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Introduction

Anemia exists in various forms such as Pernicious 
anemia, Megaloblastic anemia, Sideroblastic anemia and 
others. However, the most commonly occurring form of 
anemia is that of Iron Deficiency Anemia (IDA) which oc-
curs because of low levels of iron which is needed to gene-
rate red blood cells (RBCs)(1). Globally, iron deficiency 
is the biggest micronutrient malnutrition and is a massive 
public health issue not only in underdeveloped and develo-
ping countries but also in developed countries and affects 
as much as 25% to 30% of the World's total population (2). 

Both iron deficiency and iron deficiency anemia are 
extremely prevalent across populations, especially among 
women (3). The major cause of chronic anemia worldwide 
is known to be iron deficiency. In fact, it is believed that 
the most common global nutritional disorder is that of iron 
deficiency and contributes to 50% of anemic cases (4). As 
per the estimates of the World Health Organization, the 
prevalence of iron deficiency in industrialized countries is 
15% (5).

With regards to the global prevalence of anemia, WHO 
estimates that 47% under 5 children while 30% of non-pre-
gnant women of reproductive age are anemic. For pregnant 
women, the worldwide prevalence of anemia has been 
estimated to be 42% (6). According to the most recent fin-

dings of Pakistan's National Nutrition Survey 2018, about 
41.7% of Pakistani women of reproductive age are ane-
mic. Similarly, according to the figures of the same survey, 
approximately 18.2% of Pakistani women are iron defi-
cient (7).

Four major strategies have been found to be extremely 
effective against iron deficiency anemia and these include 
dietary diversification, iron supplementation, biofortifica-
tion and food fortification (8). However, in areas where 
infectious diseases such as malaria remain to be endemic, 
the safety and efficacy of routine iron supplementation is 
still a question mark. Implementation of interventions fo-
cused on the control and prevention of iron deficiency ane-
mia, especially in developing countries calls for cautious 
epidemiological assessment, selection of appropriate tech-
niques which would go well with the particular region and 
the residing population, and continuous monitoring so as 
to make certain the effectiveness as well as the safety (9).

Iron fortification is not only beneficial in reducing 
the problem of iron deficiency but it can also hinder the 
absorption of heavy metals such as Lead. Bouhouch et al. 
conducted a study in which the objective was to evaluate 
the effects of NaFeEDTA and FeSO4 on iron status as well 
as the reduction of blood lead levels. The results of the 
study showed that when iron-fortified and lead-exposed 
children were given biscuits fortified with NaFeEDTA and 
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FeSO4, their iron status was significantly improved (P-
value < 0.05). Moreover, it was also found that blood lead 
concentrations of such children were also significantly 
reduced (P-values < 0.05) (10). 

Several food products are in use as vehicles for the 
purpose iron fortification, however, wheat flour has been 
the most common of these (11) . As per most updated re-
cords, around 80 countries across the globe fortify flour 
yet the prevalence of iron deficiency anemia even in these 
countries has not substantially decreased (12).

Wheat is recognized to be the staple food of the Pakis-
tani community and provides around 50% of their overall 
energy intake (13). Back in 2007, the wheat flour forti-
fication program was launched in the Khyber Pakhtun-
khwa province of Pakistan, but now it has been spread 
countrywide. In total, Pakistan has initiated 7 wheat flour 
fortification campaigns during the last 15 years, two of 
which have been on the national level (14).

Efforts are now being made by the private sector in 
collaboration with the government of Pakistan to spread 
awareness among people regarding the benefits of consu-
ming iron-fortified wheat flour. This would hopefully lead 
to the improved nutritional status of the Pakistani popula-
tion (11).

The major objective of the study was to elucidate the 
effect of iron-fortified wheat flour consumption on hemoglo-
bin levels of women of the reproductive age group (15-49 
years) in the Mansehra district of Khyber Pakhtunkhwa 
province, Pakistan.

Materials and Methods

Study settings
The study was conducted in the Mansehra district of 

Khyber Pakhtunkhwa, Pakistan which has four Union 
Councils.  Councils. Information about the residents of the 
area was obtained from each of the Union Councils. For the 
purpose of obtaining a representative sample, 70 study partici-
pants were selected from each Union Council through the pro-
cess of simple random sampling. 

Study population
The study population consisted of women of the repro-

ductive age group (15-49 years) from each of the four 
Union Councils of Mansehra district, Khyber Pakhtun-
khwa, Pakistan.

Inclusion criteria
All women of the reproductive age group who were wil-

ling to take part in the study and give their blood samples 
were included in the study.

Exclusion criteria
Women who were pregnant or lactating, those above the 

age of 49 years or having some chronic medical conditions 
were excluded from the study.

Sample size
All the families were considered for the study as having 

women of reproductive age. Families having young girls, 
pregnant/lactating and elderly women were excluded from 
the sample size. Total of 287 women were initially selec-
ted for the purpose of our study. However, n = 7 women 

refused to take part in the study as they did not want to 
give their blood samples. Hence our sample size eventual-
ly comprised of 280 women.

Data collection
The study continued for a period of 120 days (that is, 

four months). Baseline hemoglobin levels of the women 
who participated in the study were taken at the initiation 
of the study. After that, the hemoglobin levels of women 
were checked on the 120th day, at the termination of the 
study.

Iron deficiency anemia was diagnosed on the basis of 
the Hemoglobin levels of study participants as Hemoglo-
bin is the most commonly recommended test for the detec-
tion of Iron Deficiency Anemia worldwide. Since it was 
not feasible to take blood samples of selected women from 
the community and bring it to the laboratory for further 
analysis, hemoglobin levels were determined using He-
moCue B-Hemoglobin Fotometer (HemoCueAB, Angel-
holm, Sweden), as per the respective protocol (15).

For the purpose of determining of average consump-
tion of various food items, a 24-hour dietary recall was 
taken from the study participants.

Calculations for iron in fortified wheat flour
It was important to know the actual consumption of for-

tified wheat flour and the availability of iron to the selected 
women; therefore, Electronic Food Measuring Scale was 
used to weigh chapatti/paratha in grams. The portion size 
was measured using standardized utensils, in order to esti-
mate the quantity of other food items consumed.

17 mg additional iron per pound was present in the 
wheat flour after fortification (Nicholas Piramal India 
Limited – Certificate of Micronutrient Premix Analysis, 
2006). When converted to kilograms, the value became 
37.7mg of iron per 1000g or 3.77mg per 100g wheat flour. 
4.5mg of iron is already present in per 100g wheat flour 
(16). By adding these two values the total iron present in 
the fortified wheat flour came out to be as 8.27mg/100g.

100g fortified wheat gives iron = 8.27mg
   1g fortified wheat gives iron = 8.27 ÷ 100 = 0.0827
*343.5g fortified wheat gives iron = 0.0827 x 343.5 

= 28.4mg (*Average intake of wheat by research partici-
pants)

The recommended dietary allowance (RDA) of iron for 
Pakistani women of child-bearing age is 30mg/day (16).

Data analysis
SPSS version 23.0 was used for the purpose of data 

entry and analysis. After data cleaning, frequencies and 
percentages of variables were calculated using descrip-
tive statistics. Paired t-test was applied to determine if the 
consumption of iron-fortified wheat flour had significantly 
raised the hemoglobin levels of women or not. Data were 
considered to be significant at a P-value less than 0.05 (17).

Ethical considerations
Informed consent of women was obtained prior to 

data/blood collection. The names and identities of all the 
women were kept confidential throughout the study and 
data was not revealed to anyone. Moreover, prior ethical 
approval of the study was taken from SAARC Human 
Resource Development Center vide letter no. SHRDC/
ERB/2015/24.
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for these women. Fat was contributing 286 calories to the 
diet of the research participants. The consumption of ani-
mal protein (beef, mutton and chicken) was considerably 
low 27.7g as compared to the national intake of 72g / per-
son/day, providing 55 calories, 5.15g of protein and iron 
0.6mg. Like meat, the consumption of egg was also very 
rare. On average, egg intake was 4g/person/day, contribu-
ting 7 calories, 0.5g protein and 0.1mg iron.

On average milk, consumption was 13.8ml / woman/
day, which was significantly low when compared to the 
national figures of 90ml / person/day (NNS 2001-02). This 
small quantity of milk provided only 12 calories, 0.5g of 
protein and a negligible amount of iron. The tubers consu-
med by this set of population were potatoes and turnips. 
Their average intake/person/day was 31.8g, providing 17 

Results

Mean consumption of food items by 24-hour dietary 
recall

  Results related to mean consumption of various food 
items by women of childbearing age are given in Table 1.

Estimation of hemoglobin levels of women
At the start of the study, the mean hemoglobin levels of 

the study participants were determined to be as 10.20 g/
dL. Severe anemia (Hb <7g/dL) was present among 16.7 
percent of surveyed women while moderate anemia (Hb 
7.0-11.9g/dL) was found in 63.0 percent of women. 20.0 
percent of total women were found to have normal hemo-
globin levels (Hb >12g/dL) and were free of anemia (table 
2).

Hemoglobin levels of women were also determined on 
the 120th day of the study. The mean hemoglobin levels for 
the study participants came out to be as 11.85g/dL. Severe 
anemia was absent among the women surveyed. Moderate 
anemia was present among 67.5 percent of the women. 
32.5 percent of the women had normal hemoglobin levels 
(table 3).

Discussion

Mean consumption of food Items by 24-hour die-
tary recall

In our study, consumption of wheat flour in form of 
non-leavened roti or paratha was found to be 343.5g / wo-
man/day, providing 890 calories, 30.2 g protein and 28.4 
mg of iron. Maize consumption was not much, on average 
it was 9.3g/day, providing 26 calories, 0.9g of protein and 
0.2mg of iron.

Rice was the second largest portion of staple food consu-
med by the women, after wheat. It was eaten once a day by 
most of families. Daily intake of rice was 115.7g /woman 
which provided 189 calories, 3.7g protein and 0.7g iron. 
The pulses and legumes consumed by the women were not 
much. On average it was 24.9g, which gave 43 calories, 3g 
of protein and 0.4g of iron.

Fats and edible oils were the major sources of energy 

S. No. Food Item Consumption per day (g) Calories Protein (g) Iron (mg)
1 Wheat (Roti) 343.5 890 30.2 28.4
2 Maize 9.3 26 0.9 0.2
3 Rice 115.7 189 3.7 0.7
4 Pulses/Legumes 24.9 43 3.0 0.4
5 Fat 31.96 286 0.0 0.0
6 Meat 27.7 55 5.15 0.6
7 Egg 4 7 0.5 0.1
8 Milk (mL) 13.8 12 0.5 0.03
9 Tubers 31.8 17 0.5 0.2

10 Dark green leafy 
vegetables 18.3 8 0.5 1.2

11 Other Vegetables 7.6 6 0.7 0.3
12 Tea (mL) 410.4 70 3.2 0.2
13 Sugar 45.2 176 0.0 0.3
Total 1785 48.85 32.63
N = 280

Table 1. Mean consumption of various food items by women.

Hemoglobin Status Hemoglobin 
(g/dL) Percent Women

Severe Anemia < 7 16.7
Moderate Anemia 7 – 8.99 6.7

“ 9 – 10.99 19.2
“ 11 – 11.99 37.1

Normal 12 – 13.99 15
“ 14 – 15.99 5

N = 280

Table 2. Hemoglobin Levels of Women of Reproductive Age Group 
at 0 Day.

Hemoglobin Status Hemoglobin 
(g/dL) Percent Women

Severe Anemia < 7 0.0
Moderate Anemia 7 – 8.99 1.4

“ 9 – 10.99 28.2
“ 11 – 11.99 37.8

Normal 12 – 13.99 26.0
“ 14 – 15.99 6.4

N = 280

Table 3. Hemoglobin Levels of Women of Reproductive Age Group at 
120th Day.
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calories, 0.5g of protein and 0.2mg of iron.
Consumption of leafy vegetables (spinach and saag) 

turned out to be 18.3 g / day which provided 8 calories, 
0.5g protein and 1.2 mg iron. This is an iron-rich food 
group, but the consumption was very poor as compared 
to consumption of 57 g /person/day as mentioned in the 
NNS 2001-02. 

Vegetables other than DGLV were eaten 7.6g /day. 
This quantity provided 6 calories, 0.7g protein and 0.3mg 
iron. None of the respondents had eaten fruits in the last 
24 hours.

Intake of tea was high due to winters and on average 
410.4ml/day. No significant nutrients are present in tea; the 
calories and protein provided by tea were due to added milk 
and sugar. Intake of sugar was 45.2g / woman/day, provi-
ding 176 calories and 0.3mg of iron.

Comparison of hemoglobin levels of women of repro-
ductive age at 0 and 120th Day

According to the results presented in figure 1, severe 
anemia was present in 16.7% women at the start of study 
which decreased to 0 percent at the termination of study. 
Moderate anemia was present among 63% women at the 
start. However, when hemoglobin levels were determined 
at the termination of study, 67.5% women were found to 
be suffering from moderate anemia. The reason for this 
increase in percentage of women suffering from moderate 
anemia was that women who had severe anemia at the start 
of study had improved hemoglobin levels due to consump-
tion of iron-fortified wheat flour. This means that a signifi-
cant percentage of women with severe anemia at the start of 
study were categorized as having moderate anemia at the 
end of study, which indicated improvement in hemoglo-
bin levels of women. Similarly, 20% women had normal 
hemoglobin levels at the initiation of study which raised to 
32.5% at the end of study (figure 1).

When paired t-test was applied to compare the preva-
lence of severe anemia among women at 0 and 120thday, 
it was found that there was a significant difference in the 
scores (-16.70 ± 2.56); t = -38.44 (P-value < 0.05). Also 
for moderate anemia, again a statistically significant dif-
ference in the scores (-3.23 ± 1.19); t = -4.57 (P-value < 
0.05) was found.

As is evident from the 24-hour dietary recall of women, 
they consumed fortified wheat as the larger portion of their 
staple food so the iron intake was also higher during the 
120-day study period. This resulted in improved hemoglo-
bin levels from 0 days at the start of the study to 120th days 
at the termination of the study.

The results of a systematic review and meta-analysis 
of effects of iron-fortified wheat flour on various iron bio-
markers for pre and post-studies showed that there was a 
significant increase in mean hemoglobin levels (3.360 g/L; 
95% CI: 0,980, 5.730) while a significant decrease in iron 
deficiency (-10.4%; 95% CI: -14.3, -6.5) (18). This clo-
sely resembles the results of our research study whereby 
we have also reported increased mean hemoglobin levels 
among women of reproductive age after they consumed 
iron-fortified wheat flour for a period of 120 days.

According to the evidence generated from a systematic 
review on the effectiveness of wheat flour fortification pro-
grams on iron status, it was reported that there was a signi-
ficant decrease in anemia among 4 out of 12 sub-groups 
of women of reproductive age when they consumed iron-

fortified wheat flour on regular basis (19).
As per the results of a study conducted in Cameroon, 

it was observed that when women were fed with iron-
fortified wheat flour, there was a significant decrease in 
maternal anemia from 46.7% to 39.1% (P-value < 0.01) 
(20), which is in close resemblance with our study results. 
Also, the food fortification program of Costa Rica resulted 
in significantly decreased anemia levels among women 
from 18.4% (95% CI; 15.8, 20.9) to 10.2% (95% CI; 8.2, 
12.2) (21).

It is evident from the findings of the present study 
that iron-fortified wheat flour was able to improve mean 
hemoglobin levels among women of the reproductive age 
group. The main reason was that iron-fortified wheat flour 
provided ample amounts of iron which was quite near to 
the RDA despite. Thus, it can be concluded that wheat 
flour fortification is a cost-effective intervention to com-
bat the menace of iron deficiency among women of re-
productive age group specifically in a developing country 
such as Pakistan.
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