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Abstract

Background: Empirical evidence on the link between agrobiodiversity and dietary diversity appears to be 
inconclusive. Thus, there arises a need to determine other factors that could significantly influence dietary 
diversity in different agro-ecological zones, as factors may vary from region to region.
Objective: The objective of this study was to document the status of agrobiodiversity and dietary diversity 
and to assess the determinants of dietary diversity among women of reproductive age in two different agro-
ecological zones of Rongai Sub-County in Kenya.
Design: A cross-sectional study of 384 women aged 18–49 years was conducted. Agrobiodiversity was mea-
sured using the Shannon-Wiener index, species richness (count) and production diversity score. A 24-hour 
dietary recall was used to determine minimum dietary diversity for women (MDD-W) of reproductive age.
Results: Although the level of agrobiodiversity was different between the low and high agro-ecological 
zones (using Shannon-Wiener index); the women’s dietary diversity was not different (p > 0.05) between low 
(3.78 ± 0.99) and high potential areas (3.84 ± 1.05). In multivariate logistic regression, there was no association 
(p > 0.05) between agrobiodiversity indicators and dietary diversity across the two agricultural zones. Factors 
influencing MDD-W in two agricultural zones were different. In low potential areas, woman’s education level 
positively determined dietary diversity, while in high potential areas household gender, woman’s education 
level, woman’s age and family size influenced MDD-W.
Conclusion: The proportion of women who met minimum dietary diversity was low. Although agrobiodi-
versity was different in the two agro-ecological zones, women’s dietary diversity scores were similar. In low 
agricultural potential areas, only education level influenced women’s dietary diversity while household gender, 
education level, age and family size were the important determinants in high agricultural potential areas. 
Therefore, it is recommended that nutrition interventions focusing on lessening malnutrition and improving 
dietary quality should pay special attention to differences in agro-ecological zones to develop region-specific 
interventions instead of generalizing interventions.
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Popular scientific summary
•  �This study demonstrated that the diets of women were of poor quality despite the differences in 

agro-ecological zones and availability of food from the farm.
•  �Education level influenced women’s dietary diversity positively in low agricultural potential areas 

while household gender, education level, age and family size were important determinants in high 
potential areas.

•  �Nutrition interventions focusing on improving dietary quality of women should therefore pay 
special attention to developing region-specific interventions instead of generalizing interventions.
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Agrobiodiversity exists at numerous levels, from 
the various ecosystems in which people raise 
crops and livestock through different varieties 

and breeds of  the species, to the genetic variability within 
each variety or breed (1). There is growing realization 
worldwide on the fundamental role of  agrobiodiversity 
towards attaining food, nutrition security and sustainable 
agriculture (2–4). However, there is limited quantitative 
data available on the status of  agrobiodiversity globally, 
though indications are that the loss of  agrobiodiversity is 
occurring throughout the world at unprecedented rates 
(3). According to the FAO (3), it is estimated that about 
three-quarters of  diversity found in agricultural crops has 
been lost over the last century, and this erosion continues. 
For instance, 90% of our food energy and protein comes 
from only 15 plant and 8 animal species, with alarming 
consequences for nutrition and food security (3).

The erosion of agrobiodiversity has coincided with re-
duction in dietary diversity (1, 4–5). Dietary diversity is 
the number of individual food items or food groups con-
sumed over a given period of time (6). Dietary diversity is 
an essential element of diet quality; consuming a variety 
of foods across and within food groups is associated with 
adequate intake of essential nutrients and promotes good 
health (7, 8). However, limited accessibility to variety 
of foods to constitute diversified diets is a predominant 
problem among women of reproductive age in developing 
countries (9). Their diets consist mainly of starchy staples 
with few or no animal products, fresh fruits and vegeta-
bles (6, 10–11). Consumption of poor quality diets and 
general lack of access to wide food diversity has been ac-
knowledged as among the major predisposing factors for 
maternal malnutrition (8, 12–13).

Globally, malnutrition is prevalent among women of 
reproductive age, where approximately 15% are under-
weight and 35% are overweight (14). In Kenya, analysis 
of body mass index shows that 9% of women aged 15–49 
years are underweight while the proportion of overweight 
and obese women increased from 25% in 2008–2009 to 
33% in 2015 (15). In addition, estimates from the Kenya 
Ministry of Public Health (16) show that micronutrient 
malnutrition is also predominant among women of repro-
ductive age, where 48, 52 and 40% suffer from iron, zinc 
and vitamin A deficiency, respectively. Macro- and micro-
nutrient deficiencies impose a large health burden in terms 
of lost productivity, increased susceptibility to diseases, 
impaired growth and development (17). Intake of high 
diverse diets has been associated with lower rates of mal-
nutrition (18); hence increasing dietary diversity among 
women will be an important approach to improve their 
nutritional and health parameters. Moreover, women 
have increased nutrient needs during pregnancy and lac-
tation, and when these requirements are not met women 
may suffer from malnutrition, which could negatively 

influence the developing foetus and the breastfeeding in-
fant (19–21).

Agrobiodiversity is widely being perceived as a prom-
ising strategy to improve dietary quality and diversity (5, 
22–24). Therefore, it is important to understand the rela-
tionship between agrobiodiversity and dietary diversity, as 
this could help in tackling the complex problem of malnu-
trition among women of reproductive age. However, it is 
not unanimously evident that high levels of agrobiodiver-
sity will lead to better dietary diversity, with some studies 
supporting (5, 22–28) and others refuting (23, 29–30) the 
relationship. Thus, there arises a need to determine other 
factors that could significantly influence dietary diversity 
in different agro-ecological zones, as factors may vary 
from region to region. This identification of region-spe-
cific factors may help in developing nutrition-sensitive 
interventions that are particular to area characteristics in-
stead of generalized interventions. Thus, the objective of 
this study was to document the status of agrobiodiversity 
and dietary diversity and to assess the determinants of di-
etary diversity among women of reproductive age in two 
different agro-ecological zones of Rongai Sub-County, 
Nakuru County, Kenya.

Materials and methods

Study area
The study was undertaken in Rongai Sub-County, Nakuru 
County (Kenya). The sub-county is divided into four divi-
sions, namely: Ngata, Menengai, Kampi ya Moto and Solai. 
The subcounty lies in two different agro-ecological zones: 
the Upper Midland II zone (low potential) and Lower High-
land II zone (high potential) (31). The two agro-ecological 
zones differ in amount of rainfall received. The low poten-
tial areas receive an average rainfall of between 760 and 900 
mm and high potential areas receive an average rainfall of 
between 900 and 1,270 mm (32). Moreover, the soil types  
vary in the two agro-ecological zones. In low potential 
areas the soils are alluvial and lacustrine deposit. These are 
shallow soils developed from sediments of volcanic ashes 
and have low to moderate fertility. In high potential areas 
the soils are mainly latosolic and planosolic soils; these are 
highly developed, textured top soils, well drained and with 
high fertility. The common agricultural activity in low po-
tential is livestock keeping, and the major crops grown are 
maize, sorghum, millet and cassava; while in high potential 
areas the common agricultural activities are crop and dairy 
farming with the major crops being wheat, maize, beans, 
sunflowers, vegetables, peas and potatoes (32).

Survey design, population and sampling
A cross-sectional survey was conducted from March to 
April 2016, to assess the socio-demographic characteris-
tics, agrobiodiversity and dietary diversity of 384 women 
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of reproductive age in Rongai Sub-County. This study 
was part of a larger project determining the relationship 
between agrobiodiversity and the dietary diversity of 
women and young children (12–23 months) in Rongai 
Sub-County in Kenya. This study focused specifically 
on the relationship between agrobiodiversity and dietary 
diversity and factors influencing the dietary diversity of 
women of reproductive age in Rongai Sub-County.a

The sampling frame were all women of reproductive 
age from 18 to 49 years in the Kampi ya Moto and Me-
nengai divisions of Rongai Sub-County, who were small-
holder farmers and had lived in Rongai Sub-County for 
at least 1 year prior to the study. The sampling frame 
was obtained from the Ministry of Agriculture, Nakuru 
County population records.

The study sample size was determined using Fischer’s 

formula (33), n
z pq
e

2

2=  ÷ where (Z), the normal devia-

tion, was 1.96 set at 95% confidence interval, and P was 
39%, the estimated prevalence of malnourished women in 
the study area (15). An attrition rate of 10% was factored 
into the sample size determination, and the sample size 
was adjusted to 400. The number of participants was then 
selected from each agro-ecological zones using the proba-
bility proportional to size method; in low potential areas, 
41% (n = 166), and in high potential areas, 59% (n = 234). 
Some variables such as crop species cultivated and live-
stock reared by households were missing from 16 respon-
dents; hence the data was not included in the analysis.

Two multistage cluster sampling procedures were 
adopted to obtain an appropriate sample for the study. 
In the first sampling stage the two divisions were purpo-
sively selected to capture two agro-ecological zones: a low 
potential area (Kampi ya Moto Division) and a high po-
tential area (Menengai Division). Four sublocations were 
then selected randomly from each division. All small-
holder farming households with women of reproductive 
age from each sublocation were listed, and probability 
random sampling proportion to size was used to select 
the study participants. Random sampling was carried out 
in households that had more than one woman of repro-
ductive age, in order to select one woman to participate 
in the study. Before any data was collected, informed 
written consent was obtained from each participant. This 
was done after the researcher explained the purpose, risk 
and expected outcomes of the study to the respondents. 
Ethical approval to conduct the research was granted by 
the National Council of Science and Technology, Kenya.

Data collection

Study variables
The dependent variable for this study was minimum di-
etary diversity for women (MDD-W) of reproductive age 

(34) and the agrobiodiversity indicators (Shannon-Wiener 
index, species richness [count] and production diversity 
score) were the independent variables. Other independent 
variables in the model were household gender, household 
income, woman’s education level, woman’s age, household 
size, household wealth index and farm size.

Socio-demographic characteristics
A structured household questionnaire was used to gather 
information on socio-demographic and household char-
acteristics such as valuable assets including electricity, 
mobile phone, television, type of roofing material, type 
of fuel and type of toilet facilities. This information was 
used to generate a household wealth index following 
the principal component analysis technique (15). The 
household wealth index was used as a proxy for house-
hold’s socio-economic status. A brief  description of the 
main independent and dependent variable is given in the 
following.

Measurements of agrobiodiversity
The structured household questionnaire was also used 
to gather information on food crops and animal species 
diversity on household farms. All on-farm species pres-
ent were classified into five categories: 1) cereals, tubers 
and roots; 2) legumes and nuts; 3) fruits; 4) vegetables; 
and 5) domesticated animals. Agrobiodiversity was mea-
sured using the Shannon-Wiener index for crop species 
and a species richness (count) combined for crops and an-
imals (30–35). The Shannon-Wiener index is a diversity 
index used to reflect species richness (count) and evenness 
(abundance) (35, 36). A definitive cut-off  point does not 
bind the Shannon-Weiner index score; thus an increase 
in the score reflects greater diversity in a household farm 
(35, 36).

To incorporate both plants and livestock in a single 
farm diversity measure, a combined crop and livestock 
count was computed (22, 30, 37) by summing up the num-
bers of different food plant species and livestock that were 
cultivated or reared by each household. The single farm 
diversity measure was termed ‘species richness’ or ‘count’. 
The species richness or count indicator does not discrimi-
nate crops based on how much land they occupy; rather it 
considers trait differences as the most important element 
for diversity. A definitive cut-off  point does not bind the 
count; the higher the score, the more diverse household 
farm is (36). However, a species count does not neces-
sarily reflect diversity from a dietary point of view (38). 
Hence, to better account for the dietary perspective, a 
production diversity score was generated. The production 
diversity score is defined as the number of food groups 
produced on a farm (38, 39). To construct the production 
diversity score, the scoring used to generate the women’s 
dietary diversity score was adapted by considering the 10 
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recommended food groups (34). If  a farm had sorghum, 
maize and millet (all cereals), this was counted as ‘1’, and 
those farms that didn’t cultivate any cereals were assigned 
‘0’. The same was done for the other food groups, and the 
scores from all food groups were summed up to obtain the 
production diversity score (38, 39).

Measurement of dietary diversity
A semi-quantitative 24-h recall questionnaire was used to 
gather information on all foods and beverages consumed by 
each participant in the previous 24 h (40). This information 
was then used to generate the MDD-W of reproductive age 
scores by aggregating the foods consumed into 10 recom-
mended food groups (34). The 10 food groups include: 1) 
starchy staples; 2) pulses – beans, peas and lentils; 3) nuts 
and seeds; 4) dairy products; 5) meat, poultry and fish; 6) 
eggs; 7) dark green leafy vegetables; 8) vitamin A rich fruits 
and vegetables; 9) other vegetables; and 10) other fruits.

Data analysis
Data was coded and analysis performed using IBM SPSS 
complex sample version 20 (module). Data analysis took 
into account the complex design of multistage cluster 
sampling. This was done to make statistically valid pop-
ulation inferences and to compute standard errors from 
the sample data. Weighted analysis was performed by ap-
plying sample weight to each cluster to account for the 
difference in population size. Means and percentages were 
used to describe the data. A chi-square (χ2) test was used 
to compare categorical variables such as household gen-
der, woman’s marital status, education level and dietary 
diversity in the two agro-ecological zones.

Independent samples t-tests were used to compare two 
means such as age, household size, Shannon-Wiener index, 
species richness (count) and the production diversity score 
from the two agro-ecological zones. Two independent bi-
variate and multivariate analyses were carried out to iden-
tify different determinants of dietary diversity across the 
two ecological zones. The independent variables with a p-
value less than 0.2 with the dependent variable were fitted 
into a multivariate logistic regression model to identify their 
independent effect on dietary diversity. The dependent vari-
able was MDD-W, with two categories: low and high di-
etary diversity. The categories were based on the minimum 
threshold of dietary diversity among women of reproduc-
tive age, which is consumption of 5 or more out of the 10 
recommended food groups. Women who consumed five or 
more food groups were categorized as having high dietary 
diversity, while those consuming less than five food groups 
were categorized as having low dietary diversity (41). In-
dependent variables included in the multivariate analysis 
were household head’s gender, household level of income, 
household wealth index, household size, woman’s educa-
tion level and age, cultivated farm size and agrobiodiversity 

indicators. Multicollinearity was investigated using the 
variance inflation factor (VIF). The VIF factor ranged 
from 2.480 to 4.335, which were below the suggested cut-
offs (>5), above which collinearity is considered a problem 
(42). The direction and strength of association between the 
dependent and independent variables were assessed using 
the regression coefficient and adjusted odds ratio (AOR) 
with 95% confidence interval. The p-values <0.05 were con-
sidered statistically significant.

Ethical considerations
Ethical clearance was obtained from Egerton Research Eth-
ics Committee. A research permit was obtained from the Na-
tional Council of Science and Technology, Kenya. Permission 
was also obtained from relevant authorities at subcounty, lo-
cation and sublocation level. The researcher clarified the pur-
pose of the study to the respondents and the questionnaires 
were administered upon obtaining informed consent.

Results

Socio-demographic and economic characteristics of the study 
population
From the 384 households of the study, the majority were 
male headed, with 82% in low potential areas and 81% in 
high potential areas. Most of the women were married 
(73 and 80%) in low and high potential areas, respectively 
(Table 1). Forty per cent of the women had attained pri-
mary-level education across the two agro-ecological zones. 
There was a significant (p < 0.05) difference in wealth dis-
tribution in the two agro-ecological zones. Low potential 
areas had a higher proportion of households in the poorest 
category (70%) compared to high potential zones (56%). 
Few households were in the rich category; with a higher 
proportion from high potential areas (5%) compared to 
low potential areas (1%). On average, the total number 
of household members in the low potential areas (5.78 ± 
2.54) was significantly (p < 0.05) higher than in high poten-
tial areas (4.98 ± 2.35). In general, each household had ap-
proximately five members (5.78 ± 2.54) in low and (4.98 ± 
2.35) in high potential areas and an average of about three 
children across the two agro-ecological zones (Table 1).

Agrobiodiversity status in the two agro-ecological zones
The Shannon index for all species (edible and non-edible 
crops) was significantly (p < 0.05) lower among house-
holds in low potential areas (0.96 ± 0.48) compared to 
those in high potential areas (1.10 ± 0.43). The mean di-
versity of edible species (crops) was higher in high poten-
tial areas (1.08 ± 0.41) as compared to low potential areas 
(0.93 ± 0.40) (p < 0.05).

Furthermore, the measurement of  agrobiodiversity 
using the species count (richness) indicator showed 
higher (p < 0.05) diversity of  cereals, tubers and roots 
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Table 1.  Socio-demographic and socio-economic characteristics of women of reproductive age in low and high agricultural potential areas of 
Rongai Sub-County

Characteristic

Agro-ecological zones P

Low potential area  
(n = 159)

High potential area  
(n = 225)

% n % n

HH head sex

  Male 82 131 81 183

  Female 18 28 19 42 0.792

Women’s characteristics
Marital statusa

  Married 72 115 80 181

  Single 25 40 17 39 0.166

  Widowed 1 2 3 6

  Separated 1 2 0.4 1

Religiona

  Muslim 10 16 3 7

  Christian 90 143 97 218 0.005*

Ethnicitya

  Kalenjin 74 117 56 125

  Kikuyu 12 19 26 58 0.001**

  Otherb 15 23 19 42

Educationa

  None 10 16 12 26.

  Primary 40 64 44 100 0.400

  Secondary 37 59 29 65

  Tertiary 13 20 15 34

Wealth index categories

  Poorest 70 108 56 125

  Poor 28 43 36 36 0.018*

  Middle 2 3 3 38

  Rich 1 1 5 11

Means±SD Means±SD P

Age in yearsc 28.44 ± 8.51 29.55 ± 9.59 P = 0.244

HH sizec 5.78 ± 2.54 4.98 ±2.35 P = 0.002*

Average number of childrenc 2.81 ± 2.02 2.79 ± 1.93 P = 0.904

HH, household, acharacteristic of the women of reproductive age; bother ethnic groups include Kisii, Turkana, Luhya, Meru and Mijikenda; *p < 0.05, 
**p < 0.01 significant by χ2 test; cdata are mean ± standard deviations; *p < 0.05 significant using independent samples t-test.

in high potential areas (1.75 ± 0.83) compared to low 
potential areas (1.49 ± 0.86), while diversity of  legumes, 
nuts and domesticated animals was higher in low poten-
tial areas (Table 2). There was no difference (p < 0.05) 
in the diversity of  fruits, vegetables and species richness. 
However, total crop count was higher (p < 0.05) in high 
potential areas (4.53 ± 2.22) than low potential areas 
(3.95 ± 2.53).

Frequency of food groups produced by farm households
The proportion of farms producing the 10 food groups 
recommended by the FAO (34) in the dietary diversity 

score (DDS) in Rongai is shown in Table 3. A high per-
centage of farm households produced starchy staples 
with high potential areas producing more starchy staples 
93% compared to low potential areas 84%. Pulses were 
cultivated by more than 80% of households in both low 
and high potential areas while vitamin A rich foods, other 
fruits, nuts and seeds were least produced across the two 
agro-ecological zones. More households (31%) in high 
potential areas grew other vegetables compared to low 
potential areas 13%. More than half  of households pro-
duced dairy products with more farm households in low 
potential areas (62%) than in high potential areas (53%). 
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The average production diversity score (number of DDS 
food group produced per farm) was approximately 5 food 
groups per farm households, with high potential areas 
producing more food groups (5.25 ± 1.99) compared to 
low potential areas (4.94 ± 2.26).

Dietary diversity of women in the two agro-ecological zones
Overall, the DDS of women was 3.78 ± 0.99, with no dif-
ference (p > 0.05) between women residing in low (3.78 ± 
0.99) and high potential areas (3.84 ± 1.05). In addition, 
over 75% of the women consumed foods from fewer than 
five food groups, thus not meeting the MDD threshold 
(consumption of five or more food groups). However, a 
higher proportion of women from high potential areas 
met minimum dietary diversity (22% – consumed five or 
more food groups) compared to 16% from the low poten-
tial areas as shown in Table 4.

Proportion of food groups consumed by women in the two 
agro-ecological zones
The frequency of food groups consumed by women is 
shown in Table 4. A higher percentage of women con-
sumed starchy staples, with 99% and 100% in low and 
high potential areas, respectively. Nuts and seeds, meat, 
poultry, fish and eggs were the least consumed across the 
two agro-ecological zones. Vegetables formed an integral 
part of the main meals, with 84% and 83% of women con-
suming dark-green leafy vegetables in low and high poten-
tial areas, respectively. Other vegetables were consumed 
by more than 90% across the two agro-ecological zones. 
Vitamin A–rich fruits and vegetables were consumed by 
less than 20%, which was low in the two agro-ecological 
zones. More women from high potential areas (28%) con-
sumed dairy products compared to those from low poten-
tial areas (15%).

Table 3.  Proportion of households producing foods from the different food groups in low and high agricultural potential areas of Rongai 
Sub-County

Food groups produced Agro-ecological zones p

Low potential (n = 159) High potential (n = 225)

% n % n

Starchy staples 84 132 93 210 0.004*

Pulses 83 130 85 192 0.504

Nuts and seeds 1 1 0 0 -b

Vitamin A–rich fruits and vegetables 29 45 25 56 0.411

Dark green leafy vegetables 50 78 60 134 0.056

Other vegetables 13 20 31 69 0.001*

Other fruits 21 33 24 54 0.494

Dairy products 62 96 53 120 0.130

Eggs 68 106 68 154 0.848

Meat, poultry and fish 85 134 86 193 0.907

Production diversity scorea 4.94 ± 2.258 5.25 ± 1.986 0.125

*p < 0.05 significant by χ2 test,adata are mean ± standard deviations; *p < 0.05 significant using independent samples t-test, bthe value could not be 
estimated because of the small samples.

Table 2.  Species richness status in low and high agricultural potential areas of Rongai Sub-County

Categories Agro-ecological zones p

Low potential (n = 159) High potential (n = 225)

Cereals, tubers and roots 1.49 ± 0.86 1.75 ± 0.83 0.005*

Legumes and nuts 1.05 ± 0.26 1.00 ± 0.00 0.019*

Fruits 2.18 ± 1.11 1.76 ± 1.14 0.075

Vegetables 2.24 ± 1.13 2.28 ± 1.25 0.799

Domesticated animals 2.29 ± 1.01 1.93 ± 0.91 0.001**

Total crop count 3.95 ± 2.53 4.53 ± 2.22 0.018*

Species count (richness) 5.77 ± 6.21 6.17 ± 2.78 0.220

HH, household; *p < 0.05, **p < 0.01 significant using independent samples t-test, total crop counta, an aggregate of all crops (cereals, legumes and nuts, 
fruits and vegetables).
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Table 4.  Proportion of women of reproductive age consuming items from 10 foods groups over the previous 24 h in low and high agricultural 
potential areas of Rongai Sub-County

Agro-ecological zones

Low potential (n = 159) High potential (n = 225) p

Food groupsa % n % n

  Starchy staples 99 158 100 225 0.234

  Pulses 46 73 40 90 0.248

  Nuts and seeds 1 1 0 0 -b

  Dairy products 15 24 28 62 0.004*

  Meat, poultry and fish 10 16 9 21 0.811

  Eggs 6 9 6 14 0.819

  Dark green leafy vegetables 84 133 83 186 0.801

Vitamin A–rich fruits and vegetables 13 20 15 34 0.482

  Other vegetables
  Other fruits

91 144 93 210 0.320

Dietary diversity categories 8 12 8 19 0.774

  Low dietary diversity 
  ≤5 food groups

84 133 78 175 0.155

  High dietary diversity 
  ≥5 food groups

16 26 22 50

*p < 0.05 significant by χ2 test, aresponses were dichotomized to ‘yes’ or ‘no’ – the data presented is for ‘yes’, bthe value could not be estimated because 
of the small sample.

Further, the proportion of women consuming foods 
from various foods groups differed between the two di-
etary diversity categories (those with low and high DDS 
scores). Starchy staples, dark green leafy vegetables and 
other vegetables were the most frequently consumed 
food groups by women in both categories (Fig. 1). More 
women with high DDS consumed pulses (65%), dairy 
products (65%) and vitamin A–rich foods (45%) com-
pared to women with low DDS (37, 12, and 7%, respec-
tively). Nuts and seeds (0%), eggs (3%), other fruits (3%) 
and meat/poultry/fish (6%) were the least consumed food 
groups by women with low DDS.

Determinants of dietary diversity of women in the two agro-
ecological zones
The factors that influence dietary diversity were found 
to be different in the two agro-ecological zones (Table 5). 
In low agricultural potential areas, only woman’s educa-
tion level positively (p < 0.05) influenced dietary diversity. 
Women with a high education level were 3.65 times more 
likely (AOR = 3.65, 95% confidence interval [CI] [1.21–
10.99]) to have high dietary diversity than those with low 
education. The household gender, woman’s education 
level, woman’s age and family size influenced dietary di-
versity in high potential areas. Women from male-headed 
households were 4.15 times more likely (AOR = 4.15 
[1.16–14.86], p < 0.05) to have high dietary diversity com-
pared to those from female-headed households. Women 

with a high education level were 5.32 times (AOR = 5.32, 
95% CI [2.27–12.46], p < 0.05) more likely to have high 
dietary diversity than those with low education. In addi-
tion, older women were most likely to have a diverse diet 
(AOR = 1.13, 95% CI [1.07–1.18], p < 0.01); however, 
larger household size negatively influenced dietary diver-
sity (AOR = 0.77; CI [0.62–0.95], p < 0.05]. There was 
no association (p > 0.05) between dietary diversity and 
household income, wealth index, Shannon index, species 
richness and production score across the two agricultural 
zones.

Discussion
This study demonstrated that the determinant of a qual-
ity diet in low agricultural potential areas was woman’s 
education level while in high agricultural potential areas, 
important determinants were household gender, woman’s 
education level, woman’s age and family size. The study 
also shows that the proportion of women who met mini-
mum dietary diversity was low and not different between 
low and high potential areas despite the differences in 
agrobiodiversity. A possible explanation for this finding 
may be a low level of knowledge or lack of it on the uti-
lization of local agrobiodiversity to improve diets. Lack 
of knowledge on the locally available nutrient-rich foods 
(agrobiodiversity), and how best to utilize them in the 
diet, has resulted in these foods being underutilized and 
neglected (43).
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Table 5.  Multivariable analysis of the determinants of dietary diversity score for women of reproductive age in low and high agricultural poten-
tial areas of Rongai Sub-County

Agro-ecological zones

Low potential zone (n =159) High potential zone (n = 225)

Factors UOR (95% CI)# AOR (95% CI)# UOR(95% CI)# AOR (95% CI)#

Household gender

  Female (reference) 1 1

  Male 3.30 (0.94–11.61) 2.85 (0.68–11.88) 1.59 (0.66–3.83) 4.15 (1.16–14.86)*

Household income

  Low income (reference) 1 1

  High income 2.066 (0.88–4.87) 1.35 (0.46–3.95) 2.15 (1.11–4.16)* 1.50 (0.58–3.89)

Woman’s education level

  Low (reference) 1 1

  High 4.18 (1.58–11.08) 3.65 (1.21–10.99)* 5.18 (2.57–10.49)* 5.32 (2.27–12.46)*

Woman’s age 1.02 (0.98–1.08) 1.05 (0.99–1.12) 1.09 (1.05–1.14)* 1.13 (1.07–1.18)*

Household size 0.94 (0.79–1.10)* 0.88 (0.71–1.09) 0.89 (0.77–1.04)* 0.77 (0.62–0.95)*

Household wealth index 1.79 (1.12–2.89) 1.32 (0.71–2.46) 1.38 (1.06–1.80) 0.86 (0.55–1.33)

Farm size (acres) 1.20 (0.91–1.58) 0.92 (0.58–1.45) 1.25 (1.01–1.55) 1.30 (0.97–1.75)

Shannon index for edible crops 1.17 (0.55–2.48) 0.37 (0.06–2.17) 1.85 (0.82–4.19) 1.14 (0.31–4.16)

Species richness (count) 1.02 (0.90–1.15) 0.95 (0.81–1.11) 1.16 (1.04–1.30) 0.93 (0.82–1.06)

Production diversity score 1.11 (0.90–1.37) 1.56 (0.87–2.80) 1.28 (1.04–1.56) 1.30 (0.89–1.89)

*p < 0.05, p < 0.01 significant using binary logistic regression; UOR, unadjusted odds ratios; CI, confidence interval, AOR, adjusted odds ratio; adjusted 
for household gender, household income, agro-ecological zones, woman’s education level, woman’s age, family size, household wealth index, cultivated 
farm size in acres, Shannon index for edible crops, total agrobiodiversity count and production diversity score.
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Fig. 1.  Proportion of women of reproductive age with low versus high dietary diversity score consuming each of the 10 food 
groups over 24 h. ‘High’ represents those consuming 5 out of 10 food groups (MDD-W) or more [10], whereas ‘low’ represents 
those consuming 4 food groups or less. *p < 0.05 significant by χ2 test. MDD-W, minimum dietary diversity for women.
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This study showed the existence of low dietary diversity 
among women of reproductive age in Rongai Sub-County 
indicating poor dietary quality. Women in resource-poor 
settings are at risk of inadequate dietary intakes (9, 44). 
Poor dietary diversity is well recognized as a critical factor 
for maternal undernutrition. Maternal undernutrition is 
a major predisposing factor for morbidity and mortality 
in women, notably caused by inadequate food intake and 
poor diet quality (15, 45). Importantly, women who are 
undernourished are at higher risk of having pregnancy 
complications and labour problems, and they recover 
more slowly from illnesses (15). Maternal undernutri-
tion also contributes to foetal growth restriction, which 
increases the risk of neonatal deaths, and survivors tend 
to be at a higher risk of stunting (46). Hence, this makes 
the need for nutrition-sensitive interventions to diversify 
women’s diets paramount. The key features that make 
these interventions of utmost importance is that they ad-
dress crucial underlying determinants of nutrition; they 
are often implemented on a large scale and can be effec-
tive at reaching poor populations that have high malnutri-
tion rates (47).

In low agricultural potential areas, only woman’s ed-
ucation level positively influenced dietary diversity while 
the household gender, woman’s education level, woman’s 
age and family size influenced dietary diversity in high 
potential areas. In the two zones, educated women were 
more likely to have high dietary diversity. Note that ed-
ucated women assign a significantly more substantial 
proportion of their household food budget to nutritious 
foods (48, 49). This is mainly because educated women 
tend to have greater awareness and understanding of 
nutritional health benefits (45); moreover, an educated 
woman is an empowered woman. Women’s education is 
recognized as a critical factor for women’s empowerment. 
This enables them to gain greater access and control over 
financial and knowledge resources to improve their lives 
(50). Studies have shown the important linkages between 
women’s empowerment dimensions and nutritional out-
comes. Improvements in various empowerment indicators 
have been associated with enhancement in maternal and 
child nutrition; conversely, women’s disempowerment is 
associated with poor child and maternal health and nutri-
tion outcomes (51).

In high agricultural potential areas, women’s dietary 
diversity was also influenced by the gender of the house-
hold head, with those headed by men having higher di-
etary diversity. Similar findings were reported in a study 
in Ethiopia (52) that assessed nutritional parameters in 
relation to gender differences. In that study, dietary intake 
was disaggregated by household type, and it was demon-
strated that the nutrient intake in male-headed households 
was relatively better than in female-headed households, 
though the difference was not statistically significant. 

Such manifestations are usual as male-headed households 
have the advantage of more sources of income instead of 
one, especially when both partners are involved in reve-
nue-generating activities. The combined income of both 
spouses probably offers them better opportunities to ac-
cess a variety of different food products, thus increasing 
their dietary diversity. The increased household size was 
another factor that negatively influenced women’s dietary 
diversity in high potential areas. This could partly be ex-
plained by the fact that as the number of family members 
increases, the intra-household food distribution is affected 
and food may become more limited, which in turn would 
limit access to different food groups.

Although the level of agrobiodiversity was different be-
tween the low and high agro-ecological zones, the dietary 
diversity of the women remained the same. This could al-
lude to the fact that availability of food from the farm 
does not always translate to better dietary diversity. These 
findings concur with other studies (29, 30, 53–55), which 
demonstrated that a rich biodiverse environment does 
not contribute substantially to better diets among rural 
women. However, other reports (22, 26, 38, 55, 56) have 
shown a positive relationship between measures of agro-
biodiversity and dietary diversity.

A positive association between farm production diver-
sity and dietary diversity should be plausible. As house-
holds practising small-scale farming tend to consume a 
considerable share of  what they produce, agrobiodiver-
sity should then directly translate into consumption di-
versity and consequently improve dietary quality through 
this production pathway (37). However, in this study, 
there was no significant association between agrobiodi-
versity measures and dietary diversity of  women in the 
two agro-ecological zones. This lack of  connection could 
be attributed to market diversity, which is a major medi-
ating factor in the relationship between agrobiodiversity 
and dietary diversity (56, 57). Taking market diversity 
into account, the relationship between agrobiodiversity 
and dietary diversity becomes more complicated (57). In-
stead of producing foods from all food groups at home, 
farm households buy food from the market, which can 
contribute to improving dietary diversity. However, mar-
kets can worsen dietary diversity if  the households sell 
the nutritious food products to obtain income with which 
to cater for family needs such as school fees. The common 
practice in both wealthy and poor households is selling of 
farm produce, especially immediately after the main har-
vest seasons (30, 58). A study by Sibhatu et al. (37) docu-
mented a negative significant interaction between market 
diversity and agrobiodiversity and confirmed that market 
participation by the households could reduce the role of 
agrobiodiversity in improving dietary diversity.

The production diversity score also had no significant 
relationship with dietary diversity. Sibhatu et al. (37) 
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found out that when using production diversity scores 
instead of a simple species count, the effect on dietary 
quality got smaller; in many cases, it turned insignificant. 
This intriguing finding was in line with the findings of the 
current study. The production diversity score measures 
the number of different food groups produced on a farm, 
so one could have expected the effect of production di-
versity on the number of food groups consumed in the 
farm household to be stronger. The fact that this is not 
the case reveals that the subsistence pathway is not the 
only mechanism underlying the production–consumption 
relationship (37). Market diversity through purchase or 
sale of diverse food products seems to be another critical 
factor that could contribute to improving dietary quality. 
Therefore, further research is needed to elucidate these dy-
namics and to comprehend the region-specific factors that 
may influence the role of markets in moderating the re-
lationship between agrobiodiversity and dietary diversity.

The linkages between agrobiodiversity, market diversity 
and dietary diversity are complex (37, 57). For instance, 
in some cases, agrobiodiversity in the farm household 
may be high and a wide range of food crops available in 
the markets, but this does not automatically translate to 
higher DDS. Factors such as intrahousehold resource and 
food allocation may come into the interplay further com-
plicating this relationship. Even when the food is available 
in the farms or markets, the intrahousehold allocation of 
food may disfavour women’s access to nutritious foods 
because of cultural beliefs, economic constraints and low 
decision-making. For example, in many regions of South 
Asia, women find themselves in subordinate positions to 
men; they tend to eat the least, or to eat leftovers after 
other family members have eaten (59–60). Moreover, 
women are largely excluded from making decisions, have 
limited access to and control of resources and are re-
stricted from mobility by their husbands and sometimes 
by in-laws (60–62). This compromised access leads women 
to make suboptimal decisions with regard to food choices, 
which may subsequently cause poor dietary intake.

The determinants of dietary intake are complex and are 
dependent on a wide range of diverse and interconnected 
factors. The UNICEF conceptual framework of deter-
minants of malnutrition gives a detailed overview of the 
factors that influence dietary intake (63). Hence, the cur-
rent study has brought out some of the determinants of 
dietary diversity, which is a component of dietary intake.

Conclusion
From a ‘nutrition-sensitive’ policy perspective, our find-
ings draw attention to different factors influencing di-
etary diversity in the two agricultural zones. Household 
gender (male), higher woman’s education level, older age 
and smaller families are essential determinants in improv-
ing the dietary diversity of women in rural areas. The 

following four policy inferences are suggested for success-
ful implementation of nutrition interventions in Rongai 
Sub-County and other similar agricultural areas: Firstly, 
nutrition interventions should not be too general and 
should take specific factors and conditions to agro-eco-
logical environments into consideration. Secondly, family 
planning needs to be intensified because large household 
sizes impact on women’s dietary diversity. Thirdly, educa-
tion for women should be emphasized to promote women 
empowerment so as to enable them to gain greater access 
and control over financial and knowledge resources to im-
prove their lives and diets. Although there were differences 
in agrobiodiversity characteristics between the two agricul-
tural potential areas, this did not translate into differences 
in diet diversity for women of reproductive age. Lastly, 
there is a need for behaviour change communication to 
ensure that locally available agrobiodiversity is utilized to 
improve the diet quality of women of reproductive age.

Acknowledgement

This study was supported by UKAID, the Department for 
International Development through the Transform Nutri-
tion Research Consortium (PO5243, Aries Code 201448) 
led by the International Food Policy Research Institute.

Authors’ contributions
M.W.G., R.C.R., D.M.M., C.T. and M.J.C. conceived and 
designed the study; M.W.G., R.C.R., D.M.M. and M.J.C. 
participated in data collection and analysis; M.W.G. 
drafted the manuscript; M.J.C., R.C.R., D.M.M., C.T. 
and N.C. provided the expertise and critically reviewed 
the manuscript. All authors interpreted the data, revised 
and approved the final manuscript.

Conflict of interest and funding
The authors declare no potential conflicts of interest. The 
authors have not received any funding or benefits from 
industry or elsewhere to conduct this study.

References

	 1.	 Frison EA, Cherfas J, Hodgkin T. Agricultural biodiversity is 
essential for a sustainable improvement in food and nutrition se-
curity. Sustainability. 2011; 3(1): 238–53. doi: 10.3390/su3010238

	 2.	 Secretariat of the Convention on Biological Diversity Biodiver-
sity and Agriculture: Safeguarding Biodiversity and Securing 
Food for the World. Secretariat of the Convention on Biolog-
ical Diversity World Trade Centre, Montreal, Quebec, Canada; 
2008.

	 3.	 The Commission on Genetic Resources for Food and Agricul-
ture, CGRFA, Second Report on the State of the World’s Plant 
Genetic Resources for Food and Agriculture. Food and Agricul-
ture Organization of the United Nations, Rome, Italy; 2010.

	 4.	 Bioversity International. Bioversity International Nutrition 
Strategy 2011–2021. Resilient food and nutrition systems: ana-
lyzing the role of agricultural biodiversity in enhancing human 



Citation: Food & Nutrition Research 2019, 63: 1553 - http://dx.doi.org/10.29219/fnr.v63.1553 11
(page number not for citation purpose)

Determinants of dietary diversity of women in rural Kenya

nutrition and health. Rome, Italy: Bioversity International; 
2011.

	 5.	 Ekesa BN, Walingo MK, Abukutsa-Onyango MO. Influence of 
agricultural biodiversity on dietary diversity of preschool chil-
dren in Matungu division, Western Kenya. AJfand 2008; 8(4): 
390–404.

	 6.	 Ruel MT. Operationalizing dietary diversity: a review of mea-
surement issues and research priorities. J Nutr 2003; 133(11): 
3911S–26S. doi:10.1093/jn/133.11.3911S

	 7.	 Waswa LM, Jordan I, Herrmann J, Krawinkel MB, Keding GB. 
Community-based educational intervention improved the diver-
sity of complementary diets in western Kenya: results from a 
randomized controlled trial. Public Health Nutr 2015; 18(18): 
3406–19. doi:10.1017/S1368980015000920

	 8.	 Arimond M, Wiesmann D, Becquey E, Carriquiry A, Daniels 
MC, Deitchler M, et al. Simple Food Group Diversity Indi-
cators Predict Micronutrient Adequacy of  Women's Diets 
in 5 Diverse, Resource-Poor Settings. J Nutr 2010; 140(11): 
2059S–69S.

	 9.	 Kennedy GL. Evaluation of dietary diversity scores for assess-
ment of micronutrient intake and food security in developing 
countries. Wageningen University, Netherlands; 2009.

	10.	 Torheim LE, Ouattara F, Diarra MM, Thiam FD, Barikmo I, 
Hatløy A, et al. Nutrient adequacy and dietary diversity in rural 
Mali: association and determinants. Eur J Clin Nutr 2004; 58(4): 
594.

	11.	 Henjum S, Torheim LE, Thorne-Lyman AL, Chandyo R, Fawzi 
WW, Shrestha PS, et al. Low dietary diversity and micronutri-
ent adequacy among lactating women in a peri-urban area of 
Nepal. Public Health Nutr 2015; 18(17): 3201–10.

	12.	 Headey D, Ecker O. Rethinking the measurement of food secu-
rity: from first principles to best practice. Food Secur 2013, 5: 
327–343. doi:10.1007%2Fs12571-013-0253-0

	13.	 Moursi MM, Arimond M, Dewey KG, Trèche S, Ruel MT, 
Delpeuch F. Dietary diversity is a good predictor of the mi-
cronutrient density of the diet of 6-to 23-month-old children 
in Madagascar. J Nutr 2008; 138(12): 2448–53. doi:10.3945/
jn.108.093971

	14.	 WHO. World Health Statistics. Geneva, Switzerland: World 
Health Organization; 2012.

	15.	 Kenya National Bureau of Statistics (KNBS) and ICF Macro. 
Kenya Demographic and Health Survey 2014–2015. Calverton, 
MD: KNBS and ICF Macro; 2015.

	16.	 Ministry of  Public Health Services (MoPHs), Kenya, & Save 
the Children UK. Report on Nutrition Situation in Kenya. 
Ministry of Health (MoH), Nairobi, Kenya; 2011.

	17.	 Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-
Rohani H, et al. A comparative risk assessment of burden of 
disease and injury attributable to 67 risk factors and risk factor 
clusters in 21 regions, 1990–2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet 2012; 380(9859): 
2224–60. doi:10.1016/S0140-6736(12)61766-8

	18.	 Popkin BM, Slining MM. New dynamics in global obesity fac-
ing low and middle income countries. Obes Rev 2013; 14(S2): 
11–20. doi:10.1111%2Fobr.12102

	19.	 Azizi F, Smyth P. Breastfeeding and maternal and infant iodine 
nutrition. Clin Endocrinol 2009; 70(5): 803–9.

	20.	 Dawodu A, Tsang RC. Maternal Vitamin D Status: effect on 
milk Vitamin D content and Vitamin D status of breastfeeding 
infants. Adv Nutr 2012; 3(3): 353–61.

	21.	 Allen LH. B vitamins in breast milk: relative importance of ma-
ternal status and intake, and effects on infant status and func-
tion. Adv Nutr 2012; 3(3): 362–9.

	22.	 Jones AD, Shrinivas A, Bezner-Kerr R. Farm production diver-
sity is associated with greater household dietary diversity in Ma-
lawi: findings from nationally representative data. Food Policy 
2014; 46: 1–2. doi:10.1016/j.foodpol.2014.02.001

	23.	 Powell B, Thilsted SH, Ickowitz A, Termote C, Sunderland T, 
Herforth A. Improving diets with wild and cultivated biodiver-
sity from across the landscape. Food Secur 2015; 7(3): 535–54. 
doi:10.1007/s12571-015-0466-5

	24.	 Saaka M, Osman SM, Hoeschle-Zeledon I. Relationship be-
tween agricultural biodiversity and dietary diversity of children 
aged 6–36 months in rural areas of Northern Ghana. Food Nutr 
Res 2017; 61(1): 1391668.

	25.	 Bharucha Z, Pretty J. The roles and values of wild foods in ag-
ricultural systems. Philos Trans R Soc Lond B Biol Sci 2010; 
365(1554): 2913–26. doi:10.1098/rstb.2010.0123

	26.	 Herforth A. Promotion of traditional African vegetables in Kenya 
and Tanzania: a case study of an intervention representing emerging 
imperatives in global nutrition. Cornell University, New York; 2010.

	27.	 Keding GB, Msuya JM, Maass BL, Krawinkel MB. Relating di-
etary diversity and food variety scores to vegetable production 
and socio-economic status of women in rural Tanzania. Food 
Sec 2012; 4(1): 129–40. doi:10.1007/s12571-011-0163-y

	28.	 M'Kaibi FK, Steyn NP, Ochola SA, Du Plessis L. The relation-
ship between agricultural biodiversity, dietary diversity, house-
hold food security, and stunting of children in rural Kenya. 
Food Sci Nutr 2017; 5(2): 243–54. doi:10.1002/fsn3.387

	29.	 Termote C, Meyi MB, Djailo BD, Huybregts L, Lachat C, Kol-
steren P, et al. A biodiverse rich environment does not contribute 
to a better diet: a case study from DR Congo. PloS One 2012; 
7(1): e30533. doi:10.1371/journal.pone.0030533

	30.	 Ng’endo M, Bhagwat S, Keding GB. Influence of seasonal on-
farm diversity on dietary diversity: a case study of smallholder 
farming households in western Kenya. Ecol Food Nutr 2016; 
55(5): 403–27. doi:10.1080/03670244.2016.1200037

	31.	 Jaetzold R, Schmidt H, Hornetz B, Shisanya C. Ministry of Ag-
riculture Farm Management Handbook of Kenya VOL. II-Part 
C Subpart C1. Nairobi, Kenya: Ministry of Agriculture; 2006.

	32.	 Nakuru County Integrated Development Plan. Nakuru County 
first Integrated Development Plan (2013–2017). Republic of 
Kenya, Nakuru County Government, Nakuru; 2013.

	33.	 Fischer AA, Laing JE, Stockel JE, Townsend JW. Handbook for 
family planning operations research design. Population Council, 
New York; 1991.

	34.	 FAO and FHI 360. Minimum dietary diversity for women: a 
guide for measurement. Rome: FAO; 2016.

	35.	 Magurran AE, McGill BJ. Biological diversity: frontiers in mea-
surement and assessment. Oxford: Oxford University Press; 
2011.

	36.	 McArt SH, Cook-Patton SC, Thaler JS. Relationships between 
arthropod richness, evenness, and diversity are altered by com-
plementarity among plant genotypes. Oecologia 2012; 168(4): 
1013–21. doi:10.1007/s00442-011-2150-6

	37.	 Sibhatu KT, Krishna VV, Qaim M. Production diversity and di-
etary diversity in smallholder farm households. Proc Natl Acad 
Sci U S A 2015; 112(34): 10657–62. doi:10.1073/pnas.1510982112

	38.	 Koppmair S, Kassie M, Qaim M. Farm production, market ac-
cess and dietary diversity in Malawi. Public Health Nutr 2017; 
20(2): 32535. doi:10.1017%2FS1368980016002135

	39.	 Malapit HJ, Kadiyala S, Quisumbing AR, Cunningham K, 
Tyagi P. Women’s empowerment mitigates the negative effects 
of low production diversity on maternal and child nutrition in 
Nepal. J Dev Stud 2015; 51(8): 1097–123. doi:10.1080/00220388.​
2015.1018904



Citation: Food & Nutrition Research 2019, 63: 1553 - http://dx.doi.org/10.29219/fnr.v63.155312
(page number not for citation purpose)

Maureen Wanjiru Gitagia et al.

	40.	 Gibson RS, Ferguson EL. An interactive 24-hour recall for 
assessing the adequacy of iron and zinc intakes in developing 
countries. Washington, DC: IFPRI and CIAT; 2008.

	41.	 FAO & FANTA. Minimum Dietary Diversity – Women (MDD-
W) Global Dietary Diversity Indicator for Women. Washington, 
DC; 2014.

	42.	 Kutner MH, Nachtsheim CS, Neter J. Applied linear regression 
models, fourth ed. McGraw-Hill Irwin.

	43.	 Frison EA, Smith IF, Johns T, Cherfas J, Eyzaguirre PB. Agri-
cultural biodiversity, nutrition, and health: making a difference 
to hunger and nutrition in the developing world. Food Nutr Bull 
2006; 27(2): 167–79.

	44.	 Labadarios D, Steyn NP, Nel J. How diverse is the diet of 
adult South Africans? J Nutr 2011; 10(1): 33. doi:10.1186/​
1475-​2891-10-33

	45.	 Taruvinga A, Muchenje V, Mushunje A. Determinants of  rural 
household dietary diversity: the case of  Amatole and Nyandeni 
districts, South Africa. Int J Dev Sustain 2013; 2(4): 2233–47.

	46.	 Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, 
De Onis M, et al. Maternal and child undernutrition and over-
weight in low-income and middle-income countries. Lancet 
2013; 382(9890): 427–51.

	47.	 Ruel MT, Alderman H, Maternal and Child Nutrition Study 
Group. Nutrition-sensitive interventions and programmes: how 
can they help to accelerate progress in improving maternal and 
child nutrition?. Lancet 2013; 382(9891): 536–51.

	48.	 Mbwana HA, Kinabo J, Lambert C, Biesalski HK. Determi-
nants of household dietary practices in rural Tanzania: implica-
tions for nutrition interventions. Cogent Food Agric 2016; 2(1): 
1224046. doi:10.1080/23311932.2016.1224046

	49.	 Morseth MS, Grewal NK, Kaasa IS, Hatloy A, Barikmo I, 
Henjum S. Dietary diversity is related to socioeconomic status 
among adult Saharawi refugees living in Algeria. BMC Public 
Health 2017; 17(1): 621. doi:10.1186/s12889-017-4527-x

	50.	 Ashraf D, Farah I. Education and women’s empowerment: 
Re-examining the relationship. Education, gender and empow-
erment: Perspectives from South Asia. 2007; 15: 15–31.

	51.	 Van den Bold M, Quisumbing AR, Gillespie S. Women s Em-
powerment and Nutrition: An Evidence Review. Int Food Policy 
Res Inst; 2013; 1294: 1–61.

	52.	 Haidar J, Kogi-Makau W. Gender differences in the house-
hold-headship and nutritional status of pre-school children. East 
Afr Med J 2009; 86(2): 69–73. doi:10.4314/eamj.v86i2.46936

	53.	 Remans R, Flynn DF, DeClerck F, Diru W, Fanzo J, Gaynor 
K, et al. Assessing nutritional diversity of cropping systems in 
African villages. PLoS One 2011; 6(6): e21235.

	54.	 Gonder CE. Is subsistence enough? Examining the impact of 
household farm biodiversity on dietary diversity in Bukidnon, 
Philippines. University of Illinois, Urbana-Champaign; 2011.

	55.	 Kumar N, Harris J, Rawat R. If  they grow it, will they eat and 
grow? Evidence from Zambia on agricultural diversity and child 
undernutrition. J Dev Stud 2015; 51(8): 1060–77.

	56.	 Bellon MR, Ntandou-Bouzitou GD, Caracciolo F. On-farm diver-
sity and market participation are positively associated with dietary 
diversity of rural mothers in Southern Benin, West Africa. PloS 
One 2016; 11(9): e0162535. doi:10.1371/journal.pone.0162535

	57.	 Jones AD. Critical review of  the emerging research evidence on 
agricultural biodiversity, diet diversity, and nutritional status 
in low-and middle-income countries. Nutr Rev 2017; 75(10): 
769–82.

	58.	 Leavy J, Poulton C. Commercialisations in agriculture. Ethiop J 
Econ 2007; 16(1): 1–37. doi:10.4314/eje.v16i1.39822

	59.	 Mathur A. Women and food security: a comparison of  South 
Asia and Southeast Asia. S Asian Survey 2011; 18(2): 181–206.

	60.	 Asian Development Bank. Gender equality and food security—
women’s empowerment as a tool against hunger Mandaluyong 
City, Philippines: Asian Development Bank; 2013.

	61.	 Fikree FF, Pasha O. Role of gender in health disparity: the 
South Asian context. BMJ: Brit Med J 2004; 328(7443): 823.

	62.	 Ayesha B, Human development, disparity and vulnerability: 
women in South Asia. United National Development Report, 
Bangladesh; 2016.

	63.	 UNICEF (United Nations Children’s Fund). Strategy for Im-
proved Nutrition of Children and Women in Developing Coun-
tries. UNICEF Policy Review E/ICEF/1990/L.6. New York: 
United Nations Children’s Fund; 1990.

*Maureen Jepkorir Cheserek
Department of Human Nutrition
Faculty of Health Science
Egerton University
536-20115, Egerton, Rift Valley, Kenya
Fax: + 254 51 2217813; Tel.: + 254 512 217806 
Email: mcheserek@egerton.ac.ke/mjcheserek@yahoo.co.uk


