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Background: Systematic reviews consistently indicated that vitamin A supplementation
(VAS) (100,000-200,000 international unit [IU] semiannually) to children aged 6—59 months
substantially reduces all-cause child mortality. Yet, its effect on morbidity is inconsistent and
its contribution to the reduction of anemia has not been sufficiently explored.

Objective: The objective of this study was to assess the association between routine VAS
(100,000 TU for children aged 6—11 months and 200,000 IU for children aged 1-5 years) and
the occurrence of common childhood illnesses (fever, diarrhea, acute respiratory infection [ARI]
and anemia) in preschool children in sub-Saharan Africa (SSA).

Methods: The analysis was made based on the data of 28 demographic and health surveys
(DHSs) conducted in SSA since 2010. The data of 152,406 children were included. The VAS
status in the preceding 6 months and the occurrence of the illnesses in the past 2 weeks were
determined based on the information given by the caregivers. The hemoglobin level was deter-
mined using a portable photometer. Data were analyzed using mixed-effects logistic regression
model. The outputs were provided using adjusted odds ratio (AOR) with the respective 95%
confidence intervals (CIs). The practical significance of the association was measured via
Cohen’s effect size (d).

Results: The coverage of VAS was 56.3% (95% CI: 56.1-56.5). VAS was modestly associated
with increased odds of fever (AOR=1.12 [95% CI: 1.09-1.15]), diarrhea (AOR=1.09 [95% CI:
1.05-1.13]) and ARI (AOR=1.18 [95%: 1.12—1.24]). Conversely, in the supplemented children,
the odds of anemia were reduced by 10.1% (95% CI: 7.0-13.1). All the associations translated
into trivial effect sizes (d<0.2).

Conclusion: VAS is associated with an inconsequential increase in the occurrence of common
childhood ailments.

Keywords: vitamin A supplementation, diarrhea, fever, acute respiratory infection, anemia,
hemoglobin, demographic and health survey, sub-Saharan Africa

Background
Vitamin A plays a vital role in a range of physiological functions, including vision,
immunity, growth, hematopoiesis and reproduction.' The significance of the nutrient
for the innate and adaptive immune functions has been extensively studied.? Vitamin
A deficiency (VAD) — serum retinol level <0.70 pmol/L — impairs integrity of the
mucosal epithelium of the gut, diminishes the functions of phagocytic and natural
killer cells and alters the functions of T- and B-cells.?*

Globally, it was estimated that 190 million preschool children are vitamin A defi-
cient.* Sub-Saharan Africa (SSA) and Southeast Asia are the most affected regions.
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In SSA, 56 million children, 44.4% of all preschoolers,
are Vitamin A deficient.* In 44 of the 49 countries in the
SSA region, VAD has severe degree of public health sig-
nificance.* According to the United Nations Children’s Fund
(UNICEF), in 2013, 73% of children aged 6—59 months in
the SSA region received two doses of vitamin A supplemen-
tation (VAS).?

Meta-analyses of randomized controlled trials (RCTs)
from developing countries availed persuasive evidence that
VAS to children aged 6—59 months (100,000 international
unit [IU] for children aged 6-11 months and 200,000 IU
for children aged 1-5 years) reduces all-cause mortality by
23-30%.51° It also cuts diarrhea-specific mortality but not
deaths secondary to measles, meningitis and pneumonia.’ A
recent review concluded, given the existing unequivocal evi-
dence, that there is no need for additional placebo-controlled
VAS trials in children aged 6-59 months.’

Nonetheless, the association between VAS and inci-
dence of common childhood morbidities, including diar-
rhea and acute respiratory infections (ARI), has not been
consistent.!®!! A recent meta-analysis concluded that VAS
significantly reduced the incidence of diarrhea by 15%;’
however, earlier reviews reported no association between
them.® Furthermore, systematic reviews found no association
between VAS and the incidence of ARL*!° and even a couple
of meta-analyses indicated that VAS may slightly increase
the risk of ARL.!2!3

VAD is regarded as a cause of nutritional anemia."
Although the mechanism whereby vitamin A affects hemo-
globin status has not been fully elucidated,' it appears to be
involved in hematopoiesis and enhances mobilization of iron
stores.!*1%17 Tt could also prevent anemia of infection via its
immune-enhancing role.'*!” However, empirical evidence on
the actual public health impact of VAS for anemia is scarce.'

The purpose of this analysis was to assess the associa-
tion between VAS and morbidity from diarrhea, fever, ARI
and anemia among children aged 6—-59 months, based on the
data of 28 recent national demographic and health surveys
(DHSs) conducted in SSA.

Methods
Study setting

The SSA includes 49 predominately low-income African
countries located south of the Sahara.!* According to the
World Health Organization (WHO), based on the prevalence
of low serum retinol level in preschool children, in 44 of
the 49 SSA countries, VAD has a severe degree of public
health significance.* Similarly, in 25 of the 28 countries

included in this analysis, — excluding Rwanda, Namibia
and Gabon — VAD had severe public health significance.* In
settings where VAD is a public health problem, high-dose
semiannual and routine VAS (100,000 IU for children aged
6—11 months and 200,000 IU for children aged 1-5 years)
is recommended.'*? Accordingly, SSA countries have inte-
grated VAS program into their child survival interventions,
and a significant progress in coverage has been achieved
over the past decade.?!

Study design
Secondary data analysis was based on 28 DHSs conducted
in SSA since 2010.

Sample size and representation of
countries

The data of 152,406 children aged 6—59 months having com-
pleted information regarding the VAS status and age were
included in the analysis. The distribution across the countries
is summarized in Table 1.

Table | List of 28 surveys included in the analysis, SSA, 2010—

2014
Country Year of data Sample
collection size
Benin 2011/2012 10,567
Burkina Faso 2010 6,047
Burundi 2010 3,236
Cameroon 2011 3,560
Comoros 2012 2,428
Republic of Congo 20112012 4,077
Democratic Republic of Congo 2013-2014 7,427
Céte d’lvoire 2011-2012 3,007
Ethiopia 2011 9,166
Gabon 2012 3,045
The Gambia 2013 3,136
Ghana 2014 2,435
Guinea 2012 2,832
Liberia 2013 2,958
Malawi 2010 4,648
Mali 2012-2013 4312
Mozambique 2011 8,729
Namibia 2013 1,633
Niger 2012 4817
Nigeria 2013 24,332
Rwanda 2010 3,761
Senegal 2014 5,559
Sierra Leone 2013 4313
Tanzania 2010 6,331
Togo 2013-2014 2,965
Uganda 2011 1,930
Zambia 2013-2014 11,051
Zimbabwe 2010-2014 4,104

Abbreviation: SSA, sub-Saharan Africa.
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Sampling approach of the DHS

The DHS was designed to generate representative data at
national, place of residence (urban and rural) and regional
(states) levels. The sampling was based on a stratified two-
stage cluster design. Initially, the country was stratified based
on region and place of residence. Then, from each stratum, a
predetermined number of enumeration areas (EAs) defined
during the most recent national population census were
selected using the probability proportional to size (PPS)
approach. In each selected EA, a sample of households (usu-
ally 20-25) was randomly drawn from an updated sampling
frame. All eligible children in the selected households were
included in the study.?

Data collection approach of the DHS

DHS data were gathered by trained interviewers and super-
visors using standardized questionnaires prepared in the
major local languages. Information including VAS status
of the index child in the preceding 6 months and history of
illness (cough, fast breathing, fever and diarrhea) in the last
2 weeks was collected from the mothers/primary caregivers
of the children.? Children with both cough and fast breath-
ing were considered as having ARI. Across the 28 surveys,
VAS status and the occurrence of childhood illness were
determined solely based on the response of the caregivers
without any clinical or laboratory investigations.

The hemoglobin concentration was determined using a por-
table HemoCue® photometer using capillary blood samples.?
Hemoglobin was adjusted for altitude according to the recom-
mendation of International Nutritional Anemia Consultative
Group (INACG).” Anemia was defined as hemoglobin con-
centration lower than 11 g/dL.* The variables included in the
current analysis were measured similarly across the 28 surveys.

Data management and analysis

The datasets of all standard DHS surveys conducted in
the SSA since 2010 were separately downloaded from the
Monitoring and Evaluation to Assess and Use Results Demo-
graphic and Health Surveys (MEASURE DHS) website and
merged into a mega file. Analysis was made using STATA
SE 12 software. Data of children <6 months of age and
observations that missed key variables (child age and VAS
status) were excluded. Descriptive statistics were computed
using the weight analysis approach. The analytic weight was
defined based on the sampling weight readily available in the
datasets and the post-stratification weight developed based
on the 2013 population size of the countries.

The coverage of VAS was computed as a proportion of
children who reportedly received oral vitamin A supple-
ment in the previous 6 months of the survey, out of the total
children aged 659 months. For each of the 28 countries
represented, the coverage of VAS was presented with the
respective 95% confidence intervals (Cls). The coverage
of VAS was compared across categories of child’s age,
maternal education, place of residence (urban or rural)
and household wealth index using multivariate logistic
regression analysis.

The association between VAS and childhood illnesses
was determined by a mixed-effects logistic regression
analysis. The outputs of the model were presented using
crude odds ratio (COR) and adjusted odds ratio (AOR). The
models were adjusted for potential confounders, namely,
child age, maternal educational status, wealth index
(a composite measure of a household’s living standard
developed based on ownership of selected assets), place
of residence, number of children younger than 5 years in
the household, vaccination status and type of household’s
drinking water source. A-value of 0.05 was taken as the
level of significance.

Studies based on large sample size are likely to detect
small statistical differences that are not practically relevant.?*
Accordingly, in additional to the traditional P-value, effect
size — the net magnitude of the difference between groups —
should be presented.? In the current study, the practical
significance of the observed associations was evaluated by
converting AOR values into Cohen’s effect sizes (d) using
an online program.? Effect size <0.2 was considered as
trivial effect.”’

Household water sources and sanitation facilities were
classified as improved and non-improved according to the
definition of the WHO/UNICEEF.?® Regarding water sources,
piped water into dwelling or to yard, public standpipe, bore-
hole, protected well, protected spring and rain water were
considered as improved sources, whereas others were taken
as non-improved sources.”® Regarding sanitation facilities,
flush toilet, toilet connected to sewer system, septic tank,
ventilated improved pit latrine, traditional pit latrine with
slab and composting toilet were considered as improved
facilities. All others, including shared facility of any type,
were considered as non-improved facilities.?

Anthropometric indices were determined based on the
WHO growth reference. Stunting, underweight and wast-
ing were defined based on the standardized height-for-age,
weight-for-age and weight-for-height scores, respectively.
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Ethical considerations

The datasets were accessed after securing permission from
the DHS Program.” The primary data were collected in accor-
dance with international ethical guidelines. For each survey,
ethical clearances were secured from the institutional review
board (IRB) of ORC Macro and national level IRBs of all host
countries. Data were collected after taking written informed
consent from mothers/care takers of the index children.

Results

Characteristics of the study children

The data of 152,406 children were included in the analysis.
The male-to-female ratio was 1.02 and 12.6, and 87.4% of
the children were between 6—11 and 12—-59 months of age.
The mean age (£SD) of the respondents was 29.4 years
(£6.8 years), and 46.3% had no formal education. A quarter
(27.9%) of the respondents was sampled from rural areas.
More than one-third of the children lived in households
that used unimproved drinking water sources (40.6%) and
sanitation facilities (37.6%). The prevalence of stunting,
underweight and wasting in the index children was 36.0,
30.3, 10.4%, respectively (Table 2).

Coverage of VAS in children aged
6—59 months

Among children 6-59 months, the coverage of VAS was
56.3% (95% CI: 56.1-56.5). Among the 28 countries repre-
sented, seven countries (Rwanda, Senegal, Malawi, Namibia,
Sierra Leone, Togo and Burundi) achieved 80% or higher cov-
erage; conversely, four countries (Guinea, Nigeria, Comoros
and Benin) had <50% coverage (Figure 1).

The coverage of VAS appeared to vary across categories
of children’s age and socioeconomic status. Children aged
6—11 months were less likely to have received VAS (48.6%)
than older children (57.9%). The coverage in urban areas
(63.9%) was significantly higher than that of rural areas
(53.9%). Better maternal education and household wealth
index were associated with higher utilization of VAS (Table 3).

VAS and diarrhea, fever and ARI
symptoms

Approximately 19.0, 14.4 and 5.1% of the children had fever,
diarrhea and ARI in the preceding 2 weeks of the surveys.
The prevalence of the three ailments was slightly higher
in supplemented children compared to their counterparts
(»<0.05). Similarly, in the multivariate logistic model, the
odds of fever (1.12 [95% CI: 1.09-1.15]), diarrhea (1.09
[95% CI: 1.05-1.13]) and ARI (1.18 [95% CI: 1.12-1.24])

Table 2 Characteristics of the study children, 28 SSA countries,
20102014

Variables Percentage
Sex (n=152,406)

Male 50.4

Female 49.6
Age in months (n=152,406)

611 12.6

12-23 23.0

24-35 21.5

3547 22.1

48-59 20.7
Place of residence (n=152,406)

Urban 279

Rural 72.1
Educational status of the respondents (n=152,387)

No formal education 46.3

Primary education 32.1

Secondary education 18.7

Tertiary education 29
Type of drinking water source (n=150,269)

Improved 59.4

Non-improved 40.6
Type of household sanitation facility (n=150,315)

Improved 62.4

Non-improved 37.6
Stunting status (n=138,757)

Stunted 36.0

Not stunted 64.0
Underweight status (n=138,757)

Underweight 30.3

Not underweight 69.7
Wasting status (n=140,255)

Wasted 10.4

Not wasted 89.6

Abbreviation: SSA, sub-Saharan Africa.

were modestly raised in the supplemented children. Effect
size estimate indicated that the increased morbidity in the
supplemented group was only trivial (d<0.2; Table 4).

VAS and anemia

The mean (£SD) hemoglobin concentration in VA-
supplemented children (10.6+2.2 g/dL) was significantly
higher than in non-supplemented children (10.4+1.9 g/dL;
t=12.218, P=0.000). Likewise, the prevalence of anemia in
supplemented children (56.9%) was significantly lower than
in non-supplemented children (60.5%). In the multivariate
model, VAS was associated with 10.1% (95% CI: 7.0-13.1)
reduction in the odds of anemia.

Discussion

The secondary analysis based on the large multicountry
data indicates that VAS to preschool children is associated
with a trivial increase in the occurrence fever, diarrhea and
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Coverage of VAS (with 95% CI) in children aged 6—59 months

Figure | Coverage of VAS in 28 African countries, 2010-2014.
Abbreviations: VAS, vitamin A supplementation; Cl, confidence interval.

ARI. Conversely, it is associated with a modest reduction
in anemia.

The reported coverage of VAS (56%) in SSA is below the
WHO-recommended 80% target necessary to achieve child
mortality reduction.?’ The coverage also substantially varies
across the subcontinent. Among the 28 countries represented,
only seven achieved 280% coverage, while four had <50%
coverage. The figure is also substantially lower than the 73%
coverage reported by UNICEF in 2013 for the entire region
of SSA?

Parallel to the association observed in this study, few
RCTs indicated that VAS might increase incidence of
ARI and diarrhea in pre-school children. In Mexico, VAS

increased incidence of diarrhea and cough with fever by
27 and 23% in children aged 6—15 months.* In Indonesia,
VAS increased ARI by 8% in children aged 6—47 months
and diarrhea by 19% in children aged <30 months.*! A study
conducted in Haiti concluded that children aged 683 months
supplemented with vitamin A had a higher risk of diarrhea,
cough and rapid breathing.’> In Tanzania, supplemented
children had a higher probability of cough but a smaller risk
of diarrhea, but VAS increased diarrhea in well-nourished
children.*

So far, a convincing mechanism had not been forward to
explain how VAS is associated with increased occurrence of
ARI and diarrhea. A study hypothesized that high-dose VAS
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for children with adequate vitamin A store may cause a tem-
porary immune malfunction.'* Another study concluded that
VAS might sometimes downregulate the innate immune due
to epigenetic modifications.**** It has also been hypothesized
that the effect of VAS on immunity might be modified by
multiple factors, including vitamin A and anthropometric
status of children.*® A controlled trial in Italy reported that
VAS to older population resulted in a significant reduction
in the number of CD-3 and CD-4 T-cells.”’

Systematic reviews as early as 1990s consistently demon-
strated that VAS reduces all-cause child mortality by approxi-
mately a quarter.®*'**® So how can VAS substantially reduce
mortality while having no or negative effect on the incidence

Table 3 Factors associated with utilization of VAS in children
aged 6-59 months, 28 SSA countries, 2010-2014

Variable Coverage AOR (95% CI)
of VAS

Child’s age, months
611 48.6 0.66 (0.64-0.68)
12-59 57.9 Ir

Place of residence
Urban 63.9 I
Rural 53.9 0.83 (0.81-0.86)

Household wealth index
Lowest 45.5 0.42 (0.40-0.44)
Second 51.4 0.50 (0.48-0.52)
Middle 57.0 0.60 (0.57-0.62)
Fourth 64.0 0.77 (0.75-0.80)
Highest 70.8 I

Maternal education
No formal education 46.7 0.45 (0.42-0.48)
Primary education 63.5 0.81 (0.76-0.87)
Secondary education 66.9 0.82 (0.77-0.88)
Tertiary education 749 I

Note: ', reference group.
Abbreviations: VAS, vitamin A supplementation; SSA, sub-Saharan Africa; AOR,
adjusted odds ratio; Cl, confidence interval.

of the most common causes of childhood morbidity? It has
been hypothesized that the protective effect of VAS against
mortality might be mediated by a reduction in the severity,
rather than the incidence, of illness.!*!

The current analysis indicates that VAS might be asso-
ciated with a modest 10% reduction in the occurrence of
anemia in children. As described earlier, vitamin A appears
to be involved in hematogenesis in various ways, including
enhancement of growth and differentiation of erythrocyte
progenitor cells and mobilization of iron stores.'* An analysis
of Ethiopian DHS survey concluded that VAS in children
aged 659 months was associated with a modest but statisti-
cally significant increase in hemoglobin and decrease in the
risk of anemia.*

The current analysis is made based on nationally rep-
resentative data gathered from 28 countries that contribute
for >75% of the SSA population. As most of the countries
have severe public health problem of VAD, the setting is
ideal for assessing the effect of VAS. Conversely, the follow-
ing limitations of the study should be noted. Although the
study attempted to adjust for selected potential confounders,
residual confounding from unmeasured or misclassified con-
founders cannot be ruled out. As the study is observational,
it is prone to systematic errors, including selection bias. For
instance, the benefits of VAS can be underestimated as VAS
campaigns are likely to be implemented more intensively
in rural and deficiency-prone areas where the prevalence of
childhood illness is high. As exposure to VAS and occurrence
of childhood illnesses were determined based on the recall
of mothers without any clinical or laboratory investigations,
misclassification errors are likely. Furthermore, despite the
fact that the effect of VAS on mortality and morbidity can be
modified based on a number of variables, including vitamin

Table 4 Association between coverage of VAS and diarrhea, fever and ARI symptoms in 28 African countries, 20102014

VAS Prevalence of morbidity (%) COR (95% CI) AOR (95% CI) Effect size (d; 95% CI)
Fever

Yes 204 1.09 (1.06—1.12) 1.12 (1.09-1.15)

No 170 I* I 0.06 (0.05-0.08)
Diarrhea

Yes 14.9 1.03 (1.00-1.07) 1.09 (1.05-1.13)

No 13.6 I I* 0.05 (0.03-0.07)
ARI symptoms

Yes 5.5 1.13 (1.07-1.19) 1.18 (1.16—1.24)

No 45 " I* 0.09 (0.06-0.12)
Anemia

Yes 56.9 0.83 (0.81-0.86) 0.90 (0.87-0.93) 0.06 (0.04-0.08

No 60.5 Ir Ir 106 (0.04-0.08)

Note: ", reference group.

Abbreviations: VAS, vitamin A supplementation; ARI, acute respiratory infection; COR, crude odds ratio; Cl, confidence interval; AOR, adjusted odds ratio.
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A status of the children,* in the current study, interaction
assessment has not been made as data on potential effect
modifiers were not available.

The large sample size used in the study provided an
opportunity to precisely measure small differences that
would be unlikely to be detected in ordinary clinical trials
and observational studies. Conversely, the study is evidently
overpowered. The implication of drawing conclusion from
overpowered studies had been discussed in the literature.
Large sample size can make the study to detect practically
less meaningful differences as p-value is sensitive to sample
size.**% In the current study, the statistically significant
p-values had low effect sizes. This may indicate that the
observed association is trivial and unlikely to be of practical
significance.

The intension of this article is not to underestimate the
benefits of VAS for child well-being and survival. However,
the author hopes that it will contribute to the ongoing debate
in the literature regarding its effects on childhood morbidity.

Conclusion

In SSA, the coverage of routine VAS remains low (56%).
Despite the fact that VAS has an established benefit for the
reduction in childhood mortality, in this study, it is linked
with a trivial increase in the occurrence of common childhood
ailments (fever, cough and diarrhea). Conversely, it showed
modest contribution toward the reduction of anemia.
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