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Abstract: More than half of Africa’s urban population lives in slums. Little is known about their 
nutritional situation, as slums are often underrepresented in standard surveys. This study analyzes 
issues of food security and dietary quality in East African slums using household-level and 
individual-level data collected in Nairobi and Kampala. The household food insecurity access scale 
(HFIAS) is used as a subjective measure of food security. Moreover, calorie availability and different 
dietary diversity scores are calculated based on 7-day food consumption recalls at the household 
level and 24-hour dietary recalls at the individual level. The large majority of the slum households 
are food insecure and suffer from low dietary quality. Rates of undernourishment are considerably 
higher than what country-level statistics report, suggesting that slum dwellers deserve more explicit 
attention in initiatives to improve nutrition. Household-level indicators are significantly correlated 
with individual-level indicators for women and children. This means that household-level data, 
which are easier to collect, can proxy for individual nutrition up to a certain extent when individual-
level data are unavailable. Regression models show that household income is one of the main factors 
explaining dietary patterns. Hence, facilitating access to lucrative employment is an important entry 
point for improving nutrition in slums. 
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1. Introduction 

Most countries in Africa are experiencing rapid urbanization [1]. Unlike developed countries, 
where urbanization in the past coincided with strong economic growth, rural-urban migration in 
Africa is often associated with rising rates of urban poverty [2]. The rapid increase in the urban 
population combined with poor planning and weak economic growth means that African 
governments do not always manage to provide adequate basic services and decent living conditions 
[3]. Informal settlements, commonly known as slums, are proliferating in many African cities [3–5]. 
In 2014, an estimated 55% of the total urban population in Africa was living in slums [6]. Slum 
dwellers are particularly vulnerable to food insecurity, low dietary quality, and poor health. Unlike 
rural households that often grow food for subsistence consumption, food security in urban areas 
primarily depends on the households’ ability to purchase food. In other words, access to employment 
and cash income are likely the main factors influencing urban food security. In addition, slums are 
typically characterized by crowded and unhygienic living conditions and poor access to basic public 
services, including health and education [1,7]. While the general state of living conditions in slums is 
well documented, fairly little is known about the livelihoods of slum dwellers, including their dietary 
patterns and levels of malnutrition. The main reason is that informal settlements are typically 
underrepresented in standard household surveys. Here, we address this research gap with primary 
data collected in East African slums. In particular, we analyze issues of food security, dietary quality, 
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and socioeconomic correlates in slums of Nairobi and Kampala, the capital cities of Kenya and 
Uganda. 

Food security and dietary quality can be evaluated with various household-level and individual-
level indicators, using food consumption measures, subjective self-assessments, or other types of data 
[8–18]. It is clear that no single indicator can adequately capture all dimensions of food security and 
dietary quality [10,19,20], but collecting all the data required for calculating a variety of indicators is 
hardly possible in most studies. Household-level food consumption data are often available from 
living standard measurement surveys [8,9], but these surveys typically do not contain information 
on intra-household food distribution. Dietary quality and nutrition can vary between different 
household members, so individual-level data are often preferred for more specific purposes, such as 
targeting nutrition interventions. Numerous studies have analyzed to what extent different food 
security and dietary quality indicators correlate. However, most of these studies have either 
compared different household-level indicators [12,16,21] or different individual-level indicators 
[14,15,22,23]. Only a few studies have compared household-level food security and dietary indicators 
with individual-level dietary and nutrition indicators [24–29], and those that did either focused on 
rural areas or used national data without much regional disaggregation. The situation in rural areas 
may differ from that in urban areas. We are not aware of any previous studies that have compared 
household-level and individual-level food security and dietary indicators in African slums. We do so 
and hence also contribute to the research direction on the use of dietary metrics. Better understanding 
the correlation between different indicators in particular contexts can help to identify suitable proxies 
for study situations in which only limited data are available or can be collected. 

Specifically, in this study we address three research questions: (i) What is the situation of food 
security and dietary quality in African slums? (ii) Can household-level food security and dietary 
indicators be used as proxies for individual diets, especially the diets of women and children as the 
most vulnerable groups? (iii) What socioeconomic factors influence the dietary situation in African 
slums? We are particularly interested in understanding the role of different employment sources. 
Data for this study were collected in Nairobi and Kampala, two of the biggest cities in East Africa. 
The slums in these two cities cover a range of socioeconomic conditions, so that the results may offer 
some interesting lessons about African slums more generally. 

2. Materials and Methods 

2.1. Household Survey 

The analysis is based on data from a household survey conducted in four different slums in 
Nairobi and Kampala between November 2016 and February 2017. The survey was part of a larger 
research project on value chains for food and nutrition security of vulnerable populations in East 
Africa carried out in cooperation with the International Center for Tropical Agriculture (CIAT) 
[30,31]. Nairobi and Kampala were purposively selected for this study, as they are among the largest 
cities in East Africa and both have sizeable populations living in slums. In Kenya and Uganda, more 
than 50% of the urban population is estimated to live in slums [6]. To select study participants, a 
multistage sampling procedure was used. At the first stage, all constituencies in Nairobi County and 
all divisions in Kampala District were listed and ordered based on average income and poverty levels 
using official statistics [32,33]. From these lists, the two poorest constituencies/divisions were 
purposively selected in each city; Mathare and Kibra (formerly Kibera) in Nairobi, and Kawempe 
and Nakawa in Kampala. All four locations are characterized by the absence of proper infrastructure, 
poor housing, overcrowding, high rates of unemployment, and poor health and sanitation services 
[5,7,30]. 

At the second stage, in each of the four locations we sampled the poorest wards and villages 
(village in this context refers to an administrative unit in metropolitan zones and should not be 
confused to represent rural areas). It should be noted that at this level reliable census data do not 
exist; hence information from the local administrative offices was used to select the wards and 
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villages. In Nairobi, we selected three wards in Kibra (Laini Saba, Lindi, and Makina) and one village 
in Mathare (Mradi). In Kampala, we selected two villages in Kawempe (Bwaise I and Bwaise III) and 
two villages in Nakawa (Kinawataka and Banda). At the last stage, households were selected 
randomly using the random walk method. The random walk method was deemed appropriate 
because most households in these areas reside in temporary structures with no formal address. 
Sampling was based on households having at least one child aged 6–59 months [30]. In total, 600 
households were interviewed: 300 in Nairobi and 300 in Kampala. 

We designed a structured questionnaire, which was programmed in tablet computers for 
personal interviews. The questionnaire was carefully pretested. The interviews were conducted by 
teams of five enumerators in each of the two cities in local languages. The interviewers were trained 
and supervised by the researchers. The questionnaire contained modules on socioeconomic 
characteristics of the household, employment and income sources, food consumption patterns, and 
subjective food security assessments. The interviews were conducted either with the household head 
or the spouse. The food consumption details were discussed with the person in the household 
responsible for food purchases and food preparation. At the household level, food consumption data 
were collected using a 7-day recall period. We used a list of 112 food items typically consumed in the 
study areas, for which respondents reported the quantities eaten as well as the prices and sources. 
The list of food items used built on other recent surveys in Kenya, Uganda, and other African 
countries [24,34,35] and was verified and adjusted in questionnaire pre-tests prior to the main survey. 
Seven-day recall data with a food disaggregation of at least 60 items are considered suitable for 
deriving energy (calorie) consumption levels and other dietary indicators at the household level 
[10,15,19,20]. 

In addition to the 7-day recall at the household level, we collected individual-level food intake 
data for children and women through a 24-hour dietary recall. The individual recalls were conducted 
twice on two nonconsecutive days, as suggested in the literature [24]. For the second visits, 
respondent households were traced based on the household head’s name, mobile phone number, and 
GPS coordinates, which were recorded during the first visit. Children included in the study were 
aged 6-59 months. In cases where households had more than one child in this age group, the child 
was selected randomly. Child-level dietary recalls were conducted with the mother or caregiver. 
Women included in the study were aged 15-49 years; in most cases the participating women were the 
mothers/caregivers of the selected child. In total, dietary recall data were obtained for 600 children 
(300 in Nairobi and 300 in Kampala) and 581 women (299 in Nairobi and 282 in Kampala). 

2.2. Food Security Indicators 

We use four indicators to evaluate food security at the household level. These include (i) the 
household dietary diversity score (HDDS), (ii) energy consumption per male adult equivalent (AE), 
(iii) the prevalence of undernourishment (PoU), and (iv) the household food insecurity access scale 
(HFIAS). These indicators are briefly described in the following. 

HDDS is a simple count of the number of food groups consumed by a household within a 
specified recall period [36]. It was originally developed by the FANTA II Project [37] as a measure of 
household food access and has been widely used since then [16,19,24]. In our case, the recall period 
for the household-level data was 7 days. The HDDS classification is based on 12 food groups as shown 
in Table S1 (Supplementary material). Higher levels of HDDS indicate more dietary diversity. As 
households typically first try to satisfy their food energy needs before diversifying their diets, HDDS 
is also used as a food security proxy [19,38]. Yet there is no consensus in terms of a minimum HDDS 
threshold to classify food secure households [36]. Of course, the observed values also depend on the 
recall period: for a 7-day recall HDDS is systematically higher than for a 24-hour recall. We use HDDS 
as a count measure with higher observed values indicating higher levels of food security, yet without 
assuming any particular threshold for food security or food insecurity. 

Energy consumption is a widely used indicator for assessing food security when data on the 
quantities eaten of the different food items are available [8,15,19,36]. We used food composition tables 
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for Kenya and Uganda [39,40] to convert the quantities consumed of the 112 food items into calories. 
The quantities consumed during the 7-day recall period were corrected for non-edible portions [24]. 
Total calories consumed in each household were then divided by 7 to obtain daily values and 
expressed per AE to facilitate comparison across households with different demographic structure. 
We use energy consumption per AE as a continuous measure. In addition, we use these energy values 
to derive the prevalence of undernourishment (PoU): households are classified as undernourished if 
their energy consumption is below the minimum threshold of 2400 kcal per day and AE, as suggested 
by FAO [41].  

While HDDS and other food consumption-based measures are objective indicators of food 
security, it is sometimes argued that they do not sufficiently take into account the psychological 
dimensions of food insecurity such as worries about the possibility of food deprivation or limited 
dietary variation [19,42]. The HFIAS is a commonly used subjective measure of food insecurity that 
better accounts for such psychological dimensions. HFIAS captures people’s own perception about 
their food (in)security over a four-week recall period using a range of questions [18]. The HFIAS 
module in the survey questionnaire contained nine specific questions, which are shown in Table S2 
(Supplementary material). These questions describe conditions that relate to three different domains 
of food insecurity, namely anxiety and uncertainty about the household food supply, insufficient 
food quality and variety, and insufficient food intake and hunger. If a particular condition occurred, 
the respondent was asked to specify if it occurred rarely (1), sometimes (2), or often (3) during the 
last four weeks. If a condition did not occur, a value of zero was assigned for the particular question. 
Adding up the values for all nine questions results in the HFIAS score that can take values between 
zero and 27; larger values indicate higher levels of food insecurity. Using the HFIAS responses, we 
also computed the household food insecurity access prevalence (HFIAP), following the method 
described by Coates et al. [18]. HFIAP is a categorical indicator that classifies households into four 
levels of food security, namely food secure, mildly food insecure, moderately food insecure, and 
severely food insecure. 

2.3. Dietary Quality Indicators 

Dietary quality is calculated at the individual level, using the 24-hour dietary recall data from 
children and women living in the sample households. In particular, we calculate dietary diversity for 
children (CDD) and minimum dietary diversity for women (MDD-W), two commonly used 
indicators of individual dietary quality and micronutrient adequacy [36]. Both count the number of 
healthy food groups consumed during the 24-hour recall period with food group classifications 
tailored to the dietary needs of the respective target group (Table S1, Supplementary material). The 
CDD considers seven different food groups. Children who consumed at least four out of these seven 
food groups are considered to have adequate micronutrient supply. CDD was specifically developed 
for children aged 6–23 months [11,17], but recent studies showed that the same food group 
classification is also useful for children above 23 months of age [24]. We use CDD for all children in 
our sample aged 6–59 months. MDD-W was specifically developed for women of reproductive age 
(15–49 years). It considers a total of ten food groups (Table S1); women who consumed at least five 
out of these ten food groups are considered to have adequate micronutrient supply. 

2.4. Statistical Analyses 

The first research question, namely to describe the food security and dietary quality situation in 
African slums, is addressed by showing mean values of the different household-level and individual-
level indicators. The second research question, on the association between different indicators, is 
addressed through correlation analysis. Significant correlation coefficients would indicate that one 
indicator can be used as a proxy for the other. For this analysis, we reverse the HFIAS score, so that 
higher scores indicate higher levels of food security. This facilitates comparison with the other 
indicators, where higher values are always better than lower ones (except for PoU). We use 
Spearman’s correlation method, which is appropriate for both continuous and discrete variables. 
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2.5. Regression Models 

The third research question, on the socioeconomic correlates of food security and dietary quality, 
is addressed with simple regression models. We start the analysis by regressing the food security and 
dietary indicators on a set of socioeconomic variables as follows: 𝐹 = 𝛼 + 𝛽𝑋 + 𝜀  (1) 

where 𝐹  is the food security indicator of household 𝑗, or the dietary quality indicator of the child and 
the woman living in that household, and  𝑋  is a vector of socioeconomic characteristics. 𝛼 and 𝛽 are 
parameters to be estimated, and 𝜀  is a random error term. We estimate separate models for each of 
the dietary indicators. For energy consumption and the HFIAS score we use an ordinary least squares 
(OLS) estimator. Energy consumption in the regression models is log-transformed for better 
distributional fit. As for the correlation analysis, the HFIAS score is used in reversed form, to facilitate 
comparison with the other indicators. For HDDS, CDD, and MDD-W, we use a Poisson estimator 
[43], which was found more appropriate for the distribution of these count data variables. 

In terms of socioeconomic characteristics, we include the following explanatory variables in 
equation (1): household size, dependency ratio (number of working age adults divided by number of 
children and old people living in the household), age, gender, and education of the household head, 
education of the spouse, household income, transfers received, and whether or not a serious health 
or economic shock was recently experienced. In the child dietary quality models, we additionally 
control for the gender and age of the respective child. 

In urban households, income is primarily derived from employment or self-employed activities, 
so that access to different types of employment is expected to be an important determinant of food 
security and dietary quality. We analyze this by regressing the food security and dietary quality 
indicators on a set of employment variables as follows:  𝐹 = 𝛼 + 𝛾𝐸 + 𝜀  (2) 

where 𝐸  is a vector of dummy variables indicating in what type of employment activity household j 
participates. We differentiate between self-employment, casual employment, and salaried 
employment. Further details about each of these employment categories are provided below. Salaried 
employment usually involves longer-term and more stable work in the formal sector, so we expect 
this type of employment to have more positive effects on food security and dietary quality than the 
other employment categories. This hypothesis will be tested. 

Other household socioeconomic characteristics are not included in the models in equation (2), 
as they would confound the direct association between type of employment and food security/diets. 
Employment will likely affect diets primarily through income. On the other hand, the type of 
employment is likely influenced by education, gender, age, and other household and individual 
characteristics. The latter aspect is analyzed with additional probit models to explain which 
socioeconomic characteristics are associated with what type of employment. We use a multivariate 
probit [43], as the different employment types are likely correlated. 

3. Results  

3.1. Socioeconomic Characteristics 

Table 1 shows general socioeconomic characteristics for the full sample, as well as separately for 
Nairobi and Kampala. As one would expect for slum areas, per capita income levels are very low, on 
average only 1.41 US dollars a day in purchasing power parity (PPP) terms for the full sample. 
Accordingly, poverty rates are high; 73% of the sample households fall below the poverty line of 1.90 
dollars a day. Poverty rates in the slums of Kampala are significantly higher than they are in the 
slums of Nairobi. In terms of educational levels, the heads of most households have barely more than 
the eight years of primary education that are compulsory in East Africa. In Kampala, mean 
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educational levels are even below eight years of schooling. In both cities, female adults have fewer 
years of schooling than male adults. 

Table 1. Sample characteristics and description of variables. 

Variables Description Full sample Nairobi Kampala 
Mean SD Mean SD Mean SD 

Male head =1 if household head is male, 0 otherwise 0.67 0.47 0.85 0.36 0.49 0.50 
Age Age of the household head (years) 35.72 10.71 35.84 8.63 35.60 12.46 

Household 
size Number of household members 4.90 1.89 5.09 1.91 4.84 2.33 

Dependency 
ratio Dependency ratio 1.38 0.98 1.11 0.64 1.64 1.18 

Education  Education level of household head (years) 8.68 3.54 9.63 2.64 7.70 4.12 
Female 

education  Education level of female adult (years) 8.17 3.08 8.84 2.32 7.48 3.58 

Shock =1 if household experienced any shock (theft, serious 
illness etc.) during last five years, 0 otherwise 0.66 0.48 0.50 0.50 0.81 0.39 

Income Income per capita per day ($PPP) 1.41 1.23 1.99 1.26 0.83 0.88 

Poor =1 if per capita income is below the international 
poverty line of 1.9$PPP 0.73 0.44 0.56 0.50 0.90 0.30 

Child age Age of the reference child (months) 26.58 14.91 28.11 14.51 25.06 15.17 
Child gender =1 if the reference child is male, 0 otherwise 0.47 0.50 0.47 0.50 0.48 0.50 
Observations  600  300  300  

Mean values are shown with standard deviation in parentheses. PPP, purchasing power parity. SD, 
standard deviation. 

3.2. Food Security and Dietary Quality 

Table 2 shows the different household-level and individual-level indicators of food security and 
dietary quality. On average, slum households in Nairobi consume around 2900 kcal per AE and day, 
whereas households in Kampala consume much less, only around 2400 kcal per AE and day. Based 
on these consumption levels, 31% of the sample households in Nairobi and 59% in Kampala are 
classified as undernourished.
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Table 2. Food security and dietary quality indicators. 

Indicator 
 Household (n=600)  

 
 Children (n=600) 

 
 Women (n=581)  

Nairobi Kampala Nairobi Kampala Nairobi Kampala 
Mean SD Mean SD Mean SD Kampala SD Mean SD Mean SD 

Energy consumption (kcal/day/AE) 2927*** 1035 2444 1135           
Prevalence of undernourishment (%) 31.33*** 46.46 59.33 49.20           

HDDS (12FG) 10.35*** 1.45 8.79 1.90           
HDDS range 5–12 - 1–12 -           

HFIAS (score) 10.22***  6.98 14.77 7.59           
HFIAP category (%)               

Food secure 13.33*** 34.05 6.67 24.99           
Mildly food insecure 33.67*** 47.33 17.67 38.20           

Moderately food insecure 6.67** 24.98 2.33 15.12           
Severely food insecure 46.33*** 49.95 73.33 44.30           

CDD (7FG)      4.33*** 1.27 3.96 1.24      
CDD range      1–7  1–7       

Children not achieving MDD (%)      21.33*** 41.03 31.00 46.33      
MDD-W (10FG)           4.67*** 1.27 4.21 1.50 
MDD-W range           1–8  1–8  

Women not achieving MDD (%)           40.00** 49.07 54.33 49.90 
Observations 300   300 300  300   299  282  

AE, adult equivalent; CDD, dietary diversity for children; FG, food group; HDDS, household dietary diversity score; HFIAP, household food insecurity access 
prevalence; HFIAS, household food insecurity access scale; MDD; minimum dietary diversity; MDD-W, minimum dietary diversity for women; n, sample size; SD, 
standard deviation. Table S1 shows the FG classifications. Differences between Nairobi and Kampala were tested for statistical significance; * P < 0.1, ** P < 0.5, *** 
P < 0.01. 
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The HDDS indicator confirms that slum households in Nairobi have somewhat better economic 
access to food and higher dietary diversity than slum households in Kampala. Figure 1 shows a 
breakdown of the different food groups consumed at the household level during the 7-day recall 
period. In both cities, almost all households consumed cereals and vegetables. Most households also 
consumed oils and fats, sugars and sweets, and spices condiments and beverages. On the other hand, 
several of the more nutritious food groups, such as fruits and animal source products, are consumed 
by a much lower proportion of households, especially in Kampala. In both settings, conscious 
vegetarianism is not commonly observed. Low consumption of meat and other animal source foods 
is mainly attributable to lack of access and affordability. 

 
Figure 1. Proportion of households consuming different food groups during 7-day recall period (n = 
600). Differences between households in Nairobi and Kampala were tested for statistical significance; 
* P < 0.1, ** P < 0.5, *** P < 0.01. 

The HFIAS scores in Table 2 suggest that most households feel food insecure or at least 
vulnerable to food insecurity (the response distributions for each of the nine HFIAS questions are 
shown in Figure S1 in the Supplementary material). This is confirmed by the HFIAP indicator that 
classifies only 13% of the households in Nairobi and 7% of the households in Kampala as food secure. 
In other words, 87% and 93% of the households are classified as food insecure in Nairobi and 
Kampala, respectively. Many of them are categorized as severely food insecure (Table 2). 

The individual-level dietary quality indicators for children and women are also shown in Table 
2. They point at relatively low dietary quality and widespread micronutrient inadequacy. In Nairobi, 
21% of the children and 40% of the women do not achieve the recommended minimum levels of 
dietary diversity (four food groups for children and five for women). In Kampala, the proportions of 
children and women below minimum thresholds of dietary diversity are 31% and 54% respectively. 
Figure 2 shows the consumption frequency of different food groups among children and women 
during the 24-hour recall period. In line with the household-level analysis, cereals (grains) and 
vegetables are consumed by most individuals on a regular basis, whereas many of the other 
nutritious food groups, including fruits and animal source products, are consumed much less 
frequently, mainly due to lack of access and affordability. 
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Figure 2. Proportion of children and women consuming different food groups during 24-hour recall 
period. Differences between Nairobi and Kampala were tested for statistical significance; * P < 0.1, ** 
P < 0.5, *** P< 0.01. 

3.3. Correlation between Indicators 

In this subsection, we correlate the different food security and dietary indicators to better 
understand to what extent they match. We correlate all of the indicators used, but are particularly 
interested in the correlations between the household-level and the individual-level indicators, as this 
type of association has not been analyzed before in the context of African slums. Table 3 shows the 
correlation coefficients for the sample as a whole, and in the middle and lower parts also separately 
for Nairobi and Kampala. The household-level indicators (HDDS, energy consumption, PoU, and 
HFIAS) are all significantly correlated. For most of the indicators, the correlation coefficients are 
positive, as one would expect (note that the HFIAS score is used in reversed form for this analysis). 
Only PoU is negatively correlated with the other indicators, as PoU is a dummy variable that takes a 
value of one if the household is undernourished. 

Table 3. Correlation between food security and dietary quality indicators. 

 Indicator HDDS Energy  
consumption PoU HFIAS (reversed) CDD 

Full 
sample 

Energy consumption 0.468*** 1.000    
PoU −0.332*** −0.732*** 1.000   

HFIAS (reversed) 0.537*** 0.399*** −0.299*** 1.000  
CDD 0.284*** 0.210*** −0.142*** 0.330*** 1.000 

MDD-W 0.331*** 0.249*** −0.169*** 0.364*** 0.531*** 
       

Nairobi 

Energy consumption 0.467*** 1.000    
PoU −0.307*** −0.692*** 1.000   

HFIAS (reversed) 0.431*** 0.344*** −0.248*** 1.000  
CDD 0.222*** 0.171** −0.116* 0.260*** 1.000 

MDD-W 0.322*** 0.262*** −0.153** 0.274*** 0.511*** 
       

Kampala 

Energy consumption 0.331*** 1.000    
PoU −0.225*** -0.743*** 1.000   

HFIAS (reversed) 0.491*** 0.340*** −0.243*** 1.000  
CDD 0.290*** 0.166** −0.091 0.354*** 1.000 

MDD-W 0.255*** 0.166** −0.125* 0.387*** 0.527*** 
CDD, dietary diversity for children; HDDS, household dietary diversity score; HFIAS, household 
food insecurity access scale; MDD-W, minimum dietary diversity for women; PoU, prevalence of 
undernourishment. * P < 0.1, ** P < 0.5, *** P< 0.01. 

At the individual level, CDD and MDD-W are positively and significantly correlated, with 
correlation coefficients exceeding 0.5 (Table 3). In other words, the dietary quality of the child is 
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closely related to the dietary quality of the mother. Interestingly, the correlations between the 
household-level and the individual-level indicators are also statistically significant. The correlations 
between household and individual dietary diversity scores range between 0.28 and 0.33 (Table 3). 
The correlations between HFIAS and the individual dietary diversity scores are in a similar range 
and even somewhat higher in Kampala. 

The magnitude of correlation coefficients between different dietary and nutrition indicators is 
typically not very high [12,19,24,28], even when looking at the same individuals, because each 
indicator has a somewhat different focus. Hence, one cannot simply replace on indicator with 
another. However, the fact that many of the correlation coefficients in Table 3 are statistically 
significant and above 0.25 suggests that using household food security and dietary diversity 
indicators as proxies for individual dietary quality of women and children is acceptable when 
individual data are not available, as is often the case. Of course, some caution in interpretation is 
warranted. Only for PoU, the correlation coefficients are much smaller and not statistically significant 
in some cases. Due to the binary nature of the PoU variable, variation may be too limited to proxy for 
dietary quality. 

We also analyzed the associations between the indicators through simple regression models 
with additional control variables included (Tables A3-A6). These additional results confirm 
significant associations between the household-level and individual-level indicators also after 
controlling for socioeconomic characteristics. 

3.4. Socioeconomic Factors Influencing Food Security and Dietary Quality 

Table 4 shows results from the regression models used to analyze the role of socioeconomic 
factors for food security and dietary quality for the full sample. Separate models for Nairobi and 
Kampala are shown in Table S7 (Supplementary material) with similar general findings. In several of 
the models in Table 4, male household head has a positive and significant coefficient, suggesting that 
male household heads have a positive effect on food security and dietary diversity. This may possibly 
be related to male adults having better access to more lucrative and more stable employment than 
female adults, an aspect that we will return to further below. Furthermore, we find that education of 
the household head has positive effects on food security at the household level. Interestingly, 
education of the household head is not significant in the individual-level models. Instead, education 
of the female adult seems to be more relevant for the dietary quality of women and children in the 
household. This is plausible: female education contributes to more decision-making power for 
women in the household, which has positive effects for intra-household food distribution and child 
nutrition [44,45]. 
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Table 4. Socioeconomic factors influencing food security and dietary quality (full sample). 

Variables 
(1) (2) (3) (4) (5) 

HDDS SE Energy 
consumption (log) SE HFIAS 

(reversed) SE CDD SE MDD-W SE 

Male household head 0.593*** 0.198 0.018 0.049 1.323* 0.740 −0.001 0.138 0.253* 0.153 
Age of the household head (years) −0.004 0.008 0.003* 0.002 0.029 0.030 0.001 0.005 0.006 0.006 

Household size 0.082* 0.045 −0.057*** 0.010 0.058 0.195 −0.007 0.032 −0.002 0.036 
Dependency ratio −0.119 0.097 0.018 0.019 −0.536* 0.298 −0.038 0.064 −0.087 0.072 

Education of household head (years) 0.073*** 0.025 0.017*** 0.006 0.275** 0.113 −0.006 0.018 0.006 0.021 
Female education (years) 0.046* 0.026 −0.002 0.007 0.214* 0.118 0.035* 0.021 0.041* 0.024 

Income (per capita per day)  0.241*** 0.054 0.035** 0.014 1.760*** 0.299 0.151*** 0.046 0.111** 0.050 
Transfers  0.171 0.243 −0.050 0.070 0.436 1.066 0.058 0.201 0.586*** 0.185 

Shock  −0.215 0.140 −0.032 0.036 −1.874*** 0.619 −0.061 0.110 −0.112 0.128 
Age of reference child (months)        0.016*** 0.003   

Gender of the child (Male=1)       0.054 0.100   
Kampala (reference: Nairobi) −0.751*** 0.159 −0.162*** 0.043 −0.357 0.720 −0.070 0.121 −0.116 0.144 

           
Observations 600  600  600  600  581  

Values shown are marginal effects. The energy consumption and HFIAS models were estimated with ordinary least squares. The HDDS, CDD, and MDD_W models 
were estimated with a Poisson estimator. CDD, dietary diversity for children; HDDS, dietary diversity score; HFIAS, household food insecurity access scale; MDD-
W, minimum dietary diversity for women; SE, robust standard error. * P < 0.1, ** P < 0.5, *** P < 0.01. 
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Several other socioeconomic variables are also significant in some of the models in Table 4. But 
the most important driver of food security and dietary quality seems to be income, which is positive 
and significant in all household-level and individual-level models. This is unsurprising, as urban 
households primarily depend on food purchases for which cash income is needed, as mentioned 
before. 

3.5. The Role of Employment Activities 

Employment or self-employed activities are by far the most important sources of cash income 
for the households in the slums of Nairobi and Kampala. Figure 3 shows that most of the sample 
households depend entirely on casual employment, which is informal employment on a short-term 
basis in activities such as construction work, artisanal work, cleaning services, loading and unloading 
goods in local markets, and transportation, among others. Often, casual workers are only hired for a 
few hours or a few days, leading to high levels of insecurity and income fluctuation. Only around 
10% of the households have more stable salaried employment, which usually involves formal and 
longer-term contractual arrangements. Typical salaried employment activities include working as a 
teacher, security guard, shop assistant, or officer, among others. Self-employment involves own small 
businesses, which are mostly informal in nature. Self-employment is more common in Kampala than 
in Nairobi, which is probably an indication of fewer employment opportunities for slum dwellers in 
Kampala. Households that derive income from various employment categories are classified to have 
“multiple sources” in Figure 3. The Figure uses household-level data and considers the income 
sources of all working household members. An additional breakdown of individual-level 
employment activities is shown in Table S8. 

 
Figure 3. Income sources of slum households (n = 600). Differences between Nairobi and Kampala 
were tested for statistical significance; * P < 0.1, ** P < 0.5, *** P < 0.01. 

Table 5 shows results of the regression models with food security and dietary indicators as 
dependent and the employment categories as independent variables. We include dummy variables 
for salaried employment, self-employment, and multiple sources, and use casual employment as the 
baseline category. Salaried employment produces the largest positive coefficients, which are 
statistically significant in most of the models. That is, households with salaried employment are more 
food secure and have better dietary quality than other households, and especially in comparison to 
those that depend entirely on casual employment. This result is plausible, because salaried 
employment is usually better paid and ensures a more stable income stream than the other 
employment activities. The coefficients for self-employment and multiple sources in Table 5 are also 
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positive and significant in most cases, clearly underlining that households that depend on casual 
employment alone are worst off in terms of food security and dietary quality. Very similar trends are 
also observed when running separate models for the subsamples from Nairobi and Kampala (Table 
S9). 

Table 5. Effects of employment and income sources on food security and dietary quality. 

Variables 
(1) (2) (3) (4) (5) 

HDDS SE Energy consumption 
(log) SE HFIAS 

(reversed) SE CDD SE MDD-W SE 

Salaried 
employment 1.141*** 0.217 0.143*** 0.052 5.431*** 1.060 0.263 0.167 0.382** 0.186 

Self-employment 0.137 0.214 0.059 0.050 2.451*** 0.837 0.407*** 0.134 0.289* 0.161 
Multiple sources 1.322*** 0.166 0.098** 0.044 4.968*** 0.716 0.480*** 0.131 0.670*** 0.144 

Observations 587  587  587  587  569  
The employment categories are dummy variables with casual employment being the reference. 
Values shown are marginal effects. The energy consumption and HFIAS models were estimated with 
ordinary least squares. The HDDS, CDD, and MDD-W models were estimated with a Poisson 
estimator. CDD, dietary diversity for children; HDDS, dietary diversity score; HFIAS, household food 
insecurity access scale; MDD-W, minimum dietary diversity for women; SE, robust standard error. * 

P < 0.1, ** P < 0.5, *** P < 0.01. 

Using a multivariate probit model, we also analyzed what socioeconomic factors determine 
households’ and individual’s access to different types of employment (Table S10). The results suggest 
that education is a crucial determining factor. More years of schooling significantly increase the 
likelihood of formal salaried employment, while reducing the likelihood of casual employment. 
Gender also plays an important role. Men are more likely to be involved in salaried employment than 
women; for self-employment it is the other way around. 

4. Discussion and Conclusion 

We have analyzed food security, dietary quality, and socioeconomic correlates in African slums, 
using representative data collected in the poorest neighborhoods of Nairobi and Kampala and 
various household-level and individual-level indicators. All indicators point at high levels of food 
insecurity and malnutrition. Based on the household food insecurity access scale (HFIAS), 87% and 
93% of the households are food insecure in the slums of Nairobi and Kampala, respectively. This is 
similar to the findings of earlier studies that analyzed food insecurity in slums of Nairobi [3,46] and 
Windhoek, Namibia [47] using the HFIAS. 

It should be mentioned that all dietary and food security indicators have their advantages and 
drawbacks [15,19,20]. Dietary diversity scores are easy to measure, but they do not take into account 
food quantities consumed. Indicators of calorie consumption account for food quantities, but they 
may be associated with larger measurement error, especially when building on recall data. The 
HFIAS takes into account psychological aspects of food insecurity, which the other indicators do not, 
but it remains a subjective measure, which needs to be kept in mind in interpretation. We used and 
compared several indicators within the same households and obtained consistent results, which adds 
to the overall robustness of our findings. 

Using household-level food consumption data, we have found that 31% of the sample 
households in Nairobi and 59% in Kampala suffer from calorie deficiencies. We could not find 
comparable estimates for slums in the recent literature. However, our rates of calorie 
undernourishment are higher than those reported by FAO for both countries as a whole, namely 24% 
for Kenya and 41% for Uganda [48]. This comparison underlines that slum dwellers are particularly 
vulnerable to food insecurity and deserve special attention in food and nutrition policies. 

Using individual-level dietary recall data, we have also calculated dietary diversity indicators 
for children and women. In the slums of both cities, more than 20% of the children do not reach the 
recommended minimum thresholds for balanced diets and micronutrient adequacy. For women, the 
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rates are even higher; 40–50% of the women do not reach the recommended minimum dietary quality 
thresholds. For both children and women, dietary diversity is lower in Kampala than in Nairobi, as 
one would expect given lower average incomes in Kampala. We did not find other recent estimates 
of dietary diversity for slums in the literature. A recent study analyzed dietary diversity among 
smallholder farmers in rural Kenya [24]. In general, dietary diversity is higher in urban than in rural 
areas, because of better market infrastructure and more varied market supply in cities. However, 
market access also depends on personal incomes, and incomes are particularly low among slum 
dwellers. Our results suggest that dietary diversity in urban slums is similar to that in rural areas 
[24]. The proportion of women below the recommended dietary diversity threshold is even higher in 
urban slums than in rural areas. 

We have also analyzed the association between the different food security and dietary quality 
indicators in order to see in how far they match. At the household level, the different food security 
indicators (HFIAS, energy consumption, and HDDS) are all significantly correlated with correlation 
coefficients > 0.4, so that they can be used as proxies for each other. At the individual level, we found 
positive, significant, and strong correlations (> 0.5) between CDD and MDD-W. 

Furthermore, we have analyzed the associations between household-level and individual-level 
indicators. HFIAS, energy consumption, and HDDS are all positively and significantly correlated 
with CDD and MDD-W, which even holds after controlling for socioeconomic characteristics. Similar 
findings were also reported in other recent studies [24,26,27,29], but these other studies did not 
analyze the situation in urban slums. Most of the correlation coefficients between our household-
level and individual-level measures were in a magnitude of 0.3, meaning that the associations are not 
very strong. This is not surprising, because the indicators are not meant to measure exactly the same 
issues. However, in the nutrition literature it is not uncommon to cautiously use one indicator as a 
proxy of another when the correlation is around 0.3 and statistically significant [16,22,24]. Hence, our 
results imply that—also in slum areas—household-level indicators can be used as proxies for the 
dietary quality of women and children when individual-level data are not available. While 
household-level indicators have clear limitations in capturing specific details of individual diets, the 
significant positive association is good news, because household-level data are more often available 
from standard surveys; they are easier and cheaper to collect than individual-level data. Especially 
HFIAS and HDDS are relatively undemanding in terms of data requirements. 

We have used regression models to analyze socioeconomic factors that influence food security 
and dietary quality. Education was found to play an important role. While education of the 
household head has a positive effect on food security at the household level, dietary quality of 
children and women is influenced more by the educational level of the female adult in the household. 
Income from employment activities has a strong positive effect on all food security and dietary 
indicators, which is unsurprising given that poor urban households depend almost entirely on food 
purchases for their food security. Households with access to formal salaried employment have more 
healthy diets than other households and especially those that derive their income only from casual 
employment in the informal sector. More than 40% of the slum households depend entirely on casual 
employment, which is true in Nairobi and Kampala alike. Education was found to be an important 
determinant of access to formal salaried employment. Regardless of the educational level, men have 
better access to salaried employment than women. This means that facilitating access to education 
and strengthening the role of women will likely have positive effects on food security and nutrition 
in African slums. Although not analyzed here, public investments in infrastructure and efficient 
institutions may spur local economic growth and therefore help to create new and better employment 
opportunities. 

Access to more lucrative and more stable employment and thus higher incomes for households 
living in slums may mean that some of these households will gradually relocate to more attractive 
neighborhoods of the cities. At this point, such relocations do not seem to happen very often. Many 
of the households in our sample had already stayed in the slums of Nairobi and Kampala for several 
years. But even when people manage to move out over time, the size of African slums will likely not 
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decrease rapidly, simply because rural-urban migration will remain a common phenomenon for the 
decades ahead. Hence, improving food security and nutrition in African slums will most probably 
remain an important policy challenge for the foreseeable future. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1: Food groups 
used to calculate dietary diversity scores, Table S2: Questions for household food insecurity access scale (HFIAS), 
Figure S1: Frequency of occurrence of nine items of the household food insecurity access scale (HFIAS), Table 
S3: Regression results of the association between HDDS and individual dietary indicators, Table S4: Regression 
results of the association between energy consumption and individual dietary indicators, Table S5: Regression 
results of the association between the prevalence of undernourishment and individual dietary indicators, Table 
S6: Regression results of the association between HFIAS and individual dietary indicators, Table S7: 
Socioeconomic factors influencing food security and dietary quality in Nairobi and Kampala, Table S8: Income 
earning activities of individual household members, Table S9: Effect of income sources on food security and 
dietary quality in Nairobi and Kampala, Table S10: Factors influencing participation in different employment 
activities for individual adults. 
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