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Abstract 

Background  By 2050, approximately 68% of the global population will live in cities, but nutrition data on urban 
populations of low- and middle-income countries are scarce. Fast growing secondary cities, combining characteristics 
and hurdles of urban and rural settings, are hotspots for the double burden of malnutrition. The Nutrition in City Eco‑
systems (NICE) project focuses on 6 secondary cities in Bangladesh, Kenya and Rwanda, to improve health and nutri‑
tion, and reduce poverty. To assess the baseline situation and guide future interventions, food insecurity, dietary 
diversity, nutrition status, and food production and purchasing patterns were explored.

Methods  In a cross-sectional study design, data were collected from urban and peri-urban households of Dinajpur 
and Rangpur in Bangladesh, Bungoma and Busia in Kenya, and Rubavu and Rusizi in Rwanda. Approximately 1200 
households, in neighborhoods prone to malnutrition, were involved from April to June 2021. We assessed Household 
Food Insecurity Access Score (HFIAS), both current and before COVID-19, Household Dietary Diversity Score (HDDS), 
Minimum Dietary Diversity for Women (MDD-W), anthropometric measurements, household and socioeconomic 
information, and questions related to food production and consumer behavior. Further we collected secondary data 
on low birthweight and anemia during pregnancy.

Results  All cities experienced a substantial increase in food insecurity during the COVID-19 pandemic. Stunting 
rates in children under 5 years varied among the cities and ranged from 7.8% in Busia to 46.6% in Rubavu, while half 
of adult women were overweight (between 42.1% in Rusizi and 55.8% in Bungoma). Furthermore, many women did 
not consume an adequately diverse diet (MDD-W < 5 for 29.3% in Bangladesh, 47.5% in Kenya, and 67.0% in Rwanda), 
however many of the urban and peri-urban households were engaged in farming (58–78%).

Conclusions  The double burden of malnutrition is high in secondary cities and the COVID-19 pandemic has exac‑
erbated levels of food insecurity. Demand for, and access to, an affordable healthy diverse diet that comprises 
local, nutritious, and agroecologically produced foods present a pathway for overcoming the complex challenges 
of malnutrition.
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Background
Even before the corona virus disease 2019 (COVID-
19) pandemic, the world was facing a global nutrition 
crisis. The Food and Agriculture Organization  (FAO) 
of the United Nations’ 15th report of the High Level 
Panel of Experts (HLPE) on Food Security and Nutri-
tion in 2020 emphasized that the world is not on track 
to achieve ‘Zero Hunger’ (Sustainable Development Goal 
2) by 2030  [1]. Suboptimal diets are responsible for one 
third of the world’s population suffering from malnutri-
tion and one fifth of adult deaths, making it the number 
one risk factor for disease and early death [2]. More than 
720 million people suffer from hunger, 149 million chil-
dren under 5 years are stunted, and over 2.3 billion peo-
ple are not having regular access to sufficient, safe, and 
nutritious food [3, 4]. At the same time, overweight and 
obesity among adults, adolescents and children are rising 
globally. Data from 2016 reported that 131 million chil-
dren aged 5–9  years and 207  million adolescents were 
overweight or obese  [5]. Similarly, the Global Nutrition 
Report (GNR) 2021 indexed 38.9 million children under 
5 years and 2.2 billion adults as overweight or obese [3]. 
Many low- and middle-income countries (LMICs) expe-
rience a double burden of malnutrition, a co-existence 
of over- and undernutrition  [6]. Apart from restrictions 
in availability and accessibility of healthy and nutritious 
foods, the burden of infectious and chronic diseases 
aggravates the burden of malnutrition. Inflammation, be 
it chronic as for example in obese individuals or acute as 
during episodes of infections, can reduce the absorption 
of important nutrients leading to micronutrient deficien-
cies and result in malnutrition [7, 8]. Furthermore, exclu-
sive breastfeeding until 6 months of age is important to 
ensure adequate supply of nutrients and contributes to 
optimal growth and development, lowers the risk for 
overweight and diabetes, and protects the child from 
infections [9].

According to the United Nations, 68% of the world’s 
population will live in urban areas by 2050, and around 
90% of the increase in urban population will occur in 
small cities and towns of Africa and Asia [10]. Food and 
nutrition security is essential for an increase in produc-
tivity and decrease in inequalities of cities  [11], but the 
International Food Policy Research Institute (IFPRI) esti-
mates Asia and Africa to lose 11% of their gross domestic 
product (GDP) due to malnutrition each year [12]. Urban 
poor households in low- and middle-income countries 
(LMICs) tend to spend a large part of their income (up 
to 70%) on food, making them particularly vulnerable to 

food price fluctuations  [13–15]. By forcing households 
to substitute nutritious fresh foods, such as fruits and 
vegetables, with less nutritious but cheaper staples, food 
price volatility immediately affects diet quality [16]. Fur-
thermore, urbanization has profound effects on eating 
patterns [17, 18]. People relocating to urban areas expe-
rience a pronounced shift away from traditional staples 
and towards the consumption easily prepared foods such 
as rice, bread and meals away from home [17, 19–22], as 
well as foods that contain high levels of sugar and highly 
processed foods [23, 24].

The COVID-19 pandemic increased food insecurity 
in LMICs  [25]. The long-term impact on access to and 
affordability of nutrient-rich foods and healthy diets 
will be most detrimental for vulnerable groups such as 
women and children, and individuals with low socio-
economic status with limited resources, such as homeless 
people and elderly populations [26]. A systematic review 
by Picchioni et al. advocates for improved data collection 
to identify vulnerable groups and eventually monitor and 
ensure progress in reaching goals of specific programs 
and interventions among them [27].

To improve urban diets and support city food systems 
transformation towards more sustainable ways of pro-
ducing and consuming food, the Swiss Agency for Devel-
opment and Cooperation (SDC) initiated the Nutrition in 
City Ecosystems (NICE) project. By ensuring the demand 
and supply of diverse and nutritious foods, NICE seeks 
to make city food systems more nutrition-focused so they 
contribute to better health and nutrition status, especially 
among the vulnerable populations. A protocol paper by 
Speich et  al. describes the NICE project in detail [28]. 
This study presents baseline data from vulnerable groups 
on i) prevalence of malnutrition indicators, ii) house-
hold and women dietary diversity, iii) relevant consumer 
behaviors, iv) household food insecurity access pre- and 
during the COVID-19 pandemic, as well as v) prevalence 
of low birth weight of infants and anemia among preg-
nant women in the six cities.

Methods
To assess the nutritional status of the inhabitants of the 
secondary cities before the start of the NICE project, as 
well as to track progress throughout the project, we col-
lected baseline data for each city. A cross-sectional study 
design using a mixed-methods approach was applied, 
including i) a household questionnaire (including ques-
tions on socioeconomic situation, as well as food pro-
duction, purchase, preparation and consumption), ii) 
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quantitative food consumption questionnaire specifically 
for women of reproductive age (WRA, 15–49 years), iii) 
anthropometric measurements, and iv) review of health 
records data from the six secondary cities.

Study sites and data collections
This study was conducted in six secondary cities in Bang-
ladesh (Dinajpur and Rangpur), Kenya (Bungoma and 
Busia), and Rwanda (Rubavu and Rusizi). Study sites, and 
the NICE study in its whole, are described in the protocol 
paper by Speich et al. and shown in Fig. 1 [28].

In close collaboration with local authorities, geographi-
cal areas of the cities with known malnutrition burden 
were targeted (see sampling strategy). Written informed 
consent was obtained from all study participants (house-
hold heads, interviewed women, adult legal guardians of 
children and adolescents < 18  years) before participating 
in the study. As the interviews were conducted during 
the COVID-19 pandemic and thus to minimize risk for 
infection, all interviewers were wearing face-masks and 
using hand sanitizers, the same was offered to the study 
participants.

The household survey was administered by appro-
priately qualified, experienced, and carefully trained 
enumerators who conducted face-to-face interviews 
with the household member mainly responsible for 
food consumption in the household. The household 
survey questionnaire collected various forms of data, 
including food production practices, asset owner-
ship, sources of income, as well as food consumption 
expenditure and behavior. The questionnaire also con-
tained questions to assess the Household Food Inse-
curity Access Score  (HFIAS) [29], a 24-hour dietary 
recall for food consumed in the household (Household 

Dietary Diversity Score  (HDDS)) [30], and questions 
on child feeding (including breastfeeding and comple-
mentary feeding). Furthermore a 24-hour dietary recall 
was specifically administered to one WRA per house-
hold (using the country-adapted versions of the Diet 
Quality Questionnaire (DQ-Q, through direct contact 
with the Global Diet Quality Project group)) [31], that 
can be converted into a Minimum Dietary Diversity 
for Women (MDD-W)) [32]. In each household, height 
and weight were collected from all household mem-
bers present and providing informed consent at the 
time of the visit (at least from one WRA (15–49 years) 
as well as either one adolescent (10–19 years) or youth 
(15–24  years) and/or one child under 5  years). Body 
weight and height, in light clothes and without shoes, 
were measured in kilograms (kg) and centimeters (cm) 
using an electronic scale and a portable stadiometer. 
All data collection instruments were pre-tested before 
the study. Data were collected electronically on android 
tablets using Open Data Kit  (ODK). Data flow was 
automatized (skip patterns) and constraints set to data 
entry fields, to increase quality assurance. Furthermore, 
regular data checks were conducted by the supervi-
sors prior to uploading the data. Data collection took 
place between April and May 2021 in Kenya, between 
May and June 2021 in Rwanda, and in June 2021 in 
Bangladesh.

Hemoglobin concentrations in pregnant women and 
birthweight of infants were collected from antenatal 
care (ANC) clinics (n) of the urban and peri-urban areas 
of Dinajpur  (7), Rangpur  (4), Bungoma  (1), Busia  (3), 
Rubavu (3), and Rusizi (3). Hemoglobin and birthweight 
data from the respective records (ANC and Growth 
monitoring and promotion (GMP) visits, or birth 

Fig. 1  Maps of Bangladesh, Kenya, and Rwanda, indicating the location of the six secondary cities embedded in the NICE study 
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records) were collected for the period between January to 
May 2021 in Bangladesh and for January to March 2021 
in Kenya and Rwanda, respectively.

Sampling strategy and statistical analysis
Based on time, budget, and previous knowledge on the 
prevalence of key nutrition indicators, a convenient sam-
ple size of around 300 households per city in Bangladesh 
and 150 households per city in Kenya and Rwanda, was 
persued.

A two-stage sampling design was used  to reach the 
total sample. In the first stage, informed by the fact that 
different malnutrition problems in urban areas tended 
to be clustered by residential neighborhoods, all resi-
dential neighborhoods (residential estates) in each town 
were listed. Whenever possible, and with the help of dis-
trict local authorities, sectors with high rates of malnu-
trition in particular child stunting and adolescent/youth 
overweight and obesity were identified. The rationale to 
focus on these specific target group was based on the 
fact that these groups would be the key beneficiaries 
of the NICE project. We identified 10 sectors each  for 
Dinajpur and Rangpur, 1 sector for Bungoma, 3 sec-
tors for Busia, and 3 sectors each for Rubavu and Rusizi. 
Within each of the selected sectors, systematic random 
sampling was then used to select households. Depend-
ing on the number of sectors, the sample size of 300/150 
was divided by the number of sectors and a random 
starting point/household within a sector was chosen. A 
household was included in the study if it had at least one 
WRA and either one adolescent (10–19  year) or youth 
(15–24 years) and/or one child under 5 years present. If 
that household met the inclusion criteria, the determined 
interval (interval = total number of households in that 
estate divided by target sample size for that estate), was 
used to get to the next household. If a certain household 
did not meet the inclusion criteria, the immediate neigh-
boring household was approached, and the interval used 
again to identify the next household to screen. The exer-
cise was stopped when the target number of households 
for a certain estate had been reached.

Anthropometrical measurements (weight and height) 
were used to calculate body mass index (BMI) for indi-
viduals aged 19  years and above with the standard for-
mula (BMI = kg/m2). For children and youth under the 
age of 19  years, sex-specific z-scores for height-for-age 
(HAZ), weight-for-age (WAZ), BMI-for-age, and weight-
for-height (WHZ) were calculated using the new refer-
ence equations recommended by WHO [33, 34]. These 
equations take into account the skewness of the respec-
tive distributions. Z-scores of -1.96 and 1.96 correspond 
to the 2.5th and the 97.5th percentiles, respectively. Stunt-
ing was defined a HAZ < -2, wasting WAZ < -2, and 

underweight as WHZ < -2. For participants under 19, 
overweight was defined as BMI-for-age z-score > 2. For 
participants aged 19 or older, overweight was defined as 
BMI ≥ 25.

The HDDS was calculated from the number of food 
groups consumed by any family member in the house-
hold within the previous 24 hours. The 12 groups were: 
1-cereals; 2-roots and tubers; 3-vegetables; 4-fruits; 
5-meat, poultry, offal; 6-eggs; 7-fish and seafood; 
8-pulses, legumes, nuts; 9-milk and milk products; 10-oil/
fats; 11-sugar/honey; 12-miscellaneous. Food consumed 
outside of the household were not considered  [35]. The 
MDD-W was calculated from the number of food groups 
consumed by WRA in the past 24  hours. The following 
10 groups were considered for MDD-W: 1-grains, plan-
tains, and  white roots and tubers; 2-pulses like beans, 
peas and lentils; 3-nuts and seed; 4-dairy; 5-meat, poultry 
and fish; 6-eggs; 7-dark green leafy vegetables; 8-other 
vitamin A-rich fruits or vegetables; 9-other vegetables; 
10-other fruits  [36]. The percentage of WRA consum-
ing less than 5 food groups was calculated, indicating an 
insufficiently diverse diet. Furthermore, household food 
insecurity access was assessed using a set of questions on 
the lack of sufficient and adequate food, using the HFIAS 
approach  [37]. We used the HFIAS to access present 
situation as well as the situation prior to the COVID-19 
pandemic. The share of food expenditure was used to get 
an insight into the percentage of money spent on food 
from  the total weekly household expenditure and sal-
ary. Further we assessed which local or imported foods 
were regularly consumed. In addition, the percentage of 
women taking supplements and infants receiving and 
consuming fortified porridge was calculated. The preva-
lence of anemia in pregnant women was calculated based 
on secondary data accessed via antenatal care clinics. 
The WHO definition of anemia in pregnancy was used 
with hemoglobin concentration of less than 11 g/dl [38]. 
Low birth weight was defined using the WHO cut-off 
of < 2500 g [39].

Data cleaning and analysis was done using STATA 
IC16. All data were checked for completeness and outli-
ers and descriptive statistics were used to provide age- 
and gender-stratified prevalence and means or medians.

Results
Overall, we interviewed and included in our analysis 307 
households in Dinajpur, 299 in Rangpur, 151 in Busia, 
150 in Bungoma, 150 in Rubavu, and 150 in Rusizi. The 
majority of households reported a male household head, 
namely 89.9% in Dinajpur, 93.3% in Rangpur, 82.0% in 
Bungoma, 78.9% in Busia, 84.0% in Rubavu, and 80.0% 
in Rusizi. The gender,  average age, and level of educa-
tion (no school, and primary, secondary, and tertiary 
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education) of the household head in each city population 
are shown in Table 1.

Agriculture, livestock and water
Farming activities were assessed through the owning or 
accessing of agricultural land. Important to note, most 
of the participants reported an additional occupation 
and source of income besides these agricultural activi-
ties. However, in Bangladesh, 69.4% of the households 
in Dinajpur were involved in farming, 77.9% of them had 
less than 12 acres of farmland (smallholder farm) and 
23.9% of them had 2 acres or less (marginal farm). In 

Rangpur 74.3% were involved in farming, 70.6% of them 
had less than 12 acres and 22.1% had 2 acres or less. In 
Kenya, 63.3% of the households in Bungoma and 66.0% in 
Busia were involved in farming; 100% in both cities had 
smallholder farms of which 86.4% and 88.3% were mar-
ginal farms, respectively. In Rwanda, 58.0% of the house-
holds in Rubavu and 59.3% in Rusizi were involved in 
farming; 31.5% and 25.4% in smallholder farms whereof 
16.6% and 20.6% were marginal farms, respectively. The 
farmland in the Bangladeshi cities was mainly located 
in urban areas, in the African cities the majority was in 
the peri-urban or rural areas (Fig.  2). Only few of the 

Table 1  Education status among household heads in NICE cities

BG: Bangladesh, KE: Kenya, RW: Rwanda. Color-gradient scale for percentages: 0-20% (no color), 21-40% (light grey), 41-60% (medium grey), 61-100% (dark grey)

Fig. 2  Location (urban, peri-urban or rural) of farmland owned or accessed by the interviewed households of the NICE cities (Bangladesh (Rangpur 
and Dinajpur), Kenya (Bungoma and Busia), and Rwanda (Rubavu and Rusizi))
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responding households had received loans or support 
for agriculture (cash or in kind) during the past year; 
for Bangladesh, 1.3% in Dinajpur and Rangpur each; for 
Kenya, 4.0% in Bungoma, 6.0% in Busia; and for Rwanda, 
5.3% in Rubavu and 14.7% in Rusizi, mostly from NGOs, 
funds or government sources.

For Bangladesh, in Dinajpur, 30.9% of the house-
holds possessed livestock, mainly chicken (17.3%), goats 
(12.7%), cattle (8.8%), and ducks (5.5%). In Rangpur, 
26.8% of the households had livestock, mainly chicken 
(11.0%), goats (8.4%), ducks (6.7%), and cattle (4.3%). 
For Kenya, in Bungoma, 57.3% of the households pos-
sessed livestock, mainly chicken (56.0%), cattle (17.3%), 
goats (11.3%), and pigs (4.7%). In Busia, 58.0% of the 
households had animals, mainly chicken (34.7%), cat-
tle (19.3%), goats (12.7%), and pigs (3.3%). For Rwanda, 
in Rubavu, 35.3% of the households possessed livestock, 
mainly chicken (13.3%), cattle (10.7%), pigs (10.7%), goats 
(6.0%), sheep (2.7%), and rabbits (2.0%). In Rusizi, 50.0% 
of the households had animals, mainly pigs (23.3%), cattle 
(21.3%), chicken (16.0%), goats (8.7%), sheep (5.3%), and 
rabbits (4.0%).

In Bangladesh, most households accessed a bore hole 
to source their drinking water, whereas in Kenya and 
Rwanda more often protected or unprotected well or 
springs, public standpipes, piped into a dwelling or plot, 
and surface water were used (see Table 2). Furthermore, 
for Bangladesh the majority of households had a flush toi-
let, in Dinajpur 45.9% had a flush toilet to a septic tank, 
37.8% to a pit and 1.3% to a piped sewage system; another 
3.9% used a traditional pit latrine and 11.1% a ventilated 
improved pit latrine (VIP). In Rangpur, 40.1% had a 
flush toilet to a septic tank, 45.2% to a pit and 4.0% to a 
piped sewage system; another 1.7% used a traditional pit 
latrine and 8.4% a VIP, 0.7% had no facility. For Kenya, in 
Bungoma 40.0% of the households used a traditional pit 
latrine, 35.3% a VIP, 10.0% a flush toilet to a piped sew-
ing system, 10.0% a flush toilet to a septic tank, and 4.0% 
a flush toilet to a pit. In Busia, 39.3% of the households 

used a traditional pit latrine, 42.0% a VIP, 8.7% a flush 
toilet to piped sewing system, 8.0% a flush toilet to sep-
tic tank, and 1.3% a flush toilet to a pit. For Rwanda, in 
Rubavu the vast majority of households used a traditional 
pit latrine (81.3%), some a flush toilet to pit (13.3%), 3.3% 
had no facility and 2.0% use the neighboring facility. In 
Rusizi, 83.3% owned a pit latrine, 16.0% a flush toilet to a 
pit, and 0.7% had no facility.

Food consumption and purchasing patterns
Many households were food insecure, defined as not 
being able to eat the desired variety, quality or quantity 
of foods. The indication for food insecurity (assessed by 
HFIAS) substantially increased during the COVID-19 
pandemic in all cities. In Dinajpur from 34.9% before 
the pandemic to 54.1% during the pandemic, in Rangpur 
from 33.4% to 55.2%, in Bungoma from 77.3% to 88.7%, 
in Busia from 76.0% to 88.7%, in Rubavu from 81.3% to 
98.7%, and in Rusizi from 86.0% to 99.3%. Median (inter-
quartile range  (IQR)) weekly household expenditure 
from salary for food during the pandemic varied from 
36.9%  (30.0–50.1) in Rangpur to 65.2%  (37.0–100.0) in 
Rusizi, see Table 3. Especially in Rwanda, several house-
holds reported to spend all their weekly income on food, 
although not spending any money for some food groups 
such as dairy or also meat and fish. Overall, most peo-
ple indicated to consume mainly local food. In Bang-
ladesh the purchase of imported fruits and legumes 
was common, also the Kenyan cities Busia and to some 
extent Bungoma reported to consume some substantial 
amounts of imported foods (Table 4).

The Household Dietary Diversity Score (HDDS) varied 
from the consumption of an average of 4.0 ± 1.9 out of 
12 food categories in Rubavu (Rwanda), to 7.9 ± 1.6 food 
categories consumed in Rangpur  (Bangladesh,  Fig.  3). 
Households lead by a male household head in Kenya and 
Rwanda had the tendency of a higher mean HDDS (6.0 
and 4.1) compared to households with a female head 
(5.3 and 3.8). In Bangladesh, households with a female 

Table 2  Sources of drinking water in the households of the NICE cities

One household in Busia reported to use rainwater

BG Bangladesh, KE Kenya, RW Rwanda

Bore hole Protected well/
spring

Public tap/
standpipe

Piped into 
dwelling/plot

Surface water Bottled water Unprotected 
well/spring

Dinajpur (BG) 98.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0%

Rangpur (BG) 96.3% 0.3% 0.3% 3.0% 0.0% 0.0% 0.0%

Bungoma (KE) 16.7% 24.7% 27.3% 22.7% 6.7% 0.7% 1.3%

Busia (KE) 8.0% 42.7% 10.7% 22.7% 10.7% 0.7% 4.0%

Rubavu (RW) 0.0% 4.7% 71.3% 12.0% 4.7% 0.0% 7.3%

Rusizi (RW) 0.0% 24.7% 18.0% 24.7% 8.0% 2.7% 22.0%
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household head tended to have a higher HDDS com-
pared to male headed households (8.1 compared to 7.7). 
In Rwanda few households consumed processed foods 
at home in the previous 24  h the least frequent (8.0% 
in Rubavu and 16.0% in Rusizi), on the other side in 
Kenya and Bangladesh more than half of the households 
reported the consumption of processed foods at home 
(58.9% in Busia, 57.3% in Bungoma, 61.0%in Dinajpur, 
and 71.8% in Rangpur).

The Minimum Dietary Diversity for Women (MDD-
W) score varied from the consumption of a mean of 
3.8 ± 1.4 out of 10  food categories in Rubavu to a mean 
of 5.4 ± 1.6  food categories consumed the previous 24  h 
in both, Dinajpur and Rangpur (Fig. 4). A balanced diet, 
defined as the consumption of 5 or more food groups, 
was reported by 70.9% of the WRA in Dinajpur, 70.6% 
in Rangpur, 52.7% in Bungoma, 52.3% in Busia, 26.7% in 
Rubavu, and 39.3% Rusizi.

In Bangladesh, only few WRA reported to consume 
supplements (7.8% in Dinajpur and 6.4% in Rangpur) 
and even less common was fortified weaning food such 
as porridge (0.6% in Dinajpur and 0.7% in Rangpur). In 
Kenya, one in four WRA took supplements (28.7% in 
Bungoma and 23.2% in Busia,  containing all kind of 
micronutrients such as iron, zinc, folic acid, vitamin A, 
C, D, and multivitamins) and 34.7% in Bungoma and 
25.2% in Busia gave fortified porridge to the children. In 
Rwanda, very few WRA reported to take supplements 
(5.3% in Rubavu and 2.0% in Rusizi), but 23.3% and 21.3% 
of the children received fortified porridge (Shisha Kibo-
ndo) in Rusizi and Rubavu, respectively.

Anthropometric measurements
Prevalence of stunting, wasting, under- and overweight 
in children under 5 years, are presented in Table 5. The 
highest rates of stunting were found in Rwanda, with 
almost half of the children in Rubavu being stunted and 

over a quarter of the children in Rusizi being too short for 
their age, followed by the cities in Bangladesh (Rangpur 
22.0% and Dinajpur 15.7%), and the lowest prevalence 
of stunting in Kenya (Bungoma 12.6% and Busia 7.8%). 
Wasting and underweight on the other hand were lowest 
in Rwanda compared to Kenya and Bangladesh, where it 
affected up to one in seven or eight children. Overweight 
was overall quite low in children under 5  years. High-
est prevalence was found in Rwanda, where around 10% 
were affected.

The rates of overweight and obesity among adolescents, 
youth, and adults are shown in Table  6. In Bangladesh, 
the prevalence of overweight and obesity was already vis-
ible in adolescents (6.0–8.0%), whereas this was rare in 
the African cities (0.0%-2.9%). Overweight and obesity 
rates in youth were higher, especially in the female popu-
lation where they ranged between 12.0% in Rubavu and 
18.8% in Dinajpur. For adults, again women were show-
ing higher prevalence of overweight and overall, almost 
50% of the WRA were overweight (ranging from 42.1% 
in Rusizi to 55.8% in Bungoma). Overweight in men was 
less frequent and much less homogeneous across the cit-
ies (ranging from 6.9% in Rubavu to 42.6% in Dinajpur).

Antenatal care data and exclusive breastfeeding
While anemia prevalence among pregnant women var-
ied between 9.9% in Rangpur and 30.0% in Bungoma (no 
prevalence calculation could be done for Rwanda due 
to the fact that generally no records are kept for women 
tested negative for anemia), percentage of low birth 
weight children (< 2500 g) varied from 6.3% in Bungoma 
to 19.6% in Rangpur (also here, no prevalence calculation 
could be done for Rwanda due to the same methodologi-
cal issue; Table 7).

During the household visits we asked about the 
breastfeeding of all children under 5  years of respond-
ing WRA. Only about half of all children from the 

Table 3  Median (interquartile range) weekly household expenditures for food as percentage of weekly salary expended for different 
food groups per week

BG Bangladesh, KE Kenya, RW Rwanda

Total 
expenditures 
for food

Expenditures 
for fruits

Expenditures 
for vegetables

Expenditures 
for dairy

Expenditures 
for protein 
legumes

Expenditures 
for meat

Expenditures 
for fish

Dinajpur (BG) 39.7% (30.0–50.1) 14.3% (11.1–18.8) 20.1% (15.6–26.0) 8.1% (5.6–11.5) 3.9% (2.6–6.3) 25.7% (20.3–62.2) 22.6% (19.0–52.1)

Rangpur (BG) 36.9% (28.1–47.8) 15.3% (11.3–22.0) 19.2% (15.2–24.8) 8.1% (4.9–11.7) 3.2% (2.2–4.5) 27.3% (21.6–33.5) 22.4% (18.5–26.3)

Bungoma (KE) 47.6% (26.8–79.9) 11.1% (5.7–16.7) 17.8% (10.2–27.0) 24.6% (15.2–31.4) 6.8% (3.9–11.8) 15.9% (10.0–22.4) 15.1% (8.8–20.8)

Busia (KE) 50.8% (33.8–92.7) 10.6% (5.6–15.8) 17.4% (10.5–25.9) 20.5% (12.3–28.4) 6.9% (4.2–12.0) 16.4% (10.5–25.4) 18.2% (12.5–26.6)

Rubavu (RW) 58.7% (34.8–100) 5.9% (0–13.8) 14.3% (4.8–22.2) 0.0% (0–7.4) 47.6% (28.6–
63.6)

0.0% (0–18.5) 10.2% (0–20.5)

Rusizi (RW) 65.2% (37.0–100) 11.4% (0–18.8) 17.0% (9.1–31.3) 0.0% (0–10.3) 22.2% (12.0–
45.5)

3.7% (0–25.0) 13.7% (3.9–25.0)
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Table 4  Provenance of food as percentage of food of local, national and imported provenance in NICE cities

BG: Bangladesh, KE: Kenya, RW: Rwanda. Multiple answers possible. Color-gradient scale for percentages: 0-20% (no color), 21-40% (light grey), 
41-60% (medium grey), 61-100% (dark grey)



Page 9 of 15Barth‑Jaeggi et al. BMC Nutrition           (2023) 9:125 	

visited households have been exclusively breastfed until 
6  months of age (ranging from 47.0% in Bungoma to 
62.6% in Rubavu (Table 7).

Discussion
Research on secondary cites has been limited, espe-
cially nutrition and food systems research; although the 
majority of the world’s urban dwellers live in secondary 
cities  [16, 40]. This study disseminates important nutri-
tion-related data collected in vulnerable populations 
of secondary cities in Bangladesh, Kenya, and Rwanda. 
Acting as “nodal points between the rural and the 
urban”  [40], households in secondary cities were still 
mainly traditionally organized, with men heading the 
majority of them. Furthermore, despite living in urban 
and peri-urban city regions, still more than half of the 
people were engaged in farming, with generally very 
small plots of accessible farmland that were situated 
inside the city (urban, peri-urban) but also in its rural 
surrounding.

Urbanization has been shown to be associated with 
a change in diets from traditional fresh foods to more 
pre-prepared and processed foods along with sugar 
sweetened beverages, containing more fat, sugar, and 
salt  [41–44]. Our results confirmed high consump-
tion of processed foods, especially in the Bangladeshi 
and Kenyan cities, where more than half of all visited 
households consumed processed foods the previous 
24  hours. This nutrition transition shows its effects, 
across all secondary cities in our study, 42.1–55.8% of 
the WRA and 6.9–42.6% of men were overweight, start-
ing already with 3.0–11.0% of children under 5  years. 
Popkin and Slining reported 32% of the urban popu-
lation in Sub-Saharan Africa to be overweight versus 
16% in rural areas, and 28% of the urban population in 
South Asia compared to 10% in rural areas in 2010 [45]. 
For Bangladesh, the Global Nutrition Report (GNR) 
published overweight and obesity prevalences for chil-
dren under 5 years of age of 2.4% (2019), 5–19 years old 
boys of 9.3% (2016), 5–19 years old girls of 8.7% (2016), 
and WRA  of 22.2% (2016) [46]. Our adolescent study 

Fig. 3  Household Dietary Diversity Score in the NICE cities
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population (10–19  years) in Bangladesh had a simi-
lar prevalence (6.0–6.8% in girls and 7.0–8.0% in boys). 
The last  Demographic Health Survey (DHS) (2017–18) 
reported 43.4% of all ever-married urban WRA of Bang-
ladesh were overweight or obese [47], similar or slightly 

lower to the 45.5%  (Rangpur) and 53.4%  (Dinajpur) of 
overweight and obesity prevalence in our study. The fact 
that DHS published an overall overweight and obesity 
prevalence of only 24.3% for the whole Rangpur division, 
to which Dinajpur and Rangpur both belong to, under-
lines the higher prevalence of overweight and obesity in 
urban compared to rural populations  [47]. For Kenya, 
the GNR reported national overweight and obesity prev-
alence for children under 5  years of age of  4.2% (2014), 
5–19 years old boys of 6.2% (2016), 5–19 years old girls 
of  16.2% (2016), and WRA of  34.3% (2016)  [48]; again 
lower than in children and WRA of our study. Only the 
adolescents in our survey had a lower prevalence in over-
weight (0.0–2.9%) compared to the GNR. On the other 
hand, older data from a Kenyan DHS in 2014, reported 
an overweight and obesity prevalence of 43.3% for urban 
women  [49], this prevalence is closer to the 53.5–55.8% 
overweight and obesity prevalence found in our study 
7  years later. In Rwanda, the GNR  published national 
overweight and obesity prevalence for children under 
5 years of age of 5.6% (2020), 5–19 years old boys of 5.2% 

Fig. 4  Minimum Dietary Diversity for Women score calculated for responding WRA in the NICE cities

Table 5  Status of malnutrition in children under 5  years in the 
NICE cities

Stunting defined as height-for-age Z-score < -2, wasting defined as weight-for-
age Z-score < -2, underweight defined as weight-for-height Z-score < -2 and 
overweight defined as BMI-for-age Z-score > 2

BG Bangladesh, KE Kenya, RW Rwanda

n Stunting Wasting Underweight Overweight

Dinajpur (BG) 305 15.7% 15.4% 12.5% 3.0%

Rangpur (BG) 273 22.0% 11.0% 7.7% 4.0%

Bungoma (KE) 159 12.6% 8.8% 8.2% 7.5%

Busia (KE) 179 7.8% 13.4% 12.8% 4.5%

Rubavu (RW) 178 46.6% 3.4% 2.8% 10.1%

Rusizi (RW) 191 28.3% 2.1% 2.1% 11.0%
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(2016), 5–19 years old girls of 16.9% (2016) and of WRA 
33.5% (2016) [50]. Overweight and obesity prevalence in 
Rwandan children under 5 years in our survey was with 
10.1–11.0% substantially higher than in the GNR and 
more than twice as high as in Bangladesh and Kenya. 
Also, the overweight in Rwandan WRA in our study was 
higher (42.1–44.8%) compared to the data from the GNR. 
On the other hand, the Rwandan adolescents of our sur-
vey were showing almost no obesity (only girls in Rusizi, 
with 2.3%), but here the sample size was very low.

Despite having specifically selected neighborhoods 
with a known high burden of malnutrition, stunting 
prevalence in Bangladeshi children under 5  years was 
with 15.7% (Dinajpur) and 22.0% (Rangpur) lower than 
in the DHS 2017–18 for Rangpur division (30.4%) as 
well as the general urban population (25.4%)  [47]. Also 
for Kenya, the prevalence of stunting in children under 
5 years in Bungoma (12.6%) and Busia (7.8%) were sub-
stantially lower than reported 2014 nationally (26.2%) 
and in the urban population (20.0%) [48, 49]. In Rwanda, 
the 2019–2020 DHS reported a national under 5 stunting 

prevalence of 33.1% and in urban settings 19.8%, with 
substantially higher prevalence in the Western province 
(40.2%) [50, 51]. Among our study cities, Rubavu, in the 
Western province, had a particularly high stunting preva-
lence with almost half of all the children (46.6%) under 
5 years being affected, not only compared to national data 
but also compared to all other involved cities. Looking at 
wasting in children under 5 years, figures were consider-
ably different; while stunting prevalence was highest in 
Rwanda, wasting prevalence was lowest among all NICE 
countries and only slightly above the data from the GNR 
(1.1% in national and 1.6% in urban population) [50]. On 
the other hand, in the Bangladeshi and Kenyan cities 
compared to other available urban data, wasting preva-
lence were higher in our study population (in the Bangla-
deshi GNR in 2019 urban wasting prevalence was 8.7%, in 
the Kenyan GNR in 2014 urban wasting prevalence was 
3.5%)  [3, 47, 49, 51]. To summarize on undernutrition 
in children under 5  years, stunting as a long-term mal-
nutrition indicator seemed to be less prominent in the 
study population of Kenya and Bangladesh. Interestingly 

Table 6  Prevalence of overweight and obesity among adolescents, youth, and adults

Overweight and obesity defined as BMI ≥ 25 kg/m2 in individuals aged 19 years or more and a BMI-for-age Z-score > 2 in individuals under 19 years

BG Bangladesh, KE Kenya, RW Rwanda

Adolescents (10–19 years) Youth (15–24 years) Adults (19–49 years)

Female (n) Male (n) Female (n) Male (n) Female (n) Male (n)

Dinajpur (BG) 6.0% (184) 8.0% (113) 18.8% (112) 7.7% (26) 53.4% (350) 42.6% (61)

Rangpur (BG) 6.8% (162) 7.0% (143) 17.6% (102) 1.9% (53) 45.5% (341) 26.9% (78)

Bungoma (KE) 1.5% (66) 0.0% (39) 14.8% (61) 10.5% (19) 55.8% (154) 18.2% (11)

Busia (KE) 1.4% (72) 2.9% (35) 15.9% (69) 0.0% (10) 53.5% (155) 30.0% (10)

Rubavu (RW) 0.0% (30) 0.0% (21) 12.0% (25) 0.0% (5) 44.8% (143) 6.9% (29)

Rusizi (RW) 2.3% (43) 0.0% (30) 14.7% (34) 0.0% (11) 42.1% (145) 29.0% (31)

Table 7  Exclusive breastfeeding during the first 6 months of life, low birth weight, and anemia prevalence in pregnant women

No low birth weight and anemia assessment possible in Rwanda as no records kept for total number of deliveries and total number of pregnant women not suffering 
from anemia as no records kept for such cases

Exclusive breastfeeding data collected during household visit within this survey. Low birth weight data and anemia prevalence data collected through review of 
respective ANC records from Jan-May2021 in Bangladesh and from Jan-Mar2021 in Kenya and Rwanda

BG Bangladesh, KE Kenya, RW Rwanda
a only for NGOs’ antenatal care centers as governmental hospitals/clinics don’t keep records of hemoglobin/anemia

Exclusive breastfeeding during the first 
6 months (n)

Low birth weight (< 2500 g) (n) Pregnant women 
with anemia (< 11 g/
dl) (n)

Dinajpur (BG) 59.4% (301) 18.9% (1851) 21.4% (1637)a

Rangpur (BG) 52.3% (298) 19.6% (1771) 9.9% (4644)a

Bungoma (KE) 47.0% (136) 6.3% (3077) 30.0% (3112)

Busia (KE) 61.9% (168) 8.1% (869) 24.1% (1230)

Rubavu (RW) 62.6% (169) - -

Rusizi (RW) 50.0% (181) - -
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however, wasting, as an immediate sign of recent poor 
nutrition, was much higher in all 6 study cities, compared 
to available national data (urban or overall). This may be 
a  direct effect of the COVID-19 pandemic, as demon-
strated recently by a study of Heady and Ruel indicating 
negative economic shocks substantially increasing the 
risk of all types of wasting [52].

Diets consumed by many WRA in our survey were 
rather poor, with highest percentage of insufficient diver-
sity in Rwanda (73.3% in Rubavu, 60.7% in Rusizi) and 
lowest in Bangladesh (29.1% in Dinajpur, 29.4% in Rang-
pur). Bangladeshi households were spending a higher 
percentage of their food expenditures for fruits, this was 
to a lesser extend seen in the African cities. This could 
be contributing to the higher probability to consume a 
balanced diet based on the MDD-W score (70.7% com-
pared to 52.5% in Kenya and 33.0% in Rwanda). Also, 
particularly the food consumed at home was most 
diverse  in Bangladesh, based on the HDDS. Further-
more, in Rwanda, lowest percentage of study respondents 
were engaged in farming (58.0% and 59.3% in Rubavu 
and Rusizi, respectively) what might contribute to the 
poor dietary diversity. Furthermore, household expendi-
tures (relative to the income) for food were the highest 
in Rwanda, where many respondents indicated to spend 
all their income for food. Previous studies on urban food 
insecurity have shown high food expenditures of the city 
inhabitants but our findings exceed the known previous 
data [13–15]. Being highly dependent on food price vola-
tility, nearly all interviewed households (> 99%) had an 
indication of food insecurity based on HFIAS in Rwanda 
(May/June 2021) even though this percentage has already 
been very high in pre-COVID-19 times (> 80%). We 
would like to note here the potential bias of having people 
reporting on a situation from such a long time ago. How-
ever, percentage of households having indications of food 
insecurity during COVID-19 also increased in Kenya and 
Bangladesh. Bangladesh, in line with lowest share of food 
expenditures, was also having the lowest percentage of 
food insecure households before (~ 34%) and during the 
COVID-19 pandemic (~ 55%). Recent data by Egger et al. 
have shown as well the tremendous effect of the pan-
demic on income, employment and access to markets in 
many countries, among them Rwanda, Kenya and Bang-
ladesh [25]. An increase in food prices and therefore food 
insecurity is seen globally [53].

Interestingly, food expenditures allocation to different 
food groups was comparable between the two secondary 
cities within each country, but varied widely among the 
countries. While Bangladeshi participants spent around a 
quarter of their income on meat, they only spent ~ 4% for 
protein legumes. In Kenya, expenditures were highest for 
dairy (24.6% in Bungoma, 20.5% in Busia) and lowest for 

protein legumes (~ 7%) while meat accounted for ~ 16% 
of the  food expenditures. In Rwanda, in line with gen-
erally high food expenditures, protein legumes (beans 
being a staple in Rwanda) was the food group most 
money was spent on (up to 47.6% in Rubavu) and expen-
ditures for dairy and meat were very low, indicating that 
many people might not have purchased these generally 
expensive products at all. When asking about the origin 
of their food, more than 96.0% of Rwandan respondents 
declared to purchase locally produced legumes and only 
14.0% to 16.0% of respondents confirmed to also buy leg-
umes imported from other regions or countries. Simi-
lar for fruits, where only 11.3% to 12.7% of respondents 
confirmed to purchase fruits from other regions (but not 
other countries). Overall, the purchase and consumption 
of imported food (nationally and internationally) was par-
ticularly low among the population of Rubavu and Rusizi. 
In Bangladesh on the other hand, despite the large variety 
of indigenous fruits and legumes, 3 out of 4 households 
reported to also consume imported fruits and vegetables, 
while the percentage of imported foods was low for the 
other categories such as dairy, fish, meat, and vegetables. 
As the number of households reporting having livestock 
was lowest in Bangladesh, most of these foods, would 
then be bought from local or regional sources. In Kenya, 
in Busia, directly at the Ugandan border, a lot of fish, 
fruits and legumes were imported while substantially less 
dairy, meat and vegetables were imported. In Bungoma, 
further away from the Ugandan border, much less food 
was imported, but more legumes on the markets were 
from local and national origin. Overall, this study shows 
that the majority of the food purchased by the peri-urban 
and urban  households are produced locally around the 
cities. This is in line with a global analysis by Thebo et al. 
showing that most croplands (~ 60% and ~ 35% of all irri-
gated and rain fed croplands, respectively) are within 
20 km around the cities [54], making them a semi-closed 
food system with a lot of potential.

According to the GNR, Bangladesh, Kenya and 
Rwanda are on course regarding the global nutrition 
target of exclusive breastfeeding until 6 months by 2025 
(> 50%)  [55]. Also, the data collected during the house-
hold visits in the six secondary cities displayed exclusive 
breastfeeding rates in the first 6  months of above 50%, 
with the exception of Bungoma (47.0%). When compar-
ing the 59% exclusive breastfeeding rate of the urban 
population from the GNR in Bangladesh, it was similar 
to our study cities (Dinajpur 59.4% and Rangpur 52.3%) 
[56]. However, the GNR data on exclusive breastfeed-
ing  for urban Kenya (70.9%) and Rwanda (78.7%) were 
much higher than what the mothers reported during our 
household survey (Bungoma 47.0%, Busia 61.9%, Rubavu 
62.6%, Rusizi 50.0%) [57, 58].



Page 13 of 15Barth‑Jaeggi et al. BMC Nutrition           (2023) 9:125 	

The secondary data collected on anemia prevalence 
varied largely between the two cities  in Bangladesh 
(21.4% in Dinajpur and 9.9% in Rangpur) and was lower 
than the 42.2% presented by GNR in 2019 [46]. It needs to 
be kept in mind that for Bangladesh only data from NGO 
hospitals were taken into consideration as government 
hospitals did generally not keep hemoglobin records, 
furthermore the sample size was again limited. Also in 
Kenya, anemia prevalence among pregnant women was 
lower than the 40.3% stated in GNR for 2019 [48].

Low birthweight is an important nutrition indicating 
maternal and fetal health, and through the life-course 
predicting mortality, stunting, and adult-onset chronic 
conditions [59]. The secondary data of birthweight col-
lected from the health centers in the study area in Kenya 
and Bangladesh for the first months of 2021 presented 
lower prevalence of low birthweight than reported in 
GNR for 2015 (Bangladesh: ~ 19% compared to 27.8% in 
2015 and even 58.3% as the urban prevalence in the DHS 
2017–18 [47]; Kenya: ~ 7.5% compared to 11.5% in 2015), 
but there have been very steady decreases in low birth-
weight rates since 2010 in all 3 countries according to 
GNR [46, 48, 50].

Conclusions
This study presents specific and novel data on city food 
systems and nutrition status of inhabitants of six sec-
ondary cities from three  different countries. Our data 
underline, that vulnerable populations of secondary cit-
ies, often forgotten in food systems research so far, show 
characteristics of both, rural and urban areas. A nutri-
tion transition from traditional, more diverse, fresh, 
and local foods to more convenient, less nutritious, and 
more processed foods could be seen and may contribute 
to the double burden of malnutrition. At the same time 
indications for food insecurity are rising tremendously, 
especially with the current challenges and shocks such 
as the COVID-19 pandemic, climate change, and other 
socio-economic impacts. Food expenditures are generally 
high but, the majority purchased and consumed foods 
are mainly produced locally around the cities. There-
fore, increased availability and accessibility to affordable, 
diverse, nutritious, and locally produced foods at the city 
markets would benefit the urban population.

Acknowledgements
The authors gratefully acknowledge the households members participating in 
this study. We further would like to thank the municipal leadership of each city 
for their valuable support. Anna Herforth provided access to questions from 
Global Diet Quality Project, Karin Gross from the Swiss Agency for Develop‑
ment and Cooperation (SDC) supported the development of the project 
monitoring matrix for which these data were needed to give the baseline and 
allow to track progress going forward. Capucine Musard supported setting up 
the questionnaire in ODK. Finally, we acknowledge the entire consortium of 
the NICE study for their support and scientific input.

Authors’ contributions
TB-J led the development of the country-specific protocols and coordi‑
nated and monitored the data collection, led data analysis, and drafted the 
manuscript. CS supported data analysis and drafted the manuscript. CH 
and FB supported the development of country-specific protocol in Rwanda 
and coordinated the data collection and supported the analysis. SK and WO 
supported the development of country-specific protocol in Kenya and coor‑
dinated the data collection and supported the analysis. SFP and SI supported 
the development of country-specific protocol in Bangladesh and coordinated 
the data collection and supported the analysis. KGVZ-K, SVDB, DB, and MP 
supported the development of country-specific protocols and data analysis. 
HP supported the development of country-specific protocols, monitored the 
study implementation and supported drafting the manuscript.

Funding
The NICE project phase I (7F-10479.01.02) is co-financed by the Swiss Agency 
for Development and Cooperation (70%), with the remaining funding (30%) 
being invested by the NICE consortium members (Swiss TPH, ETH Zürich, 
Sight and Life, Syngenta Foundation for Sustainable Agriculture).

Availability of data and materials
The datasets analysed during the current study are available from the cor‑
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical clearance was obtained in all countries prior to the start of the study. In 
Bangladesh from the Institutional Review Board of the Institute of Health Eco‑
nomics (IHE-IRB, Federal wide Assurance No. FWA00026031), in Kenya from the 
Amref Ethics and Scientific Review Committee (ESRC; ESRC-No. P950/2021), 
and in Rwanda from the Republic of Rwanda’s National Ethics Committee 
(No693/RNEC/2021). Written informed consent was obtained from all study 
participants (household heads, interviewed women, adult legal guardians of 
children and adolescents < 18 years) before participating in the study.
We confirm that all methods were carried out in accordance with relevant 
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Swiss Tropical and Public Health Institute, Allschwil, Switzerland. 2 University 
of Basel, Basel, Switzerland. 3 Swiss TPH, Kigali Office, Kigali, Rwanda. 4 Kula 
Vyema Centre of Food Economics, Nairobi, Kenya. 5 Mitra and Associates, 
Dhaka, Bangladesh. 6 Sight and Life, Kaiseraugst, Switzerland. 7 ETH Zurich, 
Zurich, Switzerland. 8 Syngenta Foundation for Sustainable Agriculture, Basel, 
Switzerland. 

Received: 3 April 2023   Accepted: 13 October 2023

References
	1.	 United Nations’ High-Level Panel of Experts of the Committee on World 

Food Security, Nutrition and food systems: A report by the High Level 
Panel of Experts on Food Security and Nutrition of the Committee on 
World Food Security, ed. FAO. 2017. https://​www.​fao.​org.

	2.	 FAO, IFAD, UNICEF, et al. The State of food security and nutrition in the 
world: transforming food systems for affordable healthy diets, ed. FAO. 
Rome: FAO; 2020.

	3.	 2021 Global Nutrition Report: The state of global nutrition. Bristol: Devel‑
opment Initiatives; 2021. www.​globa​lnutr​ition​report.​org/​docum​ents/​
851/​2021_​Global_​Nutri​tion_​Report_​aUfTR​v0.​pdf.

https://www.fao.org
https://www.globalnutritionreport.org/documents/851/2021_Global_Nutrition_Report_aUfTRv0.pdf
https://www.globalnutritionreport.org/documents/851/2021_Global_Nutrition_Report_aUfTRv0.pdf


Page 14 of 15Barth‑Jaeggi et al. BMC Nutrition           (2023) 9:125 

	4.	 FAO, IFAD, UNICEF, WFP and WHO. The State of Food Security and Nutri‑
tion in the World 2021. Transforming food systems for food security, 
improved nutrition and affordable healthy diets for all. Rome, FAO. 2021. 
https://​doi.​org/​10.​4060/​cb447​4en. www.​fao.​org/3/​cb447​4en/​cb447​4en.​
pdf.

	5.	 NCD RisC. NCD Risk Factor Collaboration. 2020. Available from: https://​
ncdri​sc.​org/. Cited 28 Dec 2021.

	6.	 Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double 
burden of malnutrition and the changing nutrition reality. Lancet. 
2020;395(10217):65–74.

	7.	 Shaw JGJF. Friedman, Iron deficiency anemia: focus on infectious diseases 
in lesser developed countries. Anemia. 2011;2011:260380.

	8.	 Weiss G, Ganz T, Goodnough LT. Anemia of inflammation. Blood. 
2019;133(1):40–50.

	9.	 Victora CG, Bahl R, Barros AJ, et al. Breastfeeding in the 21st cen‑
tury: epidemiology, mechanisms, and lifelong effect. Lancet. 
2016;387(10017):475–90.

	10.	 FAO. The State of Food and Agriculture: Leveraging food systems for 
inclusive rural transformation., ed. FAO. Hoi An: FAO; 2017.

	11.	 Black R, Victora C, Walker S, et al. Maternal and child undernutrition 
and overweight in low-income and middle-income countries. Lancet. 
2013;382(9890):427–51.

	12.	 International food policy research institute. Global nutrition report 2016: 
From promise to Impact: ending malnutrition by 2030. Washington: 2016.

	13.	 Brinkman H, de Pee S, Sanogo I, et al. High food prices and the global 
financial crisis have reduced access to nutritious food and worsened 
nutritional status and health. J Nutr. 2010;140(1):153S-161S.

	14.	 Cohen MJ. Garrett, The food price crisis and urban food (in)security. 
Environ Urban. 2010;22:467–82.

	15.	 Mohiddin L, Phelps L, Walters T. Urban malnutrition: a review of food 
security and nutrition among the urban poor, Nutrition Works: Interna‑
tional Public Nutrition Resource Group, Editor. 2012.

	16.	 de Bloem SS. Pee, Developing approaches to achieve adequate nutrition 
among urban populations requires an understanding of urban develop‑
ment. Glob Food Sec. 2017;12:80–8.

	17.	 Cockx L, Colen L, De Weerdt J. From corn to popcorn? Ubanization and 
dietary change: Evidence from rural-urban migrants in Tanzania. World 
Dev. 2018;110:140–59.

	18.	 United Nations Human Settlements Programme. World Cities Report 
2020, ed. UN-Habitat. Nairobi: UN-Habitat; 2020.

	19.	 Kennedy ET. Reardon, Shift to non-traditional grains in the diets of Eas 
and West Africa: Role of women’s opportunity cost of time. Food Policy. 
1994;19(1):45–56.

	20.	 Maxwell D, Levin C, Armar-Klemesu M, et al. Urban livelihoods and food 
and nutrition security in Greater Accra, in Research Report, I.F.P.R.I. (IFPRI), 
Editor. Washington: International Food Policy Research Institute (IFPRI); 
2000.

	21.	 Maruapula S, Jackson J, Holsten J, et al. Socio-economic status and 
urbanization are linked to snacks and obesity in adolescents in Botswana. 
Public Health Nutr. 2011;14(12):2260–7.

	22.	 Reardon T. Cereals demand in the Sahel and potential impacts of regional 
cereal protection. World Dev. 1993;21(1):17–35.

	23.	 Steyn N, Senekal M, Brtis S, Nel J. Urban and rural differences in dietary 
intake, weight status and nutrition knowledge of black female students. 
Asia Pac J Clin Nutr. 2000;9(1):53–9.

	24.	 Steyn N, Nel J, Parker W, et al. Urbanisation and the nutrition transition: 
a comparison of diet and weight status of South African and Kenyan 
women. Scand J Public Health. 2012;40(3):229–38.

	25.	 Egger D, Miguel E, Warren SS, et al. Falling living standards during the 
COVID-19 crisis: Quantitative evidence from nine developing countries. 
Sci Adv. 2021;7(6):eabe0997.

	26.	 Devine A, Lawlis T. Nutrition and Vulnerable Groups. Nutrients. 
2019;11(5):1066.

	27.	 Picchioni F, Goulao LF, Roberfroid D. The impact of COVID-19 on diet 
quality, food security and nutrition in low and middle income countries: a 
systematic review of the evidence. Clin Nutr. 2021;41(12):2955–64.

	28.	 Speich C, Barth-Jaeggi T, Musard C, Havugimana C, Nwokoro C, Gakuba 
E, Zamil F, Sécula F, Thönnissen C, Six J, Kraemer K, van Zutphen 
KG, Sonnevelt M, Tshering PP, Erismann S, van den Berg S, Winter S, 
Johnson-Chadwick V, Pannatier M, Gavin-Smith B, Barjolle D, Prytherch 
H. Nutrition in City Ecosystems (NICE): Protocol of a multi-sectoral 

development project to improve food and nutrition security of 
secondary city populations in Bangladesh, Kenya and Rwanda. Front 
Public Health. 2023;11:1081535. https://​doi.​org/​10.​3389/​fpubh.​2023.​
10815​35.

	29.	 Salvador Castell G, Perez Rodrigo C, Ngo de la Cruz J, Aranceta Bartrina 
J. Household food insecurity access scale (HFIAS). Nutr Hosp. 2015;31 
Suppl 3:272–8.

	30.	 Swindale A, Bilinsky P. Household Dietary Diversity Score (HDDS) for 
Measurement of Household Food Access: Indicator Guide (v.2). Wash‑
ington: FHI 360/FANTA; 2006.

	31.	 Herforth A, Martínez-Steele E, Calixto G, et al. Development of a Diet 
Quality Questionnaire for Improved Measurement of Dietary Diversity 
and Other Diet Quality Indicators (P13–018–19). Curr Dev Nutri. 
2019;3:P13-018–9.

	32.	 FAOFHI 360. Minimum dietary diversity for women: a guide for meas‑
urement. Rome: FAO; 2016.

	33.	 World Health Organization. Computation of centiles and Z-Scores for 
height-for-age, weight-for-age and BMI-for-age. 2022. Available from: 
https://​www.​who.​int/​tools/​growth-​refer​ence-​data-​for-​5to19-​years/​
indic​ators/​bmi-​for-​age.

	34.	 World Health Organization. WHO Child Growth Standards U5. 2022. 
Available from: https://​www.​who.​int/​tools/​child-​growth-​stand​ards/​
stand​ards.

	35.	 Kennedy G, Ballard T, Dop M. Guidelines for measuring household and 
individual diversity, ed. FAO. FAO: Rome; 2013.

	36.	 FAO, FHI 360. Minimum Dietary Diversity for Women: A Guide for Meas‑
urement. Rome: FAO; 2016.

	37.	 INDDEX Project. Data4Diets: building blocks for diet-related food security 
analysis. 2018. Available from: https://​inddex.​nutri​tion.​tufts.​edu/​data4​
diets. Cited 2021 28 Dec 2021.

	38.	 WHO. Haemoglobin concentrations for the diagnosis of anaemia and 
assessment of severity. Geneva: World Health Organization; 2011.

	39.	 WHO. Global nutrition targets 2025: low birth weight policy brief. Geneva: 
World Health Organization; 2014.

	40.	 Ammann C, Sanogo A, Heer B. Secondary cities in West Africa: Urbanity, 
power, and aspiration. Urban Forum. 2021;33:445–61.

	41.	 Dixon J, Omwega AM, Friel S, et al. The health equity dimensions of urban 
food systems. J Urban Health. 2007;84(3 Suppl):i118–29.

	42.	 Satterthwaite D, McGranahan G, Tacoli C. Urbanization and its impli‑
cations for food and farming. Philos Trans R Soc Lond B Biol Sci. 
2010;365(1554):2809–20.

	43.	 Tzioumis ELS. Adair, Childhood dual burden of under- and overnutrition 
in low- and middle-income countries: a critical review. Food Nutr Bull. 
2014;35(2):230–43.

	44.	 Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic 
of obesity in developing countries. Nutr Rev. 2012;70(1):3–21.

	45.	 Popkin BMMM. Slining, New dynamics in global obesity facing low- and 
middle-income countries. Obes Rev. 2013;14(Suppl 2):11–20.

	46.	 Development Initiatives. Global Nutrition Report Bangladesh. 2022. Avail‑
able from: https://​globa​lnutr​ition​report.​org/​resou​rces/​nutri​tion-​profi​les/​
asia/​south​ern-​asia/​bangl​adesh/.

	47.	 National Institute of Population Research and Training (NIPORT)ICF, Bang‑
ladesh Demographic and Health Survey 2017–18, T.D. Program, Editor. 
Dhaka and Rockville: NIPORT and ICF; 2020.

	48.	 Development Initiatives. Global Nutrition Report Kenya. 2022. Available 
from: https://​globa​lnutr​ition​report.​org/​resou​rces/​nutri​tion-​profi​les/​
africa/​easte​rn-​africa/​kenya/.

	49.	 Kenya National Bureau of Statistics, Kenyan Ministry of Health, National 
AIDS control council, et al. Kenya demographic and health survey, T.D. 
Program, Editor. Nairobi and Rockville: 2015. www.​dhspr​ogram.​com/​publi​
catio​ns/​publi​cation-​fr308-​dhs-​final-​repor​ts.​cfm.

	50.	 Development Initiatives. Global Nutrition Report Rwanda. 2022. Available 
from: https://​globa​lnutr​ition​report.​org/​resou​rces/​nutri​tion-​profi​les/​
africa/​easte​rn-​africa/​rwanda/.

	51.	 National Institute of Statistics or Rwanda (NISR), Ministry of Health (MOH), 
and ICF. Rwanda Demographic and Health Survey. In: T.D. Program, Editor.  
Kigali and Rockvillel: NISR and ICF; 2021.

	52.	 Headey DDMT. Ruel, Economic shocks predict increases in child wasting 
prevalence. Nat Commun. 2022;13(1):2157.

	53.	 Burki T. Food security and nutrition in the world. Lancet Diabetes Endo‑
crinol. 2022;10(9):622.

https://doi.org/10.4060/cb4474en
https://www.fao.org/3/cb4474en/cb4474en.pdf
https://www.fao.org/3/cb4474en/cb4474en.pdf
https://ncdrisc.org/
https://ncdrisc.org/
https://doi.org/10.3389/fpubh.2023.1081535
https://doi.org/10.3389/fpubh.2023.1081535
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/child-growth-standards/standards
https://www.who.int/tools/child-growth-standards/standards
https://inddex.nutrition.tufts.edu/data4diets
https://inddex.nutrition.tufts.edu/data4diets
https://globalnutritionreport.org/resources/nutrition-profiles/asia/southern-asia/bangladesh/
https://globalnutritionreport.org/resources/nutrition-profiles/asia/southern-asia/bangladesh/
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/kenya/
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/kenya/
https://www.dhsprogram.com/publications/publication-fr308-dhs-final-reports.cfm
https://www.dhsprogram.com/publications/publication-fr308-dhs-final-reports.cfm
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/rwanda/
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/rwanda/


Page 15 of 15Barth‑Jaeggi et al. BMC Nutrition           (2023) 9:125 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	54.	 Thebo A, Drechsel P, Lambin E. Global assessment of urban and peri-
urban agriculture: irrigated and rainfed croplands. Environ Res Lett. 
2014;9:114002.

	55.	 WHO/UNICE. Global nutrition targets 2025: breastfeeding policy brief 
(WHO/NMH/NHD/14.7). Geneva: World Health Organization; 2014.

	56.	 Global Nutrition Report, Country Nutrition Profiles - Bangladesh. 2020.
	57.	 Global Nutrition Report. Country Nutrition Profiles - Kenya. 2019. Avail‑

able from: https://​globa​lnutr​ition​report.​org/​resou​rces/​nutri​tion-​profi​les/​
africa/​easte​rn-​africa/​kenya/.

	58.	 Global Nutrition Report. Country Nutrition Profiles - Rwanda. 2020. Avail‑
able from: https://​globa​lnutr​ition​report.​org/​resou​rces/​nutri​tion-​profi​les/​
africa/​easte​rn-​africa/​rwand​a/#​profi​le.

	59.	 Blencowe H, Krasevec J, de Onis M, et al. National, regional, and world‑
wide estimates of low birthweight in 2015, with trends from 2000: a 
systematic analysis. Lancet Glob Health. 2019;7(7):e849–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/kenya/
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/kenya/
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/rwanda/#profile
https://globalnutritionreport.org/resources/nutrition-profiles/africa/eastern-africa/rwanda/#profile

	Nutrition transition, double burden of malnutrition, and urbanization patterns in secondary cities of Bangladesh, Kenya and Rwanda
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study sites and data collections
	Sampling strategy and statistical analysis

	Results
	Agriculture, livestock and water
	Food consumption and purchasing patterns
	Anthropometric measurements
	Antenatal care data and exclusive breastfeeding

	Discussion
	Conclusions
	Acknowledgements
	References


