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Abstract

Background

Anemia during pregnancy is a major public health problem globally with multiple causes
including inadequate dietary intakes. The aim of the study was to assess the effect of nutri-
tion education on nutritional knowledge, hemoglobin level and dietary intake of anemic preg-
nant women.

Materials and methods

A quasi-experimental study was conducted among 115 mild to moderately anemic pregnant
women attending ante natal clinics. Pregnant women were consecutively enrolled and
assigned to receive nutrition education and diet plan in intervention group (n = 58) and gen-
eral education only in control group (n = 57). The nutrition education was given to pregnant
women on individual basis at the time of enrollment and follow-ups were done through
biweekly phone calls and every 4 weeks during ANC visits. Baseline data were collected
using semi-structure questionnaire for interview and hemoglobin level was also measured.
Data were collected after 10 weeks of nutrition education intervention. Independent sample
t-test was used to compare differences between the two groups.

Results

Out of 115 pregnant women enrolled, 107 completed the study (Intervention: 53; Control:
54). At the end of the nutrition education intervention and iron rich food based diet plan, the
change in hemoglobin level was significantly high in the intervention over control group [0.56
10.40gm/dl vs. 0.16+£0.82gm/dl, p = 0.002]. The change in the maternal nutritional knowl-
edge score on anemia and iron rich foods was significantly high in the intervention over con-
trol group [8.26+4.57 vs. 1.05+6.59, p<0.001].Consumption of iron rich food was
significantly high in the intervention group (P<0.05).
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Conclusion

Provision of nutrition education and iron rich food based diet plan was significantly associ-
ated with improved hemoglobin levels, improved dietary intake and nutritional knowledge on
anemia and iron rich foods.

Background

Nutrition education is the foundation for any program intended for nutritional improvement
[1]. The knowledge about proper nutrition and balanced diet during pregnancy is considered
important for the well-being of both mother and fetus [2]. During pregnancy nutritional prob-
lems can impact on both mother and fetus, thus special attention is needed [3]. Inadequate
diet during pregnancy can lead to various nutritional deficiencies such as anemia. Thus proper
nutrition is a crucial part of pregnancy that should not be neglected [4].

Anemia during pregnancy is defined by the Centers of Disease Control and Prevention
(CDC) and World Health Organization (WHO) as a hemoglobin concentration less than 11
g/dL It is considered severe when hemoglobin concentration is less than 7.0 g/dl, moderate when
hemoglobin falls between 7.0 and 9.9 g/dl, and mild when hemoglobin is from 10.0 to 10.9 g/dl
[5].It is the most common nutritional deficiency disorder in the world. It is a major health prob-
lem that affects 25-50% of the population of the world and approximately 50% of pregnant
women. WHO has estimated that prevalence of anemia in pregnant women is 14% in developed
and 51% in developing countries [6, 7]. Prevalence of anemia among pregnant women has been
stagnant in the past decade (48% in Nepal Demographic Health Survey 2011 vs 46% in 2016)
despite iron folic acid supplementation program implemented throughout the country [7, 8].

Mostly used strategy to improve nutritional status of pregnant women is nutrition educa-
tion that emphasizes on maternal diet quality by increasing the diet diversity [9].However less
research has been carried out regarding this subject in Nepal. The aim of this study was to
assess the effect of nutrition education on hemoglobin level in pregnant women.

Materials and methods
Study design

We conducted a quasi-experimental study among pregnant women who were in the second
trimester (gestational age from 13 to 28 weeks) attending ante natal care (ANC) visits in Gyne-
cology and Obstetrics outpatient department at Tribhuvan University Teaching Hospital
(TUTH) in Kathmandu, Nepal. Pregnant women were consecutively enrolled and assigned to
receive nutrition education and diet plan in the intervention group and general education only
in the control group. End line data were collected after ten weeks of nutrition education inter-
vention. The participants were enrolled from November 2017 to March 2018. End line and fol-
low-up assessment were conducted between these periods. (Fig 1)

Setting and sample

Tribhuvan University Teaching Hospital (TUTH) was selected purposively. Pregnant women
aged 15-49 years who were willing to participate with mild and moderate anemia were
included in the study. Pregnant women who were vegetarian and with special medical condi-
tions like diabetes mellitus, hypertension, ante partum hemorrhage, renal disease, malignancy,
cardio-pulmonary disease, hypo or hyperthyroidism, epilepsy and severe anemia were
excluded from the study.
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Fig 1. Conceptual framework of the study.
https://doi.org/10.1371/journal.pone.0213982.g001

The sample size was calculated based on a similar study done by Otoo GE and Owusu WB
in 2016 [10].After adjusting for 10% non-response rate and 20% loss through follow-up and
drop out, the final sample size was 115 (58 participants in Intervention group and 57 partici-
pants in control group respectively) at 5% level of significance and 90% power. The sample
size was calculated using test comparing two means in STATA version 13.0.

The trained data enumerator collected data from pregnant women who gave written
informed consent to participate in the study. The baseline data collection technique was inter-
view using semi-structured questionnaire. Anthropometric measurements like height, weight
and body mass index (BMI), and biochemical assessment such as hemoglobin level estimation
were done. End line data collection was done after ten weeks of nutrition education interven-
tion. After baseline data collection was completed, participants were assigned to either the con-
trol or intervention group purposively. Pregnant women who attended in odd days were
assigned to intervention group and those who attended the ANC visits in even days were
assigned to control group.
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Data enumerator was properly explained about the purpose of the study to the study partic-
ipants in simple and understandable terms. Written informed consent was taken from partici-
pants before interview. Confidentiality and privacy of the participants was maintained. Ethical
approval was obtained from the Institutional Review Board (IRB) of the Institute of Medicine
(IOM) (Reference number 252(6-11-E) 2074/75).

Nutrition education intervention

The intervention consisted of two nutrition education counseling sessions and iron rich food
based diet plan to the intervention group and general education only to the control group dur-
ing the study period. Nutrition education intervention was conducted at the Tribhuvan Univer-
sity Teaching Hospital (TUTH) for ten weeks. Nutrition education guideline on anemia with
face-to-face lessons and written poster for individual counseling were developed and used for
each pregnant woman. Key message on nutrition education to the intervention group consisted
of causes of anemia, consequences of anemia in pregnancy, iron rich foods, enhancers and
inhibitors of iron absorption and iron rich food based diet plan. General education to the con-
trol group consisted of hygiene and sanitation, rest and exercise, danger signs in pregnancy.

The nutrition education counseling sessions were held at the time of enrollment lasting
approximately one hour. At the end of the session, information and education materials on
anemia were distributed. Follow up was done every 4 weeks during ANC visits at the hospital.
In every two weeks, phone call of about 3-5 minutes was done as follow-up to know the situa-
tion of pregnant women and convey key messages.

Diet plan was developed and used for pregnant women on an individual basis. Diet was
planned by using food exchange list and portion size adopted by the dietary department of the
Tribhuvan University Teaching Hospital (TUTH).Total iron value found in each food items
per household measurement were calculated and incorporated in diet plan. Harris-Benedict’s
equation was used to calculate total energy expenditure based on the ideal body weight. The
total energy requirement was determined by adding extra 300-350 kcal required for pregnant
women in second trimester. Dietary guideline was adopted from dietary guidelines by Indian
Council for Medical Research 2010 [11]. Accordingly a balanced diet menu for each pregnant
woman was planned. The total day’s menu plan was distributed into 5 meals as breakfast,
lunch, snack, and dinner and bedtime snack with emphasis on iron rich foods. Diet plan was
made at the time of enrollment for individual pregnant women in the intervention group and
follow-up were done every 4 weeks during ANC visits and phone calls.

Maternal nutritional knowledge was assessed before and after intervention by interview
using a semi-structure questionnaire. Participants were scored on the proportion of correct
responses to questions on anemia and iron-rich foods. The minimum and maximum scores
were 0 and 24 respectively. Scores from 0 to 7, 8 to 16 and 17 to 24 were considered as poor,
average and good knowledge respectively [12].

Outcome measure

The primary outcome for this study was the effect of nutrition education and diet plan on
hemoglobin level of pregnant women after ten weeks of intervention. Secondary outcomes
included the change in body weight, nutritional knowledge of mothers and dietary intake.

Statistical analysis

Data entry was recorded using EpiData version 3.2 and analyzed by using STATA 13.0. Fre-
quencies, percentage, mean (standard deviation) were calculated under descriptive statistics.
Chi-square test was used to analyze association of categorical variables between intervention
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and control groups. Independent sample t-test assuming equal variance was used to compare
between the intervention and control groups. All probability values less than 0.05 were consid-
ered to be statistically significant.

Results

In the study 58 pregnant women received nutrition education as well as iron rich food based
diet plan, while 57 pregnant women received general education only. Eight pregnant women
left the trial during the study. Among them five participants could not be followed up, two dis-
continued the study and one had abortion (Fig 2).

There was no significance difference between the intervention and control groups regard-
ing age, parity, educational level, ethnicity, religion, occupation, ecological zone, and income
level (Table 1).

This study found that a majority of pregnant women in both intervention and control
groups had mild anemia (9-10.9 gm/dl) at baseline (85.2% and 96.3% respectively). After
intervention, one third (34%) of pregnant women in intervention group and 9.3% in control
group had normal level of hemoglobin (>11gm/dl). At the end of 10 weeks, the change in
hemoglobin level was significantly higher in the intervention group compared to control
group (0.56+0.40gm/dl vs 0.16 £0.82gm/dl, p = 0.002) (Table 2).

Before intervention, only 14.8% in control group and 7.4% in intervention group had good
nutritional knowledge score. After intervention, two third of the pregnant women (66.0%) in
intervention group had good nutritional knowledge score on anemia and iron rich foods, com-
pared to only one fourth (24.1%) in control group. There was significance difference in the
nutritional knowledge score of pregnant women in the intervention group over control group
at baseline (p<0.001) (Table 3)

There was no significant difference in weight and BMI between the groups post interven-
tion (Table 4).

There was significantly higher intake of red meat, fish and liver (p<0.001), vitamin C rich
fruits (p = 0.006), dairy products (p = 0.013), eggs (p = 0.016) and dark green vegetables
(p<0.006) in the intervention compared to control group (Table 5).

Discussion

Present study indicates that the nutrition education and iron rich food based diet plan during
pregnancy led to improved hemoglobin level, maternal weight gain and increased consump-
tion of iron rich foods. At end line, there was significant improvement in the hemoglobin con-
centration of intervention group compared to control group in pregnant women. Similar
result were reported by a randomized study done in the University of Ghana showing that
nutrition education emphasizing iron rich foods consumption was positively associated with
improved hemoglobin levels (CG, 0.1+1.3 vs. -0.7+1.4) [10]. A quasi experimental study done
by Al-tell MA et al, (2010) indicated a significant positive relationship between dietary prac-
tices and improvement of hemoglobin level of pregnant women [13]. Similarly, in a pre-test
post-test study in pregnancy done by Garg & Kashyap (2006), individual counseling signifi-
cantly improved mean hemoglobin levels in pregnant women (0.97 vs. 1.58, P<0.001) [14].
Likewise, a randomized control trial among the Nepalese pregnant women, the education pro-
gram only seen to be significantly higher hemoglobin change (0.23 gm/dl) compared to the
control group (P<0.01) [15]. While a randomized control trial done in Greece showed no sig-
nificant effect of nutrition education and counseling on hemoglobin level in the intervention
group compared to control group [16].
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Fig 2. Flow diagram of the study.
https://doi.org/10.1371/journal.pone.0213982.9002

A review of prior randomized control trial and a quasi-experimental studies reported sub-
stantial and significant effects when nutrition education and counseling was provided with
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Table 1. Socio-demographic information of pregnant women.

Variables Control Group Intervention Group p value
(n=54) (n=53)
Mean+SD Mean+SD
Mean age (years) 26.06+4.98 26.2314.74 0.856
Base line gestational age(weeks) 21.44+4.65 21.08+4.87 0.692
End line gestational age (weeks) 29.93+4.58 28.89+4.47 0.234
Gravida
Primigravida 1.57+0.79 1.74+0.93 0.16
Multigravida 1.15+0.61 1.07+0.26 0.158
Variables Control Group(n = 54) InterventionGroup(n = 53)
n(%) n(%)
Age groups 15-19 3(5.6) 2(3.8) 0.595
20-29 41(75.9) 39(73.6)
30-40 10(18.5) 12(22.6)
Education No education 4(7.4) 1(1.9) 0.662
Literate only 1(1.9) 6(11.3)
Primary (1-5) 2(3.7) 2(3.8)
Secondary (6-9) 13(24.1) 10(18.9)
SLC & above 34(63.0) 34(64.2)
Religion Hindu 42(77.8) 42(79.2) 0.506
Buddhist 6(11.1) 8(15.1)
Others 6(11.2) 3(5.7)
Occupation House wife 27(50.0) 32(60.4) 0.621
Employee 12(22.2) 12(22.6)
Trader 8(14.8) 6(11.3)
Unemployed 2(3.7) -
Others 5(9.3 3(5.7)

https://doi.org/10.1371/journal.pone.0213982.t001

nutritional supplements, mostly by way of micronutrients, compared to nutrition education
alone [17]. Nepal Demographic and Health Survey reports showed that just 42% of women took
the recommended dose of iron during pregnancy and 41% of women aged between 15 to 49
years were anemic [8]. Thus, compliance of iron supplementation is still low in pregnant women
in Nepal. According to Multi-Sectoral Nutrition Plan II, Nepal has a target of reducing the prev-
alence of anemia among women of reproductive age by 50% in line with the Sustainable Devel-
opment Goals [18]. Counseling on nutrition education and iron rich food based diet plan for the
pregnant mothers could be an effective strategy to reduce anemia among the pregnant women.

Table 2. Comparison of primary outcome variables for base line and end line in control and intervention groups.

Variables Control group(n = 54) Intervention group(n = 53) p value'
Mean + SD Mean + SD
Blood Hb level gm/dl
Baseline 10.18+0.62 9.99+0.87 0.209
End line 10.35+0.64 10.55+0.79 0.144
Change 0.16+0.82 0.56+0.40 0.002*

! Independent sample t-test
*statistically significant is at p<0.05

https://doi.org/10.1371/journal.pone.0213982.t002
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Table 3. Comparison of secondary outcomes variables for base line and end line in control and intervention groups.

Variables Control group(n = 54) Intervention group(n = 53)
Mean + SD Mean + SD p value'
Maternal nutritional knowledge score
Baseline 10.31+5.17 9.24+4.67 0.200
End line 11.3745.02 17.3743.25 <0.001*
Change 1.05+6.59 8.26+4.57 <0.001*

! Independent sample t-test
*statistically significant is at p<0.05

https://doi.org/10.1371/journal.pone.0213982.t003

The nutrition education intervention and iron rich food based diet plan was significantly
associated with increase in maternal nutritional knowledge score of anemia and iron rich
foods intake in intervention group compared to control group (66% Vs 24.1%). Randomized
studies done in university of Ghana reported that significant increase in knowledge exhibited
by the intervention group at the end of the intervention period [10]. The study done in Ethio-
pia revealed that the knowledge of pregnant women on nutrition during pregnancy signifi-
cantly increased after the provision of nutrition education and the specific dietary practices
[19].The intervention study design done in Kalyobia Governorate (Moshtoher, KafrShoukr,
and Kaha) (n = 200) result showed 78% of pregnant women had attained good nutritional
knowledge score after intervention [20]. However, mostly counseling done during ante natal
visits tends to be general in the context of Nepal. Our finding suggests pregnant women who
have good nutritional knowledge can have improved hemoglobin level. Thus, nutrition educa-
tion and counseling during ante natal visits could improve maternal nutritional knowledge
regarding iron rich foods. Similar result were reported by other study done, an interventional
study that after nutrition education session, there was significant improvement in the nutri-
tional knowledge score which can helped to prevent anemia [21].

The present study shows average maternal weight gain was higher in the intervention
group compared to control group (3.28 kg vs. 1.79kg). Similar result was reported by quasi-
experimental study done in the Indonesia (2014), that increase in average maternal weight
gain in the treatment group higher than the control group (3.017kg vs. 1.80kg) [3].Another

Table 4. Comparison of secondary outcomes variables for base line and end line in control and intervention groups.

Variables Control group(n = 54) Intervention group(n = 53) p value'
Mean + SD Mean + SD
Weight, kg
Baseline 54.87 +8.81 52.68 £7.43 0.167
End line 56.59 £8.25 56.01 £7.14 0.702
Change 1.79 +£9.84 3.28 £8.31 0.401
Height, cm 154.11+5.11 153.47+5.77 0.541
BMI, kg/m2
Baseline 22.87 £3.86 22.18 £3.15 0.322
End line 23.83 £3.27 23.77 £2.62 0.921
Change 0.95 +4.92 1.58 £2.80 0.419

! Independent sample t-test
BMI = Body mass index (kg/m?)
*statistically significant is at p<0.05.

https://doi.org/10.1371/journal.pone.0213982.t1004
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Table 5. Comparison of dietary intake of selected food items between control and intervention groups using seven days food frequency questionnaire.

Variables Control group(n = 54) Intervention group(n = 53)
Food groups Mean + SD Mean + SD p value'
Red meat, liver, fish
Base line 1.90 +1.17 1.93 +£1.43 0.927
End line 1.93 £1.14 3.88 £1.82 0.001*
Change 0.03 £1.33 2.23 £1.85 <0.001*
Vitamin C rich fruits
Base line 4.35+2.11 4.20+2.14 0.729
End line 4.20 +2.26 5.42+2.01 0.005*
Change 0.04 +2.85 1.41 +2.07 0.006"
Legumes and nuts
Base line 4.1742.25 4.04 +£2.55 0.800
End line 4.32+2.17 4.72 +2.22 0.369
Change 0.21 £3.11 0.78 £2.17 0.314
Dairy products
Base line 4.67 +2.62 4.55 £2.60 0.827
End line 4.92 +2.37 6.55 +1.51 <0.001*
Change 0.26 £3.13 2.04 £3.28 0.013*
Cereal/Grains
Base line 6.98 +0.13 6.81+0.98 0.219
End line 6.87 +0.83 7.04 £0.89 0.315
Change 0.11 +0.86 0.19 +1.31 0.161
Eggs
Base line 4.71 £2.56 3.28+2.42 0.016*
End line 4.02 +2.45 4.84 +2.37 0.097
Change 0.37 £3.80 1.89 £3.63 0.016*
Vitamin A rich fruits
Base line 3.10 £2.18 2.60+1.94 0.302
End line 3.21£1.92 3.57+2.03 0.384
Change 0.09 £2.69 1.05 £2.39 0.070
Dark green leafy vegetables
Base line 6.08 +1.67 5.37+2.17 0.063
End line 5.80 +1.66 6.55+1.17 0.008"
Change 0.20 +2.29 1.11 £2.57 0.006"

! Independent sample t-test

* Statistical significance is at p<0.05

https://doi.org/10.1371/journal.pone.0213982.t005

study conducted by Kafatos AG et al, indicated that nutrition counseling during pregnancy
can improve dietary intake and maternal weight gain [16].

The present study result shows that pregnant women who received nutrition education and
iron rich food based menu plan had a significant increase in the consumption level of red meat,
fish liver, vitamin C rich fruits, dairy products, eggs and dark green vegetables compared to con-
trol group. The study done by Liu N et al, (2009) result also showed that increased fruits con-
sumption in the intervention group than control group [22]. Pregnant women in the
intervention group reflected behavioral change by practicing minimum of 3 or more meal con-
sumption [23]. Nutrition education and counseling has been found in other studies to improve
maternal diet including dietary practices and consumption of macro and micronutrients [10, 24].
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Micronutrient deficiencies can lead to poor maternal health outcome and pregnancy associated
complication [25]. Brough L et al, (2010) showed that increase consumption of micronutrient in
pregnancy can improve nutritional status of pregnant women [26].A study carried out by Hass-
wane N et al, (2015) also revealed the need to implement educational program to improve nutri-
tional knowledge and sensitization of women in order to ensure adequate intake of iron and
increase iron bioavailability food [27].

Our study had several limitations. The sample size of our study was less therefore the fin-
dingscannot be generalized to a wider population. The compliance to nutrition education and
iron richfood based diet plan was not assessed in this study. Only hemoglobin level was mea-
suredtherefore we could not assess the differentiation of anemia, such as iron deficiency, nutri-
tional,genetic and infectious anemia in this study. Participants were assigned to either the
control orintervention group purposively. So, there was chance of bias due to lack of
randomization.

Conclusion

Our study concludes the provision of nutrition education and iron rich food based diet plan
for pregnant women was found to be associated with improved hemoglobin level. Provision of
nutrition education and iron rich food based diet plan was significantly associated with
improved nutritional knowledge score and improved dietary intake.

Supporting information

S1 File. Questionnaire.
(DOCX)

S2 File. Dataset.
(ZIP)

Acknowledgments

We are grateful to Professor Dr. Kalpana Tiwari, Director of Research and Planning Purban-
chal University, Faculty of Science and Technology, College of Applied Food and Dairy Tech-
nology College, Kathmandu Nepal for assistance of undertaking this research. Our gratitude to
an entire family of Gynecology and Obstetrics Department of Tribhuvan University Teaching
Hospital for their facilitation, cooperation during data collection. Our sincere thanks goes to
all the pregnant women who provided their valuable time, response and participated in the
study.

Author Contributions
Conceptualization: Dev Ram Sunuwar, Raj Kumar Sangroula, Pranil Man Singh Pradhan.

Data curation: Dev Ram Sunuwar, Nani Shova Shakya, Renu Yadav, Narendra Kumar
Chaudhary.

Formal analysis: Dev Ram Sunuwar, Raj Kumar Sangroula, Narendra Kumar Chaudhary.
Funding acquisition: Dev Ram Sunuwar.

Investigation: Dev Ram Sunuwar.

Methodology: Dev Ram Sunuwar.

Project administration: Dev Ram Sunuwar.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213982 March 21,2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213982.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213982.s002
https://doi.org/10.1371/journal.pone.0213982

9-PLOS |ONE

Nutrition education and hemoglobin level in pregnant women

Resources: Dev Ram Sunuwar.

Software: Dev Ram Sunuwar.

Supervision: Dev Ram Sunuwar, Raj Kumar Sangroula, Nani Shova Shakya, Renu Yadav, Nar-

endra Kumar Chaudhary, Pranil Man Singh Pradhan.

Validation: Dev Ram Sunuwar.

Visualization: Dev Ram Sunuwar.

Writing - original draft: Dev Ram Sunuwar, Pranil Man Singh Pradhan.

Writing - review & editing: Dev Ram Sunuwar, Raj Kumar Sangroula, Nani Shova Shakya,

Renu Yadav, Narendra Kumar Chaudhary, Pranil Man Singh Pradhan.

References

1.

10.

11.

12

13.

Devadas R, Chandrasekhar U. Nutrition education of illiterate people. J Nutr Educ Behav [Internet].
1970; 1(3):13-6. Available from: http://www.jneb.org/article/S0022-3182(70)80100-5/abstract

Shah S, Sharma G, Shris L, Shah SK, Sharma M, Sapkota NK. Knowledge on dietary patterns among
pregnant women attending antenatal care check-up in Narayani hospital, Nepal. Int J Community Med
Public Heal. 2017; 4(5):1466-72.

Sirajuddin S, Hadju1 and Musni V. The Effect of Eggs Consumption and Nutrition Counseling to the
Increasing of Body Weight and Hemoglobin of Pregnant Women at Kassi-Kassi Health Center, Makas-
sar City- Indonesia. Int J Sci Res Publ. 2014; 4(4):1-9.

Fallah F, Pourabbas A, Delpisheh A, Veisani Y, Shadnoush M. Effects of nutrition education on levels of
nutritional awareness of pregnant women in western Iran. Int J Endocrinol Metab. 2013; 11(3):175-8.
https://doi.org/10.5812/ilem.9122 PMID: 24348589

Gebre A, Mulugeta A. Prevalence of Anemia and Associated Factors among Pregnant Women in North
Western Zone of Tigray, Northern Ethiopia: A Cross-Sectional Study. J Nutr Metab. 2015;2015.

WHO. The Global Prevalence of Anemia in 2011 [Internet]. WHO Report. 2015. Available from: https://
apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf;jsessionid=
30EAEB9E2B6AB89DO0F0CB007C87525B?sequence=1

Ministry of Health and Population. Nepal: 2011 Demographic and Health Survey. New ERA ICF Int
[Internet]. 2012; Available from: https://dhsprogram.com/pubs/pdf/SR189/SR189.pdf

Ministry of Health, New ERA, The DHS Program ICF. Nepal Demographic and Health Survey. 2016
[cited 2018 Jan 13]; Available from: https://www.dhsprogram.com/pubs/pdf/FR336/FR336.pdf

Nielsen JN, Gittelsohn J, Anliker J, O’Brien K. Interventions to improve diet and weight gain among
pregnant adolescents and recommendations for future research. J Am Diet Assoc [Internet]. 2006 Nov
[cited 2018 Mar 10]; 106(11):1825—40. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17081834
https://doi.org/10.1016/j.jada.2006.08.007 PMID: 17081834

Otoo G, Adam Y. Effect of Nutrition Education with an Emphasis on Consumption of Iron-Rich Foods on
Hemoglobin levels of Pregnant Women in Ghana. FASEB J [Internet]. 2016; 30(1). Available from:
https://www.fasebj.org/doi/abs/10.1096/fasebj.30.1_supplement.410.2

National Institute of Nutrition. Nutrient Requirements and Recommended Dietary Allowances for Indi-
ans A Report of the Expert Group of the Indian Council of Medical Research [Internet]. Report of the
Expert Group of the Indian Council of Medical Research. 2009. Available from: https://www.academia.
edu/33855206/NUTRIENT_REQUIREMENTS_AND_RECOMMENDED_DIETARY_ALLOWANCES _
FOR_INDIANS?fbclid=IwARONzkvSZEqFUXSXCvWRQgUgaVbyIncFvNwTjMYHQCtjHG6rQeHCLYnl
cYs

Adam Y. Efficacy of nutrition education with an emphasis on concumtion of iron-rich foods on haemo-
globin levels of pregnant women: a rondomized trial in Gomoa east district of the central region of
Ghana [Internet]. University of Ghana; 2015. Available from: http://ugspace.ug.edu.gh/bitstream/
handle/123456789/8706/Efficacy of Nutrition Education with an Emphasis on Consumption of Iron-
Rich Foods on Haemoglobin Levels of Pregnant Women%3B A Randomized Trial in Gomoa East
District of the Central Region of Ghana. - 2015.pdf?sequence=1&fbclid=IwAR3dfPQyMZBV _
S2exwDYIxv8SJaRalyy7XVsD4QX7Y5tf7_dc5_vJvDng_w

Al-tell MA, El-guindi FK, Soliman NM, EIl-Nana H. Effect of Nutritional Interventions on Anemic Pregnant
Women’s Health Using Health Promotion Model. Med J Cairo Univ. 2010; 78(2):109—-18.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213982 March 21,2019 11/12


http://www.jneb.org/article/S0022-3182(70)80100-5/abstract
https://doi.org/10.5812/ijem.9122
http://www.ncbi.nlm.nih.gov/pubmed/24348589
https://apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf;jsessionid=30EAE69E2B6AB89D90F0CB007C87525B?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf;jsessionid=30EAE69E2B6AB89D90F0CB007C87525B?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf;jsessionid=30EAE69E2B6AB89D90F0CB007C87525B?sequence=1
https://dhsprogram.com/pubs/pdf/SR189/SR189.pdf
https://www.dhsprogram.com/pubs/pdf/FR336/FR336.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17081834
https://doi.org/10.1016/j.jada.2006.08.007
http://www.ncbi.nlm.nih.gov/pubmed/17081834
https://www.fasebj.org/doi/abs/10.1096/fasebj.30.1_supplement.410.2
https://www.academia.edu/33855206/NUTRIENT_REQUIREMENTS_AND_RECOMMENDED_DIETARY_ALLOWANCES_FOR_INDIANS?fbclid=IwAR0nzkvSZEqFUXSXCvWRQgUgaVbylncFvNwTjMYHQCtjHG6rQeHCLYnlcYs
https://www.academia.edu/33855206/NUTRIENT_REQUIREMENTS_AND_RECOMMENDED_DIETARY_ALLOWANCES_FOR_INDIANS?fbclid=IwAR0nzkvSZEqFUXSXCvWRQgUgaVbylncFvNwTjMYHQCtjHG6rQeHCLYnlcYs
https://www.academia.edu/33855206/NUTRIENT_REQUIREMENTS_AND_RECOMMENDED_DIETARY_ALLOWANCES_FOR_INDIANS?fbclid=IwAR0nzkvSZEqFUXSXCvWRQgUgaVbylncFvNwTjMYHQCtjHG6rQeHCLYnlcYs
https://www.academia.edu/33855206/NUTRIENT_REQUIREMENTS_AND_RECOMMENDED_DIETARY_ALLOWANCES_FOR_INDIANS?fbclid=IwAR0nzkvSZEqFUXSXCvWRQgUgaVbylncFvNwTjMYHQCtjHG6rQeHCLYnlcYs
http://ugspace.ug.edu.gh/bitstream/handle/123456789/8706/Efficacy%20of%20Nutrition%20Education%20with%20an%20Emphasis%20on%20Consumption%20of%20Iron-%20Rich%20Foods%20on%20Haemoglobin%20Levels%20of%20Pregnant%20Women%3B%20A%20Randomized%20Trial%20in%20Gomoa%20East%20District%20of%20the%20Central%20Region%20of%20Ghana.%20-%202015.pdf?sequence=1&fbclid=IwAR3dfPQyMZBV_S2exwDYIxv8SJaRalyy7XVsD4QX7Y5tf7_dc5_vJvDnq_w
http://ugspace.ug.edu.gh/bitstream/handle/123456789/8706/Efficacy%20of%20Nutrition%20Education%20with%20an%20Emphasis%20on%20Consumption%20of%20Iron-%20Rich%20Foods%20on%20Haemoglobin%20Levels%20of%20Pregnant%20Women%3B%20A%20Randomized%20Trial%20in%20Gomoa%20East%20District%20of%20the%20Central%20Region%20of%20Ghana.%20-%202015.pdf?sequence=1&fbclid=IwAR3dfPQyMZBV_S2exwDYIxv8SJaRalyy7XVsD4QX7Y5tf7_dc5_vJvDnq_w
http://ugspace.ug.edu.gh/bitstream/handle/123456789/8706/Efficacy%20of%20Nutrition%20Education%20with%20an%20Emphasis%20on%20Consumption%20of%20Iron-%20Rich%20Foods%20on%20Haemoglobin%20Levels%20of%20Pregnant%20Women%3B%20A%20Randomized%20Trial%20in%20Gomoa%20East%20District%20of%20the%20Central%20Region%20of%20Ghana.%20-%202015.pdf?sequence=1&fbclid=IwAR3dfPQyMZBV_S2exwDYIxv8SJaRalyy7XVsD4QX7Y5tf7_dc5_vJvDnq_w
http://ugspace.ug.edu.gh/bitstream/handle/123456789/8706/Efficacy%20of%20Nutrition%20Education%20with%20an%20Emphasis%20on%20Consumption%20of%20Iron-%20Rich%20Foods%20on%20Haemoglobin%20Levels%20of%20Pregnant%20Women%3B%20A%20Randomized%20Trial%20in%20Gomoa%20East%20District%20of%20the%20Central%20Region%20of%20Ghana.%20-%202015.pdf?sequence=1&fbclid=IwAR3dfPQyMZBV_S2exwDYIxv8SJaRalyy7XVsD4QX7Y5tf7_dc5_vJvDnq_w
http://ugspace.ug.edu.gh/bitstream/handle/123456789/8706/Efficacy%20of%20Nutrition%20Education%20with%20an%20Emphasis%20on%20Consumption%20of%20Iron-%20Rich%20Foods%20on%20Haemoglobin%20Levels%20of%20Pregnant%20Women%3B%20A%20Randomized%20Trial%20in%20Gomoa%20East%20District%20of%20the%20Central%20Region%20of%20Ghana.%20-%202015.pdf?sequence=1&fbclid=IwAR3dfPQyMZBV_S2exwDYIxv8SJaRalyy7XVsD4QX7Y5tf7_dc5_vJvDnq_w
https://doi.org/10.1371/journal.pone.0213982

9-PLOS |ONE

Nutrition education and hemoglobin level in pregnant women

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Garg A, Kashyap S. Effect of counseling on nutritional status during pregnancy. Indian J Pediatr [Inter-
net]. 2006 Aug [cited 2018 Mar 14]; 73(8):687-92. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/16936363 PMID: 16936363

Adhikari K, Liabsuetrakul T, Pradhan N. Effect of education and pill count on hemoglobin status during
prenatal care in Nepalese women: A randomized controlled trial. J Obstet Gynaecol Res [Internet].
2009 Jun [cited 2018 Jun 16]; 35(3):459—66. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
19527383 https://doi.org/10.1111/j.1447-0756.2008.00970.x PMID: 19527383

Kafatos AG, Vlachonikolis IG, Codrington CA. Nutrition during pregnancy: the effects of an educational
intervention program in Greece. Am J Clin Nutr [Internet]. 1989 Nov [cited 2018 Mar 13]; 50(5):970-9.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/2816804 https://doi.org/10.1093/ajcn/50.5.970
PMID: 2816804

Girard AW, Olude O. Nutrition education and counselling provided during pregnancy: Effects on mater-
nal, neonatal and child health outcomes. Paediatr Perinat Epidemiol. 2012; 26(SUPPL. 1):191-204.

Goverment of Nepal, National Planning Commission. Multi-sector Nutrition Plan Il (2018-2022), Nepal.
2018; Available from: http://www.nnfsp.gov.np/PublicationFiles/c5a5f68f-ec07-4a7b-ac55-
92cea707d472.

Robertson N, Ladlow B. Effect of individual dietetic intervention on gestational weight gain and associ-
ated complications in obese pregnant women. Aust N Z J Obstet Gynaecol [Internet]. 2017 Sep 26
[cited 2017 Oct 13]; Available from: http://doi.wiley.com/10.1111/ajo.12711

Abd EIHameed H, Mohammed A, Abd El Hameed L. Effect of nutritional educational guideline among
pregnant women with iron deficiency anemia at rural area in Kalyobia governorate. Life Sci J. 2012; 9
).

Nimbalkar PB, Patel JN, Thakor N, Patni M. Impact of educational intervention regarding anaemia and
its preventive measures among pregnant women: an interventional study. Int J Reprod Contraception,
Obstet Gynecol [Internet]. 2017; 6(12):5317-21. Available from: https://www.ijrcog.org/index.php/
ijrcog/article/view/3989

LiuN, Mao L, Sun X, Liu L, Yao P, Chen B. The effect of health and nutrition education intervention on
women’s postpartum beliefs and practices: A randomized controlled trial. BMC Public Health. 2009; 9.

Daniel S, Pu G, Gnanaraj S, Sharmine E. Effect of nutrition education among pregnant women with low
body mass index: a community based intervention. Int J Community Med Public Heal [Internet]. 2016; 3
(11):3135-9. Available from: https://www.ijcmph.com/index.php/ijcmph/article/viewFile/113/110

Adhikari BK, Koirala U, Lama S, Dahal P. Situation of Iron Deficiency and lts Management Prioritizing
Dietary Intervention in Nepal. Nepal J Epidemiol [Internet]. 2012; 2(2):182—-90. Available from: http://
www.nepjol.info/index.php/NJE/article/view/6573

Christian P. Iron Deficiency and Anemia Causes, Consequences, and Solutions [Internet]. International
Nutrition. 2005 [cited 2019 Feb 12]. Available from: http://ocw.jhsph.edu/courses/InternationalNutrition/
PDFs/Lecture5.pdf

Brough L, Rees GA, Crawford MA, Morton RH, Dorman EK. Effect of multiple-micronutrient supplemen-
tation on maternal nutrient status, infant birth weight and gestational age at birth in a low-income, multi-

ethnic population. Br J Nutr. 2010; 104(3):437-45. https://doi.org/10.1017/S0007114510000747 PMID:
20412605

Obwocha A, Mbagaya G, Were G. Dietary Intake-Among Pregnant Women Attending Ante-Natal Clinic
AtKisiiLevel 5 Hospital, Kenya. IOSR J Environ Sci Toxicol Food Technol [Internet]. 2016; 10(4):77-82.
Available from: http://www.iosrjournals.org/iosr-jestft/papers/vol10-issue4/Version-1/J1004017782.pdf

PLOS ONE | https://doi.org/10.1371/journal.pone.0213982 March 21,2019 12/12


http://www.ncbi.nlm.nih.gov/pubmed/16936363
http://www.ncbi.nlm.nih.gov/pubmed/16936363
http://www.ncbi.nlm.nih.gov/pubmed/16936363
http://www.ncbi.nlm.nih.gov/pubmed/19527383
http://www.ncbi.nlm.nih.gov/pubmed/19527383
https://doi.org/10.1111/j.1447-0756.2008.00970.x
http://www.ncbi.nlm.nih.gov/pubmed/19527383
http://www.ncbi.nlm.nih.gov/pubmed/2816804
https://doi.org/10.1093/ajcn/50.5.970
http://www.ncbi.nlm.nih.gov/pubmed/2816804
http://www.nnfsp.gov.np/PublicationFiles/c5a5f68f-ec07-4a7b-ac55-92cea707d472
http://www.nnfsp.gov.np/PublicationFiles/c5a5f68f-ec07-4a7b-ac55-92cea707d472
http://doi.wiley.com/10.1111/ajo.12711
https://www.ijrcog.org/index.php/ijrcog/article/view/3989
https://www.ijrcog.org/index.php/ijrcog/article/view/3989
https://www.ijcmph.com/index.php/ijcmph/article/viewFile/113/110
http://www.nepjol.info/index.php/NJE/article/view/6573
http://www.nepjol.info/index.php/NJE/article/view/6573
http://ocw.jhsph.edu/courses/InternationalNutrition/PDFs/Lecture5.pdf
http://ocw.jhsph.edu/courses/InternationalNutrition/PDFs/Lecture5.pdf
https://doi.org/10.1017/S0007114510000747
http://www.ncbi.nlm.nih.gov/pubmed/20412605
http://www.iosrjournals.org/iosr-jestft/papers/vol10-issue4/Version-1/J1004017782.pdf
https://doi.org/10.1371/journal.pone.0213982

