.9%

37.9%

37.9%

37.9%

24.2%

24.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.92 [0.68 , 1.26]

0.92 [0.68 , 1.26]

0.33 [0.24 , 0.44]

0.33 [0.24 , 0.44]

0.20 [0.06 , 0.64]

0.20 [0.06 , 0.64]

Not estimable

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]

 
 

Analysis 1.11.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour
(no micronutrients added), Outcome 11: Iron deficiency (subgroup: by type of iron compound)

Study or Subgroup

1.11.1 High relative bioavailability
Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 7.23 (P < 0.00001)

1.11.2 Comparable relative bioavailability
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.71 (P = 0.007)

1.11.3 Low relative bioavailability
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 24.79, df = 2 (P < 0.00001), I² = 91.9%

Experimental
Events

38

38

4

4

37

37

79

Total

186

186

91

91

70

70

347

Control
Events

121

121

7

7

35

35

163

Total

193

193

32

32

61

61

286

Weight

37.9%

37.9%

24.2%

24.2%

37.9%

37.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.33 [0.24 , 0.44]

0.33 [0.24 , 0.44]

0.20 [0.06 , 0.64]

0.20 [0.06 , 0.64]

0.92 [0.68 , 1.26]

0.92 [0.68 , 1.26]

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]
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Analysis 1.12.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 12: Iron deficiency (subgroup: by wheat flour available per capita)

Study or Subgroup

1.12.1 Less than 75 g/day
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.71 (P = 0.007)

1.12.2 Between 75 and 149 g/day
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.12.3 Between 150 and 300 g/day
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

1.12.4 More than 300 g/day
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.12.5 Unknown/unreported
Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 7.23 (P < 0.00001)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 24.79, df = 2 (P < 0.00001), I² = 91.9%

Experimental
Events

4

4

0

37

37

0

38

38

79

Total

91

91

0

70

70

0

186

186

347

Control
Events

7

7

0

35

35

0

121

121

163

Total

32

32

0

61

61

0

193

193

286

Weight

24.2%

24.2%

37.9%

37.9%

37.9%

37.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.20 [0.06 , 0.64]

0.20 [0.06 , 0.64]

Not estimable

0.92 [0.68 , 1.26]

0.92 [0.68 , 1.26]

Not estimable

0.33 [0.24 , 0.44]

0.33 [0.24 , 0.44]

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.13.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat
flour (no micronutrients added), Outcome 13: Iron deficiency (subgroup: by malaria endemicity)

Study or Subgroup

1.13.1 Malaria setting
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.13.2 Non/unknown Malaria setting
Biebinger 2009

Cabalda 2009

Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Not applicable

Experimental
Events

0

37

4

38

79

79

Total

0

70

91

186

347

347

Control
Events

0

35

7

121

163

163

Total

0

61

32

193

286

286

Weight

37.9%

24.2%

37.9%

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable

0.92 [0.68 , 1.26]

0.20 [0.06 , 0.64]

0.33 [0.24 , 0.44]

0.43 [0.17 , 1.07]

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 1.14.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour
(no micronutrients added), Outcome 14: Iron deficiency (subgroup: by duration of intervention)

Study or Subgroup

1.14.1 Less than six months
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

1.14.2 Six months to one year
Cabalda 2009

Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.62, df = 1 (P = 0.43); I² = 0%

Test for overall effect: Z = 7.68 (P < 0.00001)

1.14.3 More than one year
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 24.16, df = 1 (P < 0.00001), I² = 95.9%

Experimental
Events

37

37

4

38

42

0

79

Total

70

70

91

186

277

0

347

Control
Events

35

35

7

121

128

0

163

Total

61

61

32

193

225

0

286

Weight

37.9%

37.9%

24.2%

37.9%

62.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.92 [0.68 , 1.26]

0.92 [0.68 , 1.26]

0.20 [0.06 , 0.64]

0.33 [0.24 , 0.44]

0.32 [0.24 , 0.42]

Not estimable

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]

 
 

Analysis 1.15.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour
(no micronutrients added), Outcome 15: Iron deficiency (subgroup: by flour extraction rate)

Study or Subgroup

1.15.1 Less than or equal to 80%
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.15.2 More than 80%
Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 7.23 (P < 0.00001)

1.15.3 Unknown/unreported
Biebinger 2009

Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 1.03; Chi² = 6.48, df = 1 (P = 0.01); I² = 85%

Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.55; Chi² = 26.69, df = 2 (P < 0.00001); I² = 93%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 0.23, df = 1 (P = 0.63), I² = 0%

Experimental
Events

0

38

38

37

4

41

79

Total

0

186

186

70

91

161

347

Control
Events

0

121

121

35

7

42

163

Total

0

193

193

61

32

93

286

Weight

37.9%

37.9%

37.9%

24.2%

62.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable

0.33 [0.24 , 0.44]

0.33 [0.24 , 0.44]

0.92 [0.68 , 1.26]

0.20 [0.06 , 0.64]

0.48 [0.10 , 2.17]

0.43 [0.17 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 1.16.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 16: Iron deficiency (subgroup: by amount of elemental iron added to flour)

Study or Subgroup

1.16.1 40 mg/kg or less
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.20 (P = 0.23)

1.16.2 41-60 mg/kg
Muthayya 2012

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 7.23 (P < 0.00001)

1.16.3 More than 60 mg/kg
Biebinger 2009

Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 1.61; Chi² = 5.62, df = 1 (P = 0.02); I² = 82%

Test for overall effect: Z = 0.92 (P = 0.36)

1.16.4 Unreported/unknown
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.54; Chi² = 27.11, df = 3 (P < 0.00001); I² = 89%

Test for overall effect: Z = 2.04 (P = 0.04)

Test for subgroup differences: Chi² = 0.06, df = 2 (P = 0.97), I² = 0%

Experimental
Events

2

2

38

38

37

2

39

0

79

Total

30

30

186

186

70

61

131

0

347

Control
Events

3

3

121

121

35

4

39

0

163

Total

16

16

193

193

61

16

77

0

286

Weight

15.1%

15.1%

34.5%

34.5%

34.4%

16.0%

50.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.36 [0.07 , 1.91]

0.36 [0.07 , 1.91]

0.33 [0.24 , 0.44]

0.33 [0.24 , 0.44]

0.92 [0.68 , 1.26]

0.13 [0.03 , 0.65]

0.41 [0.06 , 2.76]

Not estimable

0.41 [0.17 , 0.97]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.17.   Comparison 1: Wheat flour fortified with iron alone versus unfortified
wheat flour (no micronutrients added), Outcome 17: Haemoglobin concentration (g/L)

Study or Subgroup

Amalrajan 2012

Barbosa 2012 (C)

Biebinger 2009

Cabalda 2009

Dad 2017

Muthayya 2012

Nestel 2004 (C)

Total (95% CI)
Heterogeneity: Tau² = 8.24; Chi² = 35.92, df = 6 (P < 0.00001); I² = 83%

Test for overall effect: Z = 2.65 (P = 0.008)

Test for subgroup differences: Not applicable

wheat flour fortified with iron alone
Mean

133

126

129

120.86

121.07

129

126.39

SD

10

11

10

8.64

6.3

11

11.25

Total

86

41

63

91

100

186

821

1388

unfortified wheat flour (no micronutrients added)
Mean

127

123

125

117.09

118.7

123

127.26

SD

14

11

11

11.93

6.66

13

11.29

Total

93

40

61

32

100

193

448

967

Weight

13.5%

10.9%

13.2%

11.5%

17.1%

15.9%

17.9%

100.0%

Mean Difference
IV, Random, 95% CI

6.00 [2.46 , 9.54]

3.00 [-1.79 , 7.79]

4.00 [0.30 , 7.70]

3.77 [-0.73 , 8.27]

2.37 [0.57 , 4.17]

6.00 [3.58 , 8.42]

-0.87 [-2.17 , 0.43]

3.30 [0.86 , 5.74]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone
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Analysis 1.18.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients
added), Outcome 18: Haemoglobin concentration (subgroup: by prevalence of anaemia at baseline (g/L))

Study or Subgroup

1.18.1 Less than 20%
Biebinger 2009

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 11.57; Chi² = 6.78, df = 1 (P = 0.009); I² = 85%

Test for overall effect: Z = 0.44 (P = 0.66)

1.18.2 Between 20% and 39%
Barbosa 2012 (C)

Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 11.38; Chi² = 10.35, df = 2 (P = 0.006); I² = 81%

Test for overall effect: Z = 1.34 (P = 0.18)

1.18.3 40% or higher
Cabalda 2009

Dad 2017

Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.32, df = 1 (P = 0.57); I² = 0%

Test for overall effect: Z = 3.01 (P = 0.003)

1.18.4 Mixed/unknown
Amalrajan 2012

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 3.32 (P = 0.0009)

Total (95% CI)
Heterogeneity: Tau² = 7.26; Chi² = 33.87, df = 7 (P < 0.0001); I² = 79%

Test for overall effect: Z = 2.52 (P = 0.01)

Test for subgroup differences: Chi² = 3.52, df = 3 (P = 0.32), I² = 14.9%

wheat flour fortified with iron alone
Mean

129

127.85

126

129

124.16

120.86

121.07

133

SD

9

11.32

11

11

11.16

8.64

6.3

10

Total

63

497

560

41

186

324

551

91

100

191

86

86

1388

unfortified wheat flour (no micronutrients added)
Mean

125

129.06

123

123

124.5

117.09

118.7

127

SD

11

11.38

11

13

18.7

11.93

6.66

14

Total

61

272

333

40

193

176

409

32

100

132

93

93

967

Weight

11.7%

15.4%

27.1%

9.3%

14.0%

12.8%

36.1%

9.8%

15.2%

25.0%

11.7%

11.7%

100.0%

Mean Difference
IV, Random, 95% CI

4.00 [0.46 , 7.54]

-1.21 [-2.89 , 0.47]

1.15 [-3.93 , 6.24]

3.00 [-1.79 , 7.79]

6.00 [3.58 , 8.42]

-0.34 [-3.36 , 2.68]

2.95 [-1.35 , 7.25]

3.77 [-0.73 , 8.27]

2.37 [0.57 , 4.17]

2.56 [0.89 , 4.23]

6.00 [2.46 , 9.54]

6.00 [2.46 , 9.54]

2.79 [0.62 , 4.97]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Analysis 1.19.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 19: Haemoglobin concentration (subgroup: by type of iron compound (g/L))

Study or Subgroup

1.19.1 High relative bioavailability
Amalrajan 2012

Barbosa 2012 (C)

Muthayya 2012

Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.28, df = 2 (P = 0.53); I² = 0%

Test for overall effect: Z = 5.90 (P < 0.00001)

1.19.2 Comparable relative bioavailability
Cabalda 2009

Dad 2017

Subtotal (95% CI)
Heterogeneity: Tau² = 1.77; Chi² = 1.28, df = 1 (P = 0.26); I² = 22%

Test for overall effect: Z = 2.04 (P = 0.04)

1.19.3 Low relative bioavailability
Biebinger 2009

Cabalda 2009

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 6.89; Chi² = 6.64, df = 2 (P = 0.04); I² = 70%

Test for overall effect: Z = 0.75 (P = 0.45)

Total (95% CI)
Heterogeneity: Tau² = 8.27; Chi² = 37.00, df = 7 (P < 0.00001); I² = 81%

Test for overall effect: Z = 2.79 (P = 0.005)

Test for subgroup differences: Chi² = 4.99, df = 2 (P = 0.08), I² = 59.9%

wheat flour fortified with iron alone
Mean

133

126

129

123.5

121.07

129

119.5

126.39

SD

10

11

11

9.73

6.3

10

7.78

11.25

Total

86

41

186

313

32

100

132

63

59

821

943

1388

unfortified wheat flour (no micronutrients added)
Mean

127

123

123

117.1

118.7

125

117.1

127.26

SD

14

11

13

11.94

6.66

11

11.94

11.29

Total

93

40

193

326

16

100

116

61

16

448

525

967

Weight

12.9%

10.4%

15.2%

38.5%

7.4%

16.3%

23.7%

12.6%

8.2%

17.1%

37.8%

100.0%

Mean Difference
IV, Random, 95% CI

6.00 [2.46 , 9.54]

3.00 [-1.79 , 7.79]

6.00 [3.58 , 8.42]

5.56 [3.71 , 7.40]

6.40 [-0.35 , 13.15]

2.37 [0.57 , 4.17]

3.02 [0.12 , 5.92]

4.00 [0.30 , 7.70]

2.40 [-3.78 , 8.58]

-0.87 [-2.17 , 0.43]

1.39 [-2.24 , 5.02]

3.41 [1.02 , 5.80]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone
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Analysis 1.20.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients
added), Outcome 20: Haemoglobin concentration (subgroup: by wheat flour available per capita (g/L))

Study or Subgroup

1.20.1 Less than 75 g/day
Cabalda 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 1.64 (P = 0.10)

1.20.2 Between 75 and 149 g/day
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.20.3 Between 150 and 300 g/day
Biebinger 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 2.12 (P = 0.03)

1.20.4 More than 300 g/day
Dad 2017

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 2.59 (P = 0.010)

1.20.5 Unknown/unreported
Amalrajan 2012

Barbosa 2012 (C)

Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 17.10; Chi² = 32.44, df = 3 (P < 0.00001); I² = 91%

Test for overall effect: Z = 1.55 (P = 0.12)

Total (95% CI)
Heterogeneity: Tau² = 8.24; Chi² = 35.92, df = 6 (P < 0.00001); I² = 83%

Test for overall effect: Z = 2.65 (P = 0.008)

Test for subgroup differences: Chi² = 0.87, df = 3 (P = 0.83), I² = 0%

Experimental
Mean

120.86

129

121.07

133

126

129

126.39

SD

8.64

10

6.3

10

11

11

11.25

Total

91

91

0

63

63

100

100

86

41

186

821

1134

1388

Control
Mean

117.09

125

118.7

127

123

123

127.26

SD

11.93

11

6.66

14

11

13

11.29

Total

32

32

0

61

61

100

100

93

40

193

448

774

967

Weight

11.5%

11.5%

13.2%

13.2%

17.1%

17.1%

13.5%

10.9%

15.9%

17.9%

58.2%

100.0%

Mean Difference
IV, Random, 95% CI

3.77 [-0.73 , 8.27]

3.77 [-0.73 , 8.27]

Not estimable

4.00 [0.30 , 7.70]

4.00 [0.30 , 7.70]

2.37 [0.57 , 4.17]

2.37 [0.57 , 4.17]

6.00 [2.46 , 9.54]

3.00 [-1.79 , 7.79]

6.00 [3.58 , 8.42]

-0.87 [-2.17 , 0.43]

3.43 [-0.92 , 7.78]

3.30 [0.86 , 5.74]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Analysis 1.21.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 21: Haemoglobin concentration (subgroup: by malaria endemicity (g/L))

Study or Subgroup

1.21.1 Malaria setting
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.21.2 Non/unknown Malaria setting
Amalrajan 2012

Barbosa 2012 (C)

Biebinger 2009

Cabalda 2009

Dad 2017

Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 8.24; Chi² = 35.92, df = 6 (P < 0.00001); I² = 83%

Test for overall effect: Z = 2.65 (P = 0.008)

Total (95% CI)
Heterogeneity: Tau² = 8.24; Chi² = 35.92, df = 6 (P < 0.00001); I² = 83%

Test for overall effect: Z = 2.65 (P = 0.008)

Test for subgroup differences: Not applicable

Experimental
Mean

133

126

129

120.86

121.07

129

126.39

SD

10

11

10

8.64

6.3

11

11.25

Total

0

86

41

63

91

100

186

821

1388

1388

Control
Mean

127

123

125

117.09

118.7

123

127.26

SD

14

11

11

11.93

6.66

13

11.29

Total

0

93

40

61

32

100

193

448

967

967

Weight

13.5%

10.9%

13.2%

11.5%

17.1%

15.9%

17.9%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

Not estimable

6.00 [2.46 , 9.54]

3.00 [-1.79 , 7.79]

4.00 [0.30 , 7.70]

3.77 [-0.73 , 8.27]

2.37 [0.57 , 4.17]

6.00 [3.58 , 8.42]

-0.87 [-2.17 , 0.43]

3.30 [0.86 , 5.74]

3.30 [0.86 , 5.74]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone
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Analysis 1.22.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 22: Haemoglobin concentration (subgroup: by duration of intervention (g/L))

Study or Subgroup

1.22.1 Less than six months
Barbosa 2012 (C)

Biebinger 2009

Dad 2017

Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.66, df = 2 (P = 0.72); I² = 0%

Test for overall effect: Z = 3.52 (P = 0.0004)

1.22.2 Six months to one year
Amalrajan 2012

Cabalda 2009

Muthayya 2012

Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.79, df = 2 (P = 0.67); I² = 0%

Test for overall effect: Z = 6.04 (P < 0.00001)

1.22.3 More than one year
Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 1.31 (P = 0.19)

Total (95% CI)
Heterogeneity: Tau² = 8.21; Chi² = 36.04, df = 6 (P < 0.00001); I² = 83%

Test for overall effect: Z = 2.66 (P = 0.008)

Test for subgroup differences: Chi² = 34.60, df = 2 (P < 0.00001), I² = 94.2%

wheat flour fortified with iron alone
Mean

126

129

121.07

133

120.86

129

126.39

SD

11

9

6.3

10

8.64

11

11.25

Total

41

63

100

204

86

91

186

363

821

821

1388

unfortified wheat flour (no micronutrients added)
Mean

123

125

118.7

127

117.09

123

127.26

SD

11

11

6.66

14

11.93

13

11.29

Total

40

61

100

201

93

32

193

318

448

448

967

Weight

10.9%

13.4%

17.1%

41.4%

13.4%

11.5%

15.9%

40.8%

17.9%

17.9%

100.0%

Mean Difference
IV, Random, 95% CI

3.00 [-1.79 , 7.79]

4.00 [0.46 , 7.54]

2.37 [0.57 , 4.17]

2.73 [1.21 , 4.25]

6.00 [2.46 , 9.54]

3.77 [-0.73 , 8.27]

6.00 [3.58 , 8.42]

5.63 [3.81 , 7.46]

-0.87 [-2.17 , 0.43]

-0.87 [-2.17 , 0.43]

3.30 [0.87 , 5.74]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Analysis 1.23.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 23: Haemoglobin concentration (subgroup: by flour extraction rate (g/L))

Study or Subgroup

1.23.1 Less than or equal to 80%
Dad 2017

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 2.59 (P = 0.010)

1.23.2 More than 80%
Muthayya 2012

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 22.62; Chi² = 24.02, df = 1 (P < 0.00001); I² = 96%

Test for overall effect: Z = 0.72 (P = 0.47)

1.23.3 Unknown/unreported
Amalrajan 2012

Barbosa 2012 (C)

Biebinger 2009

Cabalda 2009

Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.23, df = 3 (P = 0.75); I² = 0%

Test for overall effect: Z = 4.30 (P < 0.0001)

Total (95% CI)
Heterogeneity: Tau² = 8.24; Chi² = 35.92, df = 6 (P < 0.00001); I² = 83%

Test for overall effect: Z = 2.65 (P = 0.008)

Test for subgroup differences: Chi² = 2.27, df = 2 (P = 0.32), I² = 12.0%

Experimental
Mean

121.07

129

126.39

133

126

129

120.86

SD

6.3

11

11.25

10

11

10

8.64

Total

100

100

186

821

1007

86

41

63

91

281

1388

Control
Mean

118.7

123

127.26

127

123

125

117.09

SD

6.66

13

11.29

14

11

11

11.93

Total

100

100

193

448

641

93

40

61

32

226

967

Weight

17.1%

17.1%

15.9%

17.9%

33.8%

13.5%

10.9%

13.2%

11.5%

49.1%

100.0%

Mean Difference
IV, Random, 95% CI

2.37 [0.57 , 4.17]

2.37 [0.57 , 4.17]

6.00 [3.58 , 8.42]

-0.87 [-2.17 , 0.43]

2.49 [-4.24 , 9.22]

6.00 [2.46 , 9.54]

3.00 [-1.79 , 7.79]

4.00 [0.30 , 7.70]

3.77 [-0.73 , 8.27]

4.42 [2.41 , 6.44]

3.30 [0.86 , 5.74]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone
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Analysis 1.24.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients
added), Outcome 24: Haemoglobin concentration (subgroup: by amount of elemental iron added to flour (g/L))

Study or Subgroup

1.24.1 40 mg/kg or less
Cabalda 2009

Dad 2017

Subtotal (95% CI)
Heterogeneity: Tau² = 1.77; Chi² = 1.28, df = 1 (P = 0.26); I² = 22%

Test for overall effect: Z = 2.04 (P = 0.04)

1.24.2 41-60 mg/kg
Amalrajan 2012

Barbosa 2012 (C)

Muthayya 2012

Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.28, df = 2 (P = 0.53); I² = 0%

Test for overall effect: Z = 5.90 (P < 0.00001)

1.24.3 More than 60 mg/kg
Biebinger 2009

Cabalda 2009

Nestel 2004 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 6.89; Chi² = 6.64, df = 2 (P = 0.04); I² = 70%

Test for overall effect: Z = 0.75 (P = 0.45)

1.24.4 Unreported/unknown
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Heterogeneity: Tau² = 8.27; Chi² = 37.00, df = 7 (P < 0.00001); I² = 81%

Test for overall effect: Z = 2.79 (P = 0.005)

Test for subgroup differences: Chi² = 4.99, df = 2 (P = 0.08), I² = 59.9%

wheat flour fortified with iron alone
Mean

123.5

121.07

133

126

129

129

119.5

126.39

SD

9.73

6.3

10

11

11

10

7.78

11.25

Total

32

100

132

86

41

186

313

63

59

821

943

0

1388

Control
Mean

117.1

118.7

127

123

123

125

117.1

127.26

SD

11.94

6.66

14

11

13

11

11.94

11.29

Total

16

100

116

93

40

193

326

61

16

448

525

0

967

Weight

7.4%

16.3%

23.7%

12.9%

10.4%

15.2%

38.5%

12.6%

8.2%

17.1%

37.8%

100.0%

Mean Difference
IV, Random, 95% CI

6.40 [-0.35 , 13.15]

2.37 [0.57 , 4.17]

3.02 [0.12 , 5.92]

6.00 [2.46 , 9.54]

3.00 [-1.79 , 7.79]

6.00 [3.58 , 8.42]

5.56 [3.71 , 7.40]

4.00 [0.30 , 7.70]

2.40 [-3.78 , 8.58]

-0.87 [-2.17 , 0.43]

1.39 [-2.24 , 5.02]

Not estimable

3.41 [1.02 , 5.80]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.25.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients
added), Outcome 25: Diarrhoea (three liquid stools in a single day) (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 1.26.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no micronutrients
added), Outcome 26: Respiratory infections (as measured by trialists) (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour
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Analysis 1.27.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour
(no micronutrients added), Outcome 27: All-cause death (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 1.28.   Comparison 1: Wheat flour fortified with iron alone versus unfortified wheat flour (no
micronutrients added), Outcome 28: Infection or inflammation (CRP) (only in children 2 to 11 years of age)

Study or Subgroup

Amalrajan 2012

Muthayya 2012

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.72, df = 1 (P = 0.40); I² = 0%

Test for overall effect: Z = 1.25 (P = 0.21)

Test for subgroup differences: Not applicable

wheat flour fortified with iron alone
Mean

0.25

0.22

SD

0.39

0.42

Total

86

186

272

unfortified wheat flour (no micronutrients added)
Mean

0.25

0.16

SD

0.39

0.35

Total

93

193

286

Weight

31.7%

68.3%

100.0%

Mean Difference
IV, Random, 95% CI

0.00 [-0.11 , 0.11]

0.06 [-0.02 , 0.14]

0.04 [-0.02 , 0.11]

Mean Difference
IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 1.29.   Comparison 1: Wheat flour fortified with iron alone versus unfortified
wheat flour (no micronutrients added), Outcome 29: Height-for-age z-score (in children)

Study or Subgroup

Amalrajan 2012

Total (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 0.86 (P = 0.39)

Test for subgroup differences: Not applicable

wheat flour fortified with iron alone
Mean

136.5

SD

14.1

Total

86

86

unfortified wheat flour (no micronutrients added)
Mean

134.6

SD

15.4

Total

93

93

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

1.90 [-2.42 , 6.22]

1.90 [-2.42 , 6.22]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Analysis 1.30.   Comparison 1: Wheat flour fortified with iron alone versus unfortified
wheat flour (no micronutrients added), Outcome 30: Cognitive development (in children)

Study or Subgroup

Muthayya 2012

Muthayya 2012

Muthayya 2012

Muthayya 2012

Muthayya 2012

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.63, df = 4 (P = 0.80); I² = 0%

Test for overall effect: Z = 1.05 (P = 0.29)

Test for subgroup differences: Not applicable

fortified wheat flour
Mean

16.8

70

15.8

12.4

42.5

SD

4.9

17.1

2.9

3.2

11.6

Total

86

86

86

86

86

430

unfortified wheat flour
Mean

16.5

71.9

15.4

12.2

40.5

SD

5.2

18

3.3

3.7

11.9

Total

84

84

84

84

84

420

Weight

16.6%

1.4%

43.7%

35.3%

3.1%

100.0%

Mean Difference
IV, Random, 95% CI

0.30 [-1.22 , 1.82]

-1.90 [-7.18 , 3.38]

0.40 [-0.53 , 1.33]

0.20 [-0.84 , 1.24]

2.00 [-1.53 , 5.53]

0.33 [-0.29 , 0.95]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone
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Comparison 2.   Wheat flour fortified with iron in combination with other micronutrients versus unfortified wheat
flour (no micronutrients added)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.1 Anaemia (defined as haemoglobin
below WHO cut-oD for age and ad-
justed for altitude as appropriate)

2 322 Risk Ratio (M-H, Random, 95% CI) 0.95 [0.69, 1.31]

2.2 Iron deficiency (as defined by
study authors, based on a biomarker
of iron status)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.3 Iron deficiency (subgroup: by
prevalence of anaemia at baseline)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.3.1 Less than 20% 1 118 Risk Ratio (M-H, Random, 95% CI) 0.73 [0.51, 1.07]

2.3.2 Between 20% and 39% 1 143 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.47, 1.84]

2.3.3 40% or higher 1 126 Risk Ratio (M-H, Random, 95% CI) 0.51 [0.22, 1.21]

2.3.4 Mixed/unknown 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.4 Iron deficiency (subgroup: by type
of iron compound)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.4.1 High relative bioavailability 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.4.2 Comparable relative bioavail-
ability

1 48 Risk Ratio (M-H, Random, 95% CI) 0.50 [0.14, 1.74]

2.4.3 Low relative bioavailability 3 339 Risk Ratio (M-H, Random, 95% CI) 0.76 [0.55, 1.04]

2.5 Iron deficiency (subgroup: by
wheat flour available per capita)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.5.1 Less than 75 g/day 1 126 Risk Ratio (M-H, Random, 95% CI) 0.51 [0.22, 1.21]

2.5.2 Between 75 and 149 g/day 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.5.3 Between 150 and 300 g/day 1 118 Risk Ratio (M-H, Random, 95% CI) 0.73 [0.51, 1.07]

2.5.4 More than 300 g/day 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.5.5 Unknown/unreported 1 143 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.47, 1.84]

2.6 Iron deficiency (subgroup: by
malaria endemicity)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.6.1 Malaria setting 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.6.2 Non/unknown Malaria setting 3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.7 Iron deficiency (subgroup: by du-
ration of intervention)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.7.1 Less than six months 1 118 Risk Ratio (M-H, Random, 95% CI) 0.73 [0.51, 1.07]

2.7.2 Six months to one year 2 269 Risk Ratio (M-H, Random, 95% CI) 0.73 [0.41, 1.30]

2.7.3 More than one year 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.8 Iron deficiency (subgroup: by flour
extraction rate)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.8.1 Less than or equal to 80% 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.8.2 More than 80% 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.8.3 Unknown/unreported 3 387 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.00]

2.9 Iron deficiency (subgroup: by
amount of elemental iron added to
flour)

3 387 Risk Ratio (M-H, Random, 95% CI) 0.73 [0.54, 1.00]

2.9.1 40 mg/kg or less 1 47 Risk Ratio (M-H, Random, 95% CI) 0.62 [0.16, 2.45]

2.9.2 41-60 mg/kg 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.9.3 More than 60 mg/kg 3 340 Risk Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.01]

2.9.4 Unreported/unknown 0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.10 Haemoglobin concentration (g/
L)

3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.11 Haemoglobin concentration
(subgroup: by prevalence of anaemia
at baseline(g/L))

3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.11.1 less than 20% 1 118 Mean Difference (IV, Random, 95% CI) 6.00 [2.38, 9.62]

2.11.2 20% to 39% 1 140 Mean Difference (IV, Random, 95% CI) 0.00 [-2.54, 2.54]

2.11.3 40% or higher 1 126 Mean Difference (IV, Random, 95% CI) 4.54 [-0.00, 9.08]

2.11.4 mixed/unknown 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.12 Haemoglobin concentration
(subgroup: by type of iron compound
(g/L))

3 384 Mean Difference (IV, Random, 95% CI) 3.27 [-0.27, 6.80]

2.12.1 High relative bioavailability 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.12.2 Comparable relative bioavail-
ability

3 306 Mean Difference (IV, Random, 95% CI) 2.91 [-1.35, 7.16]

2.12.3 Low relative bioavailability 1 78 Mean Difference (IV, Random, 95% CI) 5.15 [-1.31, 11.61]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.13 Haemoglobin concentration
(subgroup: by wheat flour available
per capita (g/L))

3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.13.1 Less than 75 g/day 1 126 Mean Difference (IV, Random, 95% CI) 4.54 [-0.00, 9.08]

2.13.2 Between 75 and 149 g/day 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.13.3 Between 150 and 300 g/day 1 118 Mean Difference (IV, Random, 95% CI) 6.00 [2.38, 9.62]

2.13.4 More than 300 g/day 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.13.5 Unknown/unreported 1 140 Mean Difference (IV, Random, 95% CI) 0.00 [-2.54, 2.54]

2.14 Haemoglobin concentration
(subgroup: by malaria endemicity (g/
L))

3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.14.1 Malaria setting 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.14.2 Non/unknown Malaria setting 3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.15 Haemoglobin concentration
(subgroup: by duration of interven-
tion (g/L))

3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.15.1 less than six months 1 118 Mean Difference (IV, Random, 95% CI) 6.00 [2.38, 9.62]

2.15.2 six months to one year 2 266 Mean Difference (IV, Random, 95% CI) 1.86 [-2.51, 6.24]

2.15.3 more than one year 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.16 Haemoglobin concentration
(subgroup: by flour extraction rate (g/
L))

3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.16.1 Less than or equal to 80% 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.16.2 More than 80% 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.16.3 Unknown/unreported 3 384 Mean Difference (IV, Random, 95% CI) 3.29 [-0.78, 7.36]

2.17 Haemoglobin concentration
(subgroup: by amount of elemental
iron added to flour (g/L))

3 384 Mean Difference (IV, Random, 95% CI) 3.27 [-0.27, 6.80]

2.17.1 40 mg/kg or less 1 48 Mean Difference (IV, Random, 95% CI) 3.28 [-2.96, 9.52]

2.17.2 41-60 mg/kg 0 0 Mean Difference (IV, Random, 95% CI) Not estimable

2.17.3 more than 60 mg/kg 3 336 Mean Difference (IV, Random, 95% CI) 3.37 [-1.13, 7.86]

2.17.4 unreported/unknown 0 0 Mean Difference (IV, Random, 95% CI) Not estimable
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.18 Diarrhoea (three liquid stools in
a single day) (only in children 2 to 11
years of age)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.19 Respiratory infections (as mea-
sured by trialists) (only in children 2
to 11 years of age)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.20 All-cause death (only in children
2 to 11 years of age)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

2.21 Infection or inflammation at in-
dividual level (as measured by uri-
nary neopterin, C-reactive protein or
alpha-1-acid glycoprotein variant A)

0 0 Risk Ratio (M-H, Random, 95% CI) Not estimable

 
 

Analysis 2.1.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome 1: Anaemia
(defined as haemoglobin below WHO cut-o< for age and adjusted for altitude as appropriate)

Study or Subgroup

Cabalda 2009

Rahman 2015 (C)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.21, df = 1 (P = 0.65); I² = 0%

Test for overall effect: Z = 0.30 (P = 0.77)

Test for subgroup differences: Not applicable

wheat flour fortified with iron in combination with other micronutrients
Events

41

29

70

Total

95

112

207

unfortified wheat flour (no micronutrients added)
Events

15

21

36

Total

31

84

115

Weight

55.9%

44.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.89 [0.58 , 1.37]

1.04 [0.64 , 1.68]

0.95 [0.69 , 1.31]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours fortification Favours unfortified flour

 
 

Analysis 2.2.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome
2: Iron deficiency (as defined by study authors, based on a biomarker of iron status)

Study or Subgroup

Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subgroup differences: Not applicable

Favours Intervention
Events

24

11

15

50

Total

57

95

82

234

Favours Control
Events

35

7

12

54

Total

61

31

61

153

Weight

67.2%

12.8%

20.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.73 [0.51 , 1.07]

0.51 [0.22 , 1.21]

0.93 [0.47 , 1.84]

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortification Favours unfortified wheat
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Analysis 2.3.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 3: Iron deficiency (subgroup: by prevalence of anaemia at baseline)

Study or Subgroup

2.3.1 Less than 20%
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.62 (P = 0.10)

2.3.2 Between 20% and 39%
Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.21 (P = 0.83)

2.3.3 40% or higher
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.53 (P = 0.13)

2.3.4 Mixed/unknown
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subgroup differences: Chi² = 1.13, df = 2 (P = 0.57), I² = 0%

Experimental
Events

24

24

15

15

11

11

0

50

Total

57

57

82

82

95

95

0

234

Control
Events

35

35

12

12

7

7

0

54

Total

61

61

61

61

31

31

0

153

Weight

67.2%

67.2%

20.1%

20.1%

12.8%

12.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.73 [0.51 , 1.07]

0.73 [0.51 , 1.07]

0.93 [0.47 , 1.84]

0.93 [0.47 , 1.84]

0.51 [0.22 , 1.21]

0.51 [0.22 , 1.21]

Not estimable

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]

 
 

Analysis 2.4.   Comparison 2: Wheat flour fortified with iron in combination
with other micronutrients versus unfortified wheat flour (no micronutrients

added), Outcome 4: Iron deficiency (subgroup: by type of iron compound)

Study or Subgroup

2.4.1 High relative bioavailability
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.4.2 Comparable relative bioavailability
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.09 (P = 0.28)

2.4.3 Low relative bioavailability
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 0.63, df = 2 (P = 0.73); I² = 0%

Test for overall effect: Z = 1.72 (P = 0.09)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.02, df = 3 (P = 0.80); I² = 0%

Test for overall effect: Z = 1.93 (P = 0.05)

Test for subgroup differences: Chi² = 0.40, df = 1 (P = 0.53), I² = 0%

Experimental
Events

0

4

4

24

7

15

46

50

Total

0

32

32

57

63

82

202

234

Control
Events

0

4

4

35

3

12

50

54

Total

0

16

16

61

15

61

137

153

Weight

6.0%

6.0%

67.5%

6.2%

20.2%

94.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable

0.50 [0.14 , 1.74]

0.50 [0.14 , 1.74]

0.73 [0.51 , 1.07]

0.56 [0.16 , 1.90]

0.93 [0.47 , 1.84]

0.76 [0.55 , 1.04]

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]
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Analysis 2.5.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 5: Iron deficiency (subgroup: by wheat flour available per capita)

Study or Subgroup

2.5.1 Less than 75 g/day
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.53 (P = 0.13)

2.5.2 Between 75 and 149 g/day
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.5.3 Between 150 and 300 g/day
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.62 (P = 0.10)

2.5.4 More than 300 g/day
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.5.5 Unknown/unreported
Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.21 (P = 0.83)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subgroup differences: Chi² = 1.13, df = 2 (P = 0.57), I² = 0%

Experimental
Events

11

11

0

24

24

0

15

15

50

Total

95

95

0

57

57

0

82

82

234

Control
Events

7

7

0

35

35

0

12

12

54

Total

31

31

0

61

61

0

61

61

153

Weight

12.8%

12.8%

67.2%

67.2%

20.1%

20.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.51 [0.22 , 1.21]

0.51 [0.22 , 1.21]

Not estimable

0.73 [0.51 , 1.07]

0.73 [0.51 , 1.07]

Not estimable

0.93 [0.47 , 1.84]

0.93 [0.47 , 1.84]

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 2.6.   Comparison 2: Wheat flour fortified with iron in combination with other micronutrients versus
unfortified wheat flour (no micronutrients added), Outcome 6: Iron deficiency (subgroup: by malaria endemicity)

Study or Subgroup

2.6.1 Malaria setting
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.6.2 Non/unknown Malaria setting
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subgroup differences: Not applicable

Experimental
Events

0

24

11

15

50

50

Total

0

57

95

82

234

234

Control
Events

0

35

7

12

54

54

Total

0

61

31

61

153

153

Weight

67.2%

12.8%

20.1%

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable

0.73 [0.51 , 1.07]

0.51 [0.22 , 1.21]

0.93 [0.47 , 1.84]

0.74 [0.54 , 1.00]

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 2.7.   Comparison 2: Wheat flour fortified with iron in combination
with other micronutrients versus unfortified wheat flour (no micronutrients
added), Outcome 7: Iron deficiency (subgroup: by duration of intervention)

Study or Subgroup

2.7.1 Less than six months
Biebinger 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 1.62 (P = 0.10)

2.7.2 Six months to one year
Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.02; Chi² = 1.14, df = 1 (P = 0.29); I² = 12%

Test for overall effect: Z = 1.07 (P = 0.29)

2.7.3 More than one year
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.99), I² = 0%

Experimental
Events

24

24

11

15

26

0

50

Total

57

57

95

82

177

0

234

Control
Events

35

35

7

12

19

0

54

Total

61

61

31

61

92

0

153

Weight

67.2%

67.2%

12.8%

20.1%

32.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.73 [0.51 , 1.07]

0.73 [0.51 , 1.07]

0.51 [0.22 , 1.21]

0.93 [0.47 , 1.84]

0.73 [0.41 , 1.30]

Not estimable

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours [unfortified wheat flour (no micronutrients added)]

 
 

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

93



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.8.   Comparison 2: Wheat flour fortified with iron in combination with other micronutrients versus
unfortified wheat flour (no micronutrients added), Outcome 8: Iron deficiency (subgroup: by flour extraction rate)

Study or Subgroup

2.8.1 Less than or equal to 80%
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.8.2 More than 80%
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.8.3 Unknown/unreported
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.14, df = 2 (P = 0.57); I² = 0%

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subgroup differences: Not applicable

Experimental
Events

0

0

24

11

15

50

50

Total

0

0

57

95

82

234

234

Control
Events

0

0

35

7

12

54

54

Total

0

0

61

31

61

153

153

Weight

67.2%

12.8%

20.1%

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable

Not estimable

0.73 [0.51 , 1.07]

0.51 [0.22 , 1.21]

0.93 [0.47 , 1.84]

0.74 [0.54 , 1.00]

0.74 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 2.9.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 9: Iron deficiency (subgroup: by amount of elemental iron added to flour)

Study or Subgroup

2.9.1 40 mg/kg or less
Cabalda 2009

Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 0.67 (P = 0.50)

2.9.2 41-60 mg/kg
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.9.3 More than 60 mg/kg
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.26, df = 2 (P = 0.53); I² = 0%

Test for overall effect: Z = 1.87 (P = 0.06)

2.9.4 Unreported/unknown
Subtotal (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Total events:

Heterogeneity: Tau² = 0.00; Chi² = 1.32, df = 3 (P = 0.72); I² = 0%

Test for overall effect: Z = 1.98 (P = 0.05)

Test for subgroup differences: Chi² = 0.06, df = 1 (P = 0.81), I² = 0%

Experimental
Events

4

4

0

24

7

15

46

0

50

Total

32

32

0

57

63

82

202

0

234

Control
Events

3

3

0

35

4

12

51

0

54

Total

15

15

0

61

16

61

138

0

153

Weight

5.0%

5.0%

67.2%

7.8%

20.1%

95.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.63 [0.16 , 2.45]

0.63 [0.16 , 2.45]

Not estimable

0.73 [0.51 , 1.07]

0.44 [0.15 , 1.33]

0.93 [0.47 , 1.84]

0.74 [0.54 , 1.01]

Not estimable

0.73 [0.54 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)
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Analysis 2.10.   Comparison 2: Wheat flour fortified with iron in combination with other micronutrients
versus unfortified wheat flour (no micronutrients added), Outcome 10: Haemoglobin concentration (g/L)

Study or Subgroup

Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Total (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Test for subgroup differences: Not applicable

Favours [experimental]
Mean

131

121.63

123

SD

9

8.59

7

Total

57

95

80

232

unfortified wheat flour (no micronutrients added)
Mean

125

117.09

123

SD

11

11.93

8

Total

61

31

60

152

Weight

33.1%

28.8%

38.1%

100.0%

Mean Difference
IV, Random, 95% CI

6.00 [2.38 , 9.62]

4.54 [-0.00 , 9.08]

0.00 [-2.54 , 2.54]

3.29 [-0.78 , 7.36]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours unfortified wheat Favours fortification

 
 

Analysis 2.11.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome

11: Haemoglobin concentration (subgroup: by prevalence of anaemia at baseline(g/L))

Study or Subgroup

2.11.1 less than 20%
Biebinger 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 3.25 (P = 0.001)

2.11.2 20% to 39%
Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

2.11.3 40% or higher
Cabalda 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 1.96 (P = 0.05)

2.11.4 mixed/unknown
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Test for subgroup differences: Chi² = 8.09, df = 2 (P = 0.02), I² = 75.3%

wheat flour fortified with iron alone
Mean

131

123

121.63

SD

9

7

8.59

Total

57

57

80

80

95

95

0

232

unfortified wheat flour (no micronutrients added)
Mean

125

123

117.09

SD

11

8

11.93

Total

61

61

60

60

31

31

0

152

Weight

33.1%

33.1%

38.1%

38.1%

28.8%

28.8%

100.0%

Mean Difference
IV, Random, 95% CI

6.00 [2.38 , 9.62]

6.00 [2.38 , 9.62]

0.00 [-2.54 , 2.54]

0.00 [-2.54 , 2.54]

4.54 [-0.00 , 9.08]

4.54 [-0.00 , 9.08]

Not estimable

3.29 [-0.78 , 7.36]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours fortification Favours [unfortified wheat flour (no micronutrients added)]
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Analysis 2.12.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 12: Haemoglobin concentration (subgroup: by type of iron compound (g/L))

Study or Subgroup

2.12.1 High relative bioavailability
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.12.2 Comparable relative bioavailability
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 9.84; Chi² = 7.23, df = 2 (P = 0.03); I² = 72%

Test for overall effect: Z = 1.34 (P = 0.18)

2.12.3 Low relative bioavailability
Cabalda 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 1.56 (P = 0.12)

Total (95% CI)
Heterogeneity: Tau² = 7.65; Chi² = 8.01, df = 3 (P = 0.05); I² = 63%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 0.32, df = 1 (P = 0.57), I² = 0%

wheat flour fortified with iron alone
Mean

131

120.38

123

122.25

SD

9

6.39

7

9.49

Total

0

57

32

80

169

63

63

232

unfortified wheat flour (no micronutrients added)
Mean

125

117.1

123

117.1

SD

11

11.9

8

11.9

Total

0

61

16

60

137

15

15

152

Weight

29.4%

18.3%

34.8%

82.5%

17.5%

17.5%

100.0%

Mean Difference
IV, Random, 95% CI

Not estimable

6.00 [2.38 , 9.62]

3.28 [-2.96 , 9.52]

0.00 [-2.54 , 2.54]

2.91 [-1.35 , 7.16]

5.15 [-1.31 , 11.61]

5.15 [-1.31 , 11.61]

3.27 [-0.27 , 6.80]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours [unfortified wheat flour (no micronutrients added)] Favours fortification

 
 

Analysis 2.13.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome

13: Haemoglobin concentration (subgroup: by wheat flour available per capita (g/L))

Study or Subgroup

2.13.1 Less than 75 g/day
Cabalda 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 1.96 (P = 0.05)

2.13.2 Between 75 and 149 g/day
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.13.3 Between 150 and 300 g/day
Biebinger 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 3.25 (P = 0.001)

2.13.4 More than 300 g/day
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.13.5 Unknown/unreported
Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Test for subgroup differences: Chi² = 8.09, df = 2 (P = 0.02), I² = 75.3%

Experimental
Mean

121.63

131

123

SD

8.59

9

7

Total

95

95

0

57

57

0

80

80

232

Control
Mean

117.09

125

123

SD

11.93

11

8

Total

31

31

0

61

61

0

60

60

152

Weight

28.8%

28.8%

33.1%

33.1%

38.1%

38.1%

100.0%

Mean Difference
IV, Random, 95% CI

4.54 [-0.00 , 9.08]

4.54 [-0.00 , 9.08]

Not estimable

6.00 [2.38 , 9.62]

6.00 [2.38 , 9.62]

Not estimable

0.00 [-2.54 , 2.54]

0.00 [-2.54 , 2.54]

3.29 [-0.78 , 7.36]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

96



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.14.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 14: Haemoglobin concentration (subgroup: by malaria endemicity (g/L))

Study or Subgroup

2.14.1 Malaria setting
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.14.2 Non/unknown Malaria setting
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Total (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Test for subgroup differences: Not applicable

Experimental
Mean

131

121.63

123

SD

9

8.59

7

Total

0

57

95

80

232

232

Control
Mean

125

117.09

123

SD

11

11.93

8

Total

0

61

31

60

152

152

Weight

33.1%

28.8%

38.1%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

Not estimable

6.00 [2.38 , 9.62]

4.54 [-0.00 , 9.08]

0.00 [-2.54 , 2.54]

3.29 [-0.78 , 7.36]

3.29 [-0.78 , 7.36]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Analysis 2.15.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 15: Haemoglobin concentration (subgroup: by duration of intervention (g/L))

Study or Subgroup

2.15.1 less than six months
Biebinger 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 3.25 (P = 0.001)

2.15.2 six months to one year
Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 6.78; Chi² = 2.92, df = 1 (P = 0.09); I² = 66%

Test for overall effect: Z = 0.83 (P = 0.40)

2.15.3 more than one year
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Test for subgroup differences: Chi² = 2.04, df = 1 (P = 0.15), I² = 50.9%

wheat flour fortified with iron alone
Mean

131

121.63

123

SD

9

8.59

7

Total

57

57

95

80

175

0

232

unfortified wheat flour (no micronutrients added)
Mean

125

117.09

123

SD

11

11.93

8

Total

61

61

31

60

91

0

152

Weight

33.1%

33.1%

28.8%

38.1%

66.9%

100.0%

Mean Difference
IV, Random, 95% CI

6.00 [2.38 , 9.62]

6.00 [2.38 , 9.62]

4.54 [-0.00 , 9.08]

0.00 [-2.54 , 2.54]

1.86 [-2.51 , 6.24]

Not estimable

3.29 [-0.78 , 7.36]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours fortification Favours [unfortified wheat flour (no micronutrients added)]
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Analysis 2.16.   Comparison 2: Wheat flour fortified with iron in combination with
other micronutrients versus unfortified wheat flour (no micronutrients added),

Outcome 16: Haemoglobin concentration (subgroup: by flour extraction rate (g/L))

Study or Subgroup

2.16.1 Less than or equal to 80%
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.16.2 More than 80%
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.16.3 Unknown/unreported
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Total (95% CI)
Heterogeneity: Tau² = 9.61; Chi² = 8.09, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.59 (P = 0.11)

Test for subgroup differences: Not applicable

Experimental
Mean

131

121.63

123

SD

9

8.59

7

Total

0

0

57

95

80

232

232

Control
Mean

125

117.09

123

SD

11

11.93

8

Total

0

0

61

31

60

152

152

Weight

33.1%

28.8%

38.1%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

Not estimable

Not estimable

6.00 [2.38 , 9.62]

4.54 [-0.00 , 9.08]

0.00 [-2.54 , 2.54]

3.29 [-0.78 , 7.36]

3.29 [-0.78 , 7.36]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours unfortified wheat flour (no micronutrients added) Favours wheat flour fortified with iron alone

 
 

Analysis 2.17.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome 17:

Haemoglobin concentration (subgroup: by amount of elemental iron added to flour (g/L))

Study or Subgroup

2.17.1 40 mg/kg or less
Cabalda 2009

Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z = 1.03 (P = 0.30)

2.17.2 41-60 mg/kg
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.17.3 more than 60 mg/kg
Biebinger 2009

Cabalda 2009

Rahman 2015 (C)

Subtotal (95% CI)
Heterogeneity: Tau² = 11.31; Chi² = 7.92, df = 2 (P = 0.02); I² = 75%

Test for overall effect: Z = 1.47 (P = 0.14)

2.17.4 unreported/unknown
Subtotal (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI)
Heterogeneity: Tau² = 7.65; Chi² = 8.01, df = 3 (P = 0.05); I² = 63%

Test for overall effect: Z = 1.81 (P = 0.07)

Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.98), I² = 0%

wheat flour fortified with iron alone
Mean

120.38

131

122.25

123

SD

6.39

9

9.49

7

Total

32

32

0

57

63

80

200

0

232

Control
Mean

117.1

125

117.1

123

SD

11.9

11

11.9

8

Total

16

16

0

61

15

60

136

0

152

Weight

18.3%

18.3%

29.4%

17.5%

34.8%

81.7%

100.0%

Mean Difference
IV, Random, 95% CI

3.28 [-2.96 , 9.52]

3.28 [-2.96 , 9.52]

Not estimable

6.00 [2.38 , 9.62]

5.15 [-1.31 , 11.61]

0.00 [-2.54 , 2.54]

3.37 [-1.13 , 7.86]

Not estimable

3.27 [-0.27 , 6.80]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours fortification Favours unfortified wheat flour (no micronutrients added)
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Analysis 2.18.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome

18: Diarrhoea (three liquid stools in a single day) (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 2.19.   Comparison 2: Wheat flour fortified with iron in combination with other
micronutrients versus unfortified wheat flour (no micronutrients added), Outcome 19:
Respiratory infections (as measured by trialists) (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 2.20.   Comparison 2: Wheat flour fortified with iron in combination
with other micronutrients versus unfortified wheat flour (no micronutrients

added), Outcome 20: All-cause death (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 2.21.   Comparison 2: Wheat flour fortified with iron in combination with other micronutrients
versus unfortified wheat flour (no micronutrients added), Outcome 21: Infection or inflammation at

individual level (as measured by urinary neopterin, C-reactive protein or alpha-1-acid glycoprotein variant A)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour
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Comparison 3.   Wheat flour fortified with iron in combination with other micronutrients versus fortified wheat flour
with same micronutrients (but not iron)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

3.1 Anaemia (defined as haemoglobin below WHO cut-oD
for age and adjusted for altitude as appropriate)

1 127 Risk Ratio (M-H, Random,
95% CI)

0.24 [0.08,
0.71]

3.2 Iron deficiency 1 127 Risk Ratio (M-H, Random,
95% CI)

0.42 [0.18,
0.97]

3.3 Haemoglobin concentration (g/L) 2 488 Mean Difference (IV, Ran-
dom, 95% CI)

0.81 [-1.28,
2.89]

3.4 Diarrhoea (three liquid stools in a single day) (only in
children 2 to 11 years of age)

0 0 Risk Ratio (M-H, Random,
95% CI)

Not es-
timable

3.5 Respiratory infections (as measured by trialists) (only in
children 2 to 11 years of age)

0 0 Risk Ratio (M-H, Random,
95% CI)

Not es-
timable

3.6 All-cause death (only in children 2 to 11 years of age) 0 0 Risk Ratio (M-H, Random,
95% CI)

Not es-
timable

3.7 Infection or inflammation at individual level (as mea-
sured by urinary neopterin, C-reactive protein or al-
pha-1-acid glycoprotein variant A)

0 0 Risk Ratio (M-H, Random,
95% CI)

Not es-
timable

 
 

Analysis 3.1.   Comparison 3: Wheat flour fortified with iron in combination with other micronutrients
versus fortified wheat flour with same micronutrients (but not iron), Outcome 1: Anaemia

(defined as haemoglobin below WHO cut-o< for age and adjusted for altitude as appropriate)

Study or Subgroup

Cabalda 2009

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.60 (P = 0.009)

Test for subgroup differences: Not applicable

wheat flour fortified with iron in combination with other micronutrients
Events

5

5

Total

95

95

fortified wheat flour with same micronutrients (but not iron)
Events

7

7

Total

32

32

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.24 [0.08 , 0.71]

0.24 [0.08 , 0.71]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours wheat flour fortified with iron alone Favours unfortified wheat flour (no micronutrients added)

 
 

Analysis 3.2.   Comparison 3: Wheat flour fortified with iron in combination with other micronutrients
versus fortified wheat flour with same micronutrients (but not iron), Outcome 2: Iron deficiency

Study or Subgroup

Cabalda 2009

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Z = 2.02 (P = 0.04)

Test for subgroup differences: Not applicable

wheat flour fortified with iron in combination with other micronutrients
Events

10

10

Total

95

95

fortified wheat flour with same micronutrients (but not iron)
Events

8

8

Total

32

32

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.42 [0.18 , 0.97]

0.42 [0.18 , 0.97]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours [wheat flour fortified with iron in combination with other micronutrients] Favours [fortified wheat flour with same micronutrients (but not iron)]
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Analysis 3.3.   Comparison 3: Wheat flour fortified with iron in combination with other micronutrients versus
fortified wheat flour with same micronutrients (but not iron), Outcome 3: Haemoglobin concentration (g/L)

Study or Subgroup

Cabalda 2009

van Stuijvenberg 2008

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.63, df = 1 (P = 0.43); I² = 0%

Test for overall effect: Z = 0.76 (P = 0.45)

Test for subgroup differences: Not applicable

wheat flour fortified with iron in combination with other micronutrients
Mean

121.63

118.87

SD

8.59

10.92

Total

95

271

366

fortified wheat flour with same micronutrients (but not iron)
Mean

119.71

118.7

SD

8.64

10.96

Total

32

90

122

Weight

36.3%

63.7%

100.0%

Mean Difference
IV, Random, 95% CI

1.92 [-1.54 , 5.38]

0.17 [-2.44 , 2.78]

0.81 [-1.28 , 2.89]

Mean Difference
IV, Random, 95% CI

-500 -250 0 250 500
Favours [wheat flour fortified with iron alone] Favours [unfortified wheat flour (no micronutrients added)]

 
 

Analysis 3.4.   Comparison 3: Wheat flour fortified with iron in combination with other
micronutrients versus fortified wheat flour with same micronutrients (but not iron), Outcome

4: Diarrhoea (three liquid stools in a single day) (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 3.5.   Comparison 3: Wheat flour fortified with iron in combination with other
micronutrients versus fortified wheat flour with same micronutrients (but not iron), Outcome

5: Respiratory infections (as measured by trialists) (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 
 

Analysis 3.6.   Comparison 3: Wheat flour fortified with iron in combination with
other micronutrients versus fortified wheat flour with same micronutrients

(but not iron), Outcome 6: All-cause death (only in children 2 to 11 years of age)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour
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Analysis 3.7.   Comparison 3: Wheat flour fortified with iron in combination with other micronutrients versus
fortified wheat flour with same micronutrients (but not iron), Outcome 7: Infection or inflammation at

individual level (as measured by urinary neopterin, C-reactive protein or alpha-1-acid glycoprotein variant A)

Study or Subgroup

Total (95% CI)
Total events:

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

fortified wheat flour
Events

0

Total

0

unfortified wheat flour
Events

0

Total

0

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours fortified flour Favours unfortified flour

 

 

A D D I T I O N A L   T A B L E S
 

Outcome (all stud-
ies included in the
analysis)

Study (ICC) RR (95% CI) Tau2 Chi2 P value I2 (%)

Barbosa 2012 (C) (0) 0.81 [0.61, 1.07] 0.05 9.07 0.14 55

Barbosa 2012 (C) (0.001) 0.81 [0.61, 1.07] 0.05 9.12 0.14 56

Barbosa 2012 (C) (0.002) 0.81 [0.61, 1.07] 0.05 9.07 0.14 55

Barbosa 2012 (C) (0.005) 0.81[0.61, 1.07 ] 0.05 9.06 0.14 55

Barbosa 2012 (C) (0.01) 0.81 [0.61, 1.07] 0.05 9.09 0.14 55

Barbosa 2012 (C) (0.02723) 0.81 [0.61, 1.07] 0.05 9.14 0.14 56

Barbosa 2012 (C) (0.1) 0.80 [0.58, 1.08] 0.06 9.28 0.14 56

Nestel 2004 (C) (0) 0.80 [0.61, 1.06] 0.05 9.08 0.14 55

Nestel 2004 (C) (0.001) 0.80 [0.61, 1.06] 0.05 9.09 0.14 55

Nestel 2004 (C) (0.002) 0.80 [0.61, 1.06] 0.05 8.93 0.15 55

Nestel 2004 (C) (0.005) 0.80 [0.61, 1.06] 0.05 9.04 0.14 56

Nestel 2004 (C) (0.01) 0.81 [0.61, 1.07] 0.05 9.14 0.14 56

Nestel 2004 (C) (0.02723) 0.81 [0.61, 1.07] 0.05 9.14 0.14 56

Anaemia - Comparison
1

(Barbosa 2012 (C); Ca-
balda 2009; Dad 2017;
Muthayya 2012;

Nestel 2004 (C))

Nestel 2004 (C) (0.1) 0.80 [0.61, 1.07] 0.05 8.93 0.15 55

Rahman 2015 (C) (0) 0.97 [0.74, 1.29] 0 0.29 0.59 0

Rahman 2015 (C) (0.001) 0.97 [0.74, 1.29] 0 0.28 0.59 0

Rahman 2015 (C) (0.002) 0.96 [0.73, 1.28] 0 0.22 0.64 0

Anaemia - Comparison
2 (Cabalda 2009; Rah-
man 2015 (C))

Rahman 2015 (C) (0.005) 0.96 [0.73, 1.28] 0 0.23 0.63 0

Table 1.   Sensitivity analysis of the cluster RCTs with di<erent ICCs 

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

102



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Rahman 2015 (C) (0.01) 0.97 [0.73, 1.29] 0 0.27 0.61 0

Rahman 2015 (C) (0.10) 0.95 [0.69, 1.31] 0 0.21 0.65 0

Rahman 2015 (C) (0.20) 0.95 [0.67, 1.33] 0 0.21 0.65 0

Outcome (all stud-
ies included in the
analysis)

Study (ICC) Mean Difference (95% CI) Tau2 Chi2 P value I2 (%)

Barbosa 2012 (C) (0) 3.28 [0.93, 4.72] 8.0 35.68 <
0.00001

83

Barbosa 2012 (C) (0.001) 3.30 [0.92, 4.73] 8.0 35.66 <
0.00001

83

Barbosa 2012 (C) (0.002) 3.30 [0.92, 4.73] 8.05 35.62 <
0.00001

83

Barbosa 2012 (C) (0.005) 3.30 [0.91, 4.74] 8.08 35.58 <
0.00001

83

Barbosa 2012 (C) (0.01) 3.30 [0.90, 4.75] 8.14 35.58 <
0.00001

83

Barbosa 2012 (C) (0.02723) 3.30 [0.86, 5.74] 8.24 35.92 <
0.00001

83

Barbosa 2012 (C) (0.1) 3.30 [0.90, 4.75] 8.14 35.58 <
0.00001

83

Nestel 2004 (C) (0) 3.30 [0.87, 4.79] 8.34 36. <
0.00001

83

Nestel 2004 (C) (0.001) 3.30 [0.87, 4.79] 8.34 36.09 <
0.00001

83

Nestel 2004 (C) (0.002) 3.30 [0.87, 4.79] 8.32 36.08 <
0.00001

83

Nestel 2004 (C) (0.005) 3.30 [0.87, 4.78] 8.31 35.90 <
0.00001

83

Nestel 2004 (C) (0.01) 3.30 [0.87, 4.78] 8.3 35.94 <
0.00001

83

Nestel 2004 (C) (0.02723) 3.30 [0.87, 4.78] 8.26 35.92 <
0.00001

83

Haemoglobin concen-
tration - Comparison 1

(Amalrajan 2012;
Barbosa 2012 (C);
Biebinger 2009; Cabal-
da 2009;

Dad 2017; Muthayya
2012; Nestel 2004 (C))

(MD 3.30, 95% CI 0.86
to 5.74; 7 studies; 2355
participants;

I2 = 83%)(Tau2 = 8.24;

Chi2 = 35.92, df = 6 ; I2

= 83%; p <0.00001)

Nestel 2004 (C) (0.1) 3.28 [0.90, 4.75] 8.02 33.48 <
0.00001

82

Rahman 2015 (C) (0) 3.22 [-1.06, 7.50] 11.4 10.83 0.004 82

Rahman 2015 (C) (0.001) 3.22 [-1.06, 7.50] 11.39 10.82 0.004 82

Haemoglobin concen-
tration - Comparison 2

(Biebinger 2009; Ca-
balda 2009; Rahman
2015 (C))

Rahman 2015 (C) (0.002) 3.22 [-1.05, 7.50] 11.38 10.79 0.005 81

Table 1.   Sensitivity analysis of the cluster RCTs with di<erent ICCs  (Continued)
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Rahman 2015 (C) (0.005) 3.22 [-1.05, 7.50] 11.35 10.74 0.005 81

Rahman 2015 (C) (0.01) 3.23 [-1.04, 7.49] 11.3 10.66 0.005 81

Rahman 2015 (C) (0.10) 3.25 [-0.91, 7.42] 10.45 9.24 0.01 78

Rahman 2015 (C) (0.20) 3.29 [-0.78, 7.36] 9.61 8.09 0.02 75

Table 1.   Sensitivity analysis of the cluster RCTs with di<erent ICCs  (Continued)

 

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

104



W
h

e
a

t flo
u

r fo
rtifica

tio
n

 w
ith

 iro
n

 fo
r re

d
u

cin
g

 a
n

a
e

m
ia

 a
n

d
 im

p
ro

v
in

g
 iro

n
 sta

tu
s in

 p
o

p
u

la
tio

n
s (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
0

5

Study Lo-
ca-
tion

Intervention Duration of
intervention

Age and sam-
ple size

Out-
comes

Overall risk
of bias

Study design

Amalrajan
2012

Ur-
ban
schools
of
Ban-
ga-
lore,
Cap-
i-
tal
city
of
Kar-
nata-
ka
State,
In-
dia

Participants were randomised into one of two arms: 86 children in group 1
who received a lunch meal (wheat flour-based chapati, poori or dosa) made
with NaFeEDTA-fortified wheat flour at the level of 6 mg iron/100g and 93
children in group 2 received identical but unfortified wheat-flour based meal
during 7 months.

7 months Children aged
6-13 years

Haemo-
glo-
bin,
sol-
u-
ble
trans-
fer-
rin
re-
cep-
tor,
serum
fer-
ritin,
C-
re-
ac-
tive
pro-
tein,
zinc
pro-
to-
por-
phyrin
and,
uri-
nary
zinc

High Ran-
domised-con-
trolled trial
with 2 arms

Barbosa 2012
(C)

4
not
for
prof-
it
day
cares
in
Sao
Paulo

Participants were randomly assigned to one of two groups: group 1 (n = 88)
were given rolls with fortified wheat flour (4 mg iron/day); group 2 (n = 85)
were provided with unfortified rolls. The period of the intervention was 24
weeks considering 5 days a week. The rolls weighted 20 g and were pro-
grammed for a 4 mg elemental iron content per unit (as microencapsulated
iron sulphate). The micro capsules with iron sulphate micro-particles were
covered with sodium alginate using spray drying technique.

6 months 173 children
in the age
group of 2 to 6
years

haemo-
glo-
bin
and
preva-
lence
of
anaemia.

Low Cluster ran-
domised-con-
trolled trial
with 2 arms

Table 2.   Summary of characteristics of included studies 
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1
0

6

-
Brazil.

Biebinger
2009

2
col-
leges
in
Kuwait:
Col-
lege
for
women,
Kuwait
Uni-
ver-
si-
ty
and
the
Nurs-
ing
col-
lege
pub-
lic
au-
thor-
i-
ty
for
ap-
plied
ed-
u-
ca-
tion
and
train-
ing

Participants were assigned to one of 3 groups: group 1 (n = 93) received
wheat-based biscuits produced with wheat flour fortified with 20 mg elemen-

tal iron (as reduced iron) NutraFineTM RS) ; group 2 (n = 93) received biscuits
fortified with 10 mg of elemental iron (as encapsulated ferrous sulphate) and
150 µg iodine; group 3 (n = 93) received unfortified biscuits.

6 months (22
weeks)

279 non-preg-
nant women
aged 18 to 35
years

Serum
fer-
ritin,
iron
stores,
and
iron
de-
fi-
cien-
cy

High Ran-
domised-con-
trolled trial
with 3 arms

Cabalda 2009 2
el-
e-
men-
tary

Participants were randomly assigned to one of four groups, consuming two
60 g pandesal per day: group 1 (n = 86) consumed pandesal fortified with iron
(hydrogen-reduced iron at 80 mg/kg, or electrolytic iron at 80 mg/kg, or fer-
rous fumarate at 40 mg/kg); group 2 (n = 91) consumed iron and vitamin A (at
490 RE/100g) fortified pandesal; group 3 (n = 31) received vitamin A-fortified

8 months 250 anaemic
children aged
6 to 12 years

Anaemia,
iron
de-
fi-
cien-

High Double
blind ran-
domised-con-
trolled trial
with 4 groups

Table 2.   Summary of characteristics of included studies  (Continued)
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1
0

7

schools
in
Com-
postela,
Ce-
bu,
Phillip-
ines

pandesal; and group 4 (n = 30) consumed pandesal made from non-fortified
flour.

cy,
haemo-
glo-
bin
and
zinc
pro-
to-
por-
phyrin
con-
cen-
tra-
tions.

Dad 2017 Dis-
trict
Buner
in
Khy-
ber
Pakhtunkhwa
province
of
Pak-
istan.

Participants were randomly divided into one of two groups: group 1 (n = 100)
was fed with iron fortified wheat flour; group 2 (n = 100) was fed with non-
fortified wheat flour. For composite-flour preparation, the flour was collect-
ed from one flour shop of the same flour mill, brand and with 75% extraction
rate to maintain the same level of phytic acid concentration naturally found
in wheat flour.

3 months 200 adoles-
cent girls

Di-
etary
in-
take,
haemo-
glo-
bin
con-
cen-
tra-
tions
at
base-
line
and
anaemia
at
1,
2
and
3
months

High Ran-
domised-con-
trolled trial
with 2 arms

Muthayya
2012

School
chil-
dren
in
2
lo-
ca-

The intervention group (n = 200) consumed chapatis made with wheat flour
fortified with 60 mg/kg NaFeEDTA, the control group (n = 201) consumed cha-
patis prepared using unfortified flour.

7 months 401 children
aged 6 to 15
years

Anaemia,
iron
de-
fi-
cien-
cy,
haemo-

Low Ran-
domised-con-
trolled trial
with 2 arms

Table 2.   Summary of characteristics of included studies  (Continued)
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1
0

8

tions
in
In-
dia:
an
ur-
ban
pri-
ma-
ry
school
in
Ban-
ga-
lore
city,
Kar-
nata-
ka
state,
and
2
pri-
ma-
ry
schools
in
rur-
al
Vadu
in
Ma-
ha-
rash-
tra
state.

glo-
bin,
sTfR,
serum
fer-
ritin,
an-
thro-
po-
met-
ric
mea-
sures,
cog-
ni-
tive
de-
vel-
op-
ment.

Nestel 2004
(C)

Tea
es-
tates
in
Sri
Lan-
ka.

Participants were randomly assigned to one of 3 groups within the six es-
tates; group 1 received wheat flour fortified with electrolytic iron (n = 1011);
group 2 received wheat flour fortified with reduced iron (n = 1103); group 3
received unfortified flour (n = 1114). Each of the intervention arm was further
divided depending on the age characteristics as pre-school, primary school
and adult non-pregnant women.

24 months 3229 par-
ticipants in
preschool-
age group (9 -
71 months of
age); school-
age (6-11
years of age);
adult, non-

Anaemia
and
haemo-
glo-
bin
con-
cen-
tra-
tions

High Ran-
domised-con-
trolled trial
with 3 age
groups and
each age
group with 3
arms

Table 2.   Summary of characteristics of included studies  (Continued)
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1
0

9

pregnant
women.

Rahman 2015
(C)

43
"bar-
i" (with
5
to
6
ad-
join-
ing
house-
holds
hav-
ing
a
pop-
u-
la-
tion
of
about
30–
35
rel-
a-
tives)
in
Bangladesh.

The intervention group received chapatti made of wheat flour fortified with
added micronutrients, while the control group received chapatti made of
wheat flour without added micronutrients for 6 months.

6 months 352 children
in households

Vi-
t-
a-
min
A,
haemo-
glo-
bin
and
iron
sta-
tus.

High Double-blind
cluster ran-
domised-con-
trolled trial
with 2 arms

van Stuijven-
berg 2008

A
pri-
ma-
ry
school
serv-
ing
a
low
so-
cioe-
co-
nom-
ic

Participants were randomly assigned to one of 4 groups: group 1 (n = 90), the
control group received brown bread with no fortification of iron; group 2 (n =
90) received brown bread fortified with NaFeEDTA; group 3 (n = 91) received
brown bread fortified with ferrous fumarate; group 4 (n = 90) received brown
bread fortified with electrolytic iron. Each child received 4 slices of bread (to-
tal of 140g) distributed over 2 meal periods per school day. The study dura-
tion was 34 weeks. All participants were de wormed four weeks prior to the
baseline assessment.

8 months (34
weeks)

361 children
aged between
6 and 11 years

Anaemia,
iron
de-
fi-
cien-
cy
preva-
lence,
CRP
(in-
flam-
ma-
tion),
haemo-

High Ran-
domised-con-
trolled trial
with 4 arms

Table 2.   Summary of characteristics of included studies  (Continued)

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



W
h

e
a

t flo
u

r fo
rtifica

tio
n

 w
ith

 iro
n

 fo
r re

d
u

cin
g

 a
n

a
e

m
ia

 a
n

d
 im

p
ro

v
in

g
 iro

n
 sta

tu
s in

 p
o

p
u

la
tio

n
s (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
1

0

com-
mu-
ni-
ty
in
the
West-
ern
Cape,
South
Africa.

glo-
bin,
serum
fer-
ritin,
serum
iron,
trans-
fer-
rin
sat-
u-
ra-
tion,
serum
trans-
fer-
rin
re-
cep-
tor.

Table 2.   Summary of characteristics of included studies  (Continued)

 
 

Study Place Race/eth-
nicity

Occupa-
tion

Gender Religion/
culture/ed-
ucation

So-
cio-eco-
nomic
status

Social sta-
tus

Others/disabil-
ity/ age/

Overall Progress+

Amalrajan
2012

Urban, Banga-
lore/India

Not speci-
fied

School
children

Both Not speci-
fied

Not speci-
fied

Not speci-
fied

Iron-depleted
children aged 6
to 13 years

179 children of both genders
aged 6-13 who were iron-de-
pleted in an urban school set-
ting

Barbosa
2012 (C)

Urban, Sao Paulo/
Brazil

Not speci-
fied

school
children

both not speci-
fied

Children
known to
be from
families
of low so-
cioeco-
nomic sta-
tus

non-for-
profit day
cares

Children aged
2 to 6 years
with baseline
haemoglobin
exceeding 9 g/
dL

173 children of both genders
and low socioeconomic sta-
tus in an urban setting

Table 3.   PROGRESS-Plus equity checklist of included studies 
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1
1

1

Biebinger
2009

Two colleges in
Kuwait: College for
Women, Kuwait
University and,
Nursing College,
Public Authority for
Applied Education
Training

Not speci-
fied

Students Females
only

Not speci-
fied/college
and nursing
students

"high
standard
of living"

School
setting

Women aged
between 18 and
35 years

124 female college students
with high socioeconomic sta-
tus

Cabalda
2009

Estaca and Magay
Elemetary schools
in Compostela, Ce-
bu, Philippines

Rural School
children

Both School chil-
dren

36% of
poverty in-
dex in the
region

Not speci-
fied

Children aged 6
to 12 years

116 school children of both
genders in a rural area of the
Phillipines with relatively high
poverty rates

Dad 2017 District Buner
in Khyber
Pakhtunkhwa
province of Pak-
istan

Union
council of
the Dis-
trict

Adoles-
cent girls

Females Education
varied from
being illiter-
ate to above
high grade

Not speci-
fied

Not speci-
fied

Average age of
15 years, free
from chronic
diseases and
disability

200 adolescent females of
varying education levels that
were free of chronic disease
or disability

Muthayya
2012

Urban primary
school in Banga-
lore city, Karnata-
ka state/India and
2 rural primary
schools in Vadu,
Maharashtra state/
India

Not speci-
fied

School
children

Both Children
attend-
ing these
schools
were taught
in Kannada
and Marathi,
the local
languages
spoken in
Bangalore
and Vadu re-
spectively

Poor com-
munities

Not speci-
fied

Children of 6-13
years in Banga-
lore and 7-15
years in Vadu

379 school children ranging
in age from 6-15 years living
in poor communities in two
urban areas in India

Nestel
2004 (C)

Tea states in Sri
Lanka

Not speci-
fied

Preschool
children,
school
aged chil-
dren and
women in
reproduc-
tive age

Both gen-
ders in
children,
adult fe-
males

Not speci-
fied

Low so-
cioeco-
nomic sta-
tus

Not speci-
fied

Preschool chil-
dren, school
aged children
and women in
reproductive
age

1545 children of box sexes
and adult females of low eco-
nomic status working in tea
estates in Sri Lanka

Table 3.   PROGRESS-Plus equity checklist of included studies  (Continued)
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1
1

2

Rahman
2015 (C)

Rural areas in the
Mirsarai sub-dis-
trict in
the south-eastern
Bangladesh

Not speci-
fied

School go-
ing chil-
dren aged
6 years
and above

Both gen-
ders in

Culture and
religion was
not speci-
fied, except
for the res-
idence in a
unit called
"Bari"

Not speci-
fied

Not speci-
fied

No disability
and age above
6 years

334 school children of both
sexes living in two areas of
Bangladesh and who had no
known disabilities

van Stui-
jvenberg
2008

Western Cape,
South Africa

Not speci-
fied

School
children

Both Not speci-
fied

"serving
a low so-
cioeco-
nomic sta-
tus com-
munity"

Unclear Children aged 6
to 11 years with
haemoglobin ≤
125 g/L

361 school children of both
genders with low socioeco-
nomic status living in the
Western Cape of South Africa

Table 3.   PROGRESS-Plus equity checklist of included studies  (Continued)

 
 

Study Product Elemental iron

(mg)

Vitamin

Aa

(Retinol
Equiva-
lent)

Zinc

(mg)

Folic
acid
(µg)

Vitamin
B1 (thi-

amin)

(mg)

Vitamin
B2 (ri-

boflavin)

(mg)

Vita-
min B3

(niacin)

(mg)

Vitamin
B6 (pyri-

doxine)

(mg)

Iodine

(µg)

6 (as NaFeEDTA) - - - - - - - -Amal-
ra-
jan
2012

wheat flour-based
chapati, poori or
dosa - - - - - - - - -

20 (as microencapsulated iron sulphate) - - - - - - - -Bar-
bosa
2012
(C)

wheat-flour rolls

- - - - - - - - -

20 (as reduced iron) - - - - - - - -

10 (as encapsulated-ferrous sulphate) - - - - - - - 150

Biebinger
2009

wheat-based bis-
cuits

- - - - - - - - -

Table 4.   Fortification profile per 100 grams of wheat flour groups in included studies 
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1
1

3

8 (as hydrogen-reduced iron) - - - - - - - -

8 (as hydrogen-reduced iron) 490              

8 (as electrolytic iron) -              

8 (as electrolytic iron) 490 - - - - - - -

4 (as ferrous fumarate) -              

4 (as ferrous fumarate) 490 - - - - - - -

- 490 - - - - - - -

Ca-
bal-
da
2009

Pandesal (wheat-
based bread roll)

- - - - - - - -  

2 (as ferrous sulphate) - - - - - - - -Dad
2017

provided as wheat
flour for home
bread preparation - - - - - - - - -

6 (as NaFeEDTA) - - - - - - - -Muthayya
2012

wheat flour-based
chapatis

- - - - - - - - -

6.6 (as Hidrogen-reduced iron) - - - - - - - -

6.6 (as A131-electrolitic iron) - - - - - - - -

Nes-
tel
2004
(C)

provided as wheat
flour

- - - - - - - - -

6.6 (as Hidrogen-reduced iron) 303 (as
retinyl
palmitate)

3.3 (as
zinc ox-
ide)

0.15 0.64 0.40 5.3 (as
niaci-
namide)

- -Rah-
man
2015
(C)

wheat flour-based
chapati

- - - - - - - - -

van
Stu-
i-
jven-
berg
2008*

wheat flour-based
brown bread

1 (as NaFeEDTA) 179 (as
retinyl
palmitate)

1.5 1.43 0.19 0.17 2.36 0.26 -

Table 4.   Fortification profile per 100 grams of wheat flour groups in included studies  (Continued)

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



W
h

e
a

t flo
u

r fo
rtifica

tio
n

 w
ith

 iro
n

 fo
r re

d
u

cin
g

 a
n

a
e

m
ia

 a
n

d
 im

p
ro

v
in

g
 iro

n
 sta

tu
s in

 p
o

p
u

la
tio

n
s (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
1

4

2 (as ferrous fumarate) 179 (as
retinyl
palmitate)

1.5 1.43 0.19 0.17 2.36 0.26 -

3.5 (as electrolytic iron) 179 (as
retinyl
palmitate)

1.5 1.43 0.19 0.17 2.36 0.26 -

- 179 (as
retinyl
palmitate)

1.5 1.43 0.19 0.17 2.36 0.26 -

C: cluster randomised, NaFeEDTA: Sodium iron ethylene diamine tetraacetic acid (iron-EDTA)

Table 4.   Fortification profile per 100 grams of wheat flour groups in included studies  (Continued)

aOne international unit (IU) vitamin A is equivalent to 0.0003 mg of retinol, 0.0006 mg of beta-carotene and 0.0012 mg of other pro-vitamin A carotenoids. * in this study the
micronutrients other than iron were according to South Africa fortification regulations.
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A P P E N D I C E S

Appendix 1. Search strategy

CENTRAL

#1 MESH DESCRIPTOR Iron

#2 MESH DESCRIPTOR Ferrous Compounds

#3 MESH DESCRIPTOR Anemia, Iron-Deficiency

#4 MESH DESCRIPTOR Iron, Dietary

#5 ((iron or ferrous* or ferric* or fe)):TI,AB,KY

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 MESH DESCRIPTOR Flour

#8 MESH DESCRIPTOR Triticum

#9 ((wheat or flour*)):TI,AB,KY

#10 #7 OR #8 OR #9

#11 ((fortif* or enrich* or enhanc* or boost*)):TI,AB,KY

#12 MESH DESCRIPTOR Food, Fortified

#13 #11 OR #12

#14 #6 AND #10 AND #13

MEDLINE and Medline in Progress(OVID)

1 Iron/ or Ferrous Compounds/ or Anemia, Iron-Deficiency/

2 Iron, Dietary/

3 (iron or ferrous* or ferric* or fe).tw.

4 or/1-3

5 Flour/ or Triticum/

6 (wheat or flour*).tw.

7 or/5-6

8 (fortif* or enrich* or enhanc* or boost*).tw.

9 Food, Fortified/

10 8 or 9

11 4 and 7 and 10

12 exp animals/ not humans/

13 11 not 12

EMBASE (OVID)

1 Iron/ or Ferrous ion/ or Anemia, Iron-Deficiency/

2 Iron intake/

Wheat flour fortification with iron for reducing anaemia and improving iron status in populations (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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3 (iron or ferrous* or ferric* or fe).tw.

4 or/1-3

5 Flour/ or Wheat/

6 (wheat or flour*).tw.

7 or/5-6

8 (fortif* or enrich* or enhanc* or boost*).tw.

9 Food, Fortified/

10 8 or 9

11 4 and 7 and 10

12 (animal/ or nonhuman/) not human/

13 11 not 12

CINAHL (EBSCO)

S12 (S5 AND S8 AND S11)

S11 S9 OR S10

S10 (MH "Food, Fortified")

S9 (fortif* or enrich* or enhanc* or boost*)

S8 S6 OR S7

S7 (wheat or flour*)

S6 (MH "Wheat")

S5 S1 OR S2 OR S3 OR S4

S4 (iron or ferrous* or ferric* or fe)

S3 (MH "Anemia, Iron Deficiency")

S2 (MH "Ferrous Compounds")

S1 (MH "Iron")

Web of Science (SCI, SSCI, CPCI & CRCI-SSH)

#4 #3 AND #2 AND #1

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

#3TOPIC: ((iron or ferrous* or ferric* or fe))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

#2TOPIC: ((wheat or flour* or Triticum))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

#1 TOPIC: ((fortif* or enrich* or enhanc* or boost*))

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

BIOSIS (ISI)

#5 #3 AND #2 AND #1
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Refined by: MAJOR CONCEPTS: ( NUTRITION OR FOODS )

Indexes=BCI Timespan=All years

#4 #3 AND #2 AND #1

Indexes=BCI Timespan=All years

#3 TOPIC: ((fortif* or enrich* or enhanc* or boost*))

Indexes=BCI Timespan=All years

#2 TOPIC: ((wheat or flour* or Triticum))

Indexes=BCI Timespan=All years

#1 TOPIC: ((iron or ferrous* or ferric* or fe))

Indexes=BCI Timespan=All years

Popline

(iron or ferrous* or ferric* or fe)

and

(wheat or flour*)

and

(fortif* or enrich* or enhanc* or boost*)

IBECS, PAHO, WHOLIS and LILACS (BIREME)

(iron or ferrous$ or ferric$ or fe)

and

(wheat or flour$)

and

(fortif$ or enrich$ or enhanc$ or boost$)

SCIELO

(iron or ferrous$ or ferric$ or fe) and (wheat or flour$) and (fortif$ or enrich$ or enhanc$ or boost$)

WPRO, IMSEAR, AFRO and EMRO (GLOBAL INDEX MEDICUS)

(iron or ferrous* or ferric* or fe) and (wheat or flour*) and (fortif* or enrich* or enhanc* or boost*)

INDMED

wheat or flour or flours

and

(iron or ferrous or ferric or fe)

and

(fortify or fortified or enrich or enriched or enhance or enhanced or boost or boosted or boosts)

Native Health Research database

(iron or ferrous* or ferric or fe) and (wheat or flour)

clinicaltrials.gov
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(iron and wheat flour)

(ferrous and wheat flour)

(ferric and wheat flour)

(iron and wheat and fortification)

International Clinical Trials Registry Platform

(iron and wheat)

(ferrous and wheat)

(ferric and wheat)
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The review protocol was followed with the following exceptions:

1. We were not able to update the search up to 2019 in the following databases as we did not have access to these: BIOSIS (ISI; Previews
to April 2018); Food Science and Technology Abstracts (FSTA) 1969 to present (16/04/2018); OpenGrey 1960 to present (16/04/2018);
Trials Register of Promoting Health Interventions (TRoPHI) (16/04/2018). Thus the updated search to 2019 did not include updates in
these databases.

2. Although the protocol states that children aged 2-11.9 years-old would be included, the Nestel 2004 (C) trial included two groups of
children, aged 9-71 months and 6-10.9 years. Data from both groups of this study were included in the analysis.

3. We included clinicaltrials.gov in the databases searched.

4. We re-organized the primary outcomes altogether, specifying that diarrhoea (three liquid stools in a single day), respiratory infections
(as measured by trialists), all-cause death, and Infection or inflammation at individual level (as measured by urinary neopterin, C-
reactive protein or alpha-1-acid glycoprotein variant A) would be included only in children 2 to 11 years of age.

5. In the protocol it was mentioned that we planned to handsearched the five journals with the highest number of included studies in the
last 12 months to capture any article that may not have been indexed in the databases at the time of the search. However we decided
not to go with this additional strategy as we thought it was suDiciently comprehensive as it was.

6. Observational studies and non-RCTs were excluded from this review, due to the limited information these designs would provide for
the objectives of this review.
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