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Abstract

Background

Iron deficiency Anemia (IDA) in children is a recognized public health problem that impacts

adversely on child morbidity, mortality and impairs cognitive development. In Pakistan infor-

mation on the true prevalence and predictors of IDA is limited. This study sought to investi-

gate IDA in children under five years of age using data from a nationally representative

stratified cross-sectional survey.

Methods

Secondary analysis was performed on the National Nutrition Survey in Pakistan 2011–

2012. We used a pre-structured instrument to collect socio demographic and nutritional

data on mothers and children. We also collected Anthropometric measurements and blood

samples for micronutrient deficiencies. IDA was defined as having both haemoglobin levels

of <110 g/L and ferritin levels of < 12 μg/L. Data analysis was performed by applying univari-

ate and multivariate techniques using logistic regression through SPSS.

Findings

A total of 7138 children aged between 6–59 months were included in the analysis. The prev-

alence of IDA was 33.2%. In multivariate regression analysis adjusted odds ratios (AOR)

were calculated. Age < 24 months (AOR 1.40, 95% CI 1.18–1.55 p <0.05), stunting (AOR

1.42 CI 1.23–1.63 p<0.05), presence of clinical anemia (AOR 5.69 CI 4.93–6.56 p<0.05),

having a mother with IDA (AOR 1.72 CI 1.47–2.01 p<0.05) and household food insecurity

(AOR 1.20 CI 1.10–1.40 P<0.05) were associated with IDA. Living in a rural area (AOR 0.77

CI 0.65–0.90 p<0.05) and being a female child (AOR 0.87 CI 0.76–0.98 p<0.05) were asso-

ciated with reduced odds of IDA.
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Conclusion

The prevalence of IDA amongst Pakistani children represents a moderate burden that dis-

proportionately affects the youngest, growth retarded children, affected children are more

likely to have mothers with IDA and live in areas where food security is lacking. National

efforts to alleviate the burden of IDA should involve both short term vertical programs such

as iron supplementation and long term horizontal programs including wheat flour

fortification.

Introduction
Iron deficiency anemia in young children is recognized as a major public health issue and the
most prevalent form of micronutrient deficiency worldwide [1, 2]. The global prevalence of
anemia (defined as hemoglobin level of<110 g/L) in children aged 6–59 months is 43% and
half is attributable to iron deficiency anemia (IDA) which is defined as hemoglobin level of
<110g/L and ferritin level of< 12 μg/L [1–4]. IDA contributes substantially to childhood mor-
tality and morbidity and is linked to impaired brain development and cognitive functions [5–
9]. IDA is also ranked as the third leading cause of disability worldwide and the 13th leading
risk factor for the global disability adjusted life years [10]. Most of the burden of IDA is in the
resource poor settings of Africa and Asia [4, 11].

In Pakistan the reported prevalence of IDA in children under five is between 40–70% [12–
16]. In Pakistani children IDA has been associated with growth retardation, impaired cogni-
tion, reduced physical activity and postulated as a contributor to the high national infant mor-
tality rate [10, 12, 14, 17, 18, 19]. Widespread micronutrient deficiencies along with other
clinical and social factors are believed to be the leading cause of IDA in Pakistan [13–18]. How-
ever prevalence data is scarce with many studies more than a decade old, or based on small
numbers and in small non-representative populations. Further, IDA is best defined as the com-
bination of both low hemoglobin and low ferritin concentrations, whereas the published stud-
ies to date from Pakistan are mostly based solely on hemoglobin concentrations.

As such, nationally representative robust data are still lacking to determine the socio-demo-
graphic factors associated with IDA that will enable the development of local strategies to treat
and prevent IDA in Pakistani children. In this study we aimed to estimate the prevalence of
IDA in Pakistani children and to evaluate factors associated with IDA by conducting a second-
ary analysis of the Pakistan National Nutrition Survey that was undertaken between 2011–
2012.

Materials and Methods

Data source
The data used for this analysis were derived from the Pakistan National Nutrition Survey
2011–2012. The survey was conducted by the Aga Khan University (AKU) in collaboration
with the Federal Ministry of Health in Pakistan and was funded by UNICEF. The survey was a
stratified representative cross-sectional national survey with provincial specificity, with a two-
stage stratified sampling design. The sampling frame in the form of Enumeration blocks (1500
in number) was provided by the Pakistan Federal Bureau of Statistics. Each enumeration block
was demarcated, mapped and listed before the actual data collection and from each enumera-
tion block 20 households were selected randomly through a computer generated program. A
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total of 30,000 households were included, 12,360 were urban households and 17,640 were
rural, resulting in 27,963 respondents. Households with children between the ages of six
months to five years were included in the survey. One married woman of reproductive age
(15–49 years) with at least one child aged less than 5 years was chosen from each selected
household. If there were multiple eligible women in a household, one woman was randomly
selected.

A pre structured and pre tested instrument was used for data collection. The instrument col-
lected data on socio-economic status, maternal reproductive history, child medical history,
food security, anthropometric measurements and biochemical measurements of various micro-
nutrients. For anthropometric measurements weight was measured using lightweight SECA
scales designed and manufactured under the authority of the United Nations Children’s Fund
(UNICEF) and the height/lengths was measured by height boards made by Shorr Inc. Children
under 2 years of age were measured lying down on the board and standing height was mea-
sured for older children [20].

In children more than 2 years height-for-age z scores (HAZ), weight-for-age z scores
(WAZ), weight-for-height z scores (WHZ) were calculated and for children less than 2 years
length was used instead of height to calculate length-for-age z scores (LAZ) and weight-for-
length z scores (WLZ). Body Mass Index (BMI) was calculated for mothers using height and
weight. Children were reported as stunted, wasted or undernourished and mothers were
reported as underweight, overweight or obese as per the WHO classification [21]. Blood sam-
ples for hemoglobin measurement and micronutrient deficiencies were collected from one
child in each household. Venous blood was collected and serum was separated within half hour
of collection, using portable centrifuge machines with backup power. The hemoglobin was
measured from the venous blood at field while the serum samples were transported to nutrition
research laboratory at Aga Khan University under cold chain conditions through country wide
network of AKU laboratories collection centres.

Serum Ferritin concentrations were measured for iron deficiency because it has the highest
sensitivity and specificity to detect iron deficiency in individuals [22]. The ferritin levels were
adjusted for alpha (1)-acid glycoprotein (AGP) and C-reactive protein (CRP) to take into
account that ferritin is an acute phase protein and is raised in inflammatory conditions [23–
24]. Serum Ferritin was measured by electro-chemiluminescence immunoassay using Roche
Cobas E41 Chemistry Analyzer and hemoglobin concentration was measured in whole blood
using a Micro cuvette containing a dry reagent system and a dual wavelength HemoCue 201
Photometer. Hemoglobin concentration was also adjusted for altitudes of more than 1000
meters using the WHO recommended altitude formula [25]. Blood samples were also analyzed
for zinc deficiency and vitamin A deficiency. Serum was used to estimate the zinc and vitamin
A deficiency and the samples were analyzed using Spectrophotometric method for zinc defi-
ciency and Reversed Phase Chromatography method for vitamin A deficiency.

All survey activities were monitored to ensure the data quality. The questionnaire was pre-
tested prior to implementation in the field and a pilot survey was also conducted. Competency
of field staff was also taken in account prior to hiring and pre-test and post-test was conducted
for all field staff during trainings. The survey employed internal and external data monitors to
ensure data quality with respect to the all the procedures and survey activities. The anthropom-
etry and equipment HemoCue was calibrated daily for any possible errors. The team leaders
analyzed the data (plausibility checks and digit preference) using ENA Smart software and pro-
vided regular feedback for improvement. Similar quality assurance steps were duly considered
during data entry and cleaning.

Ethical approval for the survey was obtained from the Ethical Review Committee of Aga
Khan University and the National Bioethics committee of Pakistan. Written informed consent
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was obtained from the mothers of the selected child. In case of illiterate mother, consent was
documented by a thumbprint on the consent form and a signature by a literate witness. All the
names and personal information regarding the participants were kept confidential and data set
was kept anonymous for analysis.

Description of Variables
Child IDA status was the main outcome variable and was defined as the having the combina-
tion of haemoglobin levels of<110 g/L and ferritin levels of< 12 μg/L [26]. The selection of
explanatory variables for analysis was informed by the literature and their availability in the
dataset and is fully described in Table 1. Variables were grouped into three categories; house-
hold, maternal, and child. Under the household category area of residence which was catego-
rized into rural and urban, socioeconomic status which was ascertained by computing the
wealth quintiles (from being poorest to wealthiest) using the standard demographic and health
survey tool and food security status using the standard household food insecurity access scale
developed by Food and Nutrition Technical Assistance (FANTA) project [27] and categorized

Table 1. Description of Explanatory Variables used in the Analysis.

Variables Description

Household level factors

Area of residence urban and rural

Socio economic status of the
household

SES was measured as quintiles of a linear index derived from household
assets and utilities score, the wealth quintiles were divided into five
(poorest, poorer, middle, richer, richest)

Food security status Food security status was measured by using the standard household food
and hunger scale developed by Food and Nutrition Technical Assistance
(FANTA) project and categorized as (Food Secure and Food insecure)

Maternal Factors

Maternal Education Years of education completed (illiterate/years of education)

Maternal Iron deficiency
anemia status

Hemoglobin levels of <120 g/L and serum ferritin levels of <12 μg/L.
Categorized as Iron deficiency anemic and normal

Maternal BMI Calculated on the basis of height and weight of mother and categorized as
<18.5 underweight, 18.5–24.99 normal weight, 25–34.99 overweight/
obesity and �35 severe obesity.

Children factors

Sex Male, female

Age Categorized as <24 months, 24–59 months

Anemia Hemoglobin concentration of <110 g/L in whole blood and characterized
as anemia

Clinical Anemia Presence of anemia on physical examination i-e conjunctival and palmar
pallor and categorized as Yes or No

Vitamin A Deficiency Serum vitamin A concentration of < = 0.70 μmol/L and categorized as
deficient and non-deficient

Zinc Deficiency Serum zinc concentration of <60 μg/dL and categorized as deficiency

Height for Age–Stunted Height/length-for-age z-score of < −2 as per WHO standards and
categorized as stunted

Weight for Height—Wasted Weight for height z-score of < −2 as per WHO standards and categorized
as wasted

Weight for Age—Under
weight

Weight for age z-score of < −2 as per WHO standards and categorized as
underweight

History of worm infestation History of worm infestation in the previous six months and categorized as
Yes or No

doi:10.1371/journal.pone.0155051.t001
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as (Food Secure and Food insecure) were considered. In the maternal category maternal educa-
tion which was defined as years of education completed (illiterate/years of education), maternal
IDA estimated on the basis of low hemoglobin (< 120 g/L) and low ferritin (< 12 μg/L) con-
centrations and maternal BMI calculated on the basis of height and weight of mother and cate-
gorized as<18.5 underweight, 18.5–24.99 normal weight, 25–34.99 overweight/obesity and
�35 severe obesity, were examined. In the child variables sex, age, clinical anemia estimated
through physical examination of conjunctiva, vitamin A deficiency defined as serum vitamin A
concentration of< = 0.70 μmol/L and categorized as deficient and non-deficient, zinc defi-
ciency defined as serum zinc concentration of<60 μg/dL and categorized as deficient and non-
deficient, stunting defined as height/length-for-age z-score of< −2, wasting defined as weight
for height z-score of< −2, underweight defined as weight for age z-score of< −2 as per and
history of worm infestation ascertained through recall of worm infestation in last six months.

Statistical Analysis:
All data analyses were conducted in IBM SPSS version 19 [28] using a complex sample proce-
dure to allow for adjustments of the sampling design implemented in the survey. The frequen-
cies, along with weighted percentages, were reported for selected predictors and the mean with
95% confidence intervals (CIs) were calculated for the outcomes. The analysis started with sim-
ple univariate analysis followed by multivariate logistic regression. Unadjusted odds ratio with
their 95% CIs were reported for the bivariate analysis. Variables significant at p<0.25 were
considered for inclusion in the multivariate model. Covariates that were insignificant at the
multivariate level were dropped consecutively from the model after careful assessment of con-
founding. The final model was selected on the basis of theoretical and statistical significance of
predictors. The Type 1 error rate was set at 0.05. The model estimates are presented with the
adjusted odds ratios and 95% CI.

Results
A total of 7138 children aged between 6–59 months were included in the analysis among them
2373 (33.2%) children had IDA based on low hemoglobin and ferritin levels. Analyses of the
child blood samples found that overall (4264) 62.3% were anemic (hemoglobin concentrations
<110 g/L), of those who were anemic (283) 4.1% were severely anemic (< 70 g/L) and (3981)
58.3% were moderately anemic (70 g/L – 109 g/L). Ferritin deficiency was identified in (3361)
47.1% children. Among those who had IDA the mean values for hemoglobin and ferritin con-
centrations were 70 g/L and 6μg/L respectively. The prevalence for vitamin A deficiency and
zinc deficiency was 52.6% and 38.8% respectively. Clinical anemia was found in 30.1% chil-
dren. The anthropometric data identified 44.5% of the children as being stunted, 15.5% as
wasted and 33.6% as underweight.

Among maternal factors the prevalence of IDA was found to be 20.0%, which was deter-
mined by using maternal hemoglobin and ferritin levels, and according to the maternal anthro-
pometrics 16.0% of mothers were classified as underweight, 21.2% overweight and 11.1%
obese. Among all children included in the analysis the majority of children came from rural
areas (70.1%), 48.3% of children were female and 47.9% were under the age of 24 months. The
two lowest wealth quintiles accounted for 43.3% of the study population, and the two highest
was 36.0%. Of the sampled households 64.3%were food insecure. Only 8.3% of the mothers
reported that their child had worm infestation in last six months (Table 2).

The univariate analysis (Table 3) showed that the IDA in children under five years of age in
Pakistan was significantly associated with: age of less than 24 months (OR 1.45 1.29–1.62
p<0.05), stunting (OR 1.44 1.27–1.64 p<0.05), being underweight (OR 1.28 1.15–1.43
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Table 2. Background characteristics of sampled children (6–59months) in National Nutrition Survey
Pakistan (N = 7138).

Background characteristics N (%) 95% CI

Residence

Rural 4331 70.3 66.6–73.2

Urban 2807 29.7 26.8–33.4

Wealth quintiles

Poorest 1533 23.0 20.4–25.3

2 1390 20.3 18.35–22.0

3 1500 20.8 19.1–22.6

4 1452 19.4 18.1–21.7

5 wealthiest 1263 16.6 14.3–18.4

Food security

Food insecure 4339 64.3 62.2–66.6

Food secure 2615 35.7 33.4–37.8

Maternal Education

Illiterate 4015 58.0 54.8–60.1

Primary or less (1–5 years of completed schooling) 1018 14.7 13.6–16.7

Middle(6–8) 605 8.3 7.3–9.7

Matric(9–10) 815 10.8 9.6–12.3

Intermediate & above (>10) 640 8.3 6.7–9.5

Maternal iron deficiency anemia Status

Anemic 1212 20.0 19.8–23.4

Normal 5127 80.0 76.6–80.3

Maternal BMI (kg/m2)

<18.5 (Underweight) 1117 16.0 14.9–17.8

18.5–24.9 (Normal) 3660 51.7 49.7–63.8

25–29.9 (Overweight) 1543 21.2 19.3–22.7

> = 30 (Obese) 818 11.1 9.6–12.1

Sex

Female 3439 48.3 45.8–49.8

Male 3699 51.7 50.3–54.2

Age in months

24-59m 3755 52.1 47.2–51.3

<24m 3383 47.9 48.7–52.8

Presence of clinical Anemia

Yes 2057 30.1 33.1–37.7

No 5022 69.9 62.4–66.9

Hemoglobin Levels

Anemic (Hb < 110 g/l) 4264 62.3 58.2–65.5

Severely anemic (Hb < 70g/l) 283 4.1 3.4–5.9

Moderately anemic (HB 70–109 g/l) 3981 58.3 55.4–60.1

Normal (Hb > 110m/l) 2808 37.7 35.8–40.2

Ferritin Levels

Ferritin deficient (<12 μg/l) 3361 47.1 30.7–35.4

Ferritin Normal (>12 μg/l) 3777 52.9 62.6–69.2

Vitamin A Levels

Deficient (< = 0.70 μmol/l) 3694 52.6 49.6–55.1

Non deficient (>0.70 μmol/l) 3198 47.4 44.9–50.4

(Continued)
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p<0.05), presence of clinical anemia (OR 5.03 4.41–5.74 p<0.05), history of worm infestation
(OR 1.33 1.10–1.62 p<0.05), having a mother with IDA (OR 1.91 1.65–2.21 p<0.05) and
household food insecurity (OR 1.23 1.08–1.41 p<0.05).

In the multivariate regression (Table 3) only being underweight was no longer a signifi-
cantly increased risk with childhood IDA and of the variables that remained the adjusted odds
ratios were slightly attenuated: age< 24 months (AOR 1.40, 95% CI 1.18–1.55 p<0.05), stunt-
ing (AOR 1.42 CI 1.23–1.63 p<0.05), having a mother with IDA (AOR 1.72 CI 1.47–2.01
p<0.05) and household food insecurity (AOR 1.20 CI 1.10–1.40 P<0.05), except for presence
of clinical anemia for which the adjusted OR increased (AOR 5.69 CI 4.93–6.56 p<0.05). In
contrast, living in a rural area (AOR 0.77 CI 0.65–0.90 p<0.05) and being a female child (AOR
0.87 CI 0.76–0.98 p<0.05) was associated with reduced odds of IDA (Table 3).

Discussion
In our study, the prevalence of IDA in children aged 6–59 months was 33.2% which according
to the WHO criteria represents a ‘moderate burden’ [2]. We also found a substantial prevalence
of low hemoglobin levels, vitamin A deficiency, zinc deficiency, stunting, wasting, underweight
and food insecurity amongst children aged 6–59 months living in Pakistan.

The prevalence of IDA in our study is lower than in previous studies in other low resource
countries such as Palestine and Kenya [29–30] and substantially below the estimate from a pre-
vious study in Pakistan [14]. These differences could be attributed to variations in the study set-
tings or factors such as the rate of parasitic infections and dietary habits. The previously
published study from Pakistan, reported a prevalence of IDA of 63% from a smaller sample
(n = 320) taken from a semi urban area, which is not comparable with this population based
survey. Additionally it was conducted 18 years ago, before the introduction of the iron fortifica-
tion in Pakistan [31]. Our findings are consistent with IDA prevalence reported in Kazakhstan
(32.4%) [32], Yemen (34.2%) [33] and the Pakistan National Nutrition Survey (36%) under-
taken in 2001 [13] but are higher than studies conducted in Morocco (20.4%) [34], India
(23.1%) [35] and Iran (29.1%) [36].

Table 2. (Continued)

Background characteristics N (%) 95% CI

Zinc Levels

Deficient (<60 μg/dl) 2625 38.8 36.2–41.1

Non-Deficient (60–150 μg/dl) 4166 61.2 58.9–63.7

Height for Age–Stunted

Stunting (-6 to -2) 3061 44.5 43.7–48.1

Normal (-1.99 to +6) 3862 55.5 51.9–56.3

Weight for Height—Wasted

Wasting (-5 to -2) 1050 15.5 14.1–16.8

Normal (-1.99 to +5) 5809 84.5 83.2–86.0

Weight for Age—Under weight

Underweight (-6 to -2) 2315 33.6 32.6–36.5

Normal (-1.99 to +5) 4705 66.4 63.5–67.5

History of worm infestation

Yes 597 8.3 7.5–9.9

No 6369 91.7 90.1–92.5

doi:10.1371/journal.pone.0155051.t002
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Table 3. Factors associated with Iron deficiency anemia among children 6–59 months of age in Pakistan, Univariate and Multivariate analysis
(N = 2373).

Characteristics IDA (95% CI) Un adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Household factors

Residence

Rural 1423 (68.8) 65.2–72.3 0.89 (0.79–1.02) 0.088 0.77 (0.65–0.90) 0.001

Urban 950 (31.2) 27.7–34.8 Ref.

Wealth quintiles

Poorest 505 (22.3) 19.8–24.8 1.04 (0.86–1.26) 0.655 0.65 (0.51–0.85)

2 448 (19.9) 17.9–21.9 1.06 (0.88–1.29) 0.545 0.83 (0.65–1.05)

3 509 (20.9) 19.0–22.3 1.11 (0.91–1.35) 0.314 0.99 (0.79–1.26)

4 510 (21.2) 19.2–23.3 1.26 (1.04–1.51) 0.017 1.19 (0.96–1.48)

5 wealthiest 401 (15.6) 13.4–17.8 Ref. Ref.

Food security

Food insecure 1460 (64.7) 62.2–67.1 1.23 (1.08–1.41) 0.003 1.20 (1.10–1.40) 0.002

Food secure 860 (35.3) 32.9–37.8 Ref.

Maternal factors

Maternal Education

Illiterate 1293 (55.6) 52.7–58.4 1.11 (0.86–1.41) 0.439

Primary or less (1–5) 378 (16.4) 14.6–18.3 1.41 (1.07–1.85) 0.016

Middle(6–8) 218 (9.3) 7.8–10.7 1.40 (1.03–1.9) 0.032

Matric(9–10) 288 (11.4) 9.8–12.9 1.28 (0.96–1.7) 0.09

Intermediate & above (>10) 183 (7.4) 5.8–9.0 Ref.

Maternal iron deficiency anema

Anemic 558 (26.9) 24.6–29.3 1.91 (1.65–2.21) 0.000 1.72 (1.47–2.01) 0.001

Normal 1577 (73.1) 70.7–75.4 Ref. Ref.

BMI (kg/m2)

<18.5 410 (17.5) 15.8–19.1 1.12 (0.97–1.29) 0.130

18.5–24.9 1223 (52.5) 50.2–54.7 Ref.

25–29.9 493 (20.1) 18.2–22.1 0.92 (0.79–1.04) 0.163

> = 30 247 (9.9) 8.6–11.3 0.83 (0.69–0.99) 0.042

Child’s factors

Child’s sex

Female 1067 (45.9) 43.5–48.4 0.86 (0.77–0.97) 0.012 0.87 (0.76–0.98) 0.028

Male 1306 (54.1) 51.6–56.5 Ref. Ref.

Child’s Age in months

<24m 1252 (53.9) 51.5–56.2 1.45 (1.29–1.62) 0.000 1.35 (1.18–1.55) 0.0002

24-59m 1121 (46.1) 43.8–48.5 Ref. Ref.

Presence of clinical Anemia in children

Yes 1229 (52.6) 49.7–55.6 5.03 (4.41–5.74) 0.000 5.69 (4.93–6.56) 0.0001

No 1131 (47.4) 44.4–50.3 Ref. Ref.

Vitamin A deficiency

Deficient (< = 0.70 μmol/l) 1221 (51.5) 48.5–54.5 0.93 (0.83–1.05) 0.261

Non deficient (>0.70 μmol/l) 1084 (48.5) 45.5–51.5 Ref.

Zinc deficiency

Deficient (<60 μg/dl) 852 (37.8) 34.9–40.6 1.07 (0.95–1.21) 0.240

Non-Deficient (60–150 μg/dl) 1409 (62.2) 59.4–65.1 Ref.

Height for Age–Stunted

Stunting(-6 to -2) 1158 (50.4) 47.9–52.9 1.44 (1.27–1.64) 0.000 1.42 (1.23–1.63) 0.0001

(Continued)
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Our study found that the food insecurity status of households is significantly associated
with IDA in children, a finding that is consistent with the available literature examining this
association [37, 38, and 39]. Food insecurity is characterized by either unavailability of food or
inability to procure and access food and has consequences in both macro and micronutrient
deficiencies. In Pakistan the widespread food insecurity situation reflects the economic instabil-
ity of many areas of the country [40]. The study found a relationship between maternal iron
deficiency anemia and IDA in children that confirms previous reports [18, 41–43] and high-
lights that IDA is common in pregnant and non-pregnant women of reproductive age in Paki-
stan [13]. In our study clinical examination of children detected clinical anemia in 53.6% of
IDA cases. This sign can therefore assist in diagnosis where facilities for biochemical testing are
not available.

We found the prevalence of IDA to be significantly associated with children’s age, with the
youngest children having the highest odds of IDA. This finding is consistent with similar stud-
ies conducted in Iran, India and the Philippines [36, 39, 44]. The first two years of life is a
period of rapid growth with an increased iron requirement therefore risk of IDA is increased in
this age. Moreover factors such as limited access to iron rich food, inadequate infant and young
child feeding practices including lack of exclusive breast feeding, prolonged breast feeding and
inappropriate weaning food and recurrent illnesses increase the chance of young children
developing IDA [17, 39, and 45]. We also found that the odds of IDA increased when the child
was stunted and food insecure, suggesting that malnutrition is a contributing factor for IDA [9,
13, 46].

After adjusting for other factors, our study found that female children and those residing in
rural areas were less likely to develop IDA. There is conflicting evidence with regard to the rela-
tionship between sex and IDA in children. Contrary to our study, data from Yemen and India
found a higher prevalence of IDA in girls than boys [36, 47]; however studies fromWestern
Kenya and Haiti found boys to be more at risk [48, 49]. In our setting children living in rural
areas have more access to green leafy vegetables which may explain their reduced risk of IDA.

The major strength of this study is the nationally representative sample using reliable meth-
ods to detect iron and adjustment for confounding factors. However this study also has some
limitations. The cross-sectional nature of the study means that the temporal relationship
between IDA and the associated factors cannot be established. The information on various
indicators was collected using a structured questionnaire that may have been prone to recall
bias and presence of some missing data is also a potential limitation. Moreover we did not

Table 3. (Continued)

Characteristics IDA (95% CI) Un adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Normal(-1.99 to +6) 1160 (49.6) 47.1–52.2 Ref. Ref.

Weight for Height–Wasted

Wasting(-5 to -2) 351 (15.1) 13.5–16.7 0.95 (0.82–1.11) 0.532

Normal(-1.99 to +5) 1963 (84.9) 83.3–86.5 Ref.

Weight for Age—Under weight

Underweight(-6 to -2) 868 (37.3) 35.0–39.6 1.28 (1.15–1.43) 0.000

Normal(-1.99 to +5) 1481 (62.7) 60.4–65.0 Ref.

History of worm infestation

Yes 218 (9.8) 8.4–11.3 1.33 (1.1–1.62) 0.003

No 2093 (90.2) 88.7–91.6 Ref.

doi:10.1371/journal.pone.0155051.t003
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measure serum vitamin B12 and folate levels and so cannot measure other forms of anemia,
suggesting some misclassification bias.

The data presented provides valuable insight into the prevalence of IDA in children which
has remained fairly consistent in Pakistan over the last decade. Considering the burden of IDA
in Pakistani children it is essential that interventions such as iron supplementation, food fortifi-
cation and diet diversification should be used at scale [50], currently iron supplementation and
wheat flour fortification are successful strategies being used worldwide. There is good evidence
to suggest that iron supplementation improves hemoglobin level and reduces IDA prevalence
in children [51–53]. Studies conducted in Pakistan also reveal iron supplementation to children
and mothers results in improved iron stores [54–56]. Further a recent pooled analysis and
studies in Central Asia, Venezuela and Iran suggest that wheat flour fortification can signifi-
cantly improve iron status at the population level [54, 57–60] but there is a lack of such supple-
mentation programs in Pakistan.

To reduce the burden of IDA, Pakistan needs a holistic approach of short term vertical pro-
grams such as iron supplementation and long term horizontal programs including wheat flour
fortification. Specifically, further efforts should be made to restore the national wheat flour for-
tification program as wheat is the staple diet of Pakistan. Additional investments are also
required to improve; education, especially for females, food insecurity through food supple-
ments and agricultural support. These may require novel methods such as behavioral change
communications to improve dietary patterns and infant and young child complementary feed-
ing (IYCF) practices. Finally for this generation of Pakistani children to benefit it is important
that Pakistan acts swiftly to alleviate the prevalence of IDA.
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