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Abstract: Fish is a good source of Animal Source Proteins (ASP). Families from low-income countries
with limited access to other animal source proteins can utilize it to improve the nutrition status of
infants and young children. The objective of the study was to assess if fish fed during the early
complementary feeding period had an effect on improved head circumference (HC) and mid-upper
arm circumference (MUAC) among infants aged 6–7 months. A randomised controlled trial was
conducted from April 2019 to January 2020 in the Samfya district, Luapula Province, Zambia. The
infants (238) were randomised to either the fish group (intervention) or the sorghum group (control).
Every week for a period of 6 months, infants received seven sachets of fish powder and sorghum
powder, respectively. Compliance was also monitored during the fish powder distribution. The head
circumference measurements were conducted at baseline and once each follow-up month for a period
of six months while the MUAC measurements were conducted twice (at baseline and endline). Using
statistical software for data science (STATA) (version 16), a linear mixed effect model was used to
analyse the data. The results showed that fish improved head circumference for age z score (HCZ)
by 0.53 (95% CI: 0.23–0.82), p-value < 0.001, and MUAC by 0.36 (95% CI: 0.13–0.59) p-value < 0.002.
Therefore, fish can be used as the main source of protein in complementary foods for infants and
young children in low-income communities with limited access to meat.

Keywords: fish; infants; complementary feeding; nutrition status; Zambia

1. Introduction

Protein energy malnutrition has been associated with poor head circumference (HC)
and brain development in children below the age of five [1]. There is a rapid increase
in the circumference growth in the first thousand days of a child’s life. Therefore, rou-
tine measurement of the HC (frontal occipital circumference) should be a component of
nutritional assessment. However, even though HC is a marker of neurodevelopment,
most low- and middle-income countries do not conduct HC measurements regularly [2].
A community-based birth cohort study that was conducted in Vellore India found that
small low HC at the age of 2 was negatively associated with cognitive development at both
2 and 5 years of age [3].
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In Zambia, despite having under-five clinics where children below the age of five
go for health and nutrition assessments monthly, HC measurements are not routinely
conducted. The clinics routinely focus on weight and height due to the high prevalence of
stunting (35%) and underweight (11.8%) in the children below the age of five [4]. However,
HC circumference measurements are routinely conducted twice (in June and December)
during the child health week.

The mid-upper arm circumference (MUAC) is a simple reliable measurement for the
screening of children’s nutrition statuses [5]. A pilot study on animal source proteins
(ASPs) derived from eggs showed an improved MUAC in children aged 6–9 years in a
school feeding program in Uganda [6]. Children who received from one to two eggs per
day for 6 months had improved MUAC compared to those who received none. MUAC
is used as admission and discharge criteria within community-based programs and for
the management of acute malnutrition. A study conducted by World Fish in Zambia
found small dried fish to be a nutrient dense food source that is important for the first
1000 days [7]. It is also important to note that Chisense, the fish source used in this study, is
rich in essential long-chain polyunsaturated fatty acids eicosapentaenoic acid (EPA) and
docosohexaenoic acid (DHA), which are crucial for brain development and cognition of the
child in the first 1000 days of life [8]. The nutrient content of the small fish (Chisense) used
in the current study is reported in Table 2 of the main study, which has been published [9].
This current study reporting on HC and MUAC formed part of the main study that
investigated the efficacy of fish as an early complementary food on the linear growth of
infants aged 6–7 months and found that fish consumption improved linear growth [9]. To
our knowledge, there is no study that looked at fish and improved HC and MUAC among
children. Therefore, it was useful to investigate the effect of fish powder provided in early
complimentary feeding on improved HC and MUAC.

2. Materials and Methods
2.1. Study Area

The study was conducted at Shikamushile Rural Health Centre (RHC) from April 2019
to January 2020 in the Samfya district of Luapula Province, Zambia. The community, which
consists of low-income families, is situated near lake Bangweulu and lake Chifunabuli. The
main livelihood for the occupants in this community is substance farming and fishing. Fish
is readily available throughout the year in this community as it is preserved using drying
and smocking methods to last long. The main complementary food fed to children in this
district, however, is plain cassava or maize.

2.2. Participants and Study Design

The study was a 6-month single-blind, two-arm-randomised controlled trial (RCT).
Fish powder was provided to the intervention group while a placebo in the form of sorghum
powder was provided to the control group. As mentioned earlier, this was part of the larger
study that was conducted in the Samfya District, Luapula Province, to assess the efficacy of
fish early in the complementary feeding period to improve infant’s growth (length) [9].

2.3. Sample Size Determination

The sample size calculation was based on the main study that looked at linear
growth [9]. Figure 1 summarizes the total number of infants recruited, including those
that dropped out and those that completed the study. Similar to the main study [9], the
population consisted of 235 participants at baseline (intervention: 118 and control: 117).
Of the 235, the number of participants who withdrew from the study was 16 and those
who dropped out at subsequent follow-up was 33. Therefore, a total number of 100 partici-
pants from the intervention group and 86 from the control group completed the 6 months’
intervention (Figure 1).
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Figure 1. Flow chart of the study participants.

2.4. Participant Recruitment
2.4.1. Randomisation

The randomisation schedule was prepared by an independent statistician. The infants
who met the inclusion criteria were randomly assigned to either the fish powder group or
sorghum powder group at 6–7 months. A 1:1 ratio using a computerised random number
generator and block randomisation in Microsoft Excel was used to randomise the infants
into two groups of equal size. To enable gender balance in both groups, the randomisation
schedule was stratified by gender. The allocation of concealment was performed using a
central randomisation service through a computer algorithm to protect the randomisation
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schedule. Both groups (fish and sorghum) had 119 infants randomly assigned out of the
total 238, Figure 1.

2.4.2. Inclusion Criteria

• Infants aged 6–7 months who attended the under-five clinic at the sampled RHC.
• Infants whose mothers provided informed written consent.
• Infants whose mothers had no plans of moving away from the study area during the

study period.

2.4.3. Exclusion Criteria

• Infants with chronic or congenital diseases/disorders that affected the growth of
the children.

• These included Down syndrome, cerebral palsy, spina bifida, and any other related
condition.

• Premature infants.
• HIV exposed/infected infants.
• Infants who tested positive to the fish allergy skin prick test.

2.5. Preparation of the Powders (Fish and Sorghum) and Daily Consumption by Infants

The small dried fish (Chisense)/sorghum was roasted and grinded into a powder.
The preparation of the powders was carried out in the food service laboratory, in the
Department of Nutritional Sciences at Mukuba University. The lab assistants who were not
part of the research team carried out the preparations under the supervision of the principle
investigator. Standard food safety and hygienic measures were ensured. The methodology
of the preparation of the fish and sorghum powders have been published and reporting
on the large/main study [9]. The fish powder was then packed in small (12 g fish and 7 g
sorghum) sachets. Infants in the fish powder group were given one sachet per day to be
added to any food provided by the mother. A similar procedure and provision were made
for the infants in the sorghum powder group (one sachet of sorghum powder per day).

2.6. Measurements

All the measurements took place at Shikamushile RHC. The anthropometric measure-
ments (HC and MUAC) were taken and dietary intake assessments were performed by
means of multiple interviewer-led 24 h dietary recalls that were performed at 4 time points
(at baseline, second month of the intervention, fourth month of the intervention, and at
endline). The mothers of infants were also visited in their homes once a week by research
assistants to collect information on illnesses experienced and adherence to the intervention.

2.6.1. Socio-Demographic Information

The social demographic data were collected at baseline using a questionnaire. The data
collected included age of parents, occupation, level of education, source of income, family
size, mother’s number of births, and marital status. The data on breastfeeding and the type
and history of complementary food the infant was provided with were also collected.

2.6.2. Anthropometry

Head circumference (HC)

The head circumference was measured at baseline and once a month throughout the
study duration. The mothers assisted the research assistants to perform the measurements.

The procedure to determine the HC of the infant was as follows [10,11]:
A SECA non-stretchable measuring tape was used. The infants were measured whilst

lying down on a bed. Any covering from the head was removed. The tape was positioned
at the supraorbital ridges and occiput. An average of two measurements were taken. If the
second measurement differs from the first measurement by 0.5 cm, then a third measure-
ment was taken. The measurements were read to the nearest mm. The head circumference
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measurements of the infant were entered into WHO anthro Version 3.2.2. Software [12]. The
HC of the infants were used to compute z-scores for the head-circumference-for-age (HCZ).

Mid-upper arm circumference (MUAC)

The MUAC was taken from the infants at baseline and at the end of the intervention
in both groups.

The procedure to determine the MUAC of the infant were as follows [10,11]:
A non-stretchable WHO, MUAC tape S0145620 was used [13]. The measurements

were taken at the mid-point of the infant’s right arm, which was marked with a pen. The
infant laid on the bed. The measuring tape was placed perpendicular to the long axis of the
arm. An average of two measurements were taken. If the second measurement differs from
the first measurement by 0.5 cm, then a third measurement was taken. The measurements
were recorded to the nearest mm.

The MUAC was classified according to World Health Organization (WHO) thresh-
olds [14,15]. The WHO thresholds for MUAC are: normal, 12.5 cm and above; moderate
wasting 11.5–<12.5 cm; and severe wasting 0–11.5 cm [14,15].

2.7. Assessment of Fish Allergy

Fish allergy was assessed by means of a skin prick test performed on the forearm,
using a drop of histamine dihydrochloride 10 mg/mL as a positive and water as a negative
control. A fish allergy test was conducted on infants in the form of a skin prick test (SPT) at
baseline. The sorghum powder also had a small quantity of fish powder added in order
have a similar fish aroma (3/100 g of sorghum) as the fish product. A skin reaction of
more than 3 mm was considered a positive result. This was to ensure that all infants who
participated in the study were not allergic to fish.

2.8. Study Adherence

The details of adherence related to the consumption of the intervention products have
been described in detail in the published article that looked at fish consumption and linear
growth [9]. In summary, it is important to note that, noncompliance to the intervention by
the mothers for two (2) consecutive weeks resulted in infants exiting the study.

2.9. Statistical Analysis

The completed questionnaires were checked for completeness, coded, and entered
into (excel 2016). The data were then checked for missing values and exported to STATA
(version 16) for analysis. Descriptive statistics were used to compute the means, standard
deviation’s (SD), frequencies, and percentages.

A linear mixed effects model was used for the analysis of the primary outcomes of the
HC and MUAC with the participants as the random effects in the model to account for the
repeated measures in time. The model includes an indicator variable for the intervention, a
discrete time variable, and the interaction between the intervention and time variable. The
test for a significant interaction effect between the intervention and time was the overall test
for an intervention effect. The estimation for the model parameters was performed via the
full maximum likelihood; this was the imputation approach used for handling the missing
data at the time points post randomisation and for facilitating the intention to treat analysis.
The estimated intervention effects at each month and at 12 months considered the baseline
difference at randomisation and used the difference of differences approach to estimate the
mean difference as the intervention effect as well as the 95% confidence interval.

3. Results
3.1. Demographic Characteristics

The demographic characteristics of the infants in the study are presented in Table 1.
The number of male participants was 125 (53.4%) and of females was 110 (46.7%), making
a total of 235 infants included in the study. The demographic characteristics were simi-
lar for both the fish and sorghum groups. The infants in both groups (100%) were still
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breastfeeding, and the majority of them were introduced to solid foods at 6 months. The
mean age of infants was 6.64 (±0.54) and 6.63 (±0.50) months for the fish powder and
sorghum powder group, respectively. The mean HC (41.4 ± 1.8) in the fish powder group
was lower compared to the sorghum powder group (44.3 ± 34.9) at baseline while the
mean MUAC was similar in both groups (fish powder 13.2 ± 0.6 and sorghum powder
13.1 ± 0.6). However, there was no statistical difference in both the intervention and control
group MUAC and HC at baseline.

Table 1. Demographic characteristics of participating infants in the study (n = 235).

Fish Powder (n = 118) Sorghum Powder (n = 117)

Characteristic Mean ± SD or
n (%) Range Mean ± SD or

n (%) Range

Gender
Male 63 (53.4) - 62 (53.0) -

Female 55 (46.6) - 55 (47.0) -
Gestation Age (weeks) 38.4 ± 1.1 37.0–44.0 38.2 ± 1.0 36.0–41.0

Low birth weight 1 (0.9) - 1 (0.9) -
Age (months) 6.6 ± 0.5 5.9–7.9 6.6 ± 0.5 6.0–7.9

Infant still being breastfed 118 (100) - 117 (100) -
Age of solid food introduction (months) 5.2 ± 0.5 3.0–6.0 5.1 ± 0.6 1.0–6.0

Anthropometry
Head Circumference (cm) 41.4 ± 1.8 39–45.1 44.3 ± 34.9 39.3–44.9

Mid-Upper Arm Circumference (cm) 13.2 ± 0.6 12.5–14.9 13.1 ± 0.6 11.5–15.5
Head-Circumference-for-Age (HCZ) −1.4 ± 1.1 −1.4–1.1 −1.7 ± 1.0 −3.4–1.1

HCZs (head-circumference-for-age z-scores). <−2 SD below the WHO Child Growth Standards median and
MUAC below 12.5 cm according to WHO reference [16].

3.2. Head Circumference Z-Scores (HCZ)

The effect of fish powder on the head circumference z-score (HCZ) is shown in Table 2.
The overall linear mixed effect shows that the mean HCZs were greater for the fish group
compared to the Sorghum (p < 0.05). However, in the second month of follow-up visits,
there was no significant difference between the fish powder group and sorghum group
(p > 0.05).

Table 2. The intervention effect between fish powder and sorghum powder on head circumference
z-scores (HCZs) from the first (1) month of follow-up to the last month (6) of follow-up.

Fish Powder Sorghum Powder Intervention Effect †

Month of
Follow-Up n Mean ± SD n Mean ± SD Mean Difference

‡ 95% CL p-Value

Follow-up month 1 115 −0.68 ± 0.91 111 −1.24 ± 0.96 0.49 (0.25–0.75) <0.001
Follow-up month 2 112 −0.45 ± 0.95 110 −0.67 ± 0.83 0.14 (0.11–0.39) 0.267
Follow-up month 3 110 −0.03 ± 0.74 104 −0.63 ± 0.79 0.55 (0.29–0.81) <0.001
Follow-up month 4 108 −0.18 ± 0.69 100 −0.45 ± 0.82 0.55 (0.28–82) 0.001
Follow-up month 5 103 0.31 ± 0.66 90 −0.28 ± 0.79 0.59 (0.38–0.80) <0.001
Follow-up month 6 100 0.42 ± 0.62 86 −0.16 ± 0.78 0.53 (0.24–0.83) <0.001

† Intervention effect as estimated using the linear mixed model. ‡ The mean difference is the difference between
the mean HCZs in fish powder group and sorghum powder group at each month of follow-up.

Figure 2 shows the locally weighted scatterplot smoothing of HCZs for the fish and
sorghum groups. The HCZ in the fish group improved throughout all the six months’
follow-up (180 days) compared to the sorghum group. The fish powder group had a faster
growth from baseline.
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3.3. Mid-Upper Arm Circumference (MUAC)

Table 3 shows the effect of the fish powder on the MUAC. The measurements were
conducted twice, at the baseline and at the end point. The MUAC thresholds were used to
determine whether the child was wasted or not (refer to section the foot note of Table 3).
After the six months intervention, there was a significant intervention effect of 0.36 (95% CI
0.13–0.59) between the fish group and the sorghum group. The fish led to an increased
MUAC in the fish group compared to the sorghum group.

Table 3. The intervention effect between fish powder and sorghum powder on mid-upper arm
circumference (MUAC) z-scores from the first (1) month of follow-up to the last month (6) of follow-u.

Fish Powder Sorghum Powder Intervention Effect †

Month of
Follow-Up n Mean ± SD n Mean ± SD Mean Difference

‡ 95% CI p-Value
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MUAC thresholds normal:
12.5 cm and above, moderate wasting 11.5–<12.5 cm, and severe wasting 0–11.5 cm [14,15].

Figure 3 shows the intervention effect of fish and sorghum in box plots on the MUAC.
Both the fish powder group and sorghum powder group had increased MUACs. However,
the fish powder group had higher values compared to the sorghum powder group at
the end of the six months’ intervention. These results are an indication that fish powder
improved the MUAC among the infants in the study compared with sorghum powder.
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4. Discussion

The consumption of animal source foods by infants has been positively associated
with better HC and cognitive development (child language, motor, personal, and social
skills) [17]. A longitudinal study in rural Nepal found that children (from 6 months to
8 years) who consumed animal source protein had better head circumferences compared
to those who did not consume it [18]. The consumption of animal source food has also
been association with better MUACs [19]. In Kenya, school-going children who were
provided with meat and milk supplements for 23 months were found to have better
MUACs compared to those without animal source food supplements [19].

4.1. Effect of the Fish Powder on HCZ

This study found a mean effect of 0.53 (95% CI, 0.23–0.82) on the HCZs between the
fish powder and sorghum powder groups. Fish powder consumption increased the HCZs
among the infants. This was similar to what was found with the length-for-age z-scores [9].
Due to a paucity of comparative studies using similar intervention types, we looked at
other studies that assessed the relationship between animal source protein (ASP) and HCZs.
An observational study on head growth that evaluated livestock agriculture interventions
(animal source food consumption ASFs) and its relationship with HCZs among children
aged 6 months–8 years found that children below the age of three (3) who had consumed
meat twice or more 24 hrs prior to the interview had better height-for-age z-scores (HAZ)
compared to those who had eaten none [18]. In Malawi, children aged 6–9 months who
were provided with an egg per day for a period of 6 months showed an increase in the
HCZ compared to the ones who were not [20].

The current study indicates that the intervention (fish) group had a rapid increase
in HCZs in the first three months; however, in the last three months, there was a slow
increase despite the fish powder group having improved HCZs over the sorghum powder
group. The finding that there was a rapid increase in HCZs in the first three months of the
intervention and slow increase in the last three months is difficult to explain. It may be
that the food consumed with protein supplements from fish was not sufficient when the
infant’s absolute energy and nutrient requirements increased with age.

Furthermore, this could be due to the seasonality of food. At the beginning of the
intervention, the first three months coincided with the post-harvest season while the last
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few months of the study took place during the planting season. A sachet of fish powder
contributed 12 g (7.6 g of protein) and a sachet of sorghum powder contributed 7 g (0.9 g
of protein) to the daily food consumption of infants. It is therefore possible that the foods
to which the powders were added in both groups might have reduced in quantity (thus,
there was less nutrient intake apart from the nutrient supplements from the fish/sorghum
powders), contributing to the slow increase in HCZs. However, a study conducted in Peru
found that the seasonality of food was not associated with head circumference [21].

The effect of fish powder on the HCZs in the current study is an indication that if
children consume fish in their early life, they are likely to have good brain development,
thus improving their psychomotor development and school performance in later life [18].

4.2. Effect of the Fish on MUAC

The estimated mean MUAC difference in the fish on MUACs compared to sorghum
was 0.36 (95% CI, 0.13–0.59) improvement. Due to the absence of comparative studies,
research on ASP (eggs) have shown a large increase in MUACs among school-going
children age 2–10 years [6,22]. The results of a school feeding program conducted in
Uganda on children aged 6–9 years showed an increase in MUACs to children who were
fed two eggs per day (5 days a week) for 6 months compared to those who did not [6].
In Kelantan, Malaysia, the MUAC was found to increase by double among infants who
were in the intervention arm (fed meat and milk) compared to the control group in a six
months intervention conducted on malnourished children (2–10 years) from food insecure
households [22]. The increase in MUAC reported in our study conforms with the literature
that ASP consumption increases lean body mass [23].

5. Conclusions

This study showed that fish consumption as an early complementary food is positively
associated with improved HC and MUAC among infants aged 6–7 months. These results
are in agreement with the efficacy impact on linear growth reported for this trial [9]. Fish
can be utilised as a cheaper and affordable ASP for complementary feeding in infants and
young children from countries with access to fish.
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