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Abstract

Objective: To assess the effectiveness of a behaviour change approach, with or

without financial support, in improving vitamin A (VA) intake and serum retinol

concentration through mango and liver consumption by children.

Design: A parallel design (no control area) was used to assess changes in VA intake

and serum retinol over a 15-week period.

Setting and subjects: A pilot study was implemented in the Department of

Kokologho, a rural area in central west Burkina Faso. One hundred and fifty

children aged 2-3 years were randomly selected and assigned to two treatment

groups: PA$$ (promotional activities and financial support) and PA (promotional

activities).

Results: The intervention significantly increased (P < 0.001) total VA intake by

50% in PA$$ and by 50% in PA. VA intake from liver increased significantly

(P < 0.001) from 12.7 % 23.5 to 155.3 * 56.3 pg retinol activity equivalents (RAE)

in PA$S and from 21.6 * 29.7 to 135.3 * 44.9 g RAE in PA. Changes in VA intake

from liver were significantly higher (P = 0.004) in PA$$ compared with PA. Mean

serum retinol concentration increased significantly by 26% (P < 0.001) in PA$$

and 30% (P < 0.001) in PA. Changes in serum retinol concentration (0.13 wmoll™"

in PA$$ vs. 0.17umoll™" and in PA) did not differ significantly (P = 0.455) Keywords
between groups over the intervention. Y Mango
Conclusion: Promotional activities on mango and liver intake effectively increased Liver

VA intake and serum retinol concentrations. Although an additional beneficial Vitamin A
effect of financial support on liver intake was observed, this did not translate into Food diversification
a further increase in serum retinol concentration. West Africa

Vitamin A (VA) deficiency is still a severe public health
problem in Burkina Faso (BF)' despite the biannual mass
campaign distributing high-dose VA capsules to children
under 5 years of age. Therefore, there is an urgent need to
develop effective interventions based on better use of
local food sources rich in VA (e.g. provitamin A carotenoid
or retinoD) to complement the ongoing supplementation
programmes in a sustainable way. Although the effective-
ness of plant provitamin A carotenoids in combating VA
deficiency has been questioned®® and current evidence
shows that the bioefficacy of provitamin A carotenoids is
lower than previously thought*~® randomised trials
showed that consumption of red palm oil, mangoes or
dark-green leafy vegetables, with or without fat added or
deworming, was effective in improving VA status’~*!,

In developing countries, provitamin A carotenoids are
the main source of VA in the diet, but for various reasons
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the frequency and amount consumed by children are not
adequate'?.

A previous food ethnographic study conducted in
Kokologho in central west BF identified mango and liver
as key foods to be included in a food-based intervention,
and lack of financial means was indicated as a major
limiting factor to liver consumption'®. The rationale
behind the present study was to investigate the effective-
ness of promoting the consumption of mango and liver in
improving VA intake and serum retinol of children in free-
living conditions. The objectives of the study were: (1) to
assess the effect of promotional activities on mango and
liver intake; (2) to assess if this increased intake of liver
and mango led to an increased serum retinol concen-
tration; and (3) to assess the additional effect of providing
financial support on the changes in VA intake and serum
retinol concentration.

© The Authors 2006
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Methodology

Study design

The study had a parallel design with two treatment groups,
with measurements at baseline and at the end of a
15-week period. The intervention consisted of a behaviour
change approach using promotional activities, including
weekly home visits, to inform on health benefits and
negotiate and motivate parents to provide one piece of
liver (about 10g) on a weekly basis and two fresh
mangoes (about 150 g) daily to their children. One group
received additional financial support (PA$$, promotional
activities plus financial support) while the second group
(PA, promotional activities) did not. The consumption of
mangoes and liver was monitored weekly over a 15-week
period.

Study area and subjects

The study was conducted in the Department of Kokologho
located in rural central west BF. A household census was
conducted at the beginning of the study. Households
without children 2—3 years old were excluded; a sample of
150* children was randomly selected'® and randomly
assigned to the PA$$ or PA group. Written informed
consent was obtained from parents prior to children’s
enrolment. The protocol was approved by the Ethical
Committee for Health Research of Burkina Faso. At
baseline all subjects received 600 mg anthelmintic drug
(mebendazole, dry powder for suspension; SmithKline
Beecham Pharmaceuticals, Brentford, UK) in order to
reduce parasite load. The last VA supplementation in the
study area took place four months before the start of the
intervention.

Variables and measurement methods

VA intake

Throughout the study, consumption of mango and liver
was reported through weekly recall. VA intake was
estimated using a semi-quantitative food-frequency ques-
tionnaire (FFQ). The method was validated in Niger
(Delisle et al., unpublished datat), where the population
has a comparable cereal-based diet with low intake of
animal VA sources. Usual household measures and prices
were used to estimate the portion size. The amount of
retinol and provitamin A-rich foods consumed by the child
was converted into VA intake using food composition

*A sample size of 62 was estimated per group (and extended to 75 to
take into account possible dropouts) based on an « error of 0.05, a
statistical power of 0.85 and an expected reduction of one-quarter
(from 85% to 63.8%, based on Zagré et al.’) in the proportion of
children with serum retinol concentration <0.7 wmoll™" between
baseline and the end of the intervention.

tDelisle H, Bakari S, Ferland G. Validation study on a simplified
dietary method for the assessment of vitamin A deficiency risk in
Niger. Report to OMNI-Research, Washington, DC, 1997, 70 pp.
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conversion factors'” from provitamin A to retinol activity
equivalent (RAE) were used*. Total daily VA intake was
compared with the Food and Agriculture Organization/
World Health Organization safe intake level'®. Inadequate
VA intake was defined as intake below 62.5% of the safe

level of intake®.

Serum retinol concentration

At baseline and the end of the intervention, venous blood
was taken between 07.00 and 09.00 hours, on two
consecutive days, from fasted children using a needle
fitted to a 5 ml non-heparinised tube. Blood was protected
from light, placed on ice and transported immediately to
the laboratory. Blood samples were then centrifuged at
1000g for 10min at 4°C; serum was separated into
aliquots, the tubes wrapped in aluminium foil to protect
the contents from light and stored at — 18°C until analysis
at the end of the intervention. Serum retinol concentration
was measured in duplicate, using high-performance liquid
chromatography®, at the laboratory of the ‘Unité de
Formation et de Recherche en Sciences de la Santé’ in BF.
The standard cut-off point of 0.70 pmol1™" was used for
low serum retinol*',

Anthropometric measurements and morbidity

Child age was determined based on the birth certificate
or health record; in the absence of these, a calendar of
local events was used to determine the birth date of the
child as accurately as possible. Height (cm) and weight
(kg) were measured following standardised methods®.
The occurrence of illness in the previous 15 days was
assessed through maternal recall, using a validated
method®,

Socio-economic variables

At baseline, data were collected on marital status,
household size, parents’ education level, secondary
occupation of the parents besides farming, number of
siblings of the target child, the presence of a mango tree
and husbandry activity.

Data processing

Fourteen out of the 150 children did not have a
complete dataset and were excluded from further
analysis. Differences between groups for socio-econ-
omic and anthropometric variables without normal
distribution were tested using the Mann—Whitney U-test
for continuous variables and the chi-square test for
categorical variables. The McNemar test was used to
compare changes in the prevalence of low serum

*1 wg RAE = 1 pg retinol or 12 pg B-carotene in a mixed diet or 24 pg
of other provitamin A carotene in a mixed diet.
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retinol and inadequate intake of VA within groups for
categorical variables. Changes in mean VA intake and
mean serum retinol concentration within each group
were tested by the paired #test or the Wilcoxon signed-
rank test depending on whether the variable was
normally distributed. Differences between PAS$$ and PA
in changes in VA intake and serum retinol concentration

were examined by the independent samples

t-test or

the Mann—Whitney U-test according to whether or not
variables were normally distributed. Multiple linear
regression analysis was used to assess the effect of
treatment group on pre—post intervention changes in

serum retinol concentration, controlling for
serum retinol
anthropometric
variables.

variables, and

baseline

concentration, VA intake, health and
socio-economic
For all tests a P-value below 0.05 was

considered significant. All analyses were conducted
using SPSS version 11.0 for Windows (SPSS Inc.,

Chicago, 1L, USA)*,

Results

Table 1 shows the characteristics of the subjects and their

households at baseline. The small husbandry

activities

included rearing of chickens, guinea fowl, goats, sheep
and pigs. There were no significant differences between
the two groups, although PA appeared to be worse off
according to the nutrition and morbidity indicators at
baseline. Nutrition and morbidity indicators did not differ
significantly after the intervention (data not shown) except
for fever in PA, which reduced from 20.3% at baseline to

6.0% after the intervention.

Table 1 Socio-economic and individual characteristics of the

study population at baseline

PASS$ PA
(n=67) (n=69)

Household characteristics
Average number of pre-school 1.0+ 0.6 1.0+ 05
children, mean = SD
Total number of siblings of 42 3.0x1.9
target child, mean + SD
Household size, mean = SD 150+ 7.6 14.0 9.9
Marital status (%) 100 100
Polygamy (%) 58.2 47.8
Animal husbandry activity (%) 89.6 92.6
Household with mango tree (%) 83.6 79.7
Individual characteristics
Age (months), mean + SD 29+5 306
Sex (% boys) 46.3 52.2
HAZ, mean = SD -15=+1.0 -1.7*x141
Stunted (% with HAZ <—2.0) 28.4 37.7
lliness* (%) 254 34.8
Diarrhoea* (%) 13.4 17.4
Cough* (%) 4.5 11.6
Fever* (%) 13.4 20.3

PA$$ —promotional activities and financial support; PA — promotional
activities; SD — standard deviation; HAZ — height-for-age Z-score.
* Morbidity during the two weeks prior to the beginning of the study.
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Table 2 shows that, throughout the intervention, the
average daily consumption of ripe mangoes in both groups
was significantly lower (P < 0.05) compared with baseline
while that of liver increased significantly in both groups
(P <0.001). The total daily VA intake at baseline was
comparable in both groups (273 £ 108 wg RAE in PA$$ and
272 £ 115pg RAE in PA, P=0.45) and increased
significantly at the end of the intervention (7 < 0.001) to
a safe level in both groups. The proportion of children at
risk of inadequate VA intake decreased from about 45% to
less than 5% in both groups (P < 0.001). By the end of the
intervention, the contribution of mangoes to total VA intake
decreased significantly (P < 0.05) from 86.5% to 44.0% in
PA$$ and from 84.0% to 47.0% in PA, while that of liver
increased significantly (2 < 0.001) from 4.5% to 37.0% and
from 7.0% to 34.0%, respectively (Table 2). Due to limited
availability of hare, guinea fowl and chicken liver at the
market, the liver consumed came mainly from goat.
Increase in VA intake from liver was significantly higher
(P < 0.05) in PA$$ than in PA, while that from mangoes was
not significantly different (P = 0.29). Mean serum retinol
concentration increased significantly from 0.81 to
0.94 pmoll™! (P < 0.001) in PA$$ and from 0.82 to
0.99 wmoll™* (P < 0.001) in PA. Change in serum retinol
concentration (0.13 wmol 1™ vs. 0.17 wmol 1! for PAS$S vs.
PA) over the intervention did not differ significantly
between groups (P = 0.455). At baseline, the proportion
of children with serum retinol concentration < 0.7 wmol 1~
was 32.8%in PA$S$ and 36.2% in PA, decreasing to 19.4% and
14.5%, respectively (P < 0.05), after the intervention.

Table 3 shows that treatment group was not a significant
determinant (P = 0.45) of pre—post intervention changes
in serum retinol concentration among the children,
suggesting that the financial support did not offer an
extra benefit. A higher serum retinol concentration before
the intervention (P = 0.000) and a larger household size
(P=0.001) were associated with a lower increase in
serum retinol concentration during the intervention.

Discussion

The present study investigated the effectiveness of
promotional activities aimed at increasing liver and
mango consumption to improve vitamin A intake and
serum retinol concentration of children under free-living
conditions. Overall, the results indicate that both VA
intake and serum retinol concentration improved
significantly between baseline and the end of the
intervention. In the absence of a true control group, it
is difficult to fully attribute this improvement to the
intervention. Finding a non-intervention community that
is sufficiently comparable can be difficult* and the
cross-over effect in free-living conditions could not be
ruled out. However, the results of a previous food
consumption study carried out a year before the current
intervention, in the same area during the same period
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Table 3 Potential predictors of changes in serum retinol of children

Multiple linear regression*

Regression Standard 95% confidence
R2t coefficient error interval P-value
Treatment group (PA=0)  0.004 +0.04 0.054 (—0.660, + 0.147) 0.455
Retinol pre intervention 0.178 —0.485 0.090 (—0.663, —0.307) 0.000
Household size 0.139 —0.009 0.003 (—0.014, —0,004) 0.001

PA — promotional activities.

*Corrected for education of father and mother, secondary occupation of father and mother, polygamy and

household size, the only variable with significant effect.
T Percentage of variance explained by the variable.

Our study showed that financial support has an
additional effect to that of promotional activities because
VA intake from liver was significantly higher in PASS$.
However, financial means did not seem to be the major
constraint on not consuming liver in the amount
proposed, as subjects in PA showed a substantial increase
in VA intake from liver too.

In the developing world, multiple micronutrient
deficiencies generally coexist®®*> and combined sup-
plementation becomes an appealing strategy, although
controlled studies have indicated a likely competition in
absorption of iron and zinc®*?” and the possible adverse
effect of iron supplementation on VA status®. Liver may be
a key food to address VA and iron deficiencies
simultaneously in BF in combination with mangoes, and
therefore both could be targeted at national level as foods
of interest in developing effective dietary interventions.
The promotion of liver and mangoes consumption is likely
to be effective in preventing VA deficiency (maintaining
VA status), but not in correcting existing VA deficiency.
Therefore, it should be complemented with additional
approaches to increase VA intake, as well as by public
health measures such as deworming programmes, in order
to strengthen their effectiveness in controlling VA
deficiency.

Conclusion

Our study indicated that promotional activities were
feasible in a rural area, resulting in increased VA intake and
serum retinol concentration of children. Financial support
additionally increased the consumption of liver compared
with promotional activities, but this did not result in a
further increase of serum retinol concentration.

The amount of liver proposed in this intervention seems
to be affordable to the population in the rural area,
suggesting that it is possible to increase the consumption
of liver if effective promotional activities are used.
Therefore, liver combined with mangoes appears to be
suitable to reduce VA deficiency in BF, but may not be
sufficient, and needs to be complemented by other public
health measures.
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