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Background & aims: The main objective of this report is to measure to what extent folate or vitamin B12
given daily for 6 months to young North Indian Children improves hemoglobin (Hb) concentration.
Methods: In a randomized placebo controlled trial in low-to-middle income neighborhoods in New
Delhi, India, children were randomized into four groups in a 1:1:1:1 ratio and supplemented daily for 6
months with 2 RDAs of vitamin B12, folic acid, both, or placebo. All childrenwith anemia at baseline were
given iron supplementation daily for 2 months. We measured the plasma concentrations of soluble
transferrin receptor (sTfR), folate, vitamin B12, total homocysteine (tHcy) and Hb in 262 children.
Results: Mean Hb concentration decreased in all four study groups during the six months of follow up
and supplementation of either or both of the vitamins did not improve the Hb concentration. Iron
supplements for the initial 2 mo had limited effect on anemia at 6 mo as almost 90% were still anemic at
study end.
Conclusion: Supplementation of folic acid and/or vitamin B12 for 6 months does not improve Hb con-
centration in young children. Our findings do not argue for widespread vitamin B12 or folic acid sup-
plementation to combat anemia. Our results also call for alternative strategies to improve iron status and
treat iron deficiency anemia.
Clinical trial registry: NCT00717730 at www.clinicaltrials.gov, CTRI No.: CTRI/2010/091/001090 at www.
ctri.nic.in.

© 2016 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Globally, almost 500 million non-pregnant women and 293
million young children suffer from anemia [1]. In the third Indian
National Family Health Survey (NFHS), it was estimated that around
tion; SD, standard deviation;
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79% of Indian preschool children were anemic [2] and the preva-
lence of anemia have remained stable or slightly increased in recent
years despite impressive economic development in India [3,4].
Rural and poor populations are generally more affected than urban
and affluent areas [5,6]. Worldwide, approximately half of all ane-
mia cases are due to iron deficiency [1,7] but deficiencies of other
nutrients such as folate and vitamin B12 are also common and
probably play a role in childhood anemia [8e10]. In a recent report
from this study in India, we found that folate and vitamin B12
status along with iron were associated with anemia [11]. However,
the impact of routine supplementation of either or both of these
vitamins on Hb concentration in children is not known. We
ism. All rights reserved.
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undertook this randomized, placebo-controlled trial to examine the
effect of routine vitamin B12 or folic acid supplementation for six
months on infections [12]. This manuscript reports on the effect of
the interventions on the Hb concentration and iron status at end of
study which were predefined secondary outcomes of this study.

2. Materials and methods

2.1. Study site and participants

The study was conducted in a low-to-middle socioeconomic
setting of Tigri and Dakshinpuri in New Delhi with a total popula-
tion of about 300,000. Details of the population have been
described previously [13,14]. The present findings come from a
randomized double-blind placebo-controlled preventive field trial
with a factorial design that evaluated the impact of supplementa-
tion with folic acid, vitamin B12, or both on childhood infections
[12]. The analyses are restricted to the groupwith both baseline and
end-of-study blood samples, i.e., a total of 262 children.

2.2. Procedures

Of 1377 children aged 6e30 months of either sex identified
through a door-to-door survey, 1000 were enrolled in the study
conducted between January 2010 and September 2011. Children
with severe systemic illness requiring hospitalization, severe
malnutrition (WHZ < -3Z), or severe anemia (Hb < 7 g/dL), those
taking folic acid and/or vitamin B12 supplements, and those not
consenting or considering migration were excluded from enroll-
ment [12].

WHO guidelines were followed for anemia treatment, and the
children with severe anemia (Hb < 7 g/dL) were referred to hos-
pitals for further evaluation and treatment. Children with modest
anemia (between Hb 11 g/dL and 7 g/dL) were included in the
study, but provided iron supplement solution (Ferium, Emcure
Pharmaceuticals Ltd) containing elemental iron of 50 mg per 5 mL.
Two bottles of the Ferium were provided if the child was above 1
year and one bottle if the age of the child was below 1 year. The
dose was doubled when the child crossed the age of one year. Field
teams supervised iron therapy for 2 months but did not make any
attempt to document the compliance.

The enrolled children were supplemented for 6 months with a
lipid-based nutritional supplement of vitamin B12 and/or folic acid.
The supplement was prepared by NUTRISET, Ltd (MALAUNAY,
France). Children were supplemented with a daily dose according
to the age, 5 g (1 spoon) for children < 1 y and 10 g for
children > 1 y. The supplement was administered by a fieldworker
daily for 6 mo at home, except on Sundays and public holidays
when the mother administered it herself. Each 10 g of supplement
contained total energy of 54.1 kcal, 0.7 g proteins, and 3.3 g fat,
150 mg folic acid for the groups that were assigned to receive folic
acid and 1.8 mg vitamin B12 for the groups assigned to vitamin B12.
These doses were equivalent to 2 RDA for the respective age groups.

Biweekly home visits were conducted to ascertain information
on morbidity. Weight was measured using digital Digitron scales
with 50 g sensitivity (Digitron, SCALES 'n' SENSORS INC., Delhi, India),
and length was measured using locally manufactured infantometer
reading to the nearest 0.1 cm (Nikhil traders, Delhi, India). Anthro-
pometric measurements were done at baseline as well as at the end
of the study in all children.

2.3. Laboratory parameters

A blood specimenwas obtained in EDTA-containing vacutainers
(BD, Franklin Lakes, NJ, USA) for all children at baseline. A total of 272
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children were assigned for blood sampling at the end of the study,
equally distributed among the 4 treatments groups through a
randomization process. Blood samples from 10 children could not
be collected since the family refused or because they had left the
area at the time of blood sample, leaving a total of 262 childrenwith
blood sample data at the end of the study. The blood specimenwas
centrifuged (Remi Sales& Engineering LtD, Mumbai, India) at approx.
450 � g at room temperature for 10 min in field settings. Plasma
was separated and transferred into storage vials, and stored
at �20 �C at the central laboratory until analysis. HemoCue AB
(HemoCue Hb Angelholm, Sweden) was used to analyze Hb con-
centration [15,16]. Plasma concentrations of folate and vitamin B12
were estimated by microbiological assays [17,18], and plasma sTfR
was analyzed using an immunoturbidimetric assay [19]. Plasma
tHcywas analyzed using commercial kits (Abott Laboratories, Abott
Park, IL, USA) [20].

2.4. Definitions

Anemia was defined as Hb concentration of <11 gm/dL and se-
vere anemia as Hb <7 gm/dL on the basis of WHO criteria [21]. Iron
deficiency was defined as sTfR concentrations >4.7 nmol/L [22]. We
defined vitamin B12 deficiency as plasma vitamin B12 level of
<200 pmol/L and folate deficiency as a plasma folate level of
<7.5 nmol/L [12,23].

2.5. Ethics

This study was conducted according to the latest version of the
guidelines laid down in the Declaration of Helsinki and all pro-
cedures involving human subjects were approved by the Ethics
committee at Society for Essential Health Action and training New
Delhi, Society for Applied Studies, New Delhi, Christian Medical
College Vellore and Norwegian Regional Committee for Medical
and Health Research Ethics (REK VEST) before the initiation of the
study. Plain-language statements explaining the study were pro-
vided to caregivers and written informed consent was obtained
from the guardians of all child participants involved in the study. If
no literate parent was present (i.e. the present parent was illiterate)
at the time of consenting, a literate impartial witness signed the
consent forms, witnessed the consenting process and that all parts
of the consent form were explained to the parent(s) in detail.

2.6. Statistical methods

The forms used for data collection were designed in visual
basic.net [24] and range and consistency checks were incorporated.
Two data entry clerks entered and validated the data on the next
day after the forms were filled. Queries were generated and
resolved within 2 days and the data set completed within 3 days.

Continuous variables are given as means (SD), or medians
(interquartile range) or means of log transformed values (SD). The
skewed biomarker variables (plasma folate, vitamin B12, tHcy and
sTfR concentrations) were log transformed to achieve normality.
Categorical variables are presented as proportions.

We investigated the effect of folic acid and vitamin B12 sup-
plementation given for 6 months on the concentration of hemo-
globin and other biomarkers in multiple regression analyses. In
these analyses each intervention group was compared to the pla-
cebo group for change in biomarker concentrations from baseline
to end study.

We also compared these indices in children who were and were
not anemic at baseline, i.e. between those who were treated with
iron for two months and those who were not. We undertook these
analyses with and without adjustment for relevant baseline
min B12 or folic acid on hemoglobin concentration in children 6e36
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characteristics: age, sex, height for age Z score, folic acid and
vitamin B12 intervention and breastfeeding status. The statistical
analyseswere performedwith Stata, version 13.1 (StataCorp, College
Station, TX, USA).
3. Results

A total of 1000 children were enrolled and supplemented with
placebo, folic acid, vitamin B12 or both for 6 months. Half of the
children were supplemented with folic acid and another half were
given vitamin B12 in a factorial design. These analyses are from
children with blood samples both at baseline and at end of the
study (n ¼ 262). None with severe anemia (<7 g/dL) at baseline
were included (Fig. 1). The baseline characteristics of the 262
children according to intervention groups are shown in Table 1.
Mean age of enrolled childrenwas 15.9 (7.3) mo and approximately
36% were infants. Median maternal education was 7.5 (3, 10) years
and one fourth of the mothers were illiterate. More than one-third
of the children were underweight, stunting was seen in approxi-
mately 43% of the children and around 11% were wasted (Table 1).
About 70% children were anemic and received iron therapy for 2
months.
Fig. 1. Flow diagram for 272 children selected for the blo

Table 1
Baseline characteristics of children aged 6e30 months for whom samples were collected

Characteristics Placebo (n ¼ 64) Vitamin

Baseline
Mean (SD) age (months) at enrollment 16.1 (7.2) 15.7 (7
Age categories, n (%)
<12 months 23 (35.9) 23 (35.
12 to 23 months 27 (42.2) 32 (49.
24 to 30 months 14 (21.9) 10 (15.
Boys, n (%) 33 (51.6) 25 (38.
Currently breast fed, n (%) 48 (75.0) 45 (69.
Literate mother, n (%) 51 (79.7) 45 (69.
Median (IQR) annual family income (INR*1000) 84 (48, 125.5) 60 (48,
Mean (SD) weight (kg) 8.5 (1.4) 8.2 (1.6
Mean (SD) length (cm) 74.3 (7.2) 73.3 (7
Wasted (<-2 WHZ), n (%) 8 (12.5) 8 (12.3
Stunted (<-2 HA Z), n (%) 27 (42.2) 26 (40.
Underweight (<-2 WAZ), n (%) 22 (34.4) 25 (38.

Please cite this article in press as: Kumar T, et al., Supplementation of vita
months of age: A randomized placebo controlled trial, Clinical Nutrition
Table 2 shows biomarker concentrations at baseline and at study
end. Mean hemoglobin concentration decreased in all of the study
groups and the largest decrease was seen in children receiving folic
acid. Folic acid and vitamin B12 supplementation improved folate
and vitamin B12 biomarkers, respectively confirming our excellent
compliance. The compliance is also reflected in the decrease in the
concentration of tHcy at end of study where the effect was highest
when vitamin B12 and folic acid were given together (Table 2). We
also undertook these analyses adjusting for other baseline vari-
ables. None of the reported effects were altered when adjusting for
these variables.

Sixmonths supplementation of folic acid and/or vitamin B12 did
not improve hemoglobin concentration or iron status. Indeed, folic
acid supplementation tended to increase the risk of anemia as we
observed a borderline significant reduction in hemoglobin con-
centration and iron status in children receiving folic acid (Table 3).
Surprisingly, iron supplements for the initial 2 mo of the inter-
vention period had limited effect on the Hb concentration at 6 mo,
and almost 90% were still anemic at end of study among those who
were anemic at baseline and to whom iron supplementation was
provided (Table 4). Additionally 60% of those who were not anemic
at baseline became so after 6 month. The decrease in Hb
od sampling at end of study in 4 treatment groups.

at end study.

B12 (n ¼ 65) Folic acid (n ¼ 67) Vitamin B12 þ Folic acid (n ¼ 66)

.2) 15.8 (7.5) 16 (7.4)

4) 25 (37.3) 23 (34.9)
2) 29 (43.3) 30 (45.5)
4) 13 (19.4) 13 (19.7)
5) 30 (44.8) 37 (56.1)
2) 47 (70.2) 51 (77.3)
2) 53 (79.1) 49 (74.2)
120) 96 (66, 180) 72 (60, 120)
) 8.7 (1.6) 8.4 (1.7)
.4) 73.8 (7.7) 74.0 (7.7)
) 7 (10.5) 5 (7.6)
0) 30 (44.8) 29 (43.9)
5) 19 (28.4) 21 (31.8)
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Table 2
Biomarker concentrations at Baseline and End of study in the enrolled children.

Placebo (n ¼ 64) Vitamin B12 (n ¼ 65) Folic acid (n ¼ 67) Vitamin B12 þ Folic acid (n ¼ 66)

Baseline
Mean (SD) Hemoglobin concentration (gm/dL) 10.1 ± (1.3) 9.8 ± (1.3) 10.4 ± (1.5) 10.2 ± (1.2)
Median (IQR) Plasma folate concentration (nmol/L) 11.7 (6.7, 21.0) 8.7 (6.2, 16.2) 9.4 (5.5, 19.2) 8.3 (5.4, 16.7)
Median (IQR) Plasma vitamin B12 concentration (pmol/L) 250 (144, 355) 227 (165, 357) 246 (160, 387) 262 (182, 348)
Median (IQR) Plasma tHcy concentrationa (mmol/L) 11.4 (8.9, 19.7) 11.7 (9.3, 13.6) 11.0 (9.0, 13.0) 12.7 (9.1, 17.0)
Median (IQR) Plasma sTfR (nmol/L) 3.5 (2.5, 4.7) 3.4 (2.5, 5.3) 3.5 (2.1, 4.3) 3.7 (2.2, 5.6)
End of study
Mean (SD) Hemoglobin concentration (gm/dL) 9.9 ± (1.4) 9.6 ± (1.3) 9.7 ± (1.7) 9.7 ± (1.6)
Median (IQR) Plasma folate concentration (nmol/L) 15.3 (9.8e21.5) 13.3 (8.5e18.0) 46.5 (27.9e64.3) 47.7 (30.7e67.0)
Median (IQR) Plasma vitamin B12 concentration (pmol/L) 318 (191e404) 381 (282e567) 317 (248e492) 455 (307e605)
Median (IQR) Plasma tHcy concentrationa (mmol/L) 10.7 (8.5e13.9) 8.5 (6.8e10.5) 7.3 (6.1e9.6) 6.8 (5.7e9.4)
Median (IQR) Plasma sTfR (nmol/L) 4.2 (3.1, 6.5) 4.1 (2.8, 5.9) 4.0 (2.6, 6.1) 3.6 (2.7, 5.6)

a n for tHcy are 66 and 65 in group 3 and 4 respectively at baseline and 63, 63, 66 and 64 respectively for the groups 1, 2, 3, and 4 at end study.

Table 3
Change in biomarker concentrations in three intervention groups compared to placebo from baseline to end of study in 6e30 months old North Indian children.

Placebo (n ¼ 64) Vitamin B12 (n ¼ 65) Folic acid (n ¼ 67) Vitamin B12 þ Folic acid (n ¼ 66)

Hemoglobin concentration (gm/dL) ref �0.01 (�0.48, 0.45) �0.42 (�0.88, 0.04) �0.21 (�0.67, 0.25)
Plasma folate concentration (nmol/L)a ref �0.003 (�0.30, 0.30) 1.09 (0.80, 1.40) 1.20 (0.90, 1.49)
Plasma vitamin B12 concentration (pmol/L)a ref 0.34 (0.17, 0.50) 0.19 (0.02, 0.36) 0.35 (0.18, 0.52)
Plasma tHcy concentration (mmol/L)a,b ref �0.18 (�0.29, �0.07) �0.24 (�0.35, �0.13) �0.44 (�0.55, �0.34)
Plasma sTfR (nmol/L)a ref �0.07 (�0.24, 0.10) 0.04 (�0.13, 0.21) �0.06 (�0.23, 0.11)

a Log transformed variables.
b n for tHcy are 66 and 65 in group 3 and 4 respectively at baseline and 63, 63, 66 and 64 respectively for the groups 1, 2, 3, and 4 at end study.

Table 4
Change in hemoglobin and sTfR concentration in anemic (who were given iron for 2 months) and non-anemic 6e30 months old children in North India.

Biomarkers Not anemic (Hb � 11) (n ¼ 81) Anemic (Hb < 11) (n ¼ 181)

Hemoglobin (g/dL) Mean (SD) Mean (SD) Mean difference (95% CI)
Baseline 11.61 (0.65) 9.46 (1.02) �2.16 (�2.4, �1.91)
End study 10.58 (1.32) 9.35 (1.44) �1.24 (�1.61, �0.87)
Change from baseline to endofstudy �1.03 (1.22) �0.11 (1.29) 0.92 (0.58, 1.25)
Adjusted [1] 0.86 (0.52, 1.19)
Anemia at end study 47 (58%) 159 (88%)

Serum Transferrin receptor (sTfR) (nmol/L) Median (IQR) Median (IQR)
Baseline 2.9 (2.0e3.9) 3.9 (2.7e5.7)
End study 3.3 (2.5e4.6) 4.3 (2.9e6.8)

Log serum Transferrin receptor (sTfR) (nmol/L) Mean (SD) Mean (SD) Mean difference (95% CI)
Change in concentration from baseline to end of study 0.27 (0.49) 0.12 (0.48) �0.15 (�0.27, �0.02)
Adjusteda �0.10 (�22, 0.03)

a Adjusted for age, sex, HAZ, breast feeding status and intervention groups folic acid and B12.
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concentration from baseline to end of study was higher in the
children with normal Hb at baseline [Mean (SD): 11.61 (0.65) to
10.58 (1.32)] in comparison to the anemic children [Mean (SD): 9.46
(1.02) to 9.35 (1.44)] where iron was given for 2 months (Table 4).
Despite 2 months of iron supplementation, the change in iron
status was not substantially different between the group receiving
iron and the other children (Table 4).

4. Discussion

Vitamin B12 and/or folic acid supplementation did not have an
impact on the hemoglobin concentration when given to children
daily for six months. In fact, the prevalence of anemia increased
during the 6 months of follow up in all four study groups. Iron,
folate and vitamin B12 were the main predictors for Hb concen-
tration at baseline [11] and Iron status decreased from baseline to
study end. Iron status was the main predictor of anemia at baseline
and children who received iron had a lower drop in Hb
Please cite this article in press as: Kumar T, et al., Supplementation of vita
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concentration during the observation period. Iron was given for a
relatively short period, and 6 months after start of iron therapy
almost 90% of the iron treated children were still anemic. The
substantial increase in the concentration of both the vitamins and
the decrease in tHcy reflect good compliance and biological effect of
the vitamins provided.

The strengths of the study are that it is a carefully conducted
randomized controlled trial with very low attrition and very high
compliance [12]. An important limitation to the study was that it
was not designed primarily to measure an effect on Hb concen-
tration or on the risk of anemia, as the primary objective of the
study was the effect on acute infections [12]. Furthermore there are
multiple risks for anemia including iron deficiency, treating the
children with folic acid and/or vitamin B12 without preventing
other limiting factors might have underestimated the efficacy of
these vitamins on the Hb concentration.

There are several causes of anemia including poor nutrition and
chronic inflammation. The study could have benefitted from
min B12 or folic acid on hemoglobin concentration in children 6e36
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measuring markers of inflammation such as CRP or alpha-1-acid
glycoprotein concentrations. With this information we could have
estimated the contribution of inflammation on anemia. It should be
noted that ongoing infection was an exclusion criteria and that the
effect of inflammation is most likely limited.

The limited impact of iron treatment is indeed a compelling
finding, which also could be explained by the presence of other
limiting factors in addition to suboptimal compliance, with regard
to the iron therapy, and absorption. In this study, wewere only able
to measure iron status and Hb concentration four months after end
of iron treatment. It would also have been useful to know the effect
of iron treatment immediately after end of iron supplementation.
Furthermore, it should also be noted that there was no randomized
comparison for iron supplementation as iron was given to all
anemic children.

The results evolved in this analysis are contrary to the findings
from our previous published paper where both vitamin B12 and
folate status predicted Hb and anemia [11]. Although the main
predictor for anemia and Hbwas iron deficiency, iron treatment for
a relatively short period did not suffice to prevent anemia after six
months. This is an indication that high doses of iron for a short
duration in anemic children may not work properly. The extent to
which treatment with other doses and different durations is more
feasible should be a prioritized research question. The dose used in
our study might, in fact, have been too high and it is possible that a
high dose of oral iron downregulates iron absorption that again
renders a child at an even a higher risk of iron deficiency once
supplementation ends. Strategies to prevent anemia should also be
identified as 60% of those who were not-anemic became so after
6 mo of observation where only the vitamin paste or placebo paste
were given and during a period when we attempted to ensure
optimal treatment for all common illnesses.

The concentration of vitamin B12 was significantly higher in the
children who were randomized to receive folic acid. It may be
possible that folates play a role in the absorption or metabolism of
vitamin B12. It might also be possible that folic acid supplemen-
tation increase bacterial growth and that these bacteria again
produce vitamin B12. However, this observed effect might as well
be a chance finding.

The use of folic acid alone or in combinationwith iron to combat
anemia is common globally but our findings did not show any role
of folic acid in anemia. However, this was not a primary objective of
the study and study was not designed in such a way that we could
argue strongly with sufficient evidence that use of folic acid alone
or in combination with iron does not overcome anemia in children.
It has also been observed that folic acid may impair cytotoxic im-
mune responses, increase the risk of cancer and interfere with
normal folate metabolism in the body [25e27]. So folic acid should
be prescribed with caution and more information is needed
regarding the effect of folic acid supplementation.

The end of study biomarker assessment was done in a sub-
sample only as we did not have the necessary clearances to draw
blood from all children at study end. The power to detect a differ-
ence of 0.31 g/dL units in hemoglobin concentration was as low as
45% (with the current sample size and SD of 1.4). However, the
power to detect a difference of 0.5 g/dL (0.5 units in hemoglobin
concentration, a clinically relevant difference) was more than 80%
which is considered sufficient.

Iron deficiency explain most of the anemia prevalence in this
population and other populations [1,7,11,28e32], so to reduce the
prevalence of anemia in childhood iron should be given [33]. Our
findings do not argue for widespread folic acid and vitamin B12
supplementation to combat anemia. Folic acid is often given with
iron to treat or prevent anemia in young children. However, the
role of these nutrients in anemia, particularly optimal dose and
Please cite this article in press as: Kumar T, et al., Supplementation of vita
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duration of iron supplementation should be a prioritized research
question.
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