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Abstract: Background: The utilization of nutrient supplementation as a tool to address issues such as iron and
vitamin A deficiencies among children in Sub-Saharan Africa (SSA) has been beneficial. Nevertheless, there is
a dearth of evidence on the effect of vitamin A and iron supplementation on infectious diseases in pre—school
children in SSA. We aimed to assess the association of vitamin A and iron supplementation on the incidence of
major clinical features of infectious diseases (diarrhea, cough, and fever) in children aged 6-59 months in
Ghana. Methods: A cross—sectional study that utilized data from the Ghana Demographic and Health Survey,
involving a sample size of 2,408 children. The collected data was analyzed using binomial logistic regression.
Results: Dual supplementation with vitamin A and iron was associated with an increased risk of fever (OR:
1.68 95% CI: 1.22-2.32) and cough (OR: 1.43, 95% CI: 1.02-1.99) in children 6-59 months. Iron supplementation
alone was associated with an increased risk of fever (OR: 1.32, 95% CI: 1.01-1.72) while Vitamin A alone
significantly increased the risk of diarrhea (OR: 1.73, 95% CI: 1.03-2.92). Conclusions: Dual supplementation of
vitamin A and iron is associated with an increase in childhood morbidity, endorsement of combined
supplementation should be done with caution.
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1. Introduction

Micronutrients are essential for the attainment of optimum health and disease prevention.
Vitamin A and Iron are keys to the course of several biological processes including vision, growth
and development as well as reproduction and immunity [1]. Vitamin A deficiencies (VAD) and iron
deficiencies (ID) are the most common micronutrient deficiencies within the children population in
developing countries. These two deficiencies are also regarded as key influencers of morbidity and
mortality [2,3]. Globally, an estimated one-third of children aged 6 to 59 months were reported to be
affected by VAD with Sub-Saharan Africa (SSA) recording the most incidences, thus 48 % [4]. In 2017,
the Ghana micronutrient survey reported a 20.8 % incidence of VAD and a 21.5 % of ID among
children in preschool [5]. In Africa, VAD and ID are common among children due to poor nutrition,
high level of poverty as well as infection-related conditions like diarrhea and malaria. The
detrimental effects of VAD and ID on the health and development of children have prompted
recommendations for supplementation to reduce the load of morbidities in children [6].

In children under the age of five, inadequate levels of micronutrients have been linked to an
increased risk of infection-related illnesses and account for 61% of global deaths resulting from
diarrhea diseases [7]. Vitamin A supplementation (VAS) has been shown to improve immunity,
reduce mortality and severity of infectious diseases in childhood [8,9], whilst supplementation with
iron has been demonstrated to prevent iron—deficiency anemia and has the propensity of decreasing
cognitive impairment related to anemia [10,11]. Also, there are suggestions that depending on the
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nature of the disease condition, the effect of vitamin A and iron may present variedly. However, the
effect of Vitamin A and iron supplementation on diarrhea and respiratory infections remain
equivocal.

A substantial correlation between VAS and diarrhea has been demonstrated using meta—
analysis from developing countries. Earlier studies reported that VAS exhibited an overall reduction
in all-cause mortality by 23-30% [12-17] as well as diarrhea—specific mortality in children by 32%
[17]. Mayo et al. found a 15% reduction in the incidence of diarrhea [12], however, Grotto et al.
indicated that VAS had no coherent protective effect on the incidence of diarrhea and that it slightly
increased the incidence of respiratory tract infections [17]. According to an analysis conducted in
SSA, VAS was modestly associated with increased odds of fever, diarrhea and acute respiratory
infection [18]. Despite the modest effect of iron supplementation in increasing the likelihood of the
development of diarrhea by a previous systematic review, no evident detrimental impact was
exhibited on the overall incidence of infectious illnesses in children [19]. Furthermore, ID and VAD
often exist together [20] and the interaction between ID and VAD may aggravate each deficiency
[21,22]. However, there are few studies that assess the synergistic effects of vitamin A and iron on
infectious diseases. Existing evidence suggests that dual supplementation of vitamin A and iron can
significantly decrease the rate of diarrhea-related illness and shorten the duration of respiratory and
diarrhea-related illnesses [23].

Presently, in SSA, there are limited articles aimed at assessing the association of vitamin A and
iron supplementation in children. To the best of our knowledge, this is the first study conducted in
SSA that explores the synergistic effects of vitamin A and iron on diarrhea, fever and cough. Hence
filling this research gap will provide valuable insights for designing vitamin A and iron
supplementation programs targeted at specific groups of children bound to benefit the most. Thus,
this study aimed to assess the association of vitamin A and iron supplementation on diarrhea, fever
and cough in children aged 6-59 months based on data from demographic and health surveys (DHSs)
conducted in Ghana.

2. Materials and Methods

2.1. Data Source, Study Setting and Population

A cross—sectional study was carried out with Ghana as its setting, using data from the 2014
Ghana Demographic and Health Survey (GDHS) [24], which is part of a global survey conducted by
MEASURE DHSs in 85 low— and middle-income countries (LMICs) worldwide. The DHS is easily
accessible online and aims to gather information on various population, health, and nutrition
indicators such as childhood mortality, maternal and child health, family planning methods, women
and children's nutritional status, and household socioeconomic factors. The DHS utilizes a two-stage
cluster sampling technique to obtain nationally representative data for different residential areas and
regions. The selection of enumeration areas (EAs) takes into account both rural and urban locations
in Ghana, and households are chosen from these areas. The detailed sampling procedure can be
found in the final report of the 2014 GDHS. Specifically, we utilized data from the birth recode and
individual recode files, focusing on children aged 6-59 months in our study.

2.2. Exposure Variables

The study used iron and vitamin A intake as the key explanatory variable. We got the response
“In the past seven days or two weeks was your child given iron pills, sprinkles with iron, or iron
syrup like [this/any of these]?” and “In the last six months, was your child given a vitamin A dose
like [this/any of these]?” respectively. We then divided the study subjects into four groups according
to whether they had taken iron and vitamin A, with group I receiving neither iron nor vitamin A,
group II receiving only iron, group III receiving only vitamin A, and group IV receiving both iron
and vitamin A.

2.3. Outcome Variable


https://doi.org/10.20944/preprints202407.1911.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2024

3

In this study, three components of infectious diseases, diarrhea, cough, and fever, were
considered as the outcome variables. The incidence of diarrhea was determined by asking the mother
the question; "Has your child experienced diarrhea in the past seven days or two weeks?" Similarly,
the incidence of cough was established by asking the mother the question; "Has your child had an
illness accompanied by coughing in the past seven days or two weeks?" Similarly, the occurrence of
fever was determined by asking the mother, "Has your child been sick with a fever in the past seven
days or two weeks?" The responses to these questions were regarded as the dependent variable,
which is a dichotomous variable indicating whether a child had the stated illness. All the responses
were recorded as "yes" (coded as 1) or "no" (coded as 0).

2.4. Covariates

We also controlled for the following variables, age in months (6-12 months; 12-24 months; 24—
36 months; 36-59 months), sex (boys; girls), the mother's level of education (no education; primary;
secondary; higher), the family's wealth index (poorest; poorer; middle; richer; richest), stunting (yes;
no), wasting (wasted; non-wasted; overweight), and the type of residential area (urban; rural).

2.5. Statistical Analysis

The analysis was carried out in two stages. Firstly, the basic characteristics of the study
participants were described according to groups of iron and vitamin A intake and the different
clinical features of infectious diseases. Secondly, a series of binomial logistic regressions were
performed to assess the effects of characteristic variables on the likelihood of having diarrhea, cough,
and fever, respectively. The odds ratios (OR) with 95% confidence intervals (CI) were calculated to
determine the significance of the variable being studied. Statistical significance was pegged at P<0.05.
The analysis of the data was conducted using Stata version 16.0.

3. Results

3.1. Baseline Characteristics

A total of 2,451 children aged 6 to 59 months were included in GDHS, and 2,408 were included
in our study after removing the missing key variables (32 missing for stunting, 11 missing data for
wasting). The majority of children were between 36-59 months of age (41.03 %, n=988). The boy-girl
ratio was 1:1 (1258 vs. 1150). Nearly two-thirds of the children (1,430/2,408) were from rural areas.
The number of children receiving vitamin A (n=1,495) far exceeds the number of children receiving
iron (n=544). Stunting was observed in about a quarter of children (502/2,408), while only 104 children
reported wasting. In terms of maternal education, more than one-third (864/2,408) had no education,
and only 77 had mothers with higher education. About 85% of household wealth index were middle,
poorer and poorest category. During the survey, there was a relatively small difference in the number
of children whose mothers reported diarrhea, fever and cough, with 317 (13.16%) children having
diarrhea, 401 (16.65%) children having fever and 351(14.58%) children having cough, respectively.
Table 1 shows the basic characteristics of children based on whether they had symptoms of diarrhea,
fever and cough.

Table 1. Characteristics of study subjects according to different disease conditions.

Diarrhea Fever Cough
No.(%) No.(%) No.(%)
no yes no yes no yes
2091(86.84) 317(13.16) 2007(84.35) 401(16.65) 2057(85.42) 351(14.58)

Age in months
6-12 months  250(11.95) 38(11.99) 250(12.46) 38(9.48) 240(11.67) 48(13.67)
12-24 months  469(22.43) 111(35.02) 474(23.62) 106(26.43) 484(23.53) 96(27.35)
24-36 months 456(21.81) 96(30.28) 444(22.12) 108(26.93) 467(22.70) 85(24.22)

d0i:10.20944/preprints202407.1911.v1
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36-59 months 916(43.81) 72(22.71) 839(41.80) 149(37.16) 866(42.10) 122(34.76)

Sex
male 1067(51.03) 191(60.25) 1032(51.42) 226(56.36) 1083(52.65) 175(49.86)
female 1024(48.97) 126(39.75) 975(48.58) 175(43.64) 974(47.35) 176(50.14)

Type of place

of residence
urban 847(40.51) 131(41.32) 834(41.55) 144(35.91) 823(40.01) 155(44.16)
rural 1244(59.49) 186(58.68) 1173(58.45) 257(64.09) 1234(59.99) 196(55.84)

Iron intake

no 1636(78.24) 228(71.92) 1570(78.23) 294(73.32) 1603(77.93) 261(74.36)
yes 455(21.76) 89(28.08) 437(21.77) 107(26.68) 454(22.07) 90(25.64)
Vitamin A
intake
no 802(38.35) 111(35.02) 783(39.01) 130(32.42) 802(38.99) 111(31.62)
yes 1289(61.65) 206(64.98) 1224(60.99) 271(67.58) 1255(61.01) 240(68.38)
Highest
educational

level of mother
no education 739(35.34) 125(39.43) 699(34.83) 165(41.15) 756(36.75) 108(30.77)
primary 427(20.42) 70(22.09) 410(20.43) 87(21.69) 421(20.47) 76(21.65)
secondary  854(40.84) 116(36.59) 828(41.25) 142(35.41) 813(39.52) 157(44.73)

higher 71(3.40) 6(1.89) 70(3.49) 7(1.75) 67(3.26) 10(2.85)
Stunting
no 1655(79.15) 251(79.18) 1592(79.32) 314(78.30) 1614(78.46) 292(83.19)
yes 436(20.85) 66(20.82) 415(20.68) 87(21.70) 443(21.54) 59(16.81)
Wasting
wasted 85(4.06) 19(5.99) 90(4.48) 14(3.49) 89(4.33) 15(4.27)

non-wasted  1955(93.50) 293(92.43) 1866(92.98) 382(95.26) 1918(93.24) 330(94.02)
overweight  51(244)  5(158)  51(2.54)  5(125)  50(2.43)  6(1.71)

Wealth index
of family
poorest 671(32.09) 101(31.86) 622(30.99) 150(37.41) 671(32.62) 101(28.77)
poorer 450(21.52) 71(22.40) 438(21.82) 83(20.70) 463(22.51) 58(16.52)
middle 376(17.98) 78(24.61) 363(18.09) 91(22.69) 370(17.99) 84(23.93)
richer 319(15.26)  39(12.30) 311(15.50) 47(11.72) 300(14.58) 58(16.52)
richest 275(13.15) 28(8.83) 273(13.60) 30(7.48) 253(12.30) 50(14.26)

Table 2 describes the characteristics of children based on groupings by iron and vitamin A
intake. Of these groups, Group I refer to children who did not receive iron or vitamin A, totaling 788
(32.72%) children. Group II represents children receiving iron only, a total of 1,076 (44.69%). Group
III includes a total of 125 (5.19%) children who received vitamin A only. Finally, Group IV consisted
of children who received both iron and vitamin A, a total of 419 (17.40%). Children aged 36 — 59
months (51.14% vs. 36.52% vs. 40% vs. 33.90%) and children from the poorest household wealth index
category (40.61% vs. 30.02% vs. 23.20% vs. 23.87%) were significantly higher than the other categories.
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Table 2. Characteristics of study subjects according to different groups.

Group 1 Group I GroupIll Group IV
No.(%) No.(%) No.(%) No.(%)
788(32.72) 1076(44.69) 125(5.19)  419(17.40)

Age in months

6-12 months 94(11.93)  134(12.45) 10(8.00) 50(11.93)
12-24 months 133(16.88)  312(29.00)  25(20.00)  110(26.25)
24-36 months 158(20.05)  237(22.03)  40(32.00) 117(27.92)
36-59 months 403(51.14) 393(36.52)  50(40.00)  142(33.90)
Sex
male 422(53.55)  538(50.00) 67(53.60)  231(55.13)
female 366(46.45)  538(50.00) 58(46.40)  188(44.87)

Type of place of residence
urban 313(39.72)  427(39.68)  46(36.80)  192(45.82)
rural 475(60.28)  649(60.32)  79(63.20)  227(54.18)

Highest educational level of mother

no education 351(44.54) 369(34.29) 36(28.80) 108(25.78)
primary 153(19.42)  208(19.33)  33(26.40)  103(24.58)
secondary 266(33.76) 461(42.85) 51(40.80)  192(45.82)
higher 18(2.28) 38(3.53) 5(4.00) 16(3.82)
Stunting
no 601(76.27)  863(80.20)  95(76.00)  347(82.82)
yes 187(23.73)  213(19.80)  30(24.00) 72(6.69)
Wasting
wasted 29(3.68) 52(4.83) 5(4.00) 18(4.30)
non-wasted 742(94.16)  993(92.29)  119(95.2)  394(94.03)
overweight 17(2.16) 31(2.88) 1(0.80) 7(1.67)
Wealth index of family
poorest 320(40.61)  323(30.02)  29(23.20) 100(23.87)
poorer 140(17.77)  260(24.16)  35(28.00) 86(20.53)
middle 133(16.88)  203(18.87)  22(17.60) 96(22.91)
richer 109(13.83)  162(15.06)  23(18.40) 64(15.27)
richest 86(10.91) 128(11.90)  16(12.80) 73(17.42)
Diarrhea
no 700(88.83)  936(86.99) 102(81.60) 353(84.25)
yes 88(11.17) 140(13.01)  23(18.40) 66(15.75)
Fever
no 678(86.04) 892(82.90) 105(84.00) 332(79.24)
yes 110(13.96)  184(17.10)  20(16.00) 87(20.76)
Cough
no 689(87.44) 914(84.94) 113(90.40) 341(81.38)

yes 99(12.56)  162(15.06)  12(9.60)  78(18.62)
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3.2. Morbility

Table 3 presents the results of binary logistic regression (OR and its 95% confidence interval)
based on whether there was diarrhea, fever, and cough, respectively. Iron alone (group II)
significantly increased the risk of fever (OR: 1.32, 95% CI: 1.01-1.72) compared to children who
received neither iron nor vitamin A (group I). In addition, children aged 24-36 months were at
increased risk of fever (OR: 1.60, 95% CI: 1.06-2.41), while a higher household wealth index was a
protective factor for the development of fever (OR: 0.48, 95% CI: 0.27-0.83). Vitamin A alone (group
III) significantly increased the risk of diarrhea (OR: 1.73, 95% CI: 1.03-2.92) compared to children who
received neither iron nor vitamin A (group I). After adjusting for covariates, a child who received
vitamin A alone had 1.73 times higher risk of developing diarrhea than a child who received neither
iron nor vitamin A. Boy sex was 0.49 times more likely to develop diarrhea than girls. Relative to
children aged 6-12 months, children aged 12-24 months were more likely to develop diarrhea (OR:
1.67, 95% CI: 1.11-2.51). Conversely, children aged 36-59 months were less likely to develop diarrhea
(OR: 0.54, 95% CI: 0.35-0.83). Finally, children who received both iron and vitamin A (group IV) had
an increased risk of fever (OR: 1.68, 95% CI: 1.22-2.32) and cough (OR: 1.43, 95% CI: 1.02-1.99)
compared with no intake.

Table 3. Results of a series of binomial logistic regressions according to different disease conditions.

Diarrheal Fever Cough
Variables odds ratio odds ratio odds ratio
95%CI 95%CI 95%CI
Age in months
6-12 months 1 1 1
reference reference reference
12-24 months 1.67* 1.46 1.02
(1.11,2.51) (0.97,2.2) (0.69,1.5)
24-36 months 1.46 1.60* 0.96
(0.96,2.23) (1.06,2.41) (0.64,1.42)
36-59 months 0.54* 1.18 0.74
(0.35,0.83) (0.8,1.74) (0.51,1.07)
sex(male=1) 1.50* 1.24 0.90
(1.17,1.91) (1,1.55) (0.71,1.13)
type of place of
residence(urban=1) 1.34 1.06 093
(0.97,1.85) (0.79,1.43) (0.68,1.28)
group
I 1 1 1
reference Reference reference
I 1.07 1.32% 1.17
(0.80,1.44) (1.01,1.72) (0.88,1.53)
m 1.73* 1.23 0.71
(1.03,2.92) (0.72,2.07) (0.37,1.33)
v 1.30 1.68* 1.43*
(0.91,1.86) (1.22,2.32) (1.02,1.99)

highest education level of
mother
no education 1 1 1

doi:10.20944/preprints202407.1911.v1
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reference reference reference
primary 0.89 0.91 1.18
(0.63,1.24) (0.67,1.24) (0.85,1.65)
secondary 0.73 0.81 1.12
(0.53,1.01) (0.60,1.08) (0.82,1.55)
higher 0.53 0.63 0.79
(0.21,1.35) (0.26,1.51) (0.37,1.7)
stunting 0.86 0.96 0.81
(0.63,1.17) (0.73,1.25) (0.59,1.1)
wasting
wasted 1 1 1
reference reference reference
non-wasted 0.75 1.36 1.04
(0.44,1.27) (0.76,2.45) (0.59,1.84)
overweight 0.49 0.69 0.75
(0.17,1.43) (0.23,2.06) (0.27,2.07)
wealthy index of family
poorest 1 1 1
reference reference reference
poorer 1.06 0.77 0.78
(0.75,1.50) (0.57,1.06) (0.54,1.12)
middle 1.36 1.03 1.41
(0.93,2.01) (0.73,1.46) (0.97,2.05)
richer 0.75 0.64 1.24
(0.46,1.25) (0.41,1.01) (0.79,1.96)
richest 0.61 0.48* 1.29
(0.34,1.12) (0.27,0.83) (0.76,2.19)

* p<0.05.

4. Discussion

Micronutrient malnutrition remains predominant on the continent of Africa and its detrimental
effects on the overall health and productivity of a country act as a barrier to socio—economic
development. While there have been some improvements in reducing micronutrient deficiencies in
Ghana over the past decade, anemia and VAD still pose significant public health concerns [5]. Our
study found that iron supplementation was markedly associated with an increased probability of
fever with no significant impact on the occurrence of diarrhea and cough. Notably, supplementation
with vitamin A was associated with an increased risk of the occurrence of diarrhea but had no
significant effect on the occurrence of fever and cough. The combined administration of vitamin A
and iron significantly increased the occurrence of fever and cough. Our research study also noted
more complex correlations between supplementation and children distinguished by age, sex and
household wealth index.

4.1. Effect of Iron on Diarrhea, Fever and Cough

The role of iron has received considerable attention in the interaction between supplementation
and infections [19,25], as studies have confirmed that supplementation adversely modifies the gut
microbiome [26,27], cause damage to cells mediated through free radicals and increases the virulence
of pathogenic enteric bacteria [28,29]. However, published results concerning the relationship
between iron and infectious disease have shown considerable inconsistency [25]. Adverse outcomes
associated with iron supplementation have been reported by several studies from developing

doi:10.20944/preprints202407.1911.v1
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countries [30,31]. On the other hand, an earlier study found a desirable effect of iron supplementation
with a reduced frequency of fever, respiratory infections, and diarrhea in children from the ages of 2
to 5 years [32]. According to lannotti et al. the protective effect of iron supplementation against
diarrhea, respiratory infections, or fever may be limited to children who are iron deficient [33].
Notwithstanding, Smith et al. in a study that had only anemic children at baseline, reported iron
supplementation was associated with an increase in fever-associated severe malaria [31]. In our
study, supplementation with iron alone had no significant effect on diarrhea and cough morbidities,
and this finding supports previous studies, which found no protective effect of iron supplementation
against diarrhea and acute lower Respiratory tract infection morbidity [23], however, there was an
increased risk of fever in our study. Future prospective studies in broader populations are needed to
explore possible mechanisms of iron supplementation and infectious diseases. We also found that
age 24-36 months was associated with a high risk of fever with iron supplementation. The age-
dependent outcomes presented by our study may be accounted for by differences in the physiological
response to iron supplementation in 24-36 months children. Further research is necessary to better
understand the underlying reasons. We also found a significant correlation between household
wealth index and the incidence of fever. Children from the richest household wealth index had a
lower risk of fever. The possible explanation might be that children from higher socioeconomic
families were more likely to receive requisite healthcare services and nutritious diet, which improves
their immune system and consequently lowers their susceptibility to infections [34]. These results
underscore the profound impact of a family's wealth on the health of children.

4.2. Effect of Vitamin A on Diarrhea, Cough and Fever

VAS has consistently reduced overall infant mortality and diarrhea—associated infant mortality
[16,35]. However, the effect of VAS on diarrhea has been inconsistent across research studies but may
increase the incidence of respiratory tract infections [36,37]. The observed outcomes of our research
align with previous studies regarding the influence of VAS on diarrhea disease [38]. Several theories
have been proposed regarding the relationship between VAS and diarrhea. Firstly, the effect of
vitamin A on the immune response of the individual against certain pathogens leads to variations in
clinical outcomes for specific pathogen infections. A wide range of pathogens accounts for diarrhea—
related illness, with each capable of triggering a unique mucosal immune response and pathogenic
mechanisms [39,40]. VAS up-regulates the T helper subset 2 cell (Th2) lymphocyte response and
down-regulates the activity of T helper type 1 cell (Th1), which is protective against intracellular
infections like Salmonella spp [41]. These immunoregulatory effects of vitamin A suggest that the
impact of supplementation on pathogen—specific clinical outcomes may rely on the role played by
Th1-Th2 responses in these outcomes. The increased risk in the incidence of diarrhea in our study
may be attributable to the relatively higher incidence of gastrointestinal pathogens such as
Salmonella spp. In Ghana, Salmonella spp. is commonly associated with the incidence of diarrhea
among preschool children [42] and tends to yield these symptoms through pathogenesis on the
intestinal epithelial barrier [43]. Supplementation with vitamin A may lead to reduced protection for
children against this pathogen since vitamin A down-regulates the Thl response, which protects
against infections by this pathogen [41]. Similarly, the lack of significant effect of VAS on cough and
fever may be indicative of the impact of supplementation on the immune response to the pathogens
that cause respiratory tract infections and fever. A study by Binka et al reported no difference in the
incidence of fever and malaria parasitemia as observed between children receiving VAS and those
who had received a placebo [44]. Nonetheless, intervention trials have yielded some conflicting
findings. For instance, a decrease in the occurrence of diarrhea and cough with fever was observed
to have resulted from VAS in an intervention trial conducted in Mexico [45]. The differential
regulation of the pathogen—specific immune response by vitamin A, disparities in the prevalence of
pathogens across various communities and study populations could account for the inconsistencies
observed in the outcomes of VAS. Our study also showed that boy sex and age 12-24 months were
associated with a higher risk of diarrhea compared to aged 6-12 months while aged 36-59 month was
associated with less likelihood of developing diarrhea. A higher rate of diarrhea in children 12-24
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months is likely due to weaning occurring from 12 months in most children in Ghana. In Ghana, the
span of breastfeeding is generally prolonged, with 98% of children from ages 9 to 11 months
remaining breastfed and a significant 50% still being breastfed at 20-23 months old [24].
Inappropriate weaning practices have been linked to an increased risk of diarrhea disease. Previous
studies showed similar results with an increase in the incidence and duration of diarrhea after
weaning in 1- and 2—-year—old children [46]. Health education programs should be directed toward
mothers, with a focus on improving weaning practices, enhancing food hygiene, and providing better
childcare.

4.3. Effect of Vitamin A Combined with Iron on Diarrhea, Cough and Fever

Combined supplementation with vitamin A and iron resulted in a significant increase in the risk
of fever and cough, in contrast to vitamin A or iron supplementation alone. Up until now, no
definitive mechanism has been put forth to explain the synergistic interaction or combined effect of
vitamin A and iron on immune function. We have deduced several explanations that may account
for the afore—observed outcome. While vitamin A and iron are known to play a crucial role in
ensuring the optimal functioning of the immune system, there is evidence indicating that excessive
intake of vitamin A and iron through supplementation may increase the adverse effects of infections.
VAS has been linked to downregulating the innate immune response as a result of epigenetic
modifications [47,48]. Iron supplementation, on the other hand, has a detrimental effect on the
immune system by generating free radicals, and contributes to enhanced bacterial and viral growth,
potentially raising the susceptibility to infections [28,29]. Therefore, it is entirely conceivable that the
simultaneous intake of both vitamin A and iron supplements could result in immune suppression
and in effect increase the vulnerability of children to infectious diseases. The response of the body to
high doses of vitamin A and iron depends on the underlying vitamin A and iron status of the child.
There may also be interactions between vitamin A and iron that contribute to an increased
susceptibility to infections. The interrelationship between vitamin A and iron has been widely
acknowledged by several studies over the years [49]. Studies have demonstrated VAS significantly
increases hemoglobin, hematocrit, and serum iron [50]. A dual increase in serum iron caused by
vitamin A and iron supplementation might have the evolutionary function of increasing circulating
iron fuel for pathogens with the result that pathogenic bacteria are no longer restricted in their supply
of iron leading to an increase in infections. An excess of iron in the gut of a child who is not deficient
in iron can be detrimental [26]. We assert that the increase in the risk of cough and fever observed in
preschool children receiving a combined supplementation of iron and vitamin A might be a result of
the exacerbative effects of vitamin A on iron status. It is recommended that the administration of
vitamin A should be administered singularly or only when a deficiency is detected and the status of
iron and vitamin A is known, since co-administration of vitamin A increases the adverse effect of
iron for infectious disease susceptibility, as seen in this study. Governments or relevant authorities
are advised to encourage the measurement of vitamin A and iron status in children as part of their
strategic attempts to ensure optimum outcomes of supplementation in children. Iron
supplementation ought to be administered in enriched foods where the detrimental interactions of
vitamin A and iron may be reduced. Further trials on supplementation are necessary to corroborate
the relationships between vitamin A and iron in children residing in areas endemic to infectious
diseases.

Several study strengths must be acknowledged. This is the first study carried out in SSA to assess
the association of vitamin A and iron supplementation on major clinical features of infectious diseases
in children aged 6-59 months. This study is among the first to demonstrate the adverse effect of
vitamin A and iron on cough and fever in children 6-59 months. Our study employed data from a
national survey in Ghana, hence the study findings are generalizable to the entire country.
Conversely, it is important to acknowledge some limitations associated with this study. First was the
absence of clinical or laboratory assessments and the reliance on mothers' recall as the principal basis
for the determination of exposure to vitamin A and iron supplementation. This renders the study
liable to recall and skewed categorization bias, which can lead to an underestimation or exaggeration
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of the true strength of the study. Secondly, we did not take into account the current vitamin A and
iron status of children during the survey. Thirdly, the study is susceptible to systematic errors, since
itis an observational one. Another significant limitation is the absence of standardized definitions for
individual clinical morbidities. The use of standardized definitions and active surveillance would
have improved the rigorousness of the study's conclusions. Finally, concerning the questionnaire, the
period between exposure and the relevant outcomes was inconsistent.

5. Conclusion

In summary, our findings indicate that iron and vitamin A supplementation alone were
associated with an increase in the occurrence of fever and diarrhea respectively, while dual
supplementation of iron and vitamin A supplementation was associated with an increased risk of
fever and cough. The likelihood of the occurrence of childhood morbidities was found to be
independently influenced by factors such as age, sex, and household wealth index. Our study offers
further understanding into the complex relationships between vitamin A and iron supplementation
and infectious disease. The implication of this study would be the combined supplementation of
vitamin A and iron may have more drawbacks than benefits, highlighting the need to avoid
indiscriminate supplementation to all children and careful consideration when implementing such
treatment approaches. The outcome of this study has significant policy implications, especially in
countries such as Ghana where iron supplementation or fortification initiatives are not present as yet.
Further studies are needed to better understand the synergy effect of vitamin A and iron on infectious
diseases, particularly in areas with high infection rates. Such studies will also contribute to the
implementation, monitoring, and evaluation of nationwide vitamin A and iron supplementation
initiatives in Sub-Saharan Africa.
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