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Abstract
Objective: To investigate key risk factors associated with undernutrition in the first
few years of life.
Design: A cross-sectional household survey was conducted in January 2018 col-
lecting anthropometric data and other information on household, caregiver and
child characteristics. Crude and adjusted odds ratios were calculated to assess
the association of these characteristics with stunting and underweight outcomes.
Setting: Kitui and Machakos counties in south-east Kenya.
Participants: Caregivers and their children aged 0–23 months in 967 beneficiary
households of the Government of Kenya’s cash for orphans and vulnerable chil-
dren (CT-OVC) social protection scheme.
Results: Twenty-three per cent of the 1004 children with anthropometric data were
stunted, 10 % were underweight and 6 % experienced wasting. The strongest pre-
dictors of stunting and underweight were being in the second year of life and being
born with a low birth weight. Residing in a poor household and having more than
one child under 2 years of age in the household were also significant risk factors for
being underweight. Although 43 % of children did not receive the minimal accept-
able diet, this was not a significant factor associated with undernutrition. When age
was removed as a covariate in children aged 12–23 months, being male resulted in
a significantly higher risk of being stunted.
Conclusions:While only 9 % of children were born with a low birth weight, these
were four to five times more likely to be stunted and underweight, suggesting that
preventive measures during pregnancy could have significant nutrition and health
benefits for young children in this study area.
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Undernutrition in a child’s ‘first 1000 days’, from conception
to their second birthday, poses significant detrimental
effects on physical and cognitive health, as this period is
critical to brain development and linear growth(1).
Undernutrition is defined by three main indicators – under-
weight, stunting and wasting – which represent different
histories and pathways of nutritional insult to the child.

Underweight children weigh less than they should at
their age, indicating a history of poor health and nutrition
that includes recurrent illness and/or undernourishment.
Stunted children suffer from growth retardation as a result
of sustained nutritional deprivation, and this often results in
delayedmental development, reduced intellectual capacity
and poor school performance(2). Wasting, defined as low
weight-for-height, is usually a consequence of insufficient
food intake or a high incidence of infectious diseases,

especially diarrhoea. Wasting impairs the immune system
and can lead to increased severity and duration of and
susceptibility to infectious diseases(3).

Worldwide, 45% of deaths among children under 5 years
of age are linked to undernutrition(4). While global levels
have declined, undernutrition continues to be a significant
problem in sub-Saharan Africa. Stunting is actually on the
rise, with the number of stunted children increasing by a
third between 1990 and 2013(5). In Kenya, according to
the 2014 Kenya Demographic and Health Survey, 26% of
children under 5 years are stunted. Kitui County falls above
the country mean, with 46% of children under 5 years being
stunted(6). Two recent studies on children aged 6–23months
in Kitui, however, report much lower levels of undernutri-
tion in this age group, with 13% stunted, 11–12% being
underweight and 4 % experiencing wasting(7,8).
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Undernutrition in Kitui may be linked to dietary diver-
sity. There, only 17 % of children consume at least four
out of seven key food groups at the end of the lean season,
the recurring seasonal dry spell(8). A systematic review by
Akombi et al.(9) of forty-nine studies in sub-Saharan Africa
indicates that amyriad of factorsmay exacerbate childhood
undernutrition, including the mother’s education level, the
child’s age, low wealth status, initiation of complementary
feeding, being male, unimproved source of drinking-water
and diarrhoea, among others. Few studies, however, have
examined low birth weight (LBW) specifically, as records
are difficult to obtain. Those that do suggest that this
is a significant risk factor for undernutrition in early
childhood(10–14).

The aims of the present study were to undertake a com-
prehensive evaluation of levels of undernutrition and its
major predictors, including caregiver education and LBW,
in a sample of children aged 0–23 months across Kitui and
in three neighbouring sub-counties of Machakos County;
and to provide recommendations for both the design of
prevention programmes and future research.

Methodology

Study area and participants
The cross-sectional study took place in January 2018.
January is a dry season that follows the short, rainy and
planting season that occurs between October and
December. The study area covered all eight sub-counties
in Kitui County and three neighbouring sub-counties
(Yatta, Masinga and Mwala) in Machakos County. These
eleven sub-counties belong to Kenya’s arid and semi-arid
region and are in south-east Kenya, approximately 160 km
from Nairobi. Kitui is the sixth-largest county and covers
an area of 30 497 km2, more than 6000 km2 of which is
occupied by Tsavo East National Park. The population in
Kitui and Machakos is predominantly of the Kamba ethnic
group, known historically as long-distance traders and
hunters and gatherers. The Kamba now pursue farming,
mining, livestock rearing and formal employment. Most
are Christians, but there are communities of Kavonokya,
a religious sect that (notably in relation to the present study)
does not use formal health-care services.

Study participants are part of a baseline for an evaluation
of the Nutritional Improvements through Cash and Health
Education programme (NICHE). More specifically, partici-
pants comprise a cross-sectional sample of children aged
0–23 months residing in beneficiary households of the
Government of Kenya’s cash for orphans and vulnerable
children (CT-OVC) social protection scheme. These house-
holds were identified through the national CT-OVC registry
list and the local CT-OVC beneficiary committees, which
assist in the selection of beneficiaries. All households that
met the inclusion criteria (CT-OVC beneficiary; a child
aged 0–23 months) were sampled, such that the sample

is comprised of all eligible children. The initial list com-
prised 1592 households but on visiting households, not
all were found to meet the inclusion criteria.

The study was approved by AMREF Health Africa in
Kenya and meets all criteria for minimising harm to
participants.

Data collection
A total of 967 households with 1062 children aged 0–23
months were included in the study. This sample was deter-
mined based on the total number of households that met
the inclusion criteria (CT-OVC beneficiary and a child aged
0–23 months) in the study area. Information on households
(household structure and wealth indicators), children
(feeding practices and health status), caregivers (age, edu-
cational level achieved and employment status) and water
and sanitation facilities (source of drinking-water and type
of latrine in the household) was obtained through face-to-
face interviews with the child’s caregivers. This information
was collected by enumerators through Android-operated
tablets using Kobo, an open-source survey form and data
capture application, and subsequently exported to Excel
and analysed with the assistance of Python scripting. The
enumerators were trained prior to the survey on how to
administer the questionnaire and how to collect the
anthropometric data.

Children were physically assessed on-site to collect
anthropometric indices. Length was measured with a
Shorr board, an adjustable measuring board calibrated in
centimetres. Most children were measured lying down
(recumbent length) on the board, with only a few mea-
sured standing on the board. Weight was assessed using
a calibrated electronic weighing scale, which allows weight
to be measured while the child is being held by an adult.

Written informed consent was obtained from every
household before it was allowed to take part in the survey,
and consent was obtained from caregivers before the
child’s measurements were taken. Most household inter-
views were conducted in the local language, Kamba, with
the remaining in Kiswahili.

Forty-one children from thirty-seven households were
excluded from the study because the caregivers did not
consent to the child’s anthropometric measurements being
taken. However, since three of these children belonged to a
household that had more than one child and the other
child/children did have measurements taken, only thirty-
four households were excluded. The complete anthropo-
metric data set for analysis was therefore 1021 children
aged 0–23 months in 933 households.

Outcome and explanatory variables
The outcome measures of interest were childhood under-
nutritionmetrics. Length-for-age Z-score (LAZ) was used as
an indicator of stunting, weight-for-age Z-score (WAZ) for
underweight and weight-for-length Z-score (WLZ) for
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wasting. Children with length-for-age, weight-for-age or
weight-for-length below −2 SD from the respective median
of the WHO reference population(15) (i.e. LAZ, WAZ or
WLZ <–2) were considered to be stunted, underweight
or experiencing wasting, respectively. WHO guidelines
recommend that data are excluded if a child’s LAZ is below
−6 or above þ6, if WAZ is below −6 or above þ5, and if
WLZ is below −5 or above þ5. Such extreme values may
reflect data entry errors. Data on seventeen children were
excluded since the Z-score was not within the accepted
range. The number of children then reduced to 1004 in
919 households. The outcome measures were expressed
as dichotomous variables, coded as ‘1’ for children who
had Z-score<−2 and ‘0’ otherwise.

The explanatory variables covered characteristics of the
caregiver, the household and the child. The caregiver char-
acteristics were grouped into three categorical variables for
age (<25 years; 25–34 years; ≥35 years), two for educa-
tional level (none and primary only; secondary or above)
and two for the employment status (employed; not
employed). Household characteristics focused on size
(1–6 members; ≥7 members), number of young children
under 2 years of age (one child; two or more children),
sex of the household head, and two wealth indices related
to ownership of at least one radio and at least one cow.

Water and sanitation facilities of the household were
assessed through the type of latrine and the main source
of drinking-water. Sanitation facilities were assessed as
either improved (flush toilet; ventilated pit latrine; pit latrine
with slab; composting toilet) or unimproved (pit latrine;
bucket; hanging toilet/latrine; no facility/bush/field; any
other). The main source of household drinking-water
was also categorised into either improved (pipedwater into
dwelling or yard; public tap; borehole; protected dug well;
protected spring; rainwater collection) or unimproved
(unprotected dug well; unprotected spring cart with small
tank; tanker-truck; surface water, e.g. river, dam, etc.)(16).

The child characteristics were sex, age (0–11 and
12–23 months), reported morbidity in the past 2 weeks
related to diarrhoea (watery stool at least three times in a
period of 24 h) and respiratory infection (a combination
of a cough, fever and fast breathing), and exclusive breast-
feeding for less than 6 months. This information was
available for all 1004 children in the study sample.

Birth weight information was available for 858 children
(85 %) in 790 households. Most birth weights (73 %) were
recorded from the Mother and Child Health booklet pro-
vided to all new mothers attending health facilities with
their newborns. LBW was defined as per the universally
accepted classification of a birth weight below 2·5 kg(17).

Dietary diversity was assessed in children aged 6 months
or above. In this age group, 753 children had complete food
consumption information (98 % of the 769 aged 6 months or
above). We assessed dietary diversity in terms of consump-
tion of individual food group types, based on the minimum
dietary diversity indicator calculation guidelines described

by WHO(18). The seven food group types were: (i) grains,
roots and tubers; (ii) legumes and nuts; (iii) dairy products;
(iv) flesh foods and organ meats; (v) vitamin A-rich fruits
and vegetables; (vi) eggs; and (vii) other fruits and vegeta-
bles. A value of 1 was given for the child’s consumption
of any of the food groups within 24 h, while 0 was assigned
for non-consumption. These figures were then summed to
obtain a value – the dietary diversity score (DDS) – ranging
from 0 to 7 for each child. In the analysis, this was expressed
as a dichotomous variable for a given child, reflecting a
low DDS (three food groups or fewer; DDS≤ 3) or the min-
imal acceptable DDS (four food groups or more; DDS≥ 4).

Caregivers of children aged 6 months or above were
also asked to report on the breast-feeding practices of chil-
dren up to the age of 6 months. Information was available
for all 769 children in this age group.

Analytical approach
First, summary descriptive statistics were computed for
the percentage stunted and the percentage underweight
overall, then presented disaggregated by the various cova-
riates associated with the child, caregiver and household
characteristics.

Second, the strength of association between these
covariates and undernutrition metrics was explored
through the crude unconditional maximum likelihood esti-
mate OR, according to the Fisher exact test, which allows
for small expected frequencies in one or more cells(19).
The 95 % CI on these OR were determined, as described
by Altman(20), using the natural log of the OR and the SE.
Finally, multivariate logistic regression analysis was per-
formed with all covariates that had a significant crude
OR at the 10 % level.

A backward stepwise approach was adopted where
variables that were not significant (i.e. P> 0·05) were elim-
inated from the input variables and the regression repeated
until all variables had been tested. The statsmodel Logit func-
tion was used and adjusted OR for these significant covari-
ates were presented. The logistic regression was performed
on the data set that contained the complete LBW data
(n 858), rather than using imputation to fill in missing values
into the original data set of 1004 children. Two models were
subsequently run, the first on all ages, with age as an
explanatory variable, and the second only with children
aged 12–23 months, with age not as a covariate.

Results

Sample description
Of 1004 children aged 0–23 months in the survey, 501
(50 %) were boys. The children were distributed fairly
evenly across the two age groups, and the mean age was
12months for both girls and boys. The households sampled
resided in eleven sub-counties (see Fig. 1).
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Most households (83%) had only one child under the age
of 2 years. Of the remainder, eighty-two had two children and
three households had three children. In households with
more than one child, eleven had a single set of twins and
one household had triplets. The caregivers interviewed
(n 979) were predominantly the children’s mothers (82%).
Grandmothers were the main caregivers for 140 children
(14%) and 2% of caregivers did not specify their relationship.

Most households were Christian. Four were Kavonokya,
three were Muslim and one unknown. The average house-
hold size was 8 and ranged from 2 to 19 members.

Descriptive statistics for undernutrition
The prevalence of stunting among the 1004 children was
23 %, wasting 6 % and 10 % were underweight. Seven
per cent of children were both underweight and stunted.

Fig. 1 The location of all 967 households in the study sample, Kitui and Machakos counties, south-east Kenya
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As wasting levels were so low, no further analysis was
undertaken in this regard; the remainder of the paper is
thus devoted to exploring the prevalence and predictors
of stunting and underweight only.

Table 1 presents the characteristics of the study sample;
it outlines percentages of stunted and underweight chil-
dren by possible explanatory variables in absolute values.

The results demonstrate that a higher percentage of
boys were stunted compared with girls, and that stunting
was higher in children during the second year of life. These
patterns by age and sex were mirrored by the underweight
outcome (WAZ < –2). The child’s birth weight was
available only for 858 children and only 9 % had LBW
(less than 2·5 kg). However, 30 % of LBW children were
underweight and 58 % were stunted, more than double
the values observed in children with birth weight of
2·5 kg or more.

Most caregivers had either no education or only primary
education, with just 18 % achieving secondary education or
above. Although the prevalence of stunting was lower for
children with caregivers who had secondary schooling (19
v. 24 % for those with none), no differences were observed
for underweight. Only 4 % of caregivers had employment.

The mean age of caregivers was 30 years and most were
younger than 35 years (74 %). There were no major
differences in undernutrition of the child by caregiver age.

Households were large, with 70 % having seven or more
members. Compared with those with six or fewer mem-
bers, these larger households had a marginally higher
prevalence of stunted (24 v. 22 %) and underweight
children (11 v. 7 %). Seventeen per cent of the children
belonged to a household with two or more children under
the age of 2 years. These children were more likely to be
stunted and underweight.

Themajority of households were female-headed (65 %).
Female household heads were, on average, 57 years of age
and 38 % were older than 60 years, suggesting that many
household heads are grandmothers. Levels of undernutri-
tion were similar in female- and male-headed households.
According to local knowledge, cow and radio ownership
are generally believed to wealth proxies in this rural pop-
ulation. Nearly half of the children resided in households
that owned a key wealth asset, either a radio and/or at least
one cow, and 25 % of these households had both. In these
wealthier households, the levels of undernutrition were
consistently lower. There were also marginally lower levels

Table 1 Characteristics of the study sample and levels of stunting and underweight in children aged 0–23 months (n 1004), Kitui and
Machakos counties, south-east Kenya, January 2018

Factor Category Stunted (%) Underweight (%) n %

Child’s sex Male 26 12 501 50
Female 20 8 503 50

Child’s age 0–11 months 11 5 497 50
12–23 months 35 14 507 50

Child’s birth weight (n 858) <2·5 kg 58 30 67 8
≥2·5 kg 20 7 791 92

Caregiver’s education No education or only
primary

24 10 821 82

Secondary or above 19 8 183 18
Caregiver’s age <25 years 23 9 429 43

25–34 years 23 9 313 31
≥35 years 24 11 262 26

Caregiver’s employment status Employed 25 11 36 4
Not employed 23 11 968 96

Household size 1–6 members 22 7 303 30
≥7 members 24 11 701 70

Head of household Male-headed 24 10 351 35
Female-headed 23 9 653 65

Wealth asset ownership Radio present 21 8 462 46
No radio 25 11 542 54
One or more cows 21 8 451 45
No cows 25 11 553 55

Water and sanitation Improved water source 25 8 378 38
Unimproved water source 22 10 626 62
Improved sanitation 24 11 167 17
Unimproved sanitation 23 9 837 83

Child health (recalled symptoms in
past 2 weeks)

Diarrhoea 25 11 305 30
No diarrhoea 22 9 699 70
Respiratory infection 28 12 257 25
No respiratory infection 22 9 747 75

Dietary diversity score (DDS; n 753) DDS≥ 4 29 10 326 43
DDS≤ 3 27 12 427 57

Exclusive breast-feeding (n 769) ≥6 months 29 11 611 79
<6 months 27 11 158 21

Number of children under 2 years of age
in household

One child 22 8 830 83
Two or more children 28 28 174 17
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of undernutrition in the 17 % of households with improved
sanitation facilities and in the 38 % with improved sources
of drinking-water.

Diarrhoea and/or respiratory symptoms in the past 2
weeks were reported for over a quarter of children. In
these, the proportion of stunted and underweight children
was higher. Twenty-eight per cent of those with a recent
respiratory infection were stunted compared with 22 %
with no reported symptoms, and 12 %of thosewith a recent
respiratory infection were underweight compared with 9 %
without.

Only 57 % of the 753 children with dietary diversity
information had aminimally acceptableDDS of at least four
food groups. The mean DDS was 3·7 (SD 1·3). Ninety-six
per cent of children had consumed a cereal, root or tuber,
and this was most commonly ugali (75 %) or porridge
(72 %). Althoughmany had consumed a vitamin A-rich fruit
or vegetable, for 60 % this was only mango. Similarly, the
range of food items being consumed under fruit and veg-
etables was limited, with most consuming only tomato or
onion (77 % of the 94 % of children who consumed this
food group). The diversity of food items for the 32 %
who had consumed legumes and nuts was the most varied:
dried beans (65 %), peas (e.g. chickpeas, cowpea, green
peas, pigeon peas; 41 %) and green grams (15 %). More
than half of children had consumed milk (55 %), the major
food item under dairy products as only 4 % had consumed
yoghurt or cheese. Eggs and ‘flesh foods and organ meats’
were consumed by 11 and 14 % of children, respectively.
The DDS in children was similar across the different
measures of undernutrition.

Most children aged 6–23 months were exclusively
breast-fed for the first 6 months of life, with only 21 % given
complementary foods before their 6-month birthday.
Differences in the prevalence of stunting and underweight
in these children were also marginal, as reported in abso-
lute terms.

Crude OR for stunting and underweight
Despite a range of variables showing differences in under-
nutrition metrics, the crude OR results demonstrate that
child sex, child age, child birth weight and having two or
more children under the age of 2 years in the household
were significantly associated with a child’s nutritional status
at the 5 % confidence level (Table 2).

Notably, LBW increased a child’s risk of being stunted
and underweight by more than five times; and children
older than 11 months were four times more at risk of being
stunted and three times more at risk of being underweight.
Being born in a household where there were two or more
children under 2 years old doubled the risk of being under-
weight, and being male increased the risk of being stunted
1·4 times and underweight 1·6 times. LBW, therefore,
appears to be the most crucial factor associated with both
being stunted and underweight as an infant.

For stunting, radio ownership, caregiver education level
and recent respiratory infection showed a significant higher
risk at the 10 % level with crude OR of 1·3–1·4. For under-
weight, the OR were marginally higher at 1·5–1·6 for cow
ownership, recent respiratory infection and residing in a
household with seven or more members.

Multivariate logistic regression
The logistic regression on stunting and underweight was
performed only using those explanatory variables signifi-
cant at the 10 % level in the univariate analysis and only
on the sample with complete birth weight data. The 146
children without birth weight data had a similar character-
istics profile as the main study sample in Table 1, sug-
gesting no bias in excluding these from the multivariate
logistic regression. The variables included were child
age, child sex, LBW and respiratory infection in the last
2 weeks for both stunting and underweight. In addition
to these, radio ownership and caregiver education were
included for stunting, and cow ownership and household
size for underweight.

The variables significant at the 5 % level in the multivari-
ate model using backward stepwise regression are sum-
marised in Table 3. The analysis showed that LBW and
being aged between 12 and 23 months were significantly
associatedwith being underweight and stunted. In addition
to these, residing in a household that owned at least one
cow and in a household with two or more children under
the age of 2 years were also significantly associated with
being underweight (Model 1, n 858). The OR were highest
for age (range 2·88–4·06) and LBW (4·36–4·93), and lowest
for the wealth proxy (1·8) and havingmore than one young
child (1·9). When the regression was run only on the data
for 12–23-month-olds (Model 2, n 438), excluding age as a
covariate, being male was now also significant at the 5 %
level for stunting and having more than one young child
was no longer significant at the 5 % level for being under-
weight (Table 3).

Discussion

In the present study based in south-east Kenya, LBW was
the most important risk factor for both stunting and being
underweight in children aged 0–23months. Childrenwith a
birthweight under 2·5 kgwere four to five timesmore likely
to suffer undernutrition than those with a normal birth
weight. Most recent studies in Kenya that assess possible
predictors of undernutrition fail to consider birth
weight(21–23). However, similar to our study, in their assess-
ment of children aged 0–42 months residing in the slums of
Nairobi, Abuya et al.(10) found LBW to be the most signifi-
cant risk factor for stunting. Weighing less than 2·5 kg at
birth correlated more strongly with below-average height
and weight than any other characteristic. It is difficult to
obtain reliable information on birth weight and, unless
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Table 2 Associations between individual factors and stunting/underweight, based on univariable analysis, among children aged 0–23
months (n 1004), Kitui and Machakos counties, south-east Kenya, January 2018

Factor Category Crude OR 95% CI P value

Stunting
Child’s age 0–11 months (ref.) – – –

12–23 months 4·35 3·11, 6·07 <0·01
Child’s sex Female (ref.) – – –

Male 1·36 1·01, 1·83 0·04
Child’s birth weight (n 858) ≥2·5 kg (ref.) – – –

<2·5 kg 5·45 3·26, 9·13 <0·01
Caregiver’s education Secondary or above (ref.) – – –

No education or only primary 1·40 0·93, 2·10 0·102
Caregiver’s age ≥35 years (ref.) – – –

<25 years 0·94 0·65, 1·34 0·717
25–34 years 0·94 0·64, 1·39 0·769

Caregiver’s employment status Employed (ref.) – – –
Unemployed 0·90 0·42, 1·95 0·795

Household size 1–6 members (ref.) – – –
≥7 members 1·12 0·81, 1·55 0·482

Household head Male-headed (ref.) – – –
Female-headed 0·94 0·69, 1·28 0·690

Radio ownership Owns radio (ref.) – – –
Does not own radio 1·32 0·98, 1·78 0·067

Cow ownership Owns cow (ref.) – – –
Does not own cow 1·30 0·93, 1·68 0·147

Source of drinking-water Improved source (ref.) – – –
Unimproved source 0·84 0·62, 1·14 0·262

Toilet facility Improved sanitation (ref.) – – –
Unimproved sanitation 0·95 0·64, 1·41 0·803

Child health (recalled symptoms in past
2 weeks)

No diarrhoea (ref.) – – –
Diarrhoea 1·18 0·86, 1·61 0·312
No respiratory infection (ref.) – – –
Respiratory infection 1·38 1·00, 1·91 0·052

Dietary diversity score (DDS; n 753) DDS≤ 3 – – –
DDS≥ 4 1·13 0·82, 1·56 0·446

Exclusive breast-feeding (n 769) ≥6 months (ref.) – – –
<6 months 0·99 0·68, 1·44 0·951

Number of children under 2 years of age
in household

One child (ref.) – – –
Two or more children 1·30 0·92, 1·92 0·133

Underweight
Child’s age 0–11 months (ref.) – – –

12–23 months 2·90 1·82, 4·64 <0·01
Child’s sex Female (ref.) – – –

Male 1·60 1·04, 2·46 0·031
Child’s birth weight (n 858) ≥2·5 kg (ref.) – – –

<2·5 kg 5·30 2·94, 9·49 <0·01
Caregiver’s education Secondary or above (ref.) – – –

No education or only primary 1·34 0·74, 2·42 0·332
Caregiver’s age ≥35 years (ref.) – – –

<25 years 0·73 0·44, 1·21 0·225
25–34 years 0·79 0·46, 1·35 0·391

Caregiver’s employment status Employed (ref.) – – –
Unemployed 0·84 0·29, 2·43 0·748

Household size 1–6 members (ref.) – – –
≥7 members 1·51 0·92, 2·48 0·105

Household head Male-headed (ref.) – – –
Female-headed 0·93 0·6, 1·44 0·746

Radio ownership Owns radio (ref.) – – –
Does not own radio 1·34 0·87, 2·05 0·185

Cow ownership Owns cow (ref.) – – –
Does not own cow 1·60 1·00, 2·40 0·050

Source of drinking-water Improved source (ref.) – – –
Unimproved source 1·30 0·83, 2·03 0·256

Toilet facility Improved sanitation (ref.) – – –
Unimproved sanitation 0·85 0·49, 1·46 0·559

Child health (recalled symptoms in
past 2 weeks)

No respiratory infection (ref.) – – –
Respiratory infection 1·50 0·97, 2·38 0·069
No diarrhoea (ref.) – – –
Diarrhoea 1·22 0·79, 1·91 0·371

Dietary diversity score (DDS; n 753) DDS≤ 3 – – –
DDS≥ 4 0·88 0·55, 1·39 0·581

Exclusive breast-feeding (n 769) ≥6 months (ref) – – –
<6 months 1·13 0·67, 1·91 0·635

Number of children under 2 years of age
in household

One child (ref.) – – –
Two or more children 2·20 1·34, 3·45 <0·01

Ref., reference category.
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documented on a health card or a recent birth, fewmothers
can recall the exact value. In large surveys, including the
2010 Kenya Demographic Health Survey, 72 % of records
are missing data for birth weight(24), and a recent study in
Kenya used ‘small birth size’ rather than actual birth weight
in its analysis, as half of records had missing birth weight
information(25). While ‘small birth size’ is highly subjective,
it is used in many studies assessing factors associated with
undernutrition(9).

Based on the findings of the present study and those of
Abuya et al.(10), it is evident that investing in accurately
assessing the contribution of LBW to undernutrition may
lead researchers to identify this as a key risk factor, with
important implications for the design of programmes to alle-
viate undernutrition. With LBW increasing the risk of stunting
and underweight by four to five times in our study, improving
birth weight outcomes and growth in utero may be highly
effective in improving the nutritional status of young
children. This could be achieved by targeting pregnant
womenwith interventions such as bed nets and sulfadoxine–
pyrimethamine prophylaxis to prevent malaria(26), along
with promoting healthy diets and access to health services
in adolescence, while pregnant and after giving birth.

Although LBW is an important factor, it affected only 9 %
of the children in the present study, while many more
remain stunted and underweight. Other risk factors, while
not as significant as LBW, remain important factors associ-
ated with undernutrition in this study population. The most
significant is the age effect, where children aged 12–23
months are three to four times more likely to be stunted
and underweight than those aged 0–11 months. In other
studies in Kenya, children in their second (sometimes,
third) year of life have also been shown to be more at risk
of undernutrition than younger or older children(20–22).
The general consensus is that the increased risk in children

aged 12–23 months is related to the transition from
breast-feeding to weaning, when nutritious breast milk is
replaced by high-starch and low-protein foods, and chil-
dren lose passive immunity from their mothers.

Previous studies in Kenya show that children introduced
to foods early are more likely to be underweight and
stunted(21,27), and that dietary diversity can be associated
with undernutrition outcomes(27), but not consistently(22).
In the present study, children as young as 2 months had
been given cereals, but no significant association was
found between undernutrition metrics and exclusive
breast-feeding in the first 6 months. Similarly, dietary diver-
sity scores were not significantly different in children who
were stunted and underweight compared with those who
were not. The present study did not, however, assess the
quantities of different food types that were consumed. If
many food groups are given, but in small quantities, diver-
sity scores may be less nutritionally meaningful. Although
dietary diversity is a relatively easy-to-measure proxy for
nutrient intake, more research may be required to clarify
relationships between dietary diversity and nutrient intake,
adequacy and density(28). However, given the information
available on the complementary food practices in this study
population, it is unclear what action could be given to alle-
viate these higher risks in children aged 11–23 months.

Interestingly, when age was removed as a covariate in
the logistic regression, beingmale emerged as an important
risk factor for stunting (OR= 1·6). A meta-analysis by
Wamani et al.(29) of sixteen Demographic and Health
Surveys in ten sub-Saharan African countries showed that
the prevalence of stunting in children under 5 years of
age is consistently lower among females than males. This
suggests that boys may be more vulnerable to health
inequities than their female counterparts, particularly in
the poorest groups. This male–female malnutrition

Table 3 Predictors of stunting and underweight, based on backward logistic regression analysis*, among children aged 0–23 months, Kitui
and Machakos counties, south-east Kenya, January 2018

Stunting Underweight

Model 1 Model 2 Model 1 Model 2

Covariate
Adjusted

OR 90% CI
Adjusted

OR 90% CI
Adjusted

OR 90% CI
Adjusted

OR 90% CI

Child’s age 0–11 months (ref.) – – – –
12–23 months 4·06 2·80, 5·88 – 2·88 1·68, 4·93 –

Child’s birth weight ≥2·5 kg (ref.) – – – –
<2·5 kg 4·93 2·85, 8·53 3·73 1·94, 7·17 4·36 2·38, 8·00 4·08 1·98, 8·38

Child’s sex Female (ref.) – – – –
Male NS 1·59 1·05, 2·38 NS NS

Cow ownership Owns cow (ref.) – – – –
Does not own cow NS NS 1·81 1·09, 3·01 2·35 1·28, 4·29

Number of
children under
2 years of age in
household

One child (ref.) – – – –
Two or more
children

NS NS 1·86 1·08, 3·22 NS

Ref., reference category.
*Adjusted OR (and 90%CI) for the covariates in the logistic models for stunting and underweight for all ages (Model 1, n 858; all with birth weights) and for 12–23-month-olds
excluding age as a covariate (Model 2, n 438).

1606 H Guyatt et al.

https://doi.org/10.1017/S1368980019003793 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019003793


imbalance is also apparent in recent studies(10,25). Wells(30)

argues that male children are more vulnerable than
females, particularly in poor environments, partly because
natural selection may favour female offspring survival.
Cultural and behavioural factors may also play a part, as
female children spend more time with their mothers and
receive more attention than male children who may be
spending more time out of the house(25). Understanding
the mechanisms behind this gender effect could help in
designing educational messages for caregivers.

Although being male had an increased risk of being
underweight, this was not significant for 12–23-month-olds
in the logistic model, where only LBW and cow ownership
remained significant risk factors. In this study population,
livestock ownership is a robust wealth proxy for a house-
hold and it is not surprising that wealthier households have
healthier children. The question is what could be done to
improve the nutritional status in poorer households. When
the analysis was run with all age groups, as well as cow
ownership, having two or more children under the age
of 2 years was a significant risk factor. These two factors
individually increase the risk of children being under-
weight by 1·8 times. Encouraging households to increase
the birth spacing between siblings or reduce the number
of children overall could go some way in improving the
nutritional outcomes of the children they have.

Strengths and limitations
The present study covers a large, widely dispersed and
robust sample of children under 2 years of age in a poor
area of south-east Kenya, reporting the strength of associ-
ation between key metrics, including household and
demographic characteristics, and nutritional status. In par-
ticular, fieldwork yielded data on LBW. The limitations are
that the data are cross-sectional and from a single point of
time in a geographical location where food availability is
highly seasonal, thus yielding associative rather than causal
relationships. Additionally, we were unable to gather data
on potential confounders, such as parasitic infection, HIV
status, or mother’s stature and BMI. Furthermore, the study
sample consists solely of beneficiary households of the
CT-OVC social protection programme, a non-random,
selective slice of the population that represents the area’s
most vulnerable households and hence not fully represen-
tative of the general population. Many are also female-
headed and are very large in size.

Conclusion

In the present study, LBW was a major driving factor in
increasing the risk of undernutrition. Future studies investi-
gating predictors of stunting and underweight in children
should include this metric in their analyses. Undernutrition
prevention programmes could potentially reduce adverse
birth weight outcomes by increasing their targeting of preg-
nant women and the development of the child in utero.

Additionally, the higher risk of undernutrition in the second
year of life suggests a critical transition period fromexclusive
breast-feeding to food that requires more support for the
caregiver in making correct decisions related to the timing,
adequacy, safety and proper complementary feeding prac-
tices. Although wealth status is important, it cannot fully
explain these age effects. Disentangling the factors respon-
sible for these age effects, and the factors that predispose
male children to an increased vulnerability of stunting,
requires further research that goes beyond traditional
caregiver status metrics into behavioural and socially driven
decision making.
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