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Seasonal variations in food availability and access contributes to inadequate nutrient
intakes, particularly in low income countries. This study assessed the effect of seasonality
on dietary diversity (DD) and nutrient intakes of women and children aged 6-23 months
in a rural setting in Western Kenya. A longitudinal study was conducted among 426
mother-child pairs during the harvest and post-harvest seasons in 2012. Dietary intakes
were assessed using 24-h dietary recalls and dietary diversity scores (DDS) and nutrient
intakes calculated for both seasons. Effect of seasonality on women dietary diversity
scores (WDDS) and children’s dietary diversity scores (CDDS) were assessed using
generalised linear mixed models (GLMM). The proportion of women consuming diets
with high DDS (>4 out of 9 food groups) increased from 36.4 to 52.4% between the
two seasons, with mean WDDS being significantly higher in November compared to
July/August (4.62 + 1.43 vs. 4.16 £+ 1.14, P < 0.001). A significantly higher proportion
of children consumed foods from >4 out of 7 food groups in November compared to
July/August (62.4 vs. 52.6%, P = 0.004). Mean CDDS (3.91 vs. 3.61, P = 0.004) was
low but significantly higher in November compared to July/August. Estimated marginal
mean WDDS increased from 4.17 to 4.38, and decreased for CDDS from 3.73 to 3.60
between the seasons. Seasonality had a small but significant effect on WDDS, P =
0.008 but not on CDDS, P = 0.293. Increase in CDDS in November was due to age
and not seasonal effect. Higher women education and household food security were
associated with higher WDDS and CDDS. Intakes of iron, calcium and vitamin E were
higher among women in November and significantly different between the seasons.
Agro-ecological zone, ethnic group and home gardening influenced nutrient intakes
of the women. Seasonality had an effect on the DD of women but not of children,
thus other factors apart from food availability influence the quality of children’s diets
during the complementary feeding period. With increasing age and transition to family
foods, children’s DD is expected to be affected by seasonality. Integrated interventions
to alleviate seasonal food insecurity and strengthen rural households’ resilience against
seasonal deterioration in diet quality are recommended.
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INTRODUCTION

Malnutrition in all its forms including undernutrition,
micronutrient deficiencies, and the emerging problem
of overweight and obesity, and the resulting diet-related
non-communicable diseases remains a challenge globally.
Estimates from FAO indicate that the number of hungry people
in the world has increased in the past decade to more than 820
million in 2018. Africa is the region with the highest prevalence
of undernourishment in the world with an estimated 256.1
million hungry people (1). According to the World Health
Organisation (WHO), 462 million adults are underweight,
while 1.9 billion are overweight and/or obese (2). An estimated
144 million, 47 million and 38.3 million children under 5
years in the world are stunted, wasted, and overweight/obese,
respectively. Africa bears the second greatest share of all forms
of malnutrition after Asia with 40, 27, and 24% of all stunted,
wasted and overweight children under 5 years (3). These
estimates, do not however capture the even more widespread
problem of micronutrient deficiencies, which affects over 2
billion people in the world (4). The deficiencies of vitamin A,
iron, iodine and zinc represent a major threat, particularly to
young children and pregnant women in low-income countries.
An estimated one third of the developing world’s children under
the age of 5 are vitamin A deficient while anaemia prevalence
in girls and women of reproductive age remains high at 32.8%,
with iron deficiency anaemia during pregnancy accounting for
one fifth of all maternal deaths (4, 5). According to the 2011
Kenya National Micronutrient Survey Report the prevalence of
anaemia, iron deficiency and iron deficiency anaemia among
pregnant women in Kenya was among the highest at 41.6, 36.1,
and 26%, while it was 21.9, 21.3, and 14% among non-pregnant
women, respectively (6). Similarly, estimates from the same
report showed that pre-school children had a higher prevalence
of anaemia, iron deficiency and iron deficiency anaemia (26.3,
21.8, and 13.3%, respectively), compared with school-age
children (16.5, 9.4, and 4.9%, respectively). The prevalence of
Vitamin A deficiency (VAD) was even highest among pre-school
children (9.2%) compared with all other groups. A smaller study
also confirmed the overall burden of anaemia, iron deficiency
and VAD among primary school children residing in urban and
rural areas (38.9 vs. 28.6%; 2.9 vs. 14.3%, and 14.7 vs. 8.6%),
respectively (7). This study concluded that the nutritional and
micronutrient status of urban school children with moderate
anaemia was better than in a rural area in Eastern Kenya. This
shows that there is still a gap in identifying solutions to combat
micronutrient deficiencies among populations residing in rural
areas. Fortunately estimates from the 2014 Kenya Demographic
and Health Survey (KDHS) indicated that the prevalence of
stunting, wasting and underweight among children aged below
5 years had dropped from 35, 7, and 16% in 2008-2009 to 26, 4,
and 11% in 2014, respectively (8). Similarly, while the percentage
of women (15-49 years) who were thin (BMI < 18.5 kg/mz)
declined slightly from 12 to 9%, the proportion of those who
were overweight (BMI > 25 kg/m?) and obese (BMI > 30 kg/m?)
increased from 25% in 2008-2009 to 33% in 2014.

Malnutrition, particularly micronutrient deficiencies are
attributed to many factors and can still occur even when there is
adequate food to meet the energy requirements among different
population groups (9). Many rural households in resource poor
settings subsist on staple-based diets with few or no animal
products, fruits and vegetables. This consumption of poor quality
diets coupled with the high rates of infectious diseases are
major factors responsible for the high burden of micronutrient
deficiencies and their consequences in these resource poor
settings (10, 11).

Seasonality, including variations in temperature and rainfall
is a key factor influencing food production, availability and
access. This is especially the case among rural households in
developing countries which depend on food from their own
agricultural production activities and on their annual harvest of
staple crops following the main rain season (12-14). Often, many
such households also have limited financial resources, and are
thus more likely to experience seasonal changes in food access
during the lean seasons due to high food prices (15-17). Seasonal
variations in food availability leads households to adapt their
food consumption patterns by modifying not only the number
of meals and quantities of foods they consume, but also the types
and quality of foods they consume (18). In addition to affecting
food availability and access, the food shortage period is also often
characterised by increased agricultural workload and morbidity,
which coupled with inadequate nutrient intake contribute to
poor health and nutritional status (13, 14). Seasonal variations in
food availability and access contributes to reduced food security
and DD (12, 19-21) and consequently to inadequate intake of
energy and essential nutrients, particularly micronutrients (22—
24) which are linked to negative consequences on health and
nutritional status (9, 11, 25).

Women of child bearing age, especially during pregnancy
and lactation, and infants and young children who experience
rapid growth and are prone to suffer from infectious diseases
are particularly vulnerable to suffer from malnutrition due to
their increased nutrient requirements (26, 27). The adverse
short- and long-term consequences of inadequate energy and
nutrient intakes especially during pregnancy, lactation, and early
childhood have been well-documented (28, 29). Consumption
of diversified diets, including a variety of animal source foods,
fruits and vegetables, is therefore recommended for women of
reproductive age and young children at all times in order to
support normal growth and good health (30).

Studies conducted in low income countries have provided
evidence of the effect of seasonality on food/ nutrient intake and
DD of households (31, 32) and for different population groups
including older children aged above 2 years (15, 33), school
going children (17, 34) and women (12, 13, 21, 35). While most
of these studies assessed the influence of seasonality on single
population groups, less studied is the influence of seasonality
on the dietary intakes of mothers and their young children
aged 6-23 months. This study aimed to examine seasonal
variations in DDS, food and nutrient intakes among women
and their children aged 6-23 months during two seasons in a
rural setting in Western Kenya. The effect of seasonality and
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other factors on the DD and nutrient intakes of women and
children were also investigated. Additionally, we assessed the
relationship between the women’s and children’s DD. This study
was embedded in a larger project entitled, “Improving nutritional
health of women and children through increased utilisation of
local agro-biodiversity in Kenya,” (INULA). The project was
implemented by Biodiversity International, Nairobi, Kenya in
collaboration with the Institute of Nutritional Sciences, Justus
Liebig University-Giessen, Germany.

MATERIALS AND METHODS
Study Area and Population

The study was conducted in 4 sub-counties (formerly districts) in
rural Western Kenya with different characteristics as described
in Table 1. The majority of the population in the study area
is involved in agriculture with subsistence farming as the main
economic activity. Fishing is also practised in Bondo Sub-County
which is located along the shores of Lake Victoria.

Study Design and Sample

The sample for this longitudinal study stemmed from 2 cross-
sectional nutritional surveys that were carried out in July/August
2012 (harvest season) and November 2012 (post-harvest season,
which also coincided with the short-rain season). At baseline
(July/August), a two-stage cluster sampling technique was
applied. First, 60 villages (15 per sub-county) were randomly
selected with a probability proportional to size (PPS) method
using open source software R. Secondly, 10 households with
women (caregivers) and their children aged 6-23 months
residing in the sampled villages were randomly selected from
household lists prepared by community health workers of the
respective sampled villages. In households where more than one
eligible woman was present, the woman with the youngest child
who would still be aged below 2 years at the time of the survey
in November was selected and included in the study. A total
of 596 women-children pairs were interviewed in July/August.
The same women-children pairs interviewed in July/August and
whose children were still aged between 6 and 23 months were
interviewed again in November to capture a different season. A
total of 439 women-children pairs participated in both surveys
(panel), while 157 were lost at follow-up in November. The
main reasons for drop out included: the children having grown
older than the eligible age of 23 months (n = 109), migration
of sampled household from study area (n = 46), and death of
the index child (n = 2). Thirteen women-children pairs were
excluded from analysis since the children were aged either below
6 months (n = 5) or above 23 months (n = 7), and 1 case
(n = 1) for misreporting. This resulted in a sub-sample of 426
women-children pairs that formed the panel data used in the
analysis within the present study. The study profile is presented
in Figure 1.

During the baseline survey, the sample size was calculated
based on the estimated prevalence of children aged 6-23 month
with a DDS > 3 food groups (for breastfed) and >4 food groups
(for non-breastfed) children in the project area (49.7%) (38), with
a confidence level at 95% (standard value of 1.96), margin of

error at 5% (standard value of 0.05), and design effect of 1.5 since
there was no previous information on the design effect in the
project area. This resulted in a minimum required sample size
of 576, which was further increased by 5% to 605 to account for
contingencies. This figure was rounded off to 600, a number that
matched well with the 4 sub-counties sampled for the study (150
households per sub-county).

In the statistical model that was set up to test the main
hypothesis—in this case seasonal differences in WDDS as a
main effect, including covariates (wealth index, ethnic group,
household size, education of woman (years), age of women
(years), household hunger score (HHS), home gardening, agro-
ecological zone and sub-county), and including the interaction
survey by ethnic group-the realised sample size of 414 women
(828 observations at both time points) was able to detect a least
significant difference (LSD) of 0.15 in WDDS. This represents a
rather small difference in WDDS. Since small and not necessarily
meaningful effects might reach statistical significance, we are not
only interpreting the P-values but the effect sizes as well.

All the women included in the study gave their verbal and
informed written consent to participate in the study. Research
permission including ethical approval for this study was obtained
from the National Council of Science and Technology (NCST)
Nairobi, Kenya.

Data Collection

Data was collected by a team of 8 trained enumerators with
Bachelor of Science degrees in Nutrition, and who were
conversant in English, Kiswahili, and the local languages
spoken in the study area (Luhya, Luo, and Teso). Pre-tested
semi-structured questionnaires were used to collect data through
face to face interviews with the women in their homes.

Socio-Economic Status

Socio-economic data as well as data on water and sanitation were
collected at both the household and individual level. Variables on
the ownership of valuable durable assets, housing characteristics,
source of drinking water, type of sanitation facilities, and land
ownership were used to construct the household wealth index
score. Using principal component analysis (PCA), weights were
assigned to each variable in the household; the weighted scores
for each household were then summed up to come up with the
wealth index score with a high score meaning high wealth (39).

Food Consumption

The 24-h dietary recall method was used to assess the food
consumption patterns at household and individual levels for
the women and their children during the individual interviews
conducted during each survey (40). At the household level, the
women who are responsible for food preparation were asked
by the trained enumerators to recall all the foods that they or
any member of their households had eaten at home during
the previous 24h. Only foods consumed at home, and not
those purchased and consumed outside the home during the
previous 24-h were recorded during the qualitative 24-h dietary
recalls conducted at household level (41). One quantitative 24-
h dietary recall was conducted at individual level and separately
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TABLE 1 | Characteristics of the study areas in Western Kenya.

District/Sub-county Bondo Mumias Teso south Vihiga

Main ethnic group Luo Luhya Teso Luhya
Agro-ecological zones? LM3, LM4, and LM5 LM1 LM1 and LM2 UMA1
Population density® 266 609 460 1,101
Annual mean rainfall® 1,020-1,100 mm 1,800-2,000 mm 1,5660-1,800 mm 2,000 mm
Annual mean temperature 22.0-22.7°C 21.0-22.0°C 21.4-22.3°C 18.56-21.0°C

LM3, semi-humid lower midland zones, LM4, transitional lower midland zones; LM5, semi-arid lower midland zones; LM1, humid lower midland zones; LMZ2, sub-humid lower midland

zones; UM, humid upper midland zones.
aKenya National Bureau of Statistics (36).
bJaetzold (37).

for the women and children during the two seasons. The women
were asked to describe all the foods and drinks that they or
their children had eaten or drank 24h preceding each of the
2 surveys. All the foods that the women and their children
had consumed at home and those purchased and consumed
outside the home were recorded. The names and where possible
ingredients of all the dishes, snacks, beverages, or any other
foods that they or their children had consumed at home or
outside the home were recorded. The amounts of all the foods
and beverages consumed by the women and the children were
estimated using local household measures such as cups, plates
and spoons. The exact amount of each ingredient in mixed dishes
such as relish of different vegetables was collected before the
survey from few households from each sub-county and standard
recipes calculated.

The information collected from the 24-h recalls was used to
assess DD, which is defined as the count of individual food items
or food groups consumed over a given period of time, usually
a reference period of the previous 24h (30). DD is a qualitative
measure of food consumption that can be assessed at either
household or individual level by counting the number of food
groups consumed and then calculating the DDS (41). DD has
been shown to be a good predictor of the quality and nutrient
adequacy of diets for women (35, 42) and children (43, 44), and
as proxy indicator of household food security (45, 46). DD has
also been positively associated with nutritional status (45-48).
DDS were calculated separately for the household, women and
children in July/August and November. The household dietary
diversity score (HDDS) and WDDS were constructed based on 12
and 9 food groups, respectively, following the recommendation
from FAO (41). The HDDS has a sum of 12 scores ranging
from 0 to 12 while WDDS ranges from 0 to 9 with a sum of
9 scores. At the time of designing and conducting the current
study, the newly developed Minimum Dietary Diversity-Women
(MDD-W) Global Dietary Diversity Indicator for women that
recommend consumption of at least 5 out of 10 food groups (49)
was not available. Thus, the choice of the cut-offs to define the
diets of the women in this study as having low, medium or high
DDS were defined by terciles based on the observed distribution
of the DDS during the survey in July/August. The same cut-offs
were applied in November. Women with diets consisting of <4
food groups were defined as having low DDS, 4 food groups as
having medium DDS, and >4 food groups as having high DDS.

The CDDS was also constructed from the 24-h recall data and
based on seven food groups recommended by WHO (50). The
CDDS ranges from 0 to 7, and children who consume foods from
at least 4 or more food groups are considered to have received the
minimum dietary diversity (MDD) (51).

The amount of foods consumed by the women and children
24-h preceding each survey was converted into nutrients using
the open source software package, “Nutri-Survey” (52) The
Nutri-Survey program was based mainly on the Kenyan food
database with addition of missing foods from the Prota database
(http://www.protadu.org/) for some traditional vegetables as well
as the German food database (provided by NutriSurvey) and
other databases such as FoodData Central (https://fdc.nal.usda.
gov/).

We conducted single 24-h dietary recalls during each of
the surveys during the 2 different seasons in July/August
and November including only usual days in terms of food
consumption. Unusual low and high energy intakes were
expected among a few women who reported either not having
consumed any food or consumed only small quantities of foods
the day preceding the survey, mainly due to sickness. On the
other hand, unusual high energy intakes were also expected
among some women mainly due to festivities such as funerals
which were common in the study areas. As a result, these women
had unusual low energy intakes during one season compared
with the other season when they had normal foods intakes. In
order to have a clearer interpretation of the results, with regards
to seasonal differences in nutrient intakes, we excluded women
with energy intakes <2,092 or >14,644 kJ/day (<500 or >3,500
kcal/day) to control for unrealistic energy under-reporting and
over-reporting (53). This represented 5% (n = 22) of the women
who had either unusual low or high energy intakes during any of
the 2 surveys. We decided in favour of this approach as our main
aim was to analyse seasonal differences, and for this an extreme
energy intake on 1 day due to sickness or a feast—and not due
to seasonal food availability—would have disrupted/disturbed
the analysis.

Individual energy and nutrient requirements were determined
for each woman during each season based on their age and
physiological status (pregnancy and lactation) and with reference
to the estimated average requirements (EAR) values (54-56). The
percentage of women who were pregnant in July/August and
November were 4.7 and 6.2%, respectively. Thus, an additional
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counties.

6-23 months (n=596):
July/ August 2012

1% cross-sectional nutrition baseline survey in 60 villages
(15 each) in Bondo, Mumias, Teso South and Vihiga sub-

Households with women and their children aged

Households with children
aged 6-23 months not
available in 2 villages: (n=4)

A 4

\4

months (n=439) living in the baseline villages:
November 2012

2" cross-sectional nutrition survey in 60 villages (15 each)
in Bondo, Mumias, Teso South and Vihiga sub-counties.
Households with same women and their children aged 6-23

Drop-out (total): n=157
*0ld children (n=109)
TMigration (n=46)
1Child died (n=2)

A 4

Excluded from analysis:
§Children aged <6 months (n=5)

A 4

A 4

" Children aged >23 months (n=7)
Misreporting (n=1)

November 2012 (n=426)

Woman-child pairs interviewed in July/ August and

months; Misreporting: Missing data.

FIGURE 1 | Study profile. *old children: the children were aged above the required 23 months; Tmigration: sample households relocated from study area; fchild died:
the sampled children had passed away; §child < 6 months: age of children less than the required age of 6 months; ||age of children above the required age of 23

1,891 kJ/day (452.kcal/day) and 1,674 kJ/day (400 kcal/day)
were added for pregnant and lactating women, respectively (55).
The mean energy and nutrient intakes were calculated and
compared between the two seasons. The prevalence of inadequate
nutrient intakes among the women during the two seasons were
estimated based on individual requirements and using the EAR
reference values (54). In addition, the amount of single food

(g/day) consumed by the women were also estimated using this
programme and compared between the two seasons.

The estimated requirements for macronutrients and
micronutrients from complementary foods for children
aged 6-23 months were calculated based on an assumption of
average breast milk intake for the age groups 6-8, 9-11, and
12-23 months following the recommendation for developing
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countries (57). Based on this recommendation, children in the
age groups 6-8 and 9-11 months with average breastmilk intake
have no additional requirements for folic acid and vitamin
C from complementary food. Similarly, children aged 6-23
months with average breast milk intake do not need additional
requirements for vitamin B6 from complementary foods. Thus,
analysis with regards to folic acid and vitamin C was done only
for breastfed children aged 12-23 months and non-breastfed
fed children who received complementary foods during the two
seasons. Analysis with regards to vitamin B6 was done only
for non-breastfed children who received complementary foods
during the 2 time points. Hence the different and small n-values
for folic acid, vitamin C and vitamin B6 compared with the rest.
It is also important to note that the study children had grown
older at the time of the second survey in November and thus had
different and higher requirements for energy and nutrients from
complementary foods. In order to control for age, we determined
the children’s median percentage met requirements for energy
and nutrients from complementary foods in July/August and
November. The ‘median percentage met requirements’ is the
median value for the percentage of requirements that were
met for energy and selected nutrients. We also determined the
differences in the met percentage requirements for energy and
nutrients from complementary foods for the children between
the two seasons.

Household Food Insecurity Assessment

Household food insecurity (HFI) was measured using the
household hunger scale (HHS) (58). The HHS consists of 3
occurrence questions that provide information on the behaviour
of households with regard to 3 food conditions related
to household food insecurity, insufficient food quality and
insufficient intake of food during a 30-day reference period. An
affirmative response to each occurrence question is then followed
by a frequency-of-occurrence question to determine if the
condition happened rarely (1-2 times), sometimes (3-10 times)
and often (>10 times) during the 30 days’ reference period. Data
from the HHS was used to construct a categorical household
hunger scale score (HHS score) indicator with 3 household
hunger categories: 0-1 indicating little to no hunger in the
household; 2-3, moderate hunger in the household; and 4-6,
severe hunger in the household.

Data Management and Statistical Analyses
Descriptive analyses were performed to provide the background
characteristics of the study population. The nutrient intake data
for vitamin E and fat were log-transformed to correct for data
distribution abnormalities including skewed data and outliers
before data analysis. Differences in the proportion of women and
children consuming foods from different food groups between
the two seasons was assessed using the McNemar test. Differences
in intakes of foods (g/day) between the seasons by the women was
determined using the sign test, while differences in mean nutrient
intakes were assessed using the t-test. Wilcoxon sign-rank test
was performed to test for difference in the median percentage
met requirements for energy and nutrients from complementary
foods among the children between the two seasons.

The Bonferroni-Holm correction for multiple comparison
tests were performed to correct for type 1 error in the multiple
analyses of food groups consumed, food (g/day) and nutrient
intakes between the two seasons, and adjusted P-values reported
(59). This was done in order to ascertain that the observed
changes in food and nutrient intakes between the seasons were
not by chance. For each test, the P-values were sorted in order
from the smallest to the largest and the total number of P-values
(m) determined. Then, the total number of P-values, in this case
“m” was multiplied by the first smallest P-value. If the first P-
value remained significant, the second P-value was multiplied
by the total number of P-values less one (m—1). This sequential
procedure was repeated until the last and largest P-value was
multiplied by 1.

The assumption of linearity between WDDS and CDDS was
checked and found to be reasonable. Pearson’s correlation was
used to assess the relationship between WDDS and CDDS in
July/August and November, as well as the relationship between
change in WDDS and change in CDDS between the two seasons.
The seasonal effect and the effect of other variables on DDS

TABLE 2 | Basic characteristics of study population in Western Kenya (n = 426).

Characteristics n =426 %
Age of women (years)
Mean 27.4
SD 7.9
Marital status
Married 371 87.1
Widowed/divorced/single 55 12.9
Maternal education
No formal education 27 6.3
Primary 351 74.0
Secondary 74 17.4
Higher 10 2.3
Age of children (months)
Mean 12.78
SD 4.0
Sex of children
Male 217 50.9
Female 209 49.1
Household size
Mean 6.06
SD 2.3
Ethnic group
Luo 111 26.1
Luhya 232 54.5
Teso 7 18.1
Others 6 1.4
Household food insecurity
Little to no hunger in household 285 66.9
Moderate hunger in household 126 29.6
Severe hunger in household 15 3.5

SD, standard deviation.
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were assessed separately for the women and children using the
generalised linear mixed model (GENLINMIXED) approach,
taking into account the repeated measurements, modelling the
DDS as count variables with Poisson regression, and adjusting
for covariates. Women age (years) and education (years), wealth
index, household size, household hunger score, home gardening,
ethnic group, agro-ecological zone, and sub-county were used
as covariates in the GENLINMIXED model with WDDS. The
GENLIMIXED model used to assess the effect of seasonality on
CDDS included the covariates age of children (months), wealth
index, ethnic group, household size, household hunger score,
home gardening, agro-ecological zone, and sub-county. Women’s
age (years) and education (years) were included as additional
covariates in the GENLINMIXED model with CDDS to assessing
the effect of other variables on CDDS.

Univariate analysis of variance (UNIANOVA) models,
including age of women (years), education of women
(years), wealth index, household hunger score, household
size, breastfeeding status, home gardening, and agro-ecological
zone as covariates were used to determine the factors influencing
nutrient intakes among the women. All statistical analyses were
performed using IBM SPSS Statistics version 22.0 statistical
software program (60).

RESULTS

The basic characteristics of the study population are presented
in Table 2. The average age of the study women was 27.4 years,
with 87.1% being married. Most of the women (74.0%) had

primary education. The household size ranged from 2 to 17
persons with an average of 6 persons. Approximately one third
of the households (29.6%) experienced moderate hunger. The
prevalence of underweight and overweight/obese among the
study women was 10.3 and 16.7% respectively, while 28.4, 12.9,
and 3.5% of the study children were stunted, underweight and
wasted, respectively.

Seasonal Variations in Dietary Diversity of

Women and Children

We observed changes in the food consumption patterns of the
women and children between the seasons, with the women and
children consuming foods from more food groups in November
compared with July/August. There was a significant increase
in the proportion of women who consumed dark green leafy
vegetables (85.9 vs.73.2%, P < 0.001), legumes, nuts and seeds
(44.1 vs. 29.8%, P < 0.001) and vitamin A rich fruits and
vegetables (22.3 vs. 12.9%, P = 0.002) in November compared
with July/August (Table 3). The distributions of DDS among the
women were also found to be different between the two seasons,
with the proportion of women consuming diets with high DDS
(>4 food groups) increasing from 36.4% in July/August to 52.4%
in November (Figure 2). On the other hand, the proportion of
women who consumed diets with medium (4 food groups) and
low (<4 food groups) DDS decreased from 35.4 to 24.4% and 28.2
to 23.3% between the two seasons, respectively. Consequently,
the observed mean WDDS (SD) was significantly higher in
November compared to July/August [4.62 (1.43) vs. 4.16 (1.14),
P < 0.001]. Overall, the diets of nearly all the women included

TABLE 3 | Consumption of foods from different food groups by women and children 6-23 months in Western Kenya (n = 426).

Food groups July/August 2012 November 2012 Adj. P*
n % n %

Consumption of foods from 9 food groups by woment

Starchy staples (cereals, roots, and tubers) 424 99.5 425 99.8 1.000

Dark green leafy vegetables 312 73.2 366 85.9 <0.001

Vitamin A rich fruits and vegetables 55 12.9 95 22.3 0.002

Other fruits and vegetables 376 88.3 372 87.3 1.000

Organ meats 6 1.4 11 2.6 1.000

Meat and fish 207 48.6 204 47.9 1.000

Eggs 27 6.3 43 10.1 1.000

Legumes, nuts, and Seeds 127 29.8 188 441 <0.001

Milk and milk products 239 56.1 265 62.2 0.128

Consumption of food from seven food groups by children 6-23 monthsi}

Grains, roots, and tubers 411 96.5 405 95.1 1.000

Vitamin A rich fruits and vegetables 239 56.1 280 65.7 0.015

Other fruits and vegetables 303 711 334 78.4 0.059

Flesh foods 139 32.6 148 34.7 1.000

Eggs 49 1.5 50 1.7 1.000

Legumes, nuts, and seeds 144 33.8 174 40.8 0.153

Dairy products 254 59.6 275 64.6 0.341

Ad)., Adjusted

tBased on 9 food groups FAO (41).

FBased on seven food groups WHO (50).

*McNemar test, Adjusted P-value- Bonferroni—Holm correction test for multiple comparisons.

Frontiers in Nutrition | www.frontiersin.org 7 March 2021 | Volume 8 | Article 636872


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Waswa et al.

Seasonal Variations and Dietary Diversity

July/August

November

Women

B > 4 food groups (high DDS)

M =4 food groups (medium DDS)

<4 food groups (low DDS)

Children

B > 4 food groups (high DDS)

<4 food groups (low DDS)

November 2012.

FIGURE 2 | Distribution of Dietary Diversity Scores (DDS) and proportion of women (n = 426) who had diets with low (<4 food groups), medium (=4 food groups) and
high (>4 food groups) DDS and children (n = 426) who consumed diets with high (>4 food groups) and low (<4 food groups) dietary diversity and in July/August and

cereals, vegetables, oils/ fats, sugar, and tea during the two
seasons. These foods dominated and formed the basic diets of the
women with low DDS (<4 food groups). Women with medium
DDS (4 food groups) also consumed milk, fish, pulses, and fruits
in addition to the cereals, vegetables, oils/fats, sugar, and tea. Next
to the foods consumed by women with both low and medium
DDS, women with high DDS (>4 food groups) also consumed
animal source foods including milk, fish, meat, and eggs during
the two seasons.

Similarly, a higher proportion of children consumed
foods from more food groups in November compared with
July/August. However, after controlling for type 1 error, the
observed increase remained significant only for the proportion
of children who consumed vitamin A rich fruits and vegetables
between the two seasons (65.7 vs. 56.1%, P = 0.015). The
observed mean CDDS (SD) was also significantly higher in
November compared with July/August [3.91 (1.43) vs. 3.61
(1.58), P = 0.004]. A significantly higher proportion of children
consumed foods from >4 out of 7 food groups in November
compared with July/August [62.4% vs. 52.6%, P = 0.004]
(Figure 2). Overall diets of the women and their children were
dominated by starchy staples with the consumption of animal
source foods, vitamin A rich fruits and vegetables, and legumes,
nuts and seeds being notably low during both seasons.

Seasonal Variations in Food and Nutrient

Intakes Among Women and Children

Results with regards to the estimated intakes of foods
(g/day), showed a significant decrease in the amounts of
cereals [347.19g(202.78) vs. 300.47 g (151.56), P = 0.018] and
fruits [62.93 g (146.62) vs. 34.42 g (96.07), P = 0.004] consumed
by the women in November. On the other hand, we found a
significant increase in the amounts of pulses [65.68 g (130.43)
vs. 98.06¢g (167.56), P = 0.009] and milk [124.68¢g (136.66)
vs. 140.47 g (142.31), P = 0.043] consumed by the women in
November. However, the observed significant differences in the
amounts of cereals, fruits, pulses and milk consumed by the
women between the seasons were very small and found to be
non-significant after further analysis to control for type 1 error.
In general, the amounts of animal source foods consumed by
the women were low during both seasons. Tea consumption
was notably high among the women in the study area during
both seasons.

Energy, protein and fat intakes of the women were slightly
higher in November but not significantly different between
the seasons (Table 4). Carbohydrate intake was slightly lower
in November but not significantly different between the two
seasons. Intakes of most micronutrients were slightly higher
in November, with the exception of vitamin B, folic acid and
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TABLE 4 | Nutrient intakes among women in July/August and November 2012 in Western Kenya (n = 404).

July/August 2012 November 2012
Nutrient and unit Mean Mean % met EAR % of Mean Mean % met EAR % of Adj. P*
of measure respondents respondents
<100% of EAR <100% of EAR
EAR' Nutrient intake EAR' Nutrient intake
Mean SD Mean SD

Energy, kJ 11,830.66 7,205.63 2,572.98 61.03 94.06 11,628.08 7,241.82 2,366.32 62.52 94.55 1.000
Protein, g 68.52 55.55 25.53 82.63 74.26 65.55 58.65 27.3 92.56 61.88 0.550
Fat, g - 39.51 25.47 - - - 40.07 23.18 - - 1.000
Carbohydrates, g 152.88 308.9 116.12 205.66 5.45 145.38 301.18 102.32 215.4 3.71 1.000
Vitamin A RE, g 843.18 761.76 616.64 94.8 59.95 790.47 860.55 616.63 115.85 49.63 0.165

Vitamin E, mg? 15.43 4.25 3.03,6.04 38.15 59.95 14.88 4,94 3.47,7.19 46.1 49.63 0.010
Vitamin B1, mg 1.17 1.76 1.96 151.64 31.68 113 1.61 0.84 14411 31.68 0.148
Vitamin By, mg 1.26 1.12 0.46 90.63 67.33 1.21 1.15 0.43 97.55 59.16 1.000
Vitamin Bg, mg 1.64 1.72 0.82 107.06 54.7 1.56 1.86 0.84 122.74 40.35 0.096
Folic acid, png 440.45 374.24 293.72 85.66 67.57 426.06 361.66 304.33 86.69 67.33 1.000
Vitamin C, mg 94.43 80.88 60.97 87.72 68.56 89.23 82.96 62.1 98.16 62.87 1.000
Iron, mg 7.41 14.04 5.91 203.4 10.89 7.83 15.66 6.16 218.12 10.4 0.001

Zinc, mg 10.03 9.6 3.92 97.34 58.66 9.58 10.03 3.93 108 47.28 0.617
Calcium, mg 814.85 419.62 240.59 51.82 93.07 814.85 500.23 249.56 61.77 90.1 <0.001
Magnesium, mg 268.38 481.41 179.28 179.54 8.91 268.9 499.02 165.54 185.6 6.68 0.782
Phosphorus, mg 603.51 1232.38 522.77 207.78 7.18 603.51 1,225.88 493.93 206.51 8.66 0.840

EAR, estimated average requirements; SD, standard deviation; kJ, kilo joule; g, grammes; g, micrograms; mg, milligrammes.

aVariable log-transformed before analysis, median, 25th-75th percentiles reported.
T Mean EARs calculated based on age and physiological status (pregnancy or lactation status) of the women in July/August and November.

EARSs references: Energy, carbohydrates and protein (55); vitamin A, vitamin B4, vitamin By, vitamin C, vitamin E, folic acid, iron, zinc, magnesium, and phosphorus (52), and calcium (56).
*t-test used to determine differences in mean nutrient intakes between July/August and November.
Adjusted P-values: Bonferroni-Holm correction test for multiple comparisons.
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TABLE 5 | Median percentage met requirements for energy and nutrients from complementary foods among children 6-23 months in July/August and November 2012 in
Western Kenya.

Nutrients and unit of n July/August 2012 November 2012 Adj P*
measure
Median percentage met Percentiles Median percentage met Percentiles
requirementsT requirementsf
25th 75th 25th 75th

Energy (kJ) 426 140.11 88.83 233.84 193.28 12517 276.49 <0.001
Protein (g) 426 424.75 225.50 797.13 625.41 328.21 999.25 <0.001
Fat (9) 426 216.09 82.19 525.92 270.07 111.27 488.46 0.499
Carbohydrates (g) 426 117.62 77.20 188.60 172.64 112.16 240.93 <0.001
Vitamin B4 (mg) 426 290.00 173.75 500.00 420.00 263.75 600.00 <0.001
Vitamin By (mg) 426 135.00 75.00 230.00 175.00 110.00 270.00 <0.001
Vitamin Bg (Mg) 528 206.67 125.83 354.17 263.33 146.67 388.33 0.150
Folic acid (g) 520 220.44 90.03 415.27 279.59 124.08 580.23 0.148
Vitamin C (mg) 67° 0.00 0.00 81.92 60.32 3.44 148.84 0.190
Iron (mg) 426 18.08 10.42 27.76 26.08 16.48 38.25 <0.001
Zinc (mg) 426 54.64 34.76 93.04 80.60 52.62 116.00 <0.001
Calcium (mg) 426 36.11 18.70 72.30 50.13 27.43 83.88 <0.001
Magnesium (mg) 426 233.94 147.32 367.70 337.81 216.54 449.08 <0.001
Phosphorus (mg) 426 88.94 51.16 14418 129.60 84.04 179.37 <0.001

Adj, adjusted.

Energy and nutrient requirements from complementary foods based on average breast milk consumption for children in the age groups 6-8, 9-11, and 12-23 months (57).
aEstimated requirement for vitamin Bg from complementary foods for children in the age groups 6-8, 9-11 and 12-23 months = 0. Results represent data for non-breastfed children
aged 6-23 months who consumed complementary foods during both seasons.

bEstimated requirements for folic acid and vitamin C from complementary foods for children in the age groups 6-8 and 9-11 months = 0. Results represent data for breastfed children
aged 12-23 months and non-breastfed children aged 6-23 months who consumed complementary foods during both seasons.

7‘/\/Iediezn percentage met requirements for energy and other nutrients from complementary foods comparisons done only for children who received complementary foods during
both seasons.

*Wilcoxon signed-rank test, used to determine differences in median percentage met requirements for energy and other nutrients from complementary foods between the 2 seasons.
Adjusted P-values-Bonferroni—-Holm correction test for multiple comparisons.

phosphorous which were lower, and vitamin B, which was ~Seasonal Effects on Dietary Diversity of
similar across the seasons. After controlling for type 1 error, only  \Women and Children

the intakes of iron [mean (SD) 14.04 (5.91) and 15.66 (6.16),  The results from the GENLINMIXED models with regard to
P = 0.001], calcium [mean (SD) 419.62 (240.59) and 500.23  the effect of seasonality on WDDS and CDDS are presented in
(249.56), P < 0.001] and vitamin E (median, 25-75 percentile Figure 3. Seasonality was found to have a small but significant
4.25, 3.03-6.04, and 4.94, 3.47-7.19, P = 0.001) were found effect on WDDS (P=0.008) but not on CDDS (P = 0.293).
to be significantly different between the seasons. Except for  while the estimated marginal mean (SE) WDDS increased from
carbohydrates, magnesium and phosphorus, intakes of energy 417 (0.10) in July/August to 4.38 (0.10) in November, estimated
and most nutrients by the women were less than (or below) the marginal mean CDDS (SE) decreased from 3.73 (0.13) to. 3.60
EAR during both seasons. (0.11) during the 2 time points.

Except for iron, zinc, calcium and phosphorus, 50% of the To better understand the above differences in DDS across
children met more than 100% of their energy, protein, fat,  the seasons, we further assessed the seasonal variations in
carbohydrates, vitamin B1, vitamin B2, vitamin B6, and folic  ppS a5 a function of ethnic group. The seasonal effect was
acid requirements from complementary foods in July/August  gifferent for the women from the 3 ethnic groups (P interaction
(Table 5). The proportion of vitamin C, iron and calcium <0.001). The estimated marginal mean (SE) WDDS increased
requirements met by the children from complementary foods  petween July/August and November for Luhya [4.14 (0.12) vs.
were <50% in July/August, and thus notably low. The same 479 (0.15)] and Teso [4.05 (0.20) vs. 4.17 (0.18)] women, and
trend was observed in November, however, the proportion  {ecreased for Luo women [4.33 (0.13) vs. 4.20 (0.16)] between
of vitamin C, iron, zinc and calcium requirements met from  the seasons (Table 6). The estimated marginal mean WDDS were
complementary foods were higher during this season. Except significantly different among women from the 3 ethnic groups
for fat, folic acid, vitamin B6, and vitamin C, the children i November, P = 0.006. The same phenomenon was observed
achieved significantly higher requirements for energy and most  yith regard to seasonal variations on CDDS as a function
nutrients from complementary foods in November compared  of ethnic group, P (interaction) <0.001. While the estimated
with July/August. marginal mean CDDS for Luo [3.93 (0.20) vs.3.40 (0.17)] and
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FIGURE 3 | Estimated marginal means, 5th and 95th CI for WDDS (n = 414) and CDDS (n = 419) in July/August and November 2012 in Western Kenya. Covariates
included in GENLINMIXED models: *age of women (years), education of women (years), wealth index, household size, household hunger scale score, home
gardening, ethnic group, agro-ecological zone and sub-county, Tage of children (months), wealth index, ethnic group, household size, household hunger scale score,
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Teso [3.63 (0.31) vs. 3.51 (0.27)] children decreased, that for
Luhya children [3.62 (0.17) vs. 3.91 (0.17)] increased between the
seasons. However, the estimated marginal mean CDDS were not
significantly different for the children from the 3 ethnic groups
during each season.

We further calculated the mean CDDS of the children
stratified by age in July/August and November to confirm the
results with regard to the lack of a seasonal effect on CDDS. The
results did not show a clear trend in the distribution of CDDS
among the children between the two seasons. However, older
children had higher mean CDDS compared to younger children
during each season (Figure 4).

Factors Associated With Dietary Diversity

and Nutrient Intake

Results from the GENLIMIXED models showed that education
of women (years) had a small but positive effect on both WDDS
[odds ratio (OR) = 1.01 95% CI 1.00, 1.01, P = 0.022] and CDDS
(OR=1.01 95% CI 1.00, 1.02, P = 0.005) (Table 7). On the other
hand, household food insecurity had a negative influence on both
WDDS (OR = 0.9595% CI 0.93, 0.96, P < 0.001) and CDDS (OR

= 0.94 95% CI 0.92, 0.96, P < 0.001). While increasing age (in
years) among women had a very small negative effect on WDDS
(OR = 1.00 95% CI 0.99, 1.00, P = 0.033), increasing age (in
months) among children had a positive effect on CDDS (OR =
1.02 95% CI 1.01, 1.02, P < 0.001).

Results from the UNIANOVA analyses, showed that agro-
ecological zones influenced the intakes of energy (P = 0.015),
carbohydrates (P = 0.005), protein (P < 0.001), vitamin
A (P = 0.013), iron (P < 0.001), zinc (P = 0.003), and
calcium (P < 0.001), with a trend of higher nutrient intakes
among women residing in the semi-humid lower midlands
zone (LM3) and lower intakes among those living in the
humid upper midland zones (UM1) (Table 8). We also found
significant associations between ethnic group and intakes of
energy (P = 0.015) and fat (P = 0.005) with higher intakes among
Luhya women compared with those from the Luo and Teso
ethnic groups. Additional results from the same UNIANOVA
models showed that household food insecurity had a negative
effect on the intakes of energy (P = 0.046), carbohydrates
(P = 0.046), protein (P = 0.026), and calcium (P < 0.001)
(Table 8). Home gardening had a positive influence on the
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TABLE 6 | Effects of seasonality and other factors on WDDS and CDDS in Western Kenya.

Variables n WDDS (n = 414)? CDDS (n = 419)°
Estimated SE 95% CI P* n Estimated SE 95% CI P*
marginal mean marginal mean
Survey July/August 414 417 0.10  3.98,4.36 0.008 419 3.73 0.13  3.48,3.98 0.293
November 414 4.38 0.10  4.18,4.58 419 3.60 0.1 3.39, 3.81
Survey*ethnic group <0.001 <0.001
July/August Luo 110 4.33 0.13  4.08, 4.60 0.390 110 3.93 020  3.56,4.33 0.592
Luhya 229 4.14 0.12  3.90,4.39 232 3.62 0.17  3.31,3.96
Teso 75 4.05 0.20 3.68,4.45 77 3.63 0.31 3.08, 4.29
November Luo 110 4.20 0.16  3.90, 4.52 0.006 110 3.40 0.17  3.09,3.75 0.113
Luhya 229 4.79 0.15  4.50,5.09 232 3.91 017  3.59,4.26
Teso 75 417 0.18  3.82,4.55 7 3.51 0.27  3.03,4.07
Ethnic group Luo 110 4.26 0.14  4.00, 4.54 0.195 110 3.66 0.16  3.35,3.99 0.723
Luhya 229 4.45 0.12 4.22,4.70 232 3.76 0.16 3.47,4.08
Teso 75 411 0.18 3.78, 4.47 77 3.57 0.26 3.10, 4.11
Agro-ecological zones um1 101 4.44 0.21 4.06, 4.87 0.656 104 3.73 0.21 3.34,4.18 0.659
LM1 147 412 0.10  3.94,4.32 147 3.47 0.15  3.19,8.77
LM2 59 4.19 0.11 3.97, 4.41 61 3.60 0.18  3.26,3.98
LM3 34 4.33 0.26  3.86,4.87 34 3.62 0.27  3.12,4.20
LM4 27 4.34 0.28 3.84, 4.92 27 3.97 0.30 3.43, 4.59
LM5 46 4.21 0.16 3.90, 4.54 46 3.60 0.25 3.14,4.13
Home gardening Yes 332 4.33 0.09  4.17,4.50 0.379 337 3.80 0.14  3.59,3.82 0.044
No 82 4.21 0.14  3.95,4.49 82 3.53 0.10  3.60, 4.00
Sub-county Bondo 107 4.20 0.07  4.06,4.35 0.190 107 3.66 0.09  3.49,3.83 0.943
Mumias 104 4.48 0.23  4.05,4.97 105 3.68 0.27  3.18,4.26
Teso 102 4.20 0.07  3.06,4.35 103 3.66 0.09  3.49,3.83
Vihiga 101 4.20 0.07  4.06,4.35 104 3.66 0.09  3.49,3.86

WDDS, women'’s dietary diversity score; CDDS, children’s dietary diversity score; SE, standard error; Cl, confidence interval.
aCovariates in model include wealth index, household size, age of women (years), education of women (years), household hunger score.
bCovariates in model include wealth index, age of children (months), household size, household hunger scale score.

*GENLINMIXED model test.

intakes of carbohydrate (P = 0.025), iron (P = 0.045), and zinc
(P = 0.041). While higher age had a positive effect on vitamin
A intake (P = 0.005), increasing household size had a negative
influence on vitamin A intake (P = 0.010).

Association Between WDDS and CDDS

We performed additional analyses using Pearson’s correlation
tests to cheque for relationships between WDDS and CDDS in
both July/August and November, and also between change in
WDDS and change in CDDS between the seasons. WDDS was
significantly correlated with CDDS both in July/August (r = 0.39,
P < 0.001) and November (r = 0.45, P < 0.001). Additionally,
there was a significant relationship between change in WDDS and
change in CDDS between the seasons (r = 0.32, P < 0.001).

DISCUSSION

In this study WDDS was found to be sensitive to seasonal
changes, with the scores being higher in November (post-harvest
season) compared with July/August (pre-harvest season). Similar
findings of seasonal variations in DDS among women during
different seasons have been reported in other studies conducted
in rural areas in developing countries (12, 13, 21, 35, 61). The

observed increased consumption of legumes, nuts and seeds by
women during the post-harvest season in November could be
attributed to increased availability following the annual harvest.
This result indicate that seasonality can contribute to variations
in farm production diversity and consequently variations in the
quality of diets consumed among subsistence farm households. In
a study conducted in rural Nigeria, no relationship was observed
between farm production diversification and DD during the
post-planting season, pointing to the existence of seasonal
consumption poverty reflected by a decline in DD among
rural households (32). Consumption of diets low in diversity
is a common occurrence in many countries in sub-Saharan
Africa and is linked to chronic shortages of vegetables and fruit
crops during the dry seasons (62). In the current study, the
short rains experienced during the post-harvest season could
explain the observed increase in consumption of dark green
leafy vegetables, which depend on either rain or irrigation and
were thus readily available during this seasons (63). Further,
in many developing countries, Kenya included, it is common
practise for small holder farmers to sell their surplus food crops
to the market immediately following the harvest time, often at
very low prices. Unfortunately, this period of cheap food supply
following the harvest time is usually followed by food purchases
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FIGURE 4 | Mean CDDS of children below 2 years stratified by age in months in July/August and November 2012 in Western Kenya. The black horizontal line
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TABLE 7 | Factors associated with dietary diversity among women and children in Western Kenya (n = 414).

WDDS (n = 414)2 P* CDDS (n = 414)° P*
Coefficient SE OR 95% CI Coefficient SE OR 95% CI
Education of women (years) 0.01 0.00 1.01 1.00, 1.01 0.022 0.01 0.00 1.01 1.00, 1.02 0.005
Household food insecurity —0.06 0.01 0.95 0.93, 0.96 <0.001 —0.06 0.08 0.94 0.92, 0.96 <0.001
Age of women (years) —0.01 0.02 1.00 0.99, 1.00 0.033 —0.00 0.00 1.00 0.99, 1.00 0.070
Household size 0.00 0.00 1.00 0.99, 1.01 0.978 0.01 0.01 1.01 0.99, 1.02 0.458
Wealth index 0.00 0.00 1.00 1.00, 1.01 0.350 0.00 0.01 1.00 0.99, 1.01 0.640
Age of children (months) 0.01 0.00 1.02 1.01, 1.02 <0.001

WDDS, women dietary diversity score; CDDS, children’s dietary diversity score; SE, standard error; OR, odds ratio; Cl, confidence interval.
aCovariates in model: ethnic group, home gardening, agro-ecological zone, and sub-county.
bCovariates in model: ethnic group, home gardening, agro-ecological zone, and sub-county.

*GENLINMIXED model test.

at high prices during the lean or planting time. The seasonal
price instability experienced during the lean season negatively
affects DD for many small-holder farmers who also have limited
financial resources (64). While agro-ecological potential did not
have a significant effect on the DD of women and children
in this study, on the contrary in South Africa, household DD
declined with decreasing agro-ecological potential from the wet
to the drier areas with better agro-ecological potential favouring
agriculture and reducing dependence on food purchasing (65).
This points to the need for rural households to allocate more
to land to subsistence farming in order to not only diversify
food access through production of their own foods but also
lower their dependence on food purchasing especially during
the lean season. In addition to growing crops adapted to such
seasons, the use of wild foods which are excellent sources of
nutrients and contribute to reduced diet costs while filling

nutrient gaps year-round, need to be promoted. For example, in
Turkana, Kenya, including 3 wild fruits and 3 wild vegetables
which were available throughout the seasons contributed to
improved diets for women and children (66). Decline in DD
and reduced ability to maintain the same level of nutrition
quality during the off-seasons could also be attributed to lack
of proper storage facilities, particularly for perishable foods in
rural areas (67). Interventions to promote simple innovations to
enhance preservation of perishable surplus foods following the
annual harvest in order to extend their shelf life could help in
covering seasonal gaps in food availability and accessibility. This
could consequently enhance overall household food security and
maintain DD across seasons among resource limited smallholder
rural farm households.

Another key issue that we assessed in this study is the seasonal
variation in nutrient intakes among women and children aged
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TABLE 8 | Factors influencing nutrient intakes among women in Western Kenya (n = 404).

Nutrients B coefficient SE P* 95 % CI
Energy, kJ® Wealth index —27.17 56.98 0.634 —139.21, 84.88
Women’s age (years) 8.35 18.94 0.660 —28.89, 45.57
Education (years) —34.33 42.56 0.420 —118.01, 49.35
Household food insecurity —217.50 108.58 0.046 —430.99, —4.01
Breastfeeding status —63.17 381.23 0.868 —812.76, 686.43
Household size —4.73 64.43 0.942 —131.40, 121.95
Home gardening 651.14 344.42 0.059 —26.09, 1,328.37
Protein, gID Wealth index -0.10 0.56 0.855 —1.20, 1.00
Women’s age (years) -0.18 0.17 0.326 -0.55,0.18
Education (years) -0.02 0.42 0.964 —0.84, 0.80
Household food insecurity —2.39 1.07 0.026 —4.49, —0.29
Breastfeeding status 3.77 3.75 0.314 —3.59, 11.14
Household size 0.15 0.63 0.812 —1.09, 1.40
Home gardening 5.12 3.39 0.131 —1.54,11.77
Fat, gCT Wealth index 0.01 0.01 0.398 —-0.01,0.04
Women’s age (years) —0.00 0.00 0.394 —0.01, 0.01
Education (years) 0.01 0.01 0.530 —0.01, 0.02
Household food insecurity —0.04 0.02 0.106 —0.09, 0.01
Breastfeeding status 0.08 0.08 0.313 —-0.08, 0.25
Household size —0.01 0.01 0.381 —0.04, 0.02
Home gardening 0.05 0.08 0.511 —0.10, 0.20
Carbohydrates, g¢ Wealth index -3.21 2.57 0.212 —8.27,1.84
Women’s age (years) 1.10 0.85 0.197 -.58,2.78
Education (years) —2.93 1.92 0.128 —-6.71,0.84
Household food insecurity —9.82 4.90 0.046 —19.45, —0.19
Breastfeeding status —17.52 17.20 0.309 —51.38, 16.30
Household size 1.19 2.91 0.682 —4.583, 6.91
Home gardening 35.00 15.54 0.025 4.45, 65.55
Vitamin A, pg® Wealth index 18.05 13.79 0.191 —9.05, 45.16
Women’s age (years) 13.11 4.60 0.005 4.07,22.15
Education (years) -9.16 10.29 0.374 —29.39, 11.07
Household food insecurity 1.39 26.29 0.958 —50.31, 53.09
Breastfeeding status —32.24 92.14 0.727 —213.42, 148.94
Household size —40.96 15.80 0.010 —72.02, —9.90
Home gardening 166.92 83.28 0.060 —6.84, 320.68
Iron, mg' Wealth index —0.09 0.13 0.473 —0.35,0.16
Women’s age (years) —0.01 0.04 0.758 -0.10, 0.07
Education (years) -0.15 0.10 0.119 —0.34, 0.04
Household food insecurity -0.32 0.25 0.191 -0.80, 0.16
Breastfeeding status -0.12 0.86 0.889 —-1.81, 1.57
Household size —0.01 0.15 0.975 -0.29,0.28
Home gardening 1.57 0.78 0.045 0.04, 3.10
Calcium, mg? Wealth index 0.55 5.07 0.913 —9.42,10.58
Women’s age (years) 2.31 1.69 0.171 —1.01,5.62
Education (years) —2.39 3.79 0.530 —-9.84, 5.07
Household food insecurity —34.13 9.67 < 0.001 —53.13, —15.12
Breastfeeding status —-1.26 33.94 0.970 —67.10, 65.48
Household size —0.05 5.74 0.993 —11.33,11.23
Home gardening 42.71 30.67 0.165 —17.59,103.0
Zinc, mg" Wealth index -0.13 0.09 0.148 —0.30, 0.05
Women’s age (years) —0.01 0.03 0.779 —0.07, 0.05
(Continued)
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TABLE 8 | Continued

Nutrients B coefficient SE P* 95 % CI
Education (years) 0.00 0.07 0.981 —0.13,0.13
Household food insecurity —0.30 0.17 0.070 —0.63, 0.025
Breastfeeding status 0.29 0.58 0.623 —0.86, 1.43
Household size 0.03 0.10 0.743 —0.16, 0.23
Home gardening 1.08 0.53 0.041 0.05,2.12

SE, standard error; Cl, confidence interval.

aR? = 0.089 (adjusted R? = 0.055), PR? = 0.117 (adjusted R? = 0.084), °R? = 0.092 (adjusted R? = 0.058), 9R? = 0.104 (adjusted R? = 0.070), °R? = 0.105 (adjusted R? = 0.072),
"R2 = 0.114 (adjusted R? = 0.081), 9R? = 0.183 (adjusted R? = 0.153), "R? = 0.085 (adjusted R? = 0.051).

+
Variable log-transformed before analysis.

*UNIANOVA test.

Covariates in models include agro-ecological zone and ethnic group.

6-23 months. The intake of energy and most nutrients were
slightly higher among the women during the post-harvest season
in November. Except for vitamin E, iron, and calcium intakes
which were significantly different between the seasons, the intake
of energy and other nutrients did not differ significantly among
the women between the seasons. Similar results were found in a
study conducted among women in rural Burkina Faso (33). The
observed increase in the intakes of vitamin E, iron and calcium
by the women in November could be partly explained by the
overall increase in the consumption of foods from more food
groups during this season. The fact that no seasonal effects were
observed in the intakes of energy and other nutrients (except for
iron, calcium and vitamin E) alludes to the fact that, households
are able to adapt and change their feeding patterns to a certain
extent in order to cope during periods of food shortage. This is
at least true for energy intake from staple foods which are usually
given priority in production, buying and consumption. In this
study, the amounts of different foods (g/day) consumed by the
women were not significantly different between the seasons, a fact
that could also partly explain the lack of seasonal differences in
the intakes of energy and most nutrients. This finding suggests
that while an increase in food availability during the harvest
season may contribute to improved DD, it may not necessarily
lead to improved energy and nutrient intakes if the actual
amounts of different foods consumed are inadequate to meet the
nutrient requirements for the different population groups. Thus,
interventions seeking to improve the consumption of a variety of
foods should also include strategies to promote the consumption
of adequate amounts of different foods to ensure overall adequate
nutrient intakes for the different population groups.

Overall, inadequate nutrient intake among the women, i.e,,
not meeting the EAR, was found for most nutrients during both
seasons. Similar findings of inadequate nutrient intakes among
women have been reported in other studies conducted in Kenya
(68, 69), South Africa (70), Burkina Faso (71), and Bangladesh
(72), providing evidence of generally low nutrient intakes among
women, and which is a reflection of overall poor quality diets
across seasons. The observed changes in the intakes of key
nutrients such as iron and calcium during the post-harvest season
in this study indicate that in most cases, families in rural areas
tend to subsist only on a subset of foods mainly from their own

production. In many cases, these families could have access to
a variety of other local nutrient-rich foods, but these alternative
foods are often abandoned in favour of a limited number of
foods, usually the energy-dense staples (9). This reliance on a
limited number of foods in the presence of a variety of other
different local foods could be attributed to many factors including
lack of access due to high prices, low production, cultural food
habits and practises, inadequate nutrition knowledge and skills
on the available local foods and how to utilise them for improved
diet quality (73-75). Therefore, in addition to behaviour change
communication strategies to promote the consumption of a
variety of foods across seasons, there is need for agricultural
strategies to ensure that farmers produce a variety of foods that
can substitute each other and are nutritionally appropriate during
different seasons.

In this study the children also consumed foods from more
food groups during the post-harvest season compared to the
harvest season. However, seasonality was found not to have
an effect on CDDS. This finding is explained by the fact that
the children had grown older during the post-harvest season,
and were thus more likely to be fed on a variety of foods
(76, 77). Nevertheless, the diets of the children comprised
mainly of cereal-based starchy staples with low consumption
of animal source products during both seasons, a common
practise that has also been reported in other studies conducted
in developing countries (17, 78-80). In addition, the share of
energy and nutrient requirements met from complementary
foods was higher in November compared with July/August, also
confirming the effect of age, with older children receiving more
nutrients from complementary foods. The fact that seasonality
did not have an effect on CDDS indicates that while there
may be variations in food availability across seasons, in most
cases foods fed to young children during the complementary
feeding period do not change to an extent of influencing their
DD. This indicates that other factors than food availability
exerts influences on the quality of diets fed to young children,
particularly during the complementary feeding period. In the
present study the effect of seasonality on DD was assessed during
the harvest and post-harvest seasons. More seasonal variations in
dietary patterns should be expected as the observed seasons were
not representative of the year-round food availability calendar.
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However, for children under 2 years, the age effect seems to
be more important. However, it should be expected that with
increasing age, reduced breastfeeding and more reliance on
family foods, young children would also be affected by seasonality
once they grow out of the complementary feeding period.
There is therefore need for behaviour change interventions to
sensitise caregivers on the importance of feeding young children
a variety of family foods, including animal source foods during
the complementary feeding during all seasons.

The finding that WDDS and CDDS were positively associated
is consistent with those reported from other studies (76, 81).
While this may not be surprising, yet, it also cannot be assumed
automatically as it is suggested by an increasing number of
double burden households with overweight/obese mothers and
underweight or stunted children (82). While it is expected that
women and children from households having access to a variety
of foods should consume better quality diets, this is not always
the case. Analysis of data from the 2008 Ghana Demographic
and Health Survey showed that not all the foods consumed by
the mothers were given to the children (83). This suggests that
in most cases caregivers usually tend to rely only on a subset of
family foods when feeding young children due to several factors
including inadequate nutrition knowledge, cultural practises and
beliefs and limited time for child care (74, 84). Still, this finding
indicates that maternal diets may be an important determinant of
children’s diets. Therefore, interventions aimed at improving the
quality of diets consumed by children should include strategies to
also promote maternal diets as this may have a direct effect on the
diets consumed by other family members, including the children.

Ethnic group was found to have an effect on both DD
and nutrient intake among the women. Ethnicity influences
dietary habits with different ethnic groups ascribing to different
traditional food cultures, which influence food consumption
patterns including food choices and preferences (85, 86). The
different food beliefs and taboos also influence the consumption
of certain foods, particularly animal source foods, and which in
most cases are tilted in favour of men (87), consequently affecting
the quality of diets consumed by women and children. The
effects of ethnicity on food patterns have been reported in other
studies (61, 85, 88). The evaluation of behavioural strategies of
population groups to improve nutrition status have been recently
identified as key research priorities (89), which need to be
implemented. Such strategies would help in the identification of
specific cultural barriers that are a hindrance to the consumption
of specific foods among population groups, which should be
addressed in order to promote good nutrition.

Socio-demographic factors including maternal education and
food security were found to have a positive effect on the women
and children DDS. Older age among the children was associated
with higher DDS. Socio- demographic factors and household
food security have been shown to be associated with dietary
patterns of women and children in a similar way in other studies
(76, 90, 91). However, socio-economic status assessed using the
wealth index was not found to have a significant influence on DD
and nutrient intake in this study. Strategies to improve dietary
intakes for both women and children should therefore also
consider incorporating actions to address some of the underlying

constraints including low levels of education among the women
and household food insecurity, which would in the long run lead
to improvements in the dietary intakes of all household members,
and in particular of the women and children.

STRENGTHS AND LIMITATIONS OF THE
STUDY

The strength of this study are the repeated cross-sectional surveys
conducted during different seasons within the same years and
targeting the same woman and their children. This enabled us to
assess not only the effect of seasonality on DD of women and their
children aged 6-23 months, but also the seasonal differences in
their food (g/day) and nutrient intakes. Even though the seasons
were not very distinct (July/August-harvest and November-post-
harvest), our results still showed a small but significant seasonal
effect on WDDS as well as seasonal variations in vitamin E,
iron and calcium intakes among the women. Anthropometric
measurements for the study participants were taken only once
during the survey in July/August, thus, we were not able to assess
the effects of seasonality on nutritional status of the women,
which would have enriched the study. Future similar studies
should be conducted during more distinct seasons in terms of
food availability such as during the pre-harvest and harvest
seasons that would clearly show the effects of seasonality on
both dietary intakes and nutritional status outcomes. In addition,
similar studies should be conducted with data collected at more
time points during the same year and during different years, as
this could be more informative.

A limitation of our study was attributed to the use of a single
24-h recall to assess dietary intakes of the study participants
during each season. Like other dietary recall methods the 24-h
recall method relies on memory in terms of identification of the
foods eaten as well as the estimation of food portions consumed
(92). To reduce this type of error, we used highly trained
enumerators who spoke the local languages during the interviews
with the women. We also used local household measures to
estimate the amounts of foods consumed by the women and
the children (93). On the other hand, to recall the last 24-h
only is much more accurate than longer periods such as the
last week or even month. The use of single 24-h recall may not
be representative for estimating the individual’s usual nutrient
intake due to variability in the day to day intakes of foods (40).
The 24-h recall is also prone to the problems of under-reporting
and over-reporting and whether or not to exclude cases with
extreme energy intake values is debatable.

In addition to assessing the effect of seasonality on women’s
DD, this study also analysed the seasonal differences in nutrient
intakes of the women. We decided in favour of excluding women
who had unusual low and high energy intakes during any of
the two surveys because extreme intakes on any 1 day (which
were expected due to sickness or festivities) would have led
to a misinterpretation of the results, with regards to seasonal
food availability. This may have introduced bias and limited
our findings, which may not be representative of usual food
intakes among the women in the target population. Despite
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these limitations, this study contributes to the existing, yet, little
literature on the effects of seasonality on DD and nutrient intake
in rural Kenya.

CONCLUSION

The results from this study showed that seasonality had an
effect on the quality of diets consumed by women in rural
households. Different to the women, the diets of the children
were not affected by seasonality, indicating that other factors
apart from food availability exert an influence on the dietary
patterns of young children during the complementary feeding
period. Still, it should be expected that as the children grow
older and transit from the complementary feeding period to
rely on family foods, their diets would also be affected by
seasonality. Thus, integrated programs aimed at strengthening
rural households’ resilience against seasonal deterioration in diet
quality are recommended. Seasonality should also be included
as a component in nutrition education programs not only as
a way to promote behaviour changes and increase nutrition
knowledge among caregivers, but also to ensure that households
have access to and utilise a variety of foods during all seasons.
This could include promotion of preservation of vegetables and
fruits to cover periods with limited access to fresh vegetables
and fruits. The behaviour change strategies should also focus
their key messages on addressing cultural barriers hindering the
consumption of a variety of foods among vulnerable population
groups including women and young children throughout the
year. The strategies should promote the consumption of local
foods that are culturally acceptable, affordable, and nutritious
during all seasons, which could contribute to improvements in
the overall quality of women’s and children’s diets.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. FAO, IFAD, UNICEE, WEP, WHO, editors. The State of Food Security and
Nutrition in the World 2018: Building Climate Resilience for Food Security
and Nutrition. Rome: FAO (2018). Available online at: http://www.fao.org/3/
19553en/19553en.pdf (accessed June 12, 2020).

2. WHO. Global Nutrition: Shining a Light to Spur Action on Nutrition.
(2018). Available online at: https://globalnutritionreport.org/reports/global-
nutrition-report-2018/ (accessed June 12, 2020).

3. UNICEE WHO, World Bank. UNICEF-WHO-WB Joint Child Malnutrition
Estimates (Global and Regional). (2020). Available online at: https://www.who.
int/gho/child-malnutrition/en/ (accessed May 29, 2020).

4. Micronutrient Initiative ed. Investing in the Future: A united
Call to Action on Vitamin and Mineral Deficiencies: Global
Report  2009. New  Delhi:  Micronutrient  Initiative  (2009).
Available online at: https://www.nutritionintl.org/content/user_

files/2019/03/Investing_in_the_future-1.pdf October
30, 2020).
5. WHO. Global Health Observatory. (2020). Available online at: https://www.

who.int/Global Health Observatory (accessed May 29, 2020).

(accessed

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by National Council of Science and Technology
(NCST) Nairobi, Kenya. Written informed consent to participate
in this study was provided by the participants’ legal guardian/next
of kin.

AUTHOR CONTRIBUTIONS

LW was responsible for data collection, statistical analysis and
manuscript preparation with contributions from GK, IJ, and
MK. GK was the principle investigator and contributed to the
conceptualisation of the study design. All the authors read and
approved the final manuscript.

FUNDING

This study was conducted with unrestricted financial support
from the German Federal Ministry of Economic Cooperation
and Development through the Deutsche Gesellschaft fiir
Internationale Zusammenarbeit (GIZ/BMZ), contract number
81144162 and the German Academic Exchange Service (DAAD).
The funders had no role in the design, analysis or writing of
this article.

ACKNOWLEDGMENTS

The authors greatly acknowledge the support from Ms.
Jacqueline Kipkorir who contributed with data collection during
the surveys. We also acknowledge the immense contributions
from Dr. Johannes Herrmann with the statistical analyses and
data interpretation. We thank the caregivers and children who
participated in this study. We also appreciate the enumerators
who were involved in data collection and the community health
workers for identification of the sampled households.

6. Ministry of Health, Kenya and Kenya Medical Research Institute. The Kenya
National Micronutrient Survey 2011. Nairobi: Ministry of Health, Kenya
and Kenya Medical Research Institute (2014). Available online at: http://
www.nutritionhealth.or.ke/wp-content/uploads/Downloads/The%20Kenya
%20National%20Micronutrient%20Survey%202011.pdf (accessed January 27,
2021).

7. Evang EC, Habte TY, Owino WO, Krawinkel MB. The nutritional
and micronutrient
anemia is better than in a rural area in Kenya. Nutrients. (2020)
12:207. doi: 10.3390/nu12010207

8. Kenya National Bureau of Statistics, Ministry of Health, National Aids Control
Council, Kenya Medical Research Institute, National Council for Population
and Development, The DHS Program, et al. Kenya Demographic and
Health Survey. Rockville, MD: Kenya National Bureau of Statistics, Ministry
of Health/Kenya, National AIDS Control Council/Kenya, Kenya Medical
Research Institute, National Council for Population and Development/Kenya,
and ICF International (2015). Available online at: https://dhsprogram.com/
pubs/pdf/FR308/FR308.pdf

9. Kennedy G, Nantel G, Shetty P. The scourge of “hidden hunger”:
global dimensions of micronutrient deficiencies. Food Nutr Agric. (2003)

status of wurban schoolchildren with moderate

Frontiers in Nutrition | www.frontiersin.org

17

March 2021 | Volume 8 | Article 636872


http://www.fao.org/3/i9553en/i9553en.pdf
http://www.fao.org/3/i9553en/i9553en.pdf
https://globalnutritionreport.org/reports/global-nutrition-report-2018/
https://globalnutritionreport.org/reports/global-nutrition-report-2018/
https://www.who.int/gho/child-malnutrition/en/
https://www.who.int/gho/child-malnutrition/en/
https://www.nutritionintl.org/content/user_files/2019/03/Investing_in_the_future-1.pdf
https://www.nutritionintl.org/content/user_files/2019/03/Investing_in_the_future-1.pdf
https://www.who.int/Global
https://www.who.int/Global
http://www.nutritionhealth.or.ke/wp-content/uploads/Downloads/The%20Kenya%20National%20Micronutrient%20Survey%202011.pdf
http://www.nutritionhealth.or.ke/wp-content/uploads/Downloads/The%20Kenya%20National%20Micronutrient%20Survey%202011.pdf
http://www.nutritionhealth.or.ke/wp-content/uploads/Downloads/The%20Kenya%20National%20Micronutrient%20Survey%202011.pdf
https://doi.org/10.3390/nu12010207
https://dhsprogram.com/pubs/pdf/FR308/FR308.pdf
https://dhsprogram.com/pubs/pdf/FR308/FR308.pdf
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Waswa et al.

Seasonal Variations and Dietary Diversity

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

32:9. Available online at: https://nutrimatrix.uni-hohenheim.de/fileadmin/
einrichtungen/nutrimatrix/Hidden_Hunger.pdf (accessed July 1, 2020).
Muller O, Krawinkel MB. Malnutrition and health in developing countries.
Can Med Assoc J. (2005) 173:279-86. doi: 10.1503/cmaj.050342

Black R. Micronutrient deficiency — an underlying cause of morbidity
and mortality. Bull World Health Organ. (2003) 81 2 (2003) 81:1. Available
at:  https://www.scielosp.org/pdf/bwho/2003.v81n2/79-79/en  [Accessed
June 30:2020]

Stevens B, Watt K, Brimbecombe J, Clough A, Judd J, Lindsay D. The role
of seasonality on the diet and household food security of pregnant women
living in rural Bangladesh: a cross-sectional study. Public Health Nutr. (2017)
20:121-9. doi: 10.1017/S136898001600183X

Campbell RK, Talegawkar SA, Christian P, LeClerq SC, Khatry SK, Wu LSE,
et al. Seasonal dietary intakes and socioeconomic status among women in the
Terai of Nepal. ] Health Popul Nutr. (2014) 32:198-216.

Vaitla B, Devereux S, Swan SH. Seasonal  hunger: a
neglected problem with proven solutions. PLoS Med. (2009)
6:¢1000101. doi: 10.1371/journal.pmed.1000101

Huong LT, Xuan LTT, Phuong LH, Huyen DTT, Rocklév J]. Diet
and nutritional status among children 24-59 months by seasons in a
mountainous area of Northern Vietnam in (2012). Glob Health Action. (2014)
7:23121. doi: 10.3402/gha.v7.23121

Toorang E, HoushiarRad A, Abdollahi M, Esmaili M, Ebrahimpour Koujan
S. Seasonality in Iranian fruit and vegetable dietary intake. Thrita ] Med Sci.
(2013) 2:58-63. doi: 10.5812/thrita.11634

Mitchikpe C, Dossa R, Ategbo E, Van Raaij J, Kok F. Seasonal variation
in food pattern but not in energy and nutrient intakes of rural
Beninese school-aged children. Public Health Nutr. (2009) 12:414-22.
doi: 10.1017/51368980008002929

Den Hartog AP, van Staveren W A, Brouwer ID. Food Habits and Consumption
in Developing Countries: Manual for Field Studies. Wageningen: Wageningen
Academic Publishers (2006) Available online at: https://books.google.co.ke/
books?id=jBztXQKjw_oC&printsec=frontcover&source=gbs_ge_summary_
r&cad=0#v=onepage&q&f=false (accessed June 30, 2020).

Locke E, Coronado GD, Thompson B, Kuniyuki A. Seasonal variation in fruit
and vegetable consumption in a rural agricultural community. ] Am Diet
Assoc. (2009) 109:45-51. doi: 10.1016/.jada.2008.10.007

Hillbruner C, Egan R. Seasonality, Household food security, and
nutritional status in Dinajpur, Bangladesh. Food Nutr Bull. (2008)
29:221-31. doi: 10.1177/156482650802900308

Savy M, Martin-Prével Y, Traissac P, Eymard-Duvernay S, Delpeuch F.
Dietary diversity scores and nutritional status of women change during
the seasonal food shortage in rural Burkina Faso. J Nutr. (2006) 136:2625-
32. doi: 10.1093/jn/136.10.2625

Tetens I, Hels O, Khan NI, Thilsted SH, Hassan N. Rice-based diets
in rural Bangladesh: how do different age and sex groups adapt to
seasonal changes in energy intake?1-3. Am ] Clin Nutr. (2003) 78:406-
13. doi: 10.1093/ajcn/78.3.406

Ronnenberg AG, Goldman MB, Aitken IW, Xu X. Anemia and deficiencies of
folate and vitamin B-6 are common and vary with season in Chinese women
of childbearing age. ] Nutr. (2000) 130:2703-10. doi: 10.1093/jn/130.11.2703
Jiang T, Christian P, Khatry SK, Wu L, West KP. Micronutrient
deficiencies in early pregnancy are common, concurrent, and vary by
season among rural Nepali pregnant women. J Nutr. (2005) 135:1106-
12. doi: 10.1093/jn/135.5.1106

Underwood B. From research to global reality: the micronutrient story. ] Nutr.
(1998) 128:145-51. doi: 10.1093/jn/128.2.145
Lartey A. Maternal and child nutrition
challenges and interventions. Nutr
8. doi: 10.1017/50029665108006083

Arimond M, Wiesmann D, Becquey E, Carriquiry A, Daniels MC, Deitchler
M, et al. Simple food group diversity indicators predict micronutrient
adequacy of women’s diets in 5 diverse, resource-poor settings. ] Nutr. (2010)
140:20595—69S. doi: 10.3945/jn.110.123414

Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de
Onis M, et al. Maternal and child undernutrition and overweight
in low-income and middle-income countries. Lancet. (2013)
382:427-51. doi: 10.1016/S0140-6736(13)60937-X

in Sub-Saharan Africa:

Proc Soc.  (2008) 67:105-

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Dewey KG, Huffman SL. Maternal, infant, and young child nutrition:
combining efforts to maximize impacts on child growth and micronutrient
status. Food Nutr Bull. (2009) 30:S187-9. doi: 10.1177/156482650903025201
Ruel MT. Operationalizing  dietary  diversity: a
measurement  issues and research  priorities. ]  Nutr.
133:39115—26S. doi: 10.1093/jn/133.11.3911S

Hussain A, Zulfiqar E, Saboor A. Changing food patterns across the seasons
in rural pakistan: analysis of food variety, dietary diversity and calorie intake.
Ecol Food Nutr. (2014) 53:119-41. doi: 10.1080/03670244.2013.792076
Ayenew HY, Biadgilign S, Schickramm L, Abate-Kassa G, Sauer
J. Production diversification, dietary diversity and consumption
seasonality: panel data evidence from Nigeria. BMC Public Health. (2018)
18:988. doi: 10.1186/s12889-018-5991-7

Arsenault JE, Nikiema L, Allemand P, Ayassou KA, Lanou H, Moursi
M, et al. Seasonal differences in food and nutrient intakes among young
children and their mothers in rural Burkina Faso. ] Nutr Sci. (2014)
3:e55. doi: 10.1017/jns.2014.53

Abizari A-R, Azupogo F, Nagasu M, Creemers N, Brouwer ID. Seasonality
affects dietary diversity of school-age children in northern Ghana. PLoS ONE.
(2017) 12:€0183206. doi: 10.1371/journal.pone.0183206

Hjertholm KG, Holmboe-Ottesen G, Iversen PO, Mdala I, Munthali A,
Maleta K, et al. Seasonality in associations between dietary diversity scores
and nutrient adequacy ratios among pregnant women in rural Malawi - a
cross-sectional study. Food Nutr Res. (2019) 63:8. doi: 10.29219/fnr.v63.2712
Republic of Kenya and Kenya National Bureau of Statistics. The 2009
Population and Housing Census: Population distribution by Administrative
Units. Volume 1A. Nairobi: Republic of Kenya (2010).

Jaetzold R, Schmidt H, Hornetz B, Shisanya C. Farm Management Handbook
of Kenya. Nairobi: Ministry of Agriculture (2005).

Kenya National Bureau of Statistics, ICF Macro. Kenya Demographic and
Health Survey 2008-09. Calverton, MD: KNBS and ICF Macro (2010).

Filmer D, Pritchett LH. Estimating wealth effects without expenditure data-
or tears: an application to educational enrollments in states of India.
Demography. (2001) 38:115-32. doi: 10.1353/dem.2001.0003

Gibson R. Principles of Nutritional Assessment. 2nd Edition. New York, NY:
Oxford University Press (2005).

FAO. Guidelines for Measuring Household and Individual Dietary Diversity.
(2011). Available online at: http://www.fao.org/fileadmin/user_upload/wa_
workshop/docs/FAO-guidelines- dietary-diversity2011.pdf (accessed April
23,2014).

Mirmiran P, Azadbakht L, Azizi F. Dietary Diversity within food groups: an
indicator of specific nutrient adequacy in tehranian women. ] Am Coll Nutr.
(2006) 25:354-61. doi: 10.1080/07315724.2006.10719546

Steyn N, Nel J, Nantel G, Kennedy G, Labadarios D. Food variety
and dietary diversity scores in children: are they good indicators of
dietary adequacy? Public Health Nutr. (2006) 9:644-50. doi: 10.1079/PHN
2005912

Moursi MM, Arimond M, Dewey KG, Tréche S, Ruel MT, Delpeuch F.
Dietary diversity is a good predictor of the micronutrient density of the diet
of 6- to 23-month-old children in Madagascar. J Nutr. (2008) 138:2448-
53. doi: 10.3945/jn.108.093971

Hoddinott ], Yohannes Y. Dietary Diversity as a Household Food Security
Indicator: Technical Appendix. Washington, DC: Academy for Education and
Development.: Food and Nutrition Technical Assistance (2002) Available
online at: https://www.fantaproject.org/sites/default/files/resources/Dietray
%20Diversity%20Tech%20Appendix.pdf (accessed June 30, 2020).]

Swindale A, Bilinky P. Household Dietary Diversity Score (HDDS) for
measurement of Household Food Access: Indicator Guide, Version 2.
Washington, DC: FANTA (2006). Available online at: https://www.
fantaproject.org/sites/default/files/resources/ HDDS_v2_Sep06_0.pdf
(accessed November 12, 2014)

Arimond M, Ruel MT. Dietary diversity is associated with child nutritional
status: evidence from 11 demographic and health surveys. J Nutr. (2004)
134:2579-85. doi: 10.1093/jn/134.10.2579

Savy M, Martin-Prével Y, Sawadogo P, Kameli Y, Delpeuch F. Use of
variety/diversity scores for diet quality measurement: relation with nutritional
status of women in a rural area in Burkina Faso. Eur J Clin Nutr. (2005)
59:703-16. doi: 10.1038/sj.ejcn.1602135

review  of
(2003)

Frontiers in Nutrition | www.frontiersin.org

March 2021 | Volume 8 | Article 636872


https://nutrimatrix.uni-hohenheim.de/fileadmin/einrichtungen/nutrimatrix/Hidden_Hunger.pdf
https://nutrimatrix.uni-hohenheim.de/fileadmin/einrichtungen/nutrimatrix/Hidden_Hunger.pdf
https://doi.org/10.1503/cmaj.050342
https://www.scielosp.org/pdf/bwho/2003.v81n2/79-79/en
https://doi.org/10.1017/S136898001600183X
https://doi.org/10.1371/journal.pmed.1000101
https://doi.org/10.3402/gha.v7.23121
https://doi.org/10.5812/thrita.11634
https://doi.org/10.1017/S1368980008002929
https://books.google.co.ke/books?id=jBztXQKjw_oC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.co.ke/books?id=jBztXQKjw_oC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.co.ke/books?id=jBztXQKjw_oC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://doi.org/10.1016/j.jada.2008.10.007
https://doi.org/10.1177/156482650802900308
https://doi.org/10.1093/jn/136.10.2625
https://doi.org/10.1093/ajcn/78.3.406
https://doi.org/10.1093/jn/130.11.2703
https://doi.org/10.1093/jn/135.5.1106
https://doi.org/10.1093/jn/128.2.145
https://doi.org/10.1017/S0029665108006083
https://doi.org/10.3945/jn.110.123414
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1177/15648265090302S201
https://doi.org/10.1093/jn/133.11.3911S
https://doi.org/10.1080/03670244.2013.792076
https://doi.org/10.1186/s12889-018-5991-7
https://doi.org/10.1017/jns.2014.53
https://doi.org/10.1371/journal.pone.0183206
https://doi.org/10.29219/fnr.v63.2712
https://doi.org/10.1353/dem.2001.0003
http://www.fao.org/fileadmin/user_upload/wa_workshop/docs/FAO-guidelines-dietary-diversity2011.pdf
http://www.fao.org/fileadmin/user_upload/wa_workshop/docs/FAO-guidelines-dietary-diversity2011.pdf
https://doi.org/10.1080/07315724.2006.10719546
https://doi.org/10.1079/PHN2005912
https://doi.org/10.3945/jn.108.093971
https://www.fantaproject.org/sites/default/files/resources/Dietray%20Diversity%20Tech%20Appendix.pdf
https://www.fantaproject.org/sites/default/files/resources/Dietray%20Diversity%20Tech%20Appendix.pdf
https://www.fantaproject.org/sites/default/files/resources/HDDS_v2_Sep06_0.pdf
https://www.fantaproject.org/sites/default/files/resources/HDDS_v2_Sep06_0.pdf
https://doi.org/10.1093/jn/134.10.2579
https://doi.org/10.1038/sj.ejcn.1602135
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Waswa et al.

Seasonal Variations and Dietary Diversity

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

FAO, FHI 360. Minimum Dietary Diversity for Women: A Guide to
Measurement. Rome: FAO. (2020). Available online at: http://www.fao.org/3/
a-i5486e.pdf

WHO. Indicators for Assessing Infant and Young Child Feeding Practices -
Part I: Definition. WHO (2008). Available online at: http://whglibdoc.who.
int/publications/2008/9789241596664_eng.pdf?ua=1 (accessed September 19,
2013).

WHO. Indicators for Assessing Infant and Young Child Feeding Practices
Part II Measurement. Geneva (2010). Available online at: http://www.
who.int/nutrition/publications/infantfeeding/9789241599290/en/  (accessed
September 19, 2013).

Erhardt J. NutriSurvey for Windows. (2007).
http:www.nutrisurvey.de (accessed July 22, 2013).
Willett W. Nutritional Epidemiology. Third Edition. New York: Oxford
University Press (2013).

Institute of Medicine. DRI Dietary Reference Intakes: Applications in Dietary
Assessment. Washington, DC: National Academy Press (2000). Available
at: http://www.nap.edu/openbook.php?record_id=9956&page=R15

Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate,
Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. A Report of
the Panel on Macronutrients, Subcommittees on Upper Reference Levels of
Nutrients and Interpretation and Uses of Dietary Reference Intakes, and the
Standing Committee on the Scientific Evaluation of Dietary Reference Intakes.
Washington, DC: The National Academy Press (2005). Available online at:
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy
%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol
%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+
the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+
ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+
$20001 (accessed September 8, 2015).

Institute of Medicine. Dietary Reference Intakes for Calcium Vitamin D.
Washington, DC: The National Academies Press (2011). Available online
at: http://www.nap.edu/download.php?record_id=13050 (accessed February
9,2015).

Brown K, Dewey KG, Allen L. Complementary Feeding of Young Children
in Developing Countries: A Review of Current Scientific Knowledge. Geneva:
WHO (1998) Available online at: http://whglibdoc.who.int/hq/1998/WHO_
NUT_98.1.pdffua=1 (accessed April 25, 2014).

Ballard T, Coates J, Swindale A, Deitchter M. Household Hunger Scale:
Indicator Definition and Measurement Guide. Washington, DC (2011).
Available online at: www.fantaproject.org/publications/hhs_2011.shml-16k
Holm S. A simple sequentially rejective multiple test procedure. Scand J Stat.
(1979) 6:65-70. Available online at: https://www.jstor.org/stable/46157332
seq=1 (accessed February 8, 2015).

IBM Corp. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp (2013). Available online at: http://www-01.ibm.com/support/docview.
wss?uid=swg21476197 (accessed April 22, 2015).

Keding GB, Msuya JM, Maass BL, Krawinkel MB. Relating dietary
diversity and food variety scores to vegetable production and socio-
economic status of women in rural Tanzania. Food Secur. (2012) 4:129-
40. doi: 10.1007/s12571-011-0163-y

Smith L C, Alderman H, Aduoyem D. Food insecurity in Sub-Saharan
Africa: new estimates from household expenditure surveys. Washington, DC:
International Food Policy Research Institute (2006).

Yang RY, Keding GB. Nutritional contributions of important african
indigenous vegetables. In: African Indigenous Vegetables in Urban Agriculture.
London: Earthscan (2009). p. 105-201. Available online at: http://www.
actuaracd.org/uploads/5/6/8/7/5687387/african_ind&ots=YuXQB5EGf9&
sig=_LXrPo7X0HTZeDeKYOPasAqy9us&redir_esc=y#v=onepage&q&f=
false (accessed September 16, 2015).

Available online at:

Ellis F Manda E. Seasonal food crises and policy responses:
a narrative account of three food security crises in Malawi.
World ~ Dev.  (2012)  40:1407-17.  doi:  10.1016/j.worlddev.2012.
03.005

Chakona G, Shackleton CM. Household food insecurity along
an agro-ecological gradient influences children’s nutritional status
in South Africa. Front Nutr. (2018) 4:72. doi: 10.3389/fnut.2017.

00072

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Sarfo J, Keding GB, Boedecker ], Pawelzik E, Termote C. The impact of local
agrobiodiversity and food interventions on cost, nutritional adequacy, and
affordability of women and children’s diet in Northern Kenya: a modeling
exercise. Front Nutr. (2020) 7:129. doi: 10.3389/fnut.2020.00129

Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D, Muir JE
et al. Food security: the challenge of feeding 9 billion people. Science. (2010)
327:812-8. doi: 10.1126/science.1185383

Kamau-Mbuthia E, Elmadfa I. Diet quality of pregnant women attending
an antenatal clinic in Nakuru, Kenya. Ann Nutr Metab. (2007) 51:324-
30. doi: 10.1159/000107674

Othoo D A, Waudo ], Kuria E. Dietary assessment of vitamin A and iron
among pregnant women at Ndhiwa Sub District Hospital - Kenya. Afr ] Food
Agric Nutr Dev. (2014) 14:2114-28.

Oldewage-Theron W, Kruger R. Dietary diversity and adequacy of women
caregivers in a peri-urban informal settlement in South Africa. Nutr Burbank
Los Angel Cty Calif. (2011) 27:420-7. doi: 10.1016/j.nut.2010.05.013

Becquey E,  Martin-Prevel Y. adequacy  of
women’s diet in wurban Burkina Faso is low. J Nutr. (2010)
140:2079S—85S. doi: 10.3945/jn.110.123356

Arsenault JE, Yakes EA, Islam MM, Hossain MB, Ahmed T, Hotz C, et al. Very
low adequacy of micronutrient intakes by young children and women in rural
Bangladesh is primarily explained by low food intake and limited diversity. J
Nutr. (2013) 143:197-203. doi: 10.3945/jn.112.169524

ACC/SCN. What Works? A Review of the Efficacy Effectiveness of Nutrition
Interventions. In: Allen LH, Gillespie SR, editors. Manila: United Nations
AACC/SCN in collaboration with the Asian Development Bank (2001).
Available online at: https://www.think-asia.org/bitstream/handle/11540/275/
what-works-nutrition-interventions.pdf?sequence=1 (accessed July 2, 2020).
Guldan G, Zeitlin M, Beiser A, Super C, Gershoff S, Datta S. Maternal
education and child feeding practices in rural Bangladesh. Soc Sci Med. (1993)
925-35. doi: 10.1016/0277-9536(93)90084-H

Frison EA, Smith IE Johns T, Cherfas ], Eyzaguirre PB. Agricultural
biodiversity, nutrition, and health: making a difference to hunger and
nutrition in the developing world. Food Nutr Bull. (2006) 27:167-
79. doi: 10.1177/156482650602700208

Nguyen PH, Avula R, Ruel MT, Saha KK, Ali D, Tran LM, et al. Maternal and
child dietary diversity are associated in Bangladesh, Vietnam, and Ethiopia. J
Nutr. (2013) 143:1176-83. doi: 10.3945/jn.112.172247

Chua EY, Zalilah MS, Chin YS, Norhasmah S. Dietary diversity is associated
with nutritional status of orang asli children in krau wildlife reserve, Pahang.
Malays ] Nutr. (2012) 18:1-13.

Victor R, Baines S K, Agho K E, Dibley M ]. Factors associated
with inappropriate complementary feeding practices among children
aged 6-23 months in Tanzania. Matern Child Nutr. (2014) 10:545-
61. doi: 10.1111/.1740-8709.2012.00435.x

Macharia CW, Kogi-Makau W, Muroki NM. Dietary intake, feeding and care
practices of children in Kathonzweni division, Makueni District, Kenya. East
Afr Med ]. (2004) 81:402-7. doi: 10.4314/eam;.v81i8.9201

Bwibo N O, Neumann C G. The need for animal source foods by Kenyan
children. J Nutr. (2003) 133:3936S—40S. doi: 10.1093/jn/133.11.3936S

Fisk CM, Crozier SR, Inskip HM, Godfrey KM, Cooper C, Robinson SM,
Southampton Women’s Survey Study Group. Influences on the quality of
young children’s diets: the importance of maternal food choices. Br J Nutr.
(2011) 105:287-96. doi: 10.1017/S0007114510003302

Kimani-Murage EW, Muthuri SK, Oti SO, Mutua MK, van de Vijver
S, Kyobutungi C. Evidence of a double burden of malnutrition
in urban poor settings in Nairobi, Kenya. PLoS ONE. (2015)
10:e0129943. doi: 10.1371/journal.pone.0129943

Amugsi DA, Mittelmark MB, Oduro A. Association between maternal and
child dietary diversity: an analysis of the ghana demographic and health
survey. PLOS ONE. (2015) 10:e0136748. doi: 10.1371/journal.pone.0136748
Jones AD, Cruz Agudo Y, Galway L, Bentley J, Pinstrup-Andersen P. Heavy
agricultural workloads and low crop diversity are strong barriers to improving
child feeding practices in the Bolivian Andes. Soc Scienec Med. (2012)
75:1673-1684. doi: 10.1016/j.socscimed.2012.06.025

Nyangweso PM, Odhiambo MO, Odunga P. Household food security in
Vihiga district, Kenya: key determinants using an almost ideal demand
system (AIDS). In: Agrarian vs. Rural: Economies and Settlements. Kenya:

Micronutrient

Frontiers in Nutrition | www.frontiersin.org

March 2021 | Volume 8 | Article 636872


http://www.fao.org/3/a-i5486e.pdf
http://www.fao.org/3/a-i5486e.pdf
http://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf?ua=1
http://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf?ua=1
http://www.who.int/nutrition/publications/infantfeeding/9789241599290/en/
http://www.who.int/nutrition/publications/infantfeeding/9789241599290/en/
http://www.nutrisurvey.de
http://www.nap.edu/openbook.php?record_id=9956&page=R15
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+$20001
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+$20001
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+$20001
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+$20001
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+$20001
http://www.nap.edu/search/?term=Dietary+Reference+Intakes+For+Energy%2C+Carbohydrate%2C+Fiber%2C+Fat%2C+Fatty+Acids%2CCholesterol%2C+Protein%2Cand+Amino+Acids%2C+Institute+of+Medicine+of+the+National+Academies%2C+2002+and+2005%2C+THE+NATIONAL+ACADEMIES+PRESS+500+Fifth+Street%2C+N.W.+Washington%2C+DC+$20001
http://www.nap.edu/download.php?record_id=13050
http://whqlibdoc.who.int/hq/1998/WHO_NUT_98.1.pdf?ua=1
http://whqlibdoc.who.int/hq/1998/WHO_NUT_98.1.pdf?ua=1
http://www.fantaproject.org/publications/hhs_2011.shml-16k
https://www.jstor.org/stable/4615733?seq=1
https://www.jstor.org/stable/4615733?seq=1
http://www-01.ibm.com/support/docview.wss?uid=swg21476197
http://www-01.ibm.com/support/docview.wss?uid=swg21476197
https://doi.org/10.1007/s12571-011-0163-y
http://www.actuaracd.org/uploads/5/6/8/7/5687387/african_ind&ots=YuXQB5EGf9&sig=_LXrPo7X0HTZeDeKYOPasAqy9us&redir_esc=y#v=onepage&q&f=false
http://www.actuaracd.org/uploads/5/6/8/7/5687387/african_ind&ots=YuXQB5EGf9&sig=_LXrPo7X0HTZeDeKYOPasAqy9us&redir_esc=y#v=onepage&q&f=false
http://www.actuaracd.org/uploads/5/6/8/7/5687387/african_ind&ots=YuXQB5EGf9&sig=_LXrPo7X0HTZeDeKYOPasAqy9us&redir_esc=y#v=onepage&q&f=false
http://www.actuaracd.org/uploads/5/6/8/7/5687387/african_ind&ots=YuXQB5EGf9&sig=_LXrPo7X0HTZeDeKYOPasAqy9us&redir_esc=y#v=onepage&q&f=false
https://doi.org/10.1016/j.worlddev.2012.03.005
https://doi.org/10.3389/fnut.2017.00072
https://doi.org/10.3389/fnut.2020.00129
https://doi.org/10.1126/science.1185383
https://doi.org/10.1159/000107674
https://doi.org/10.1016/j.nut.2010.05.013
https://doi.org/10.3945/jn.110.123356
https://doi.org/10.3945/jn.112.169524
https://www.think-asia.org/bitstream/handle/11540/275/what-works-nutrition-interventions.pdf?sequence=1
https://www.think-asia.org/bitstream/handle/11540/275/what-works-nutrition-interventions.pdf?sequence=1
https://doi.org/10.1016/0277-9536(93)90084-H
https://doi.org/10.1177/156482650602700208
https://doi.org/10.3945/jn.112.172247
https://doi.org/10.1111/j.1740-8709.2012.00435.x
https://doi.org/10.4314/eamj.v81i8.9201
https://doi.org/10.1093/jn/133.11.3936S
https://doi.org/10.1017/S0007114510003302
https://doi.org/10.1371/journal.pone.0129943
https://doi.org/10.1371/journal.pone.0136748
https://doi.org/10.1016/j.socscimed.2012.06.025
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Waswa et al.

Seasonal Variations and Dietary Diversity

86.

87.

88.

89.

International Farm Management Association (IFAM). p. 202-10. Available
online at:  https://ifmaonline.org/contents/household-food-security-in-
vihiga-district-kenya-key- determinants- using-an-almost-ideal- demand-
system-aids-pr/

Byaruhanga YB, Opedum PM. Impact of culture on food security in Uganda.
Academic assay on how a paternal society and traditions impact on food
security in Uganda. Glob Knowl. (2008) Available online at: http://siu.no/
eng/Front- Page/Global-knowledge/Issues/No-1-2008 (accessed November 1,
2014).

Oniang’'o RK, Mutuku JM, Malaba SJ. Contemporary African food habits and
their nutritional and health implications. Asia Pac ] Clin Nutr. (2003) 12:
331-6.

Hadley C, Mulder MB, Fitzherbert E. Seasonal food insecurity and perceived
social support in rural Tanzania. Public Health Nutr. (2007) 10:544-
51. doi: 10.1017/S1368980007246725

Lachat C, Nago E, Roberfroid D, Holdsworth M, Smit K, Kinabo
J, et al. Developing a sustainable nutrition research agenda in sub-
Saharan Africa-findings from the SUNRAY Project. PLoS Med. (2014)
11:e1001593. doi: 10.1371/journal.pmed.1001593

91.

92.

93.

Saha KK, Frongillo EA, Alam DS, Arifeen SE, Persson LA, Rasmussen KM.
Household food security is associated with infant feeding practices in rural
Bangladesh. J Nutr. (2008) 138:1383-90. doi: 10.1093/jn/138.7.1383

Dodd KW, Guenther PM, Freedman LS, Subar AF, Kipnis V, Midthune
D, et al. Statistical methods for estimating usual intake of nutrients
and foods: a review of the theory. ] Am Diet Assoc. (2006) 106:1640-
50. doi: 10.1016/j.jada.2006.07.011

Baranowski T. 24-Hour recall and diet record methods. In: Willet W. editor.
Nutritional Epidemiology. New York, NY: Oxford University Press (2013) p.
49-69. doi: 10.1093/acprof:0s0/9780199754038.003.0004

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Waswa, Jordan, Krawinkel and Keding. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original

90. Nwaru B, Onyeka I, Ndiokwelu C, Esangbedo D, Ngwu EK, Okolo SN. publication in this journal is cited, in accordance with accepted academic practice.
Maternal and child dietary patterns and their determinants in Nigeria. Matern No use, distribution or reproduction is permitted which does not comply with these
Child Nutr. (2015) 11:283-96. doi: 10.1111/mcn.12011 terms.

Frontiers in Nutrition | www.frontiersin.org 20 March 2021 | Volume 8 | Article 636872


https://ifmaonline.org/contents/household-food-security-in-vihiga-district-kenya-key-determinants-using-an-almost-ideal-demand-system-aids-pr/
https://ifmaonline.org/contents/household-food-security-in-vihiga-district-kenya-key-determinants-using-an-almost-ideal-demand-system-aids-pr/
https://ifmaonline.org/contents/household-food-security-in-vihiga-district-kenya-key-determinants-using-an-almost-ideal-demand-system-aids-pr/
http://siu.no/eng/Front-Page/Global-knowledge/Issues/No-1-2008
http://siu.no/eng/Front-Page/Global-knowledge/Issues/No-1-2008
https://doi.org/10.1017/S1368980007246725
https://doi.org/10.1371/journal.pmed.1001593
https://doi.org/10.1111/mcn.12011
https://doi.org/10.1093/jn/138.7.1383
https://doi.org/10.1016/j.jada.2006.07.011
https://doi.org/10.1093/acprof:oso/9780199754038.003.0004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Seasonal Variations in Dietary Diversity and Nutrient Intakes of Women and Their Children (6–23 Months) in Western Kenya
	Introduction
	Materials and Methods
	Study Area and Population
	Study Design and Sample
	Data Collection
	Socio-Economic Status
	Food Consumption
	Household Food Insecurity Assessment

	Data Management and Statistical Analyses

	Results
	Seasonal Variations in Dietary Diversity of Women and Children
	Seasonal Variations in Food and Nutrient Intakes Among Women and Children
	Seasonal Effects on Dietary Diversity of Women and Children
	Factors Associated With Dietary Diversity and Nutrient Intake
	Association Between WDDS and CDDS

	Discussion
	Strengths and Limitations of the Study
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


