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Marine foods produced by small-scale fishers can make vital contributions to

sustainable, healthy food systems with multisectoral considerations of public health

nutrition, gender equity, economics, and marine ecology. This pilot study aimed

to map the multidimensional determinants of fish food security and young child

nutrition in four coastal communities of Kenya with a view toward designing a large

intervention trial. We compared anthropometric and dietary diversity indicators of

children under 5 years in fishing vs. non-fishing households. Mixed methods included

household surveys, 24-h recalls for dietary intake, and anthropometric measures of

children. Child dietary diversity score (CDDS) and height-for-age Z (HAZ) were primary

outcomes tested in ordinary least square regression modeling. Stunting was widely

prevalent (20.2%), asweremorbidities for acute diarrhea (29.0%) and fever (46.5%), with

no statistically significant di�erences in fishing compared to non-fishing households.

High proportions of children showed nutrient intake inadequacies for vitamins A, C,

and E, iron and zinc; <50% met requirements for all nutrients except protein, which

was derived primarily from plant-based foods. Regression modeling showed children

living in fishing households were associated with lower CDDS. Maternal education,

maternal body mass index (BMI), and household livelihood diversity were positively

associated with both CDDS and HAZ, while child morbidities and north coast (of

Mombasa) residence showed negative associations. Our findings highlight nutritional

vulnerabilities within a coastal food system of Kenya and the need to involve multiple

sectors—education, environment, health, finance, communications, and governance

and policy—in deriving solutions.

KEYWORDS

child nutrition, anthropometry, child feeding, food and nutrient intake, food consumption,

growth, Kenyan fisheries

Introduction

Small-holder producers are vital to food systems and nutrition security globally, yet

paradoxically, these households are disproportionately undernourished (Dioula et al., 2013).

It is estimated that small- and medium-scale farms produce an estimated 51–77% of

calories and nutrients (protein, vitamin A, vitamin B12, folate, iron, and zinc) globally
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(Herrero et al., 2017). Less is known about the situation of the 36

million small-scale fishers, and investments have been minimal for

increasing production and food security (Mills et al., 2011). Fishing

as a livelihood provides income that can be used by families to meet

nutritional needs of the vulnerable householdmembers such as young

children. However, for economic reasons and likely lack of awareness,

the catch is often sold to support other household needs (Fiorella

et al., 2014). This study aimed to characterize the nutrition of young

children within a coastal food system of Kenya, where evidence has

been minimal.

Consensus exists around the potential for fish foods to contribute

to nutrition security (Béné et al., 2016; Thilsted et al., 2016). Small

pelagic fish, in particular, are notable for their high nutritional

value, affordability, and minimal impact on the environment (they

are generally caught with little to no impact on marine habitats

and relatively little bycatch) compared to other animal source

foods (Roos et al., 2007; Kawarazuka and Béné, 2011; Hilborn

et al., 2018). Fish foods contain high concentrations of bioavailable

nutrients commonly found deficient in young children such as

proteins, long-chain fatty acids, iron, zinc, choline, and vitamin B12

(Iannotti, 2018). In Kenya, stunting affects 30% of young children

in the coastal region, and only one in five children nationally

were reported to have received any fish, meat, or poultry as

complementary food (Kenya National Bureau of Statistics., 2019).

Commonly caught marine fish in the Kenyan coastal communities

studied here include: Tafi (Siganidae, white spotted rabbitfish), Pono

(Scaridae, parrotfish), Changu (Lethrinidae, spotcheek emperor),

Una (Scombridae, Indian mackerel), and Pweza (Octopodidae,

octopus) (FAO FishFinder., 2010). This study examined the presence

of any fish (inclusive of these species, reported elsewhere) and

complementary foods in the diets of young children living at

four sites (Shimoni and Tiwi in South Coast and Vipingo and

Uyombo in North Coast) along the Kenyan coast between June and

September 2019.

Water, sanitation and hygiene (WASH) are important

components of Public Health and play a major role in disease

prevention for populations. Globally and also in Kenya,

millions of people are exposed to poor WASH conditions

and consequently suffer from preventable diseases. Lack of

safe WASH conditions affects nutrition and health status

of communities (KNBS and ICF Macro, 2015; Baker et al.,

2016).

Our study aimed to characterize determinants of young

child nutrition from small-scale fishing households within the

context of a coastal food system. We formed a team comprised

of experts across multiple disciplines including public health

nutrition, anthropology, gender, economics, and marine ecology.

Several processes were initiated to engage local stakeholders from

governmental, non-governmental, and research institutions with a

view toward developing future sustainable interventions. To examine

multiple factors influencing child nutrition in this coastal food

system, we compared fisher- and non-fisher households taking

advantage of a coastal highway separating the two groups. The

highway provided a distinction between communities close to

the ocean and were more likely to have fishing as a livelihood

while other communities were far from the ocean and engaged in

farming activities.

Methods

Study area and population

The study was conducted in fishing and non-fishing communities

and families along the coast in Kenya: Kilifi and Kwale counties. In

Kilifi County, which is in the North Coast, two communities (Vipingo

and Uyombo) and in Kwale County, which is in the South Coast, two

communities (Shimoni, and Tiwi) were studied where fishing and

non-fishing households were interviewed (Supplemental Figure 1).

Access to marine foods and thus connection to the coastal marine

food system was the main criteria used for selecting the study

sites. Kwale County in South coast was a predominantly Muslim

community and polygamy was a normal occurrence. Kilifi County

in North Coast had a mixture of Muslim and Christian communities

with less polygamy in Christian households. Kilifi County covers an

area of 12,370 km2 with a population of 1.45 million and average

household size of 4.8 persons (Kenya National Bureau of Statistics.,

2019). Kilifi county has very high stunting levels at 52% compared

to the national average of 26%, while the poverty rate is 46.4%.

The national average poverty levels in 2019 in Kenya was 34.4%,

much lower than Kilifi and Kwale Counties. Kilifi County has five

Agro-Ecological Zones (AEZ) suitable for different agricultural and

livestock uses ranging from ranching to farming activities like tree-

cropping and food-crop production (County Government of Kilifi,

2018). Kwale county is located about 40 km south of Mombasa and

covers an area of 8,267 km2, with a total population just under

867,000 and an average household size of 5.0 (Kenya National Bureau

of Statistics., 2019). Kwale county also has five AEZs. Kwale has lower

rates of stunting in children under five years of age at 46.4% compared

to Kilifi County, however it is still much higher than the national

average of 26%. Kwale has a comparable poverty rate to Kilifi at

47.4% (KNBS and ICFMacro, 2015; Kenya Institute for Public Policy

Research Analysis., 2020).

Study design

The researchers worked with different stakeholders within the

marine food system that would contribute to improved child

nutrition and sustainable fisheries in the coastal region. At the

county and sub-county levels, the fisheries officers were introduced

to the importance of fisheries in child health and nutrition.

This created an entry point to the community through the

Beach Management Units (BMU), local organizations that host

all the fishermen in each location and ensured buy-in for the

project objectives. In the health sector, the project worked with

with the overall Medical Officer of Health, County and Sub-

County nutritionists, Public Health Officers, Community Health

Extension Workers and the Community Health Workers. This effort

increased awareness around the project objectives and provided an

entry point into working with the community. This allowed our

team to work with caregivers of children under 5 years of age.

Introductory meetings were also organized between the Fisheries

and Nutrition sectors to enhance the complementarity of the

sectors working together for a common goal, which had not been

tried before.
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Fishing and non-fishing households were identified within

comparable communities in terms of standard of living drawing

from prior research experience in the region (e.g., McClanahan

and Humphries, 2012; Cinner et al., 2013). The two communities

were of comparable household income levels and were from

the same geographical region. Socio-economic and demographic

characteristics were later measured as part of the research to adjust

for any confounding effects in modeling child nutritional status

and diets. The first step of sampling was purposive based on

whether a household was fishing or non-fishing. The next step was

identifying fishermen with children under 5 years. This was done by

doing household listing with the community health workers. These

households were then randomly selected from the list.

Study methods

To achieve the study objectives, we used mixed methods

including quantitative surveys with primary caregivers of children 5

years of age or younger. We also conducted key informant interviews

with caregivers of young children and individuals participating

in the marine fishery. In selecting communities, we identified a

representative sample based on income, geography, and access to

markets. Our sample consisted of fishing (n = 100) and non-

fishing households (n = 100) with children <5 years of age.

Inclusion criteria were the following: children ages 6 mo-5 yr; fishing

household HH (fish comprise more than 50% of income); non-

fishing HH (fish comprise<50% of income). Surveys were conducted

with primary caregivers to assess socio-economic and demographic

factors, livelihood activities, education, access to healthcare, child diet

and health, and gender dynamics. Other components of the study

including the qualitative research findings and a market value chain

survey conducted with fishers and traders are presented elsewhere

(Cartmill et al., 2022).

Dietary intake was estimated using a 24-h dietary recall,

an established method for assessing dietary intakes (Gibson and

Ferguson, 2008). This was a semi-quantitative recall administered to

mothers inquiring about what children consumed in the previous

24 h. Commonly used utensils (different cup sizes, plates, tablespoons

and teaspoons) in the homes were used for estimating the quantities

of foods and drinks fed to the child. The household measure

quantities were then converted into grams through previously used

estimations done in the Department of Human Nutrition at Egerton

University or by directly weighing foods. These data were then

entered into the Nutrisurvey program (www.nutrisurvey.de) to

calculate estimated quantities of nutrients in the foods consumed.

If foods were not available in the Kenyan food database, the

FAO food minilist was used (www.fao.org/infoods). Actual intakes

were compared to the reference recommended intakes from FAO

(FAO/WHO., 2001) and the Kenyan National Clinical Nutrition and

Dietetics reference manual (Ministry of Medical Services., 2010).

References were age specific for all the nutrients. Dietary diversity

score was calculated from the foods listed in the 24-h dietary recall.

We collected anthropometry data from 200 children-−50% from

fishing households and 50% from non-fishing households—in order

to calculate height-for-age Z-scores (HAZ), weight-for-age Z-scores

(WAZ), and weight-for-height Z-scores (WHZ). Weights were taken

using SECAmother-infant scales (SECA, Hamburg, Germany) to the

nearest 0.1 g. Children who could stand on their own were weighed

directly with minimal clothing on, while those younger children who

could not stand alone were weighed with their mothers and their

weight obtained by the taring function of the scales. Heights were

measured using SECA stadiometers (SECA, Hamburg, Germany) to

the nearest 0.1 cm. Heights were obtained while standing for older

children with minimal clothes and no head coverings or shoes, while

those who could not stand were measured while the stadiometer was

laid on a flat area of the ground. The weight and height data were

converted into Z-scores based on theWHO growth standards (2006).

Statistics
Descriptive statistics were first applied to examine measures of

central tendencies and distributions across characteristics. Kernel

density estimation plots and the Shapiro-Wilks test assessed the

normality of distributions on outcome variables of anthropometric

and dietary diversity indicators. Univariate analyses with chi-

squared and student’s t-test were then applied to evaluate significant

associations between fishing and non-fishing households on key

variables at different levels—individual (child age; sex; nutrition

and dietary intakes; morbidities), mother (education levels achieved;

livelihood activities; BMI), household (livelihood activities, water,

sanitation, and hygiene conditions; polygyny), and community

locations (north vs. south coast residence).

Multivariate linear regression models were then applied to

examine the effects of living in a fishing household (primary

independent variable) on child nutrition outcomes (primary

dependent or outcome variables of HAZ and CDDS). Other

covariates were added to models in a stepwise manner based on

the strength of the evidence-base for known associations with

anthropometry and diet. Those strengthening the model fit (based on

adjusted R2 estimates) and trending significant (β coefficient p-value

< 0.10) were included in final models.We tested for collinearity using

variance inflation factor estimations and applied regression model

diagnostics to achieve the greatest fit with parsimony (Bayesian

Information Criterion, adjusted R2). Significance of associations

was reported at 0.05 significance level. All data analyses were

performed using STATA software (version 16.0; StataCorp, College

Station, TX).

Results

Differences were apparent in the characteristics of fishing vs.

non-fishing households (Table 1). Fishing households had older

children, more people living in the household, and a greater number

of livelihood activities compared to non-fishing households. Non-

fishing households were more likely to source drinking water from

taps (inside house or public), treat drinking water, use flush toilets

or pit latrines and have iron roofing materials compared to the

fishing households. On average, 8.51 ± 8.20 people shared toilets in

this population, with non-significant differences between fishing and

non-fishing households. There were no differences between fishing

and non-fishing households for the proportion of children found

to be stunted, underweight, and wasted (Table 2). Similarly, height-

for-age Z-scores (HAZ), weight-for-age Z scores (WAZ) and weight-

for-height Z-scores (WHZ) were not different between fishing and

non-fishing households. Acute diarrhea and fever were both highly
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TABLE 1 Respondents’ characteristics, by fishing and non-fishing households.

Fishing households
(n = 100)

Non-fishing
households (n = 100)

Total households
(n = 200)

P-value†

Child

Age, m 27.6± 13.4 23.0± 11.3 25.3± 12.6 0.010∗∗

Female sex, % 55 56 55.5 0.887

Maternal

Maternal age, yr 28± 7.1 27± 7.2 27± 6.7 0.412

BMI 22.27± 5.1 23.02± 5.6 22.79± 5.3 0.94

Education attained, total yrs 5.72± 3.64 6.66± 3.67 6.20± 3.68 0.077

Polygamous marriage, % 5 6 5.5 0.756

Household

Total people living household 6.71± 2.94 5.83± 2.20 6.27± 2.63 0.002∗∗

Water source (drinking), % 0.037∗

Tap inside the house 0 6 3

Public pump/tap 54 60 57

Well/covered well 44 33 38.5

Other 2 1 1.5

Water source (washing, bathing), % 0.558

Public pump/tap 29 30 29.5

Well/covered well 66 62 64

Other 5 8 6.5

Treat drinking water, % 0.010∗

Yes 18 34 26

No 82 66 74

Toilet type, % 0.035∗

Flush 18 29 23.5

Pit latrine 44 49 46.5

Bush 38 22 30

Total people who share toilet 7.83± 8.59 9.20± 7.77 8.51± 8.20 0.238

Total number of livelihood activities 5.26± 3.17 3.89± 2.26 4.58± 2.83 <0.001∗∗∗

Home ownership, % 0.215

Own 73 69 71

Rent 9 17 13

Other 18 14 16

Roof material, % 0.002∗∗

Iron 34 57 45.5

Palm leaf 63 41 52

Other 3 2 2.5

Floor material, % 0.052

Cement 23 34 28.5

Soil/dirt 67 60 63.5

Other 10 6 8

Energy type, % 0.766

(Continued)

Frontiers in Sustainable FoodSystems 04 frontiersin.org

https://doi.org/10.3389/fsufs.2023.1091339
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Kamau-Mbuthia et al. 10.3389/fsufs.2023.1091339

TABLE 1 (Continued)

Fishing households
(n = 100)

Non-fishing
households (n = 100)

Total households
(n = 200)

P-value†

Electricity 26 32 29

Solar 33 26 29.5

Car battery 1 1 1

None 37 36 36.5

Other 3 5 4

†Data presented as mean ± standard deviation or percentage. Chi squared for frequency outcome; t-tests for continuous variables normally distributed; and Wilcoxon rank sum (Mann-Whitney)

test for continuous non-parametric variables: maternal age; maternal height; maternal body mass index.

BMI, total number of people sharing toilet; and fortnightly income.
∗significant at p < 0.05; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

TABLE 2 Child health and nutrition status, by fishing and non-fishing households.

Fishing households
(n = 100)

Non-fishing
households (n = 98)

Total households
(n = 198)

P-value

Anthropometry

Height-for-age Z score −1.24± 1.05 −1.11± 1.28 −1.18± 1.17 0.464

Weight-for-age Z score −0.92± 0.95 −0.77± 1.15 −0.85± 1.05 0.326

Weight-for-height Z score −0.36± 0.97 −0.20± 0.99 −0.28± 0.98 0.240

Stunted, % 22.0 18.4 20.2 0.524

Underweight, % 16.0 10.1 13.1 0.217

Wasted, % 4.0 1.0 2.5 0.178

Morbidities, 2-week recall

Acute diarrhea, % 23.0 35.0 29.0 0.061

Fever, % 40.0 53.0 46.5 0.065

Malaria, % 4.0 2.0 3.0 0.407

Acute respiratory infection, % 12.0 6.0 9.0 0.138

Ear infection, % 6.0 5.0 5.5 0.756

Throat infection, % 1.0 2.0 1.5 0.561

Worm infection, % 0 2.0 1.0 0.155

Skin infection, % 27.0 18.0 22.5 0.128

†Data presented as mean± standard deviation or percentage.

prevalent in young children across all households, again with no

significant differences in fishing vs. non-fishing households (p <

0.05). Skin infections or conditions were common, affecting over one-

fifth of the children in the sample, with non-significant differences by

fishing vs. non-fishing category.

There were high percentages of children in the lowest quartile

of dietary intake adequacy for vitamins A, C, and E (Figure 1).

Unadjusted differences in nutrient intakes showed significantly

higher mean intakes for energy, protein, and thiamine (vitamin

B1) in non-fishing households (Supplemental Table 1). These were

differences seen before confounders were adjusted for in the

regression analysis. Across all nutrients studied, less than half

of children met or exceeded requirements with the exception of

protein for which 71.8% were at or above the 100% reference value

(Supplemental Table 2). However, most of the protein was from

plant sources (89%) for example maize, with very little from animal

source foods. The calculated dietary fish intake was 5.5 g/day [Tafi

(Siganidae, white spotted rabbitfish) and Pono (Scaridae, parrotfish)]

for fishing households compared to 1.2 g/day [Pono (Scaridae,

parrotfish)] in non-fishing households.

Maize products (ugali which is made from maize flour and

water making a thick paste) and maize porridge which is liquid in

consistency were the main sources of most nutrients, contributing

at least 90% of the nutrients sources (Table 3). Fishing households

obtained most of their protein from fish (11%) although quantities

consumedwere veryminimal, while non-fishing households obtained

most of their protein from maize flour ugali (11%). However, non-

fishing households obtained more of their calcium from cow’s milk

(18%) and omena (small, dried silver fish) (15%) compared to the

fishing households that obtained the same from maize porridge

(13%) and mandazi (deep fried wheat bread) (12%). Omena fish

are small fish dried and eaten whole with the bones while the

fishing households consumed bigger fish like tafi (Siganidae, white

spotted rabbitfish) or pono (Scaridae, parrotfish) where bones are not

consumed. Omena are available for sale in local markets and many

non-fishing households have access to them and purchase, partly
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FIGURE 1

Percent of children in quartiles of nutrient adequacy. Percent of children falling into quartiles of nutrient adequacy cut-points. When percentages across

quartiles of nutrient inadequacy do not sum to 100, the remaining children showed dietary intakes greater than required levels (Supplemental Table 2).

Reference levels were taken from FAO (Human and Vitamin and Mineral Requirements, FAO/WHO., 2001) and the Kenyan National Clinical Nutrition and

Dietetics reference manual (1st Ed, Feb, 2010). Based on a predominantly plant-based diets, we set iron bioavailability at 5%, and zinc considered “low

bioavailability” (FAO/WHO., 2001).

because they are cheaper than big fish. For both groups, zinc and iron

were obtained from maize flour and mandazi which are poor sources

of these nutrients. Mean CDDS in this sample was 3.29, with fishing

households having a score of 3.16 and non-fishing households having

a score of 3.41. There was no significant difference in the mean scores

of the two groups of children (p= 0.114).

Regression models for the two primary outcomes revealed

explanatory factors at each level (Table 4). Our study showed that

children from fishing households had significantly lower CDDS,

though there was a non-significant association with HAZ after

adjustment for other factors. Consumption of animal source foods

was positively correlated with CDDS, and child fever morbidity

negatively correlated with both CDDS and HAZ. Maternal BMI and

years of education were positively associated with both outcomes,

while polygyny (as indicated by higher wife numbers) showed a

negative relationship with HAZ. Increasing household numbers of

livelihood activities or occupations was associated with improved

CDDS and HAZ, while the higher the number of people sharing a

toilet only with HAZ. Finally, after adjusting for all covariates, north

coast residence showed negative correlations with both outcomes.

Discussion

Our study sought to map the association of child malnutrition

for small-scale fisher households living in coastal Kenya. Across

both fishing and non-fishing communities in this food system,

we found stunting and infectious disease morbidities to be highly

prevalent. Dietary intake inadequacies were similarly evident for the

limiting nutrients of vitamin A, C, E, iron, and zinc. Regression

modeling enabled examination of various determinants across

different sectors of the food system. Certain maternal characteristics

including education level attained and BMI were drivers of child

anthropometry, while second or subsequent wives in polygynous

households showed a negative correlation with HAZ suggesting a

negative impact of polygyny on child growth. Economic or livelihood

factors also played a role. Specifically, having different types of

employment within the household was associated with both increased

dietary diversity and HAZ. This meant that households had higher

income that could be used in procuring different types of foods.

Finally, we found evidence that WASH conditions such as higher

numbers of people sharing a toilet, negatively correlated with HAZ.

This could be due to the fact that for shared toilets, children were

more likely not use them if they were in a different compound and

were more likely to defecate within or around their houses. This was

then a risk for diarrhea disease that directly affects child growth.

Child stunting in this study was high, although slightly below

the Kenyan average of 26% (KNBS and ICF Macro, 2015), for

both fishing and non-fishing households. Stunting carries long-

term consequences into adulthood affecting both productive and

reproductive roles and therefore needs to be addressed early in life

(Dewey and Begum, 2011). Underweight in children from fishing

households was higher at 16% than the national average of 11%

(KNBS and ICF Macro, 2015), while wasting in children from fishing

households was at the same rate as the national average of 4%. In

this study, the prevalence of stunting, underweight and wasting were

lower than prevalence of the same in Ethiopia (Nigatu et al., 2018),

however the prevalence was higher than what Amugsi et al. (2020)

found in Ghana for the same age group, although they were not

fishing communities (Bandoh et al., 2018).

Across both fishing and non-fishing households, there was

evidence for highly prevalent infectious diseases with acute diarrhea

prevalent in 29% and fever in 26.5% of children <5 years. WASH

conditions are known drivers of infection, though in our study only

number of individuals sharing a toilet correlated with HAZ in an

unexpected direction. Previous studies have found that piped water
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TABLE 3 Food sources with greatest contribution to key nutrients, by fishing and non-fishing households.

Nutrient Food source

Fishing household (% of total nutrient intake

made by food†)

Non-fishing household (% of total nutrient

intake made by food†)

Energy, kcal Whole maize flour ugali (14.0) Whole maize flour ugali (12.0)

Mahamri (12.0) Maize porridge (11.0)

Basic mandazi (10.0) Potato chips (10.0)

Maize porridge (9.0) Basic mandazi (9.0)

Protein, g Tilapia (11.0) Whole maize flour ugali (11.0)

Whole maize flour ugali (11.0) Maize porridge (11.0)

Maize porridge (9.0) Stewed Nile perch (6.0)

Stewed Nile perch (9.0) Basic mandazi (6.0)

Calcium, g Maize porridge (13.0) Cow’s milk (18.0)

Basic mandazi (12.0) Fried omena (silver sardine fish) (15.0)

Tilapia (10.0) Maize porridge (12.0)

Amaranthus (9.0) Amaranthus (8.0)

Zinc, mg whole maize flour ugali (20.0) Whole maize flour ugali (16.0)

Maize porridge (15.0) Maize porridge (15.0)

Fried omena (silver sardine fish) (5.0) Fried omena (silver sardine fish) (9.0)

Boiled rice (4.0) Ready to use supplemental food (7.0)

Iron, mg Whole maize flour ugali (14.0) Whole maize flour ugali (12.0)

Basic mandazi (11.0) Basic mandazi (11.0)

Maize porridge (10.0) Amaranthus (10.0)

Tilapia (7.0) Potato chips (10.0)

†Represents the % contribution of a food to the total nutrient intake, indicated by unit in first column.

in rural areas reduces the risk of diarrhea in young children (Baker

et al., 2016; Komarulzaman et al., 2017). In our study, non-fishing

households were more likely to access tap water and treat their

drinking water compared to fishing households. However, almost

three quarters of all households in our study—regardless of whether

they were fishing or non-fishing households—did not treat their

water compared to slightly over half of Kenyan households nationally

(KNBS and ICFMacro, 2015). Additionally, approximately one-third

of the fishing households had no toilets compared to three quarters of

non-fishing households who had access to some form of toilet. In the

Global Enteric Multicenter Study (GEMS) sites of Africa and South

Asia, sharing of toilets increased the risk of diarrhea in children and

sharing was common in rural Kenya similar to our study (Baker et al.,

2016). A systematic review and meta-analysis of WASH activities

and nutrition interventions also concluded that use of latrines among

other WASH activities are predictors of child stunting (Ngure et al.,

2014; Bekele et al., 2020).

A study in Ethiopia by Tosheno et al. (2017) that assessed child

morbidities found lower prevalence of this than in our study. In

the present study, almost one in three children experienced acute

diarrhea in the two weeks prior, which is double what was found in

the Kenya Demographic and Health Survey (DHS) at 15% (KNBS

and ICF Macro, 2015). Almost half the children had experienced

fever in the last 2 weeks compared to 24% reported for the same

period in the DHS (KNBS and ICF Macro, 2015) and 20% of the

children experienced a skin infection. The relationship between poor

nutrition and infection in young children is well documented, where

poor nutrition leads to increased susceptibility to infection while at

the same time infections worsen nutrition status (Olofin et al., 2013;

De Onis and Branca, 2016; Tosheno et al., 2017).

The results of this study agree with results of a study in India in a

comparable sample population in terms of environmental conditions,

and socio-economic and nutritional status of the sample (Sinha et al.,

2018). This study found maternal BMI, child age and use of toilets

were important predictors of child stunting. Children ofmothers with

lower BMI were more likely to be stunted and underweight while

older children were more likely to be underweight or stunted. This

was also corroborated in a comparative study of countries in Sub-

Saharan Africa that found child age, maternal weight and maternal

BMI were correlates of linear growth in children (Amugsi et al., 2017,

2020). However, in the Indian study by Sinha et al. (2018), child

morbidities and maternal education also predicted child stunting

while in our study child morbidities andmaternal education were not

significant in the regression model.

The low CDDS in the study, 3.29 food groups, is evidenced by

the source of the different nutrients which came primarily from four

starch-based foods with hardly any animal source foods, typical of

diets in Kenya and other developing countries (Neumann et al., 2007;

Ijarotimi, 2013). Animal source foods have been demonstrated to

benefit child growth and cognitive development (Neumann et al.,
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TABLE 4 Regression models for child dietary diversity score and height-for-age Z score.

Child dietary Diversity score (n = 180) Height-for-age Z score (n = 178)

β-coe� SE P-value β-coe� SE P-value

Primary determinant

Fishing household −0.408 0.169 0.017
∗

−0.149 0.176 0.402

Child-level determinants

Child age, mo‡ 0.013 0.007 0.065 – – –

Child gender, female – – – – – –

Child diet, animal source

foods

0.334 0.177 0.061 – – –

Child morbidity, fever −0.191 0.164 0.246 −0.233 0.173 0.179

Mother-level determinants

Mother BMI† 0.026 0.015 0.095 0.046 0.016 0.005
∗∗

Mother education, total years 0.041 0.023 0.069 0.047 0.024 0.056

Wife number (polygynous

households)

– – – −0.532 0.199 0.008
∗∗

Household-level determinants

Number of occupations in

household

0.048 0.030 0.101 0.086 0.031 0.006
∗∗

Number of people sharing

toilet

– – – 0.023 0.011 0.034
∗

Community-level determinant

North Coast residence −0.277 0.165 0.095 −0.305 0.185 0.102

Adjusted R2 0.10 0.11

F (7, 172) 3.52 3.64

Prob > F 0.0009 0.0006

† body mass index, BMI.
∗significant at p < 0.05; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.
‡Child age (β-coeff= 0.002 SE= 0.007, P= 0.783) and sex (age (β-coeff=−0.150 SE= 0.175, P= 0.392) in the height-for-age Z score model but these covariates were not retained due to diminished

model fit (adjusted R2
= 0.10).

Bold values are explained in the legend as signficant P-values.

2007; Dror and Allen, 2011; Iannotti et al., 2017; Iannotti, 2018). Here

we found that fishing households negatively correlated with CDD,

similar to other studies where involvement in fishing activities was

not associated with improved household fish consumption (Garaway,

2005; Fiorella et al., 2014; Rusdiana and Mulyawan, 2020). As

evidenced from our qualitative research findings, fishing households

tend to sell fish in order to purchase the less expensive starch-based

foods (Cartmill et al., 2022). However, other studies have found that

fishing households are likely to consume more fish than non-fishing

households (Gomna and Rana, 2007: Moreau and Garaway, 2018)

contrary to our study findings. Other studies in sub-Saharan Africa

have diverged somewhat in terms of dietary diversity findings in

part due to study design, but generally, have comparable findings

for low CDDS and those meeting MDD, now adjusted to five or

more food groups (Tosheno et al., 2017; Byrd et al., 2019). In their

recommendations for improving MDD, Ahoya et al. (2019) showed

that Kenyan government actions for improving complementary

feeding included increasing dietary diversity well-articulated in the

national nutrition action plans.

Dietary intake inadequacy across multiple micronutrients was

found for both fishing and non-fishing households. Despite the highly

cereal-based diets, slightly more than two thirds of the children met

at least three quarters of their energy needs, while only 12% met

more than 100% of their needs. Paul et al. (2012) in their study

on complementary feeding in Zimbabwe and Byrd et al. (2019)

in a similar study in Kenya also found poor energy intake during

complementary feeding. Protein intake was better than all other

nutrient intakes in the present study with over two thirds of the

children receiving all recommended intakes for their age. However,

most of the protein was obtained from plants except for a few

cases where it came from fish. This agrees with findings from the

DHS (KNBS and ICF Macro, 2015) that most children were not

given animal source foods. Other studies in Kenya (Byrd et al.,

2019) and other African countries (Gegios et al., 2010; Harika et al.,

2017) have also found low micronutrient intakes in children in

the complementary feeding age group. The results of our study on

micronutrient intake are also in agreement with the most current

Kenya National Micronutrient Survey (2011) where grains were the

most important source of all micronutrients.

Our study compared fishing and non-fishing households living

on either side of a coastal highway. The highway provided a

distinction between communities close to the ocean and were more

likely to have fishing as a livelihood while the other communities

were far from the ocean and engaged in farming activities. However,
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it was ultimately an observational study with risks of biases and

potential confounding variables.Wematched fishing and non-fishing

households across the coastal highway on some characteristics,

drawing from prior research in the region, such as income,

geography, and access to markets, but others were part of the

hypothesized differences including nutritional status and dietary

intakes. Age was found to be higher in children of fishing households

and thus, controlled for in regression modeling. Another related

limitation was that our study was collected primarily during kaskazi

(north-east monsoon) season when fishers are more likely to have

greater catches, potentially increasing both income and fish available

in families for consumption. Ideally, we would have conducted

another round of surveys during kusi (the southeast monsoon),

to have representative diet and household conditions. Nonetheless,

one could speculate that non-fishing households also had greater

access to fish in the markets during the kaskazi season allowing for

some comparison.

Another potential limitation was use of the CDDS in older

children as this indicator was developed for young children ages 6–23

mo. However, recent analyses have validated its use for children ages

24–59 mo (Diop et al., 2021). Finally, we were only able to perform

a single 24-h dietary recall to assess dietary intakes in the children.

While we were careful to choose representative days of the week,

some aspects of usual diet may have been missed. In our view, it

showed the commonly eaten foods in the population and thus the

study was able to estimate mean nutrient intakes and identify likely

nutrient deficiencies.

Conclusion

This study examined multiple factors playing a role in child

nutrition in the context of a coastal marine food system. Together

with the proximal determinants of child diet and disease morbidities,

we assessed household and community-level drivers related to social

and gender dynamics, WASH, livelihoods, fish market value chain,

and the marine coastal ecology. Stunting and infectious disease

prevalence were high in this study for both fishing and non-fishing

households. There was dietary inadequacy for both groups which

was evidenced by the low CDDS and also the source of most

nutrients which was the cereal-based foods. There was also low

intake of animal source foods. Maternal characteristics like BMI

and years of education were found to be important in predicting

CDDS and HAZ. The number of income generating activities in

a household also predicted increased CDDS as well as improved

HAZ. This study has been able to demonstrate the predictors of

child nutrition within the fishing system and thus provide a basis for

future interventions.

From the outset, we engaged stakeholders from these different

sectors with a view toward designing and implementing a trial

examining a large-scale multidisciplinary intervention, informed by

this research. Ultimately, this formative research was used to design a

multifaceted intervention involving several sectors and targeting the

domains of education, livelihoods, sustainable fisheries, and public

health nutrition communication (Blackmore et al., 2022). The results

of this study were used to plan health promotion messages through

social marketing in order to improve child nutrition and health

outcomes through Samaki Salama Project.

The resulting Samaki Salama (“secure or safe fish” in Kiswahili)

project is a cluster randomized controlled trial with three arms:

(1) control group; (2) social marketing for behavior change;

and (3) social marketing plus modified fish traps. The social

marketing component uses different platforms (household dialogue,

fisher workshops, cooking demonstrations, and community health

workers) to convey messages about healthy sustainable diets and the

importance of keeping some fish for child nutrition. The modified

traps, a sustainable fish production gear type, enables fishers to

increase their fish catch or biomass while allowing juvenile fish to

escape thereby protecting the marine ecosystem. Such integrated

strategies, drawing on multidisciplinary formative research and

working across sectors will improve the wellbeing of small-fisher

households and allow for their larger contributions to sustainable

healthy food systems.
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