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Abstract: Background/Objectives: Traditional food markets are essential in urban food en-
vironments in Kenya and other low- and middle-income countries (LMICs). They provide
affordable fresh food, particularly for low-income urban communities, and are vital places
of livelihoods and local economic activities. Despite their importance, associations between
market-related factors and diet quality for vendors and consumers are underexplored. This
study explores these relationships to inform policies aimed at improving diets and nutrition
in LMICs. Methods: Survey data were collected from 1042 vendors and 876 consumers
in five urban markets in Kenya. The survey assessed market-related factors, consumer
purchasing behavior, socioeconomic factors, and dietary outcomes using the Kenya Diet
Quality Questionnaire. Linear regression models were employed to evaluate associations
between the availability of foods, consumers’ purchase of foods, proximity to the market, re-
ported sickness from food, and diet quality indicators, including the Dietary Diversity Score
(DDS), Global Dietary Recommendations (GDRs), NCD-Protect, and NCD-Risk scores. Re-
sults: Vendors’ own dietary outcomes were characterized by lower DDS, NCD-Protect, and
NCD-Risk scores but higher GDR scores compared to consumers. Significant associations
were identified between the purchase of specific food groups (e.g., vegetables, legumes, and
nuts) and improved diet quality for consumers. Longer travel times were linked to lower
diet quality for both vendors and consumers. Socioeconomic factors, such as gender, age,
and education, significantly influenced diet quality. Conclusions: Traditional markets play
a pivotal role in urban food environments. Policies that enhance market access and support
vendors and consumers, particularly women, young adults, and low-income groups, are
essential to improving diets and nutrition outcomes in LMICs.

Keywords: traditional food markets; diet quality; urban food systems; nutrition policy;
low- and middle-income countries; Kenya

1. Introduction

The burden of malnutrition poses significant threats to the health, well-being,
and livelihoods of populations worldwide, costing trillions to health systems and
economies [1,2]. Diets lacking essential micronutrients or excessively high in sugar, fat,
or salt contribute to various forms of malnutrition, including undernutrition, micronutri-
ent deficiencies, overweight, and related non-communicable diseases (NCDs). Despite
widespread knowledge of these risks, significant barriers prevent many populations from
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accessing healthy diets, particularly in low- and middle-income countries (LMICs), where
poverty remains pervasive [3].

The food environment, defined by factors such as availability, affordability, conve-
nience, promotion, quality, and sustainability, plays a critical role in shaping food access
and dietary behaviors [4-6]. This framework guides understanding and the development
of strategic food environment interventions within markets, where vendors and consumers
routinely connect around food. Besides other market-related factors, this paper focuses on
physical aspects of the food environment, particularly proximity to traditional markets and
food access.

In many LMICs, particularly urban and peri-urban areas, traditional food markets are
a vital part of food environments. They are dynamic centers of trade, providing space and
opportunities for small farmers, local businesses, entrepreneurship, and cultural food rela-
tionships, as well as stimulating growth and fostering resilience [7-9]. Rapid urbanization is
driving the nutrition transition and socio-economic development in many LMICs [5,10,11].
While the expansion of formal retail outlets and supermarkets has become synonymous
with urban development [12], traditional markets continue to be a key source of food and
place of livelihoods, especially for low-income communities. Traditional markets mostly
offer unprocessed fresh foods, such as fruits, vegetables, cereals, and legumes, ensuring
food and nutrition security for urban populations, particularly those with limited financial
buying power [7,13-16]. While important places of food, traditional markets face major
challenges, such as inadequate infrastructure and basic services provision, informal regula-
tory mechanisms and variable enforcement thereof, as well as a lack of inclusion in food
systems and governance decision-making [7,17-19].

Research on LMIC food environments is growing, but traditional food markets re-
main understudied [20,21]. Studies have highlighted the importance of food environment
factors—such as accessibility, convenience, affordability, and food safety—in influencing
consumers’ food choices and dietary behavior [22-26]. However, there is a significant lack
of studies that assess quantitative relationships between market-related factors in tradi-
tional food markets and dietary outcomes in LMICs. Furthermore, rigorous, high-quality
research studies in this context remain scarce. Notably, existing studies predominantly
focus on consumers, neglecting the perspectives and diets of vendors and other key actors
in the food environment.

This study addresses these gaps by examining market-related factors of traditional
food markets in Kenya, and their associations with the dietary quality of market vendors
and consumers. Focusing on both groups is essential, as vendors shape the market envi-
ronment through the types and quality of the foods they offer, while consumers’ dietary
quality reflects their access to and availability of these options. By analyzing both, the
study provides a comprehensive understanding of market-related factors and the dynamic
interactions between food supply and demand. In detail, the study’s objectives are to
examine the associations between dietary quality (for both vendors and consumers) and
the following:

e  The types of food groups sold by vendors in traditional markets;

e  The types of food groups purchased by consumers in traditional markets;

e  The proximity to the market, as measured by travel time, for both vendors and
consumers;

e  The frequency of market visits by consumers;

e Reported experiences of food-related sickness or diarrhea among vendors and
consumers.

Kenya presents an interesting context for studying urban communities and traditional
food markets, due to its blend of traditional and rapidly modernizing food systems [27].
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It is an LMIC [28] with a rapidly increasing urban population and a rise in overweight,
obesity, and NCDs among adults, alongside persistent undernutrition in children [29].
On average, about two-thirds of food in Kenya is sourced informally, including through
traditional food markets, kiosks, and street vendors [30].

2. Materials and Methods
2.1. Study Design

This cross-sectional study was conducted in 2022-2023 across five traditional food
markets in urban Kenya. The study areas span from the western to the eastern parts in
central-southern Kenya, including the markets Marikiti (Machakos County), Free Area
(Nakuru County), Madaraka (Kiambu County), Kongowea (Mombasa County), and Soweto
(Nairobi County) (Figure 1). While the markets were different with respect to their local
context, such as the urban resident population surrounding the market, ecosystems, and
local agricultural production and fishing, all of them were purposively selected due to their
similarities and existing relationships with the Global Alliance for Improved Nutrition
(GAIN). Specifically, two markets (Marikiti and Madaraka) were part of GAIN’s Keeping
Food Markets Working (KFMW) program, which aimed to enhance more inclusive food sys-
tems governance and market resilience during and beyond COVID-19. Data collection for
this study was conducted in two phases. The Marikiti market (Machakos town, Machakos
County) served as a pilot location due to initial funding constraints. This allowed the
refinement of study tools and procedures, ensuring their effectiveness before scaling up the
study. Following the pilot, data collection was expanded to the remaining markets (Free
Area, Madaraka, Kongowea, and Soweto), after securing additional funding.
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Figure 1. Map showing the location of the five traditional food markets and counties in Kenya. The
map was created using ArcGIS® software version 10.8 by Esri.
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All markets were of comparable sizes and infrastructure conditions, i.e., they were
fairly large in expanse with a mix of covered and open-air market space. Additionally,
the vendor density was comparable between the markets. All markets had some form
of formal or informal market management and governance, typically linked to a market
committee or association, as well as mandated governance relationships between county
governments and markets and other levels of government (Table 1). The available food
differed according to local context; however, all markets sold a wide selection of fresh fruits
and vegetables, grains and pulses, as well as animal-source foods including dairy, eggs,
meat, and fish.

Table 1. Market characteristics.

Markets

Characteristic Marikiti Free Area Madaraka Kongowea Soweto
County Machakos Nakuru Kiambu Mombasa Nairobi
Urban center Machakos Nakuru Thika Mombasa Nairobi city
Urban center population 1 64,000 570,000 250,000 1,200,000 4,400,000
Food poverty rate, county > 31.8% 26.5% 18.3% 25.9% 15.8%
Market characteristics
Number of vendors p. day 4000 450 1400-2000 4000 600
Number of consumers p. day 5000-10,000 800-1000 2000-3000 2500 5000
Share of those taking <20 min to
reach the market (vendors and 58.0% 73.1% 71.0% 65.5% 87.4%
consumers) 4
Market offers mainly fresh/raw

yes yes yes yes yes

foods

Major food groups sold

Fruits, vegetables,
cereals

Vegetables, fruits,
roots and tubers

Vegetables, fruits,
roots and tubers

Vegetables, fruits,
roots and tubers

Vegetables, fruits,
roots and tubers

Market ownership

Government-led

Government-led

Government-led

Government-led

Government and
community-led

Market has a functional market

committee yes yes yes yes yes
Market operates daily yes yes yes yes yes
Market location is fixed, with

no plans to remove or yes yes yes yes yes
significantly alter borders

GAIN program links KEMW None KFMW None None

! Population size of the urban center as defined by the 2019 Kenya Population and Housing Census [31]. 2 The
share of individuals in a county whose food consumption per adult equivalent was less than the food poverty
line of KES 2668 per month in rural areas and KES 3520 per month in urban areas [32]. 3 Market characteristics
were assessed through observations and insights shared by local market committees. * Insights are based on the
vendor and consumer surveys. GAIN: Global Alliance for Improved Nutrition; KFMW: Keeping Food Markets
Working program.

2.2. Sampling

A random sampling approach was used to select both vendors and consumers within
the markets. Sample size calculations were based on population estimates provided by
market committees, which included both vendors operating within the market boundaries
and consumers frequenting the markets on regular and market days. During the first phase
of the study in the Marikiti market, a confidence level of 75% was applied for consumers to
account for resource limitations at the time. Following the successful pilot phase, confidence
levels were standardized to 85% for vendors and 80% for consumers to ensure consistency
and comparability across the remaining four markets (Free Area, Madaraka, Kongowea, and
Soweto). The target sample size was 964 vendors and 807 consumers, with an additional
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8-10% oversampled to account for potential attrition (Supplementary Material, Table S1).
In total, 1042 vendors and 876 consumers were surveyed.

Sampling within each market followed a systematic approach: the “Right Hand
Rule” was used to select participants from randomly chosen entry points, targeting every
fourth individual along the market route. While some clustering of specific food types
was observed in certain areas (e.g., green leafy vegetable stands), most vendors were not
spatially clustered by specific food types. Vendors selling only non-food items, and vendors
and consumers below the age of 18 years were excluded. Data were collected at varying
times of the day and week to ensure representativeness.

2.3. Data Collection

Data were collected in August 2022 (Marikiti Market (Machakos County)) and between
April and May 2023 (in the four other markets) using structured surveys administered
in Kiswahili and English. The surveys covered socio-economic and demographic infor-
mation, food safety practices, and dietary behaviors. For vendors, questions related to
business operations, seasonal availability of food, storage, and interest in nutrition training
were included. For consumers, data on purchasing habits, frequency of market visits, and
perceptions of market environments were collected. Dietary data for both vendors and con-
sumers were captured using the Diet Quality Questionnaire (DQQ) adapted for Kenya [33].
The DQQ is a standardized, non-quantitative food frequency questionnaire that gathers
information on the consumption of 29 sentinel food groups of the previous 24 h. Given
its non-quantitative nature, the assessment is quicker, easier, and more cost-effective to
administer, especially in large population surveys, compared to more resource intense tools
like a 24 h dietary recall [34]. With the ability to derive meaningful dietary indicators from
the assessment, the DQQ displays a valuable tool particularly for assessing diet quality in
LMIC contexts [35,36].

2.3.1. Dietary Data

The Dietary Diversity Score (DDS) reflects dietary diversity, based on the consumption
of ten food groups (grains and tubers; pulses; nuts and seeds; dairy; meat, poultry and
fish; eggs; dark green leafy vegetables; other vitamin A rich fruits and vegetables; other
vegetables; and other fruits) of the previous 24 h, with scores ranging from 0 to 10 [37].
Higher scores indicate greater dietary diversity and have been linked to nutrient adequacy
by several studies [38—40].

The Global Dietary Recommendations (GDRs) score measures adherence to global
dietary recommendations as defined by the World Health Organization, which promote
the consumption of protective food groups (e.g., whole grains, fruits, vegetables) and limit
harmful dietary factors (e.g., processed meats, sugary beverages) [41]. The GDR score
comprises two sub-components: NCD-Protect and NCD-Risk scores, which range from
0to 9. A higher score suggests either a diet that protects against (NCD-Protect) or increases
the risk of non-communicable diseases (NCD-Risk). The overall GDR score combines
both sub-components by subtracting the NCD-Risk from the NCD-Protect and adding the
value of 9. This provides a score ranging from 0 to 18, with higher scores reflecting better
compliance with global dietary recommendations [42]. An overview of the diet quality
indicators, their ranges, and descriptions can be found in the Supplementary Material,
Table S2.
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2.3.2. Market-Related Factors and Consumer Purchasing Behavior

From a list of 29 sentinel food groups derived from the DQQ, the number of groups
was reduced to 18 to simplify data collection and better reflect the local market context. This
modification included practical considerations, such as the inclusion of bottled water, alco-
holic drinks, and culinary ingredients, which were relevant to the market environment. For
analysis purposes, these 18 food groups were further categorized into seven main groups:
cereals; roots and tubers; legumes, seeds and nuts; vegetables; fruits; animal-source food
(ASF); and miscellaneous, with the latter including culinary ingredients, sweets, and snacks
(Supplementary Material, Table S3). The “miscellaneous” group, while heterogeneous, was
retained to capture diverse foods relevant to the local context. This group includes items
that may be associated with protective, risk-related, or “neutral” dietary behaviors, such as
salt or other condiments. Vendors were asked to specify the types of foods typically sold in
their businesses in the markets over the past 30 days, while consumers reported the types
of foods they typically purchased in the same period.

Further independent variables included the average travel time to the market, reported
in ranges of minutes. Participants reported their travel time based on their chosen mode
of transport, which primarily included walking or public transport (e.g., matatus, shared
minivans). For vendors, this variable reflects the time used to reach their workplace and
hence the amount of time available for other tasks, e.g., related to food purchasing and
preparation. For consumers, the travel time to the market, along with the frequency of
market visits over the last 30 days, provides insights into the physical ease of reaching the
markets and obtaining food.

Lastly, reported experiences of food-related sickness or diarrhea were assessed by
asking both groups whether they knew someone who had become seriously ill from eating
food in the past two years, providing insights into perceived food safety risks.

2.4. Statistical Methods

Statistical analyses were conducted using Stata version 15 (StataCorp, College Station,
TX, USA). Associations between market-related factors, consumer purchasing behavior,
and diet quality were analyzed separately for vendors and consumers using ordinary least
square (OLS) regression models. The OLS model was chosen due to the nature of the diet
quality scores, which were treated as continuous variables given their relatively large range
(10, 11, and 19). This allowed us to focus on the overall variation in dietary diversity and
quality, aligning with the study’s objectives. The normality of residuals was assessed using
Skewness/Kurtosis and Shapiro-Wilk tests. While two of the four dependent variables
exhibited significant deviations from normality, the sample size (n = 902 for vendors; n = 835
for consumers) ensured that OLS estimates remained unbiased and consistent [43]. Robust
standard errors were applied to account for potential heteroskedasticity, and the models
adjusted for individual and household characteristics such as gender, age, education level,
household size, as well as vendors’ average sale values, receiving a business credit or
loan, and consumers’ market spending, respectively. Standard errors were clustered at the
county level to account for within-county correlations.

For the regression analyses, a limited sample size of 902 of the 1042 vendors and 835 of
the 876 consumers was used, as data on vendors’ monthly sales values and consumers’
spending patterns were not available for the entire sample. These variables were deemed
important for capturing key aspects of vendor and consumer behavior and significantly
improved the model fit, as indicated by higher R? values.

To address potential deviations from normality in the continuous dependent variables,
an ordinary logit regression was also employed as a sensitivity analysis. This alterna-
tive specification confirmed the consistency of the OLS results, further reinforcing the
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robustness of the findings. The results of the ordinary logit regressions are presented in
Supplementary Tables S4 (vendors) and S5 (consumers).

In addition to the regression analysis, differences between vendors and consumers
were assessed using two-sample t-tests for continuous variables and z-tests for propor-
tions in binary variables. These tests were employed throughout the study to provide
descriptive comparisons that underline and complement the regression analysis results,
with significance levels indicated at 10%, 5%, and 1%.

During the preparation of this manuscript, ChatGPT 4.0 was utilized to enhance the
readability and clarity of the text. Following the use of this tool, the authors thoroughly
reviewed and edited the content to ensure its accuracy and alignment with the intended
scientific context.

3. Results

A total of 1042 vendors and 876 consumers were included in the descriptive analy-
ses. For continuous variables, mean values and standard deviations (sd) are presented,
while for binary variables, proportions with corresponding 95% confidence intervals (CIs)
are provided. This descriptive summary of dietary quality and explanatory variables,
disaggregated by vendors and consumers, is shown in Table 2.

Table 2. Descriptive statistics by vendors and consumers.

Vendor Consumer
Variable Mean =+ sd freq. [95% CI] Mean =+ sd Freq. [95% CI]
Diet quality (continuous)
Dietary Diversity Score (0-10) 7.05*** 4+ 1.80 7.35 £ 1.66
Global Dietary Recommendations score (0-18) 12.10 *** 4+ 2.04 11.32 £2.31
NCD-Protect score (0-9) 5.05** + 1.87 527 +£1.75
NCD-Risk score (0-9) 1.95** + 1.81 296 +2.27
Female (1/0) 0.61 *** [0.58-0.64] 0.67 [0.64-0.7]
Age groups (1/0)
18-24 years 0.06 *** [0.05-0.08] 0.14 [0.12-0.16]
25-30 years 0.19 **[0.16-0.21] 0.32 [0.28-0.35]
31-40 years 0.31 [0.28-0.34] 0.30 [0.27-0.33]
41-50 years 0.26 *** [0.23-0.28] 0.17 [0.15-0.2]
51-65 years 0.17 ***[0.15-0.20] 0.07 [0.05-0.09]
66-75 years 0.02 *** [0.01-0.03] 0.00 [0.0-0.01]
Education, finalized (1/0)
No formal education 0.08 *** [0.06-0.09] 0.05 [0.03-0.06]
Primary education 0.29 ***[0.27-0.32] 0.13[0.11-0.16]
Secondary education 0.48 [0.45-0.51] 0.45 [0.42-0.48]
University education 0.06 *** [0.05-0.08] 0.21 [0.18-0.24]
Technical/vocational education 0.09 **[0.07-0.11] 0.16 [0.14-0.19]
Household size (continuous) 4.30 *** £ 1.90 3.99 +1.85
Travel time to reach the market from home (1/0)
<5 min 0.04 [0.03-0.05] 0.03 [0.02-0.05]
5-<10 min 0.30 ** [0.28-0.33] 0.26 [0.23-0.29]
10-<20 min 0.37 ** [0.34-0.40] 0.41 [0.38-0.45]
20-<30 min 0.19 [0.17-0.22] 0.21 [0.19-0.24]
30-<60 min 0.07 [0.05-0.08] 0.06 [0.04-0.08]
>60 min 0.03 * [0.02-0.04] 0.02 [0.01-0.03]
Food groups sold/purchased at market, last 30 days (1/0) #
Cereals 0.09 [0.07-0.11] 0.35 [0.32-0.38]
Roots and tubers 0.18 [0.16-0.2] 0.47 [0.44-0.51]
Legumes, seeds and nuts 0.07 [0.06-0.09] 0.27 [0.24-0.30]
Vegetables 0.66 [0.63-0.69] 0.91 [0.89-0.93]
Fruits 0.41 [0.38-0.44] 0.7 [0.66-0.73]
Animal-source food 0.04 [0.03-0.05] 0.19 [0.16-0.21]

Miscellaneous (ingredients, sweets, snacks) 0.03 [0.02-0.04] 0.05 [0.03-0.06]
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Table 2. Cont.

Variable

Mean + sd

Vendor

freq. [95% CII

Consumer

Mean + sd

Freq. [95% CI]

Average monthly sales values from food, last 12 months (1/0) b

KES < 15,000

KES 15,000-<45,000
KES 45,000-<75,000
KES 75,000-<105,000
KES 105,000-<135,000
KES 135,000-<165,000
KES > 165,000

<350 PPP
350-<1040 PPP
1040—-<1730 PPP
1730-<2420 PPP
2420-<3120 PPP
3120-<3810 PPP
>3810 PPP

0.2 [0.18-0.23]
0.40 [0.37-0.43]
0.21 [0.18-0.23]
0.08 [0.06-0.10]
0.05 [0.03-0.06]
0.03 [0.02-0.04]
0.04 [0.03-0.05]

Credit/loan received (1/0)

0.32 [0.29-0.35]

Frequency of market visits, last 30 days (1/0)

Several times per day
Daily, once per day
Every 2-3 days

Once per week
Every two weeks
Once per month

Less than once per month

0.03 [0.02-0.05]
0.19 [0.16-0.22]
0.27 [0.24-0.30]
0.32 [0.28-0.35]
0.11 [0.09-0.13]
0.06 [0.04-0.08]
0.03 [0.02-0.04]

Money spent on food at the market each visit, last 30 days (1/0) €

KES <100

KES 100-<200
KES 200-<300
KES 300-<400
KES 400-<500
KES 500-<1000
KES >1000

<3 PPP 0.04 [0.02-0.05]
3-<5 PPP 0.06 [0.05-0.08]
5-<7 PPP 0.11 [0.09-0.13]
7-<9 PPP 0.09 [0.07-0.11]
9-<12 PPP 0.14 [0.12-0.17]
12-<23 PPP 0.22 [0.19-0.25]
>23 PPP 0.35 [0.32-0.38]

Doing all/most food shopping at the market (1/0)

0.59 [0.56-0.62]

Alternative food outlets used for food purchases, last 30 days (1/0) ¢
Other wet markets
Roadside/street vendors
Supermarket/hypermarket

0.10 [0.07-0.13]
0.35 [0.30-0.40]
0.58 [0.53-0.63]

Kiosk
Small/medium shop
Farm

Own production

0.33 [0.28-0.38]
0.27 [0.22-0.32]
0.04 [0.02-0.06]
0.04 [0.02-0.06]

Diarrhea/sickness from food, last 2 y (1/0)

0.08 ** [0.06-0.10] 0.05 [0.04-0.07]

N

1042 876

N, number of observations; sd, standard deviation; freq., frequency; CI, Confidence Interval. * Significant at 10%
level; ** Significant at 5% level; *** Significant at 1%. (1/0) indicates a binary variable or binary categories of a
variable, e.g., for age group, education, etc. ? For vendors: food groups sold at the market; for consumers: food
groups purchased at the market. ® Data only available for n = 902 vendors. PPP conversion factor for 2023 is
KES 43.29 per international dollar [44]. PPP values have been rounded to the nearest 10 for clarity. ¢ Data only
available for n = 835 consumers. PPP conversion factor for 2023 is KES 43.29 per international dollar [44]. PPP
values have been rounded to the nearest whole number for clarity. ¢ This question was only asked to consumers,
who did not state to do all/most of their food shopping at the market (n = 360).

Overall, the diet quality scores among respondents were high. The average DDS was
7.2, which was significantly lower for vendors (7.1) than for consumers (7.4). The most
pronounced differences between vendors and consumers with a higher DDS (DDS > 8) and
vendors and consumers with a lower DDS (DDS < 7) were observed in the consumption
of eggs, meat, poultry, fish, pulses, nuts, seeds, and vitamin A-rich fruits and vegetables.
Vendors had significantly lower NCD-Protect (5.1) and NCD-Risk scores (2.0), and a signifi-
cantly higher mean GDR score (12.1) compared to consumers (11.3). Since the NCD-Risk
score is a negative indicator, a lower mean value indicates a lower consumption of foods
that increase the risk for NCDs, e.g., soft drinks, sweets, and highly processed foods.

Most consumers (58.9%) of this study relied on traditional food markets for all or
most of their food purchases. Those consumers not exclusively going to the traditional
markets (n = 360) mentioned also shopping at supermarkets (58.3%), roadside vendors
(35.2%), kiosks (32.7%), or small/medium-sized shops (27.2%). Interestingly, consumers
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who exclusively shopped at traditional markets (n = 516) had significantly better diet
quality, i.e., higher GDR scores by 0.3 points, compared to those who also used other food
sources. This dietary improvement was primarily driven by a higher consumption of
pulses, vitamin A-rich vegetables, citrus fruits, and unprocessed meat, alongside a lower
consumption of baked grain-based sweets, fast food, and instant noodles. Conversely, those
who supplemented their food purchases with supermarket shopping had a significantly
higher consumption of whole grains but also a higher consumption of fast food, instant
noodles, and baked grain-based sweets, and a lower consumption of pulses.

3.1. Market-Related Factors, Consumer Purchasing Behavior, and Diet Quality

Tables 3 and 4 provide the results of the OLS estimates on the associations between
foods sold and purchased at the market, time and frequency of market visits, reported ex-
periences of sickness related to food, and vendors and consumers’ diet quality, respectively.

Table 3. Regression results for the associations of market-related factors of traditional food markets
on vendors’ DDS, GDR score, NCD-Protect, and NCD-Risk score.

Variable DDS GDR NCD-Protect NCD-Risk
Food groups sold in the market, last 30 days
Cereals —0.38 (0.45) 0.17 (0.38) —0.09 (0.44) —0.26 (0.17)
Roots and tubers 0.16 (0.16) 0.37 (0.23) 0.26 (0.17) —0.10 (0.30)
Legumes, seeds and nuts —0.12 (0.25) —0.06 (0.36) —0.05 (0.29) 0.01 (0.14)
Vegetables 0.09 (0.14) 0.16 (0.25) 0.16 (0.14) 0.00 (0.24)
Fruits —0.05 (0.11) 0.06 (0.25) 0.16 (0.15) 0.10 (0.11)
Animal-source food 0.10 (0.21) 0.55 **(0.17) 0.32 (0.20) —0.23 (0.30)
Miscellaneous 0.10 (0.61) 0.50 (0.87) 0.30 (0.49) —0.20 (0.49)
Travel time to the market
less than 5 min (reference) 0.00 () 0.00 (.) 0.00 () 0.00 (.)
5-<10 min —0.90 ** (0.27) —0.21 (0.51) —0.47 (0.35) —0.27 (0.25)
10-<20 min —0.91 ** (0.24) —0.45 (0.47) —0.54 (0.32) —0.09 (0.22)
20-<30 min —0.45 (0.25) —0.04 (0.39) 0.05 (0.32) 0.08 (0.26)
30-<60 min —0.97 * (0.37) —0.45 (0.48) —0.73 (0.41) —0.27 (0.31)
60 min/1 h and more —0.78* (0.29) —0.46 (0.51) —0.52 (0.37) —0.06 (0.30)
Diarrhea/sickness from food, last 2 y —0.49 (0.45) —0.07 (0.09) —0.39 (0.25) —0.33(0.21)
Gender
Male (reference) 0.00 () 0.00 () 0.00 () 0.00 ()
Female 0.15 (0.14) —0.18 (0.10) 0.15 (0.08) 0.33 ** (0.08)
Age group
18-24 (reference) 0.00 (.) 0.00 (.) 0.00 (.) 0.00 (.)
25-30 0.08 (0.38) —0.12 (0.61) 0.14 (0.47) 0.26 (0.19)
31-40 —0.17 (0.23) 0.37 (0.55) 0.04 (0.23) —0.33 (0.41)
41-50 0.09 (0.17) 0.84 (0.52) 0.28 (0.26) —0.56 (0.39)
51-65 —0.38 *** (0.08) 1.19 * (0.51) 0.03 (0.08) —1.16 * (0.49)
66-75 —0.87 * (0.35) 1.31* (0.58) —0.27 (0.43) —1.57 ** (0.28)
Education, finalized
No finalized education (reference) 0.00 (.) 0.00 (.) 0.00 () 0.00 (\)
Primary —0.04 (0.39) —0.40 (0.51) —0.28 (0.42) 0.12 (0.31)
Secondary 0.23 (0.32) —0.26 (0.45) 0.04 (0.32) 0.29 (0.25)
University 0.19 (0.50) —0.25 (0.54) —0.13 (0.38) 0.12 (0.44)
Vocational / Technical Training 0.17 (0.53) —0.20 (0.54) —0.15 (0.56) 0.05 (0.54)
Household size 0.03 (0.06) 0.01 (0.04) 0.04 (0.07) 0.02 (0.03)
Average monthly sales values, last 12 months
KES <15,000 (reference) <350 PPP (reference) 0.00 () 0.00 (.) 0.00 () 0.00 (.)
KES 15,000-<45,000 350-<1040 PPP 0.48 (0.38) —0.22 (0.27) 0.17 (0.33) 0.39 (0.41)
KES 45,000-<75,000 1040-<1730 PPP 0.46 (0.56) 0.06 (0.16) 0.02 (0.56) —0.03 (0.56)
KES 75,000-<105,000 1730-<2420 PPP 0.58 (0.49) —0.17 (0.41) 0.24 (0.56) 0.41 (0.42)
KES 105,000-<135,000 2420-<3120 PPP ~0.17 (0.42) 0.07 (0.41) —0.41 (0.46) —048 (0.57)
KES 135,000-<165,000 3120-<3810 PPP 0.73 (0.40) 0.27 (0.21) 0.25 (0.37) —0.02 (0.44)

KES >165,000

>3810 PPP 0.01 (0.77) —0.71 (0.57) —0.69 (0.89) 0.02 (0.42)
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Table 3. Cont.

Variable DDS GDR NCD-Protect NCD-Risk
Credit/loan received
No (reference) 0.00 () 0.00 (.) 0.00 () 0.00 (.)
Yes 0.12 (0.20) —0.13 (0.18) —0.03 (0.17) 0.10 (0.20)
Constant 7.31 **(0.71) 12.13 *** (0.90) 5.05 *** (0.64) 1.92 *** (0.38)
R-squared 0.08 0.07 0.05 0.11
N 902 902 902 902

Coefficient estimates of ordinary least square (OLS) models are shown with standard errors in parentheses.
Standard errors are cluster-corrected at county level. DDS, Dietary Diversity Score; GDR, Global Dietary Recom-
mendation; NCD, Non-communicable disease; KES, Kenyan schilling; N, number of observations. PPP conversion
factor for 2023 is KES 43.29 per international dollar [44]. PPP values have been rounded to the nearest 10 for
clarity. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level.

Table 4. Regression results for the associations of market-related factors of traditional food markets

and purchasing behavior on consumers’ DDS, GDR score, NCD-Protect, and NCD-Risk score.

Variable DDS GDR NCD-Protect NCD-Risk
Food groups bought in the market, last 30 days
Cereals 0.26 (0.17) —0.02 (0.17) 0.23 (0.16) 0.25 **(0.07)
Roots and tubers 0.17 ** (0.06) —0.37 (0.23) —0.01 (0.07) 0.36 (0.18)
Legumes, seeds and nuts —0.20 (0.13) 0.35*(0.16) 0.04 (0.14) —0.31 (0.20)
Vegetables 0.82 **(0.20) 0.29 (0.31) 0.78 ** (0.21) 0.49 (0.33)
Fruits —0.24 **(0.07) —0.18 (0.26) —0.35(0.18) —0.17 (0.22)
Animal-source food 0.10 (0.31) —0.20 (0.37) 0.10 (0.27) 0.30 (0.53)
Miscellaneous —0.15 (0.40) —0.21 (0.28) 0.17 (0.30) 0.38 (0.36)
Travel time to the market
less than 5 min (reference) 0.00 () 0.00 () 0.00 () 0.00 ()
5-<10 min —0.60 (0.36) —0.22 (0.54) —0.83*(0.30) —0.61 * (0.26)
10-<20 min —0.63 (0.37) —0.48 (0.58) —0.82 (0.38) —0.34 (0.27)
20-<30 min —0.78 (0.55) —0.55 (0.59) —0.99 (0.56) —0.44 ** (0.10)
30-<60 min —0.70 (0.43) —0.34 (0.48) —0.97 * (0.44) —0.63 ** (0.22)
60 min/1 h and more —1.03**(0.27) 0.39 (0.55) —1.08 ** (0.26) —1.47 **(0.47)
Frequency of market visits
Several times per day (reference) 0.00 () 0.00 () 0.00 () 0.00 ()
Daily, once per day 0.76 (0.47) 0.54 (0.66) 0.51 (0.52) —0.02 (0.50)
Every 2-3 days 0.34 (0.33) 0.47 (0.61) 0.19 (0.41) —0.28 (0.46)
Once per week 0.81 **(0.19) 0.35 (0.80) 0.49 (0.38) 0.14 (0.56)
Every two weeks 0.37 (0.23) 0.62 (0.71) 0.33 (0.42) —0.29 (0.46)
Once per month 0.60 (0.29) 0.27 (0.77) 0.36 (0.50) 0.09 (0.49)
Less than once per month 0.52 (0.74) 0.05 (0.55) 0.52 (0.75) 0.47 (0.71)
Diarrhea/sickness from food, last 2 y 0.49* (0.21) 0.51 (0.27) 0.49 (0.28) —0.02 (0.16)
Gender
Male (reference) 0.00 () 0.00 () 0.00 (.) 0.00 ()
Female —0.21 (0.18) —0.45** (0.12) —0.23 (0.14) 0.22 (0.19)
Age group
18-24 (reference) 0.00 () 0.00 () 0.00 () 0.00 (.)
25-30 0.59 * (0.24) 0.74 (0.41) 0.61 (0.42) —0.13 (0.07)
31-40 0.65 * (0.28) 1.25** (0.31) 0.68 (0.45) —0.57 **(0.20)
41-50 0.37 (0.26) 1.59 *** (0.30) 0.36 (0.38) —1.24 **(0.22)
51-65 0.49 (0.29) 2.65 *** (0.56) 0.77 (0.49) —1.88 *** (0.26)
66-75 1.56 *** (0.27) 3.79 ***(0.14) 0.69 * (0.25) —3.11 ** (0.31)
Education, finalized
No finalized education (reference) 0.00 () 0.00 (.) 0.00 () 0.00 (.)
Primary 0.07 (0.24) 0.96 ** (0.31) 0.45 * (0.17) —0.51 (0.43)
Secondary 0.16 (0.34) 0.47 (0.30) 0.40 (0.27) —0.07 (0.43)
University —0.03 (0.37) —0.52 (0.37) 0.09 (0.30) 0.61 (0.39)
Vocational / Technical Training 0.29 (0.24) 0.83 (0.48) 0.61 (0.30) —0.22(0.25)
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Variable DDS GDR NCD-Protect NCD-Risk

Household size —0.01 (0.03) 0.04 (0.06) 0.04 (0.03) 0.00 (0.05)

Money spent at the market
KES <100 (reference) <3 PPP (reference) 0.00 (.) 0.00 (.) 0.00 (.) 0.00 (.)
KES 100-<200 3-<5PPP —0.83*(0.37) —0.21 (0.66) —0.99 * (0.38) —0.78 (0.78)
KES 200-<300 5-<7 PPP —0.48 * (0.20) 0.24 (0.34) —0.59 (0.37) —0.83 (0.52)
KES 300-<400 7-<9 PPP —0.05 (0.33) 0.32 (0.49) —0.17 (0.57) —0.49 (0.42)
KES 400-<500 9-<12 PPP —0.14 (0.45) —0.14 (0.49) —0.52 (0.58) —0.39 (0.74)
KES 500-<1000 12-<23 PPP —0.10 (0.43) 0.10 (0.47) —0.32 (0.59) —0.42 (0.59)
KES >1000 >23 PPP 0.10 (0.56) —0.02 (0.26) —0.12 (0.69) —0.10 (0.69)

Constant 6.36 *** (0.58) 9.94 *** (0.78) 4.59 ***(0.68) 3.65 ** (1.06)

R-squared 0.11 0.17 0.10 0.15

N 835 835 835 835

Coefficient estimates of ordinary least square (OLS) models are shown with standard errors in parentheses.
Standard errors are cluster-corrected at county level. DDS, Dietary Diversity Score; GDR, Global Dietary Recom-
mendation; NCD, Non-communicable disease; KES, Kenyan schilling; N, number of observations. PPP conversion
factor for 2023 is KES 43.29 per international dollar [44]. PPP values have been rounded to the nearest whole
number for clarity. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level.

3.1.1. Food Sold and Purchased in the Market

The food groups sold in the market by vendors had few significant associations with
the vendors’ diet quality. Vendors selling ASF, including products like milk, dairy, poultry,
fish, meat, and eggs, were associated with better diet quality, i.e., a significantly higher
GDR score by 0.6 ‘points’ (Table 3). For this study, ‘points’ refers to the unit change
in the dependent variable as estimated by the OLS regression coefficients. We did not
find any significant differences in the food groups consumed by vendors selling ASF
compared to other vendors. However, vendors selling vegetables had a significantly higher
consumption of dark green leafy vegetables and vendors selling fruits had a significantly
higher consumption of citrus fruits.

Consumers typically buying roots and tubers, legumes, seeds and nuts, and vegetables
were significantly associated with having a better dietary diversity and quality, i.e., higher
DDS, GDR, and NCD-Protect scores. In particular, consumers purchasing vegetables had
the strongest relationship and a higher dietary diversity and better diet quality through the
consumption of protective foods, i.e., higher DDS and NCD-Protect scores by 0.8 points
each. On the other hand, consumers who typically purchased cereals were linked to lower
diet quality through the increased consumption of foods that amplified the risk for NCDs,
i.e., a higher NCD-Risk score by 0.3 points. Also, those purchasing fruits were associated
with a significantly lower dietary diversity, i.e., a lower DDS by 0.2 points (Table 4).

3.1.2. Time and Frequency of Market Visits

The travel time from home to the market presented significant associations with
both vendors’ dietary diversity and consumers’ dietary quality, respectively; longer travel
times were associated with an overall lower diet quality for both groups in these domains.
Compared to those vendors spending less than 5 min to travel from home to the market,
vendors taking between 5 and 10 min, 10 and 20 min, 30 and 60 min, and more than
60 min experienced notably lower dietary diversity, i.e., a decreased DDS between 0.8 and
1.0 points (Table 3).

For consumers, the relationship between travel time and diet quality appeared to be
almost negatively linear, i.e., a higher travel time was related to lower diet quality through
the consumption of food protective against NCDs (NCD Protect), but also led to a higher
diet quality through the lower consumption of foods associated with NCDs. Consumers
spending 5-10 min traveling to the market, compared to less than 5 min, showed the
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beginning of reductions in diet quality scores. These reductions were most pronounced
for those traveling 60 min or more, with decreases of 1.1 points and 1.5 points, in GDR
and NCD-Protect scores, respectively, alongside a decrease in dietary diversity (DDS) by
1.0 points (Table 4). Although travel time negatively affected consumers’ consumption of
different food groups, i.e., the consumption of food groups protective against NCDs and
those recommended for limited consumption, it did not affect the GDR score.

The regression results in Table 4 indicate that compared to consumers visiting the
market several times per day, those visiting once per week had significantly higher dietary
diversity (DDS) by 0.8 points. However, it was difficult to discern a clear trend between
the frequency of market visits and consumers’ diet quality, with only the DDS showing
significant associations. Those visiting once per week consumed significantly higher shares
of cereals and tubers, meat, poultry and fish, dark green leafy vegetables, and other vitamin
A-rich fruits and vegetables.

Surprisingly, the frequency of market visits did not significantly decrease with the
longer travel times of the consumers; even among those spending more than 60 min to
reach the market, half continued to do most of their shopping there. This observation was
reinforced by a weak correlation (Pearson correlation = 0.29) between consumers’ travel
time and market visiting frequency.

3.1.3. Reported Experiences of Sickness Related to Food

Vendors that reported experiencing diarrhea and sickness related to food over the
course of the last 2 years did not show significant associations with any diet quality outcome
in the regression analysis. However, consumers that reported experiencing diarrhea and
sickness related to food were associated with significantly better dietary diversity, i.e., a
higher DDS by 0.5 points.

3.2. Socioeconomic and Demographic Factors and Diet Quality

Compared to their male counterparts, female vendors were associated with a signifi-
cantly lower diet quality related to the higher consumption of foods that increase the risk
for NCDs, i.e., they had a higher NCD-Risk score by 0.3 points. Also, female consumers
exhibited a significantly lower diet quality, i.e., lower GDR scores by 0.5 points.

Figure 2 depicts that female vendors consumed significantly more pulses and pro-
cessed meat, while they consumed less nuts and seeds the prior 24 h. Additionally, fe-
male consumers consumed significantly more packaged ultra-processed and salty snacks,
deep-fried food, and baked /grain-based sweets, while consuming less dark green leafy
vegetables, nuts and seeds, unprocessed meat, and soft drinks.

Compared to the youngest vendor group aged 18-24 years, vendors in the age groups
51-65 years and 66-75 years were associated with a significantly higher overall diet quality
and lower consumption of foods that increase the risk of NCDs, i.e., a higher GDR score
by 1.2 points and 1.3 points, respectively, and a lower NCD-Risk score by 1.2 points
and 1.6 points, respectively. However, vendors aged 51-65 years and 6675 years were
also associated with significantly lower dietary diversity, i.e., a lower DDS by 0.4 points
and 0.9 points, respectively (Table 3). Compared to consumers aged 18-24 years, those
consumers aged 25-30 years, 3140 years, and 66-75 years were associated with better
dietary diversity, i.e., a higher DDS by 0.6 points, 0.7 points, and 1.6 points, respectively.
Those aged 3140 years and older were associated with a better overall diet quality and
lower consumption of foods that increase the risk for NCDs, i.e., higher GDR scores between
1.3 points and 3.8 points, respectively, and lower NCD-Risk scores between 0.6 points and
3.1 points, respectively, with the strongest effect size in the age group of 66-75-year-olds.
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Furthermore, those aged 66-75 years were associated with an increased consumption of
foods protective against NCDs, i.e., an increased NCD-Protect score of 0.7 points (Table 4).

A C
Dark green leafy vegetables — Dark green leafy vegetables _“
Muts and seeds ‘ Nuts and seeds *
Whole grains _ Whole grains _
0% 20% 40% 60% 80% 10( 0% 20% 40% 60% 80% 100%
mallvendors mfemale mmale mallconsumers mfemale mWmale
B D
Packaged ultra-processed salty snacks ‘ Packaged ultra-processed salty snacks - o
Deep fried food _ Deep fried food _ *
Unprocessed meat _ Unprocessed meat ‘
Processed meat _ *h Processed meat _
Baked / grain-based sweets - Baked / grain-based sweets _ o
Soft drinks - Soft drinks ‘
0% 20% 40% 50% 80% 1 0% 20% 40% 60% 80% 100%

mallvendors mfemale mmale Hallconsumers Mfemale Mmale

Figure 2. Share of selected food groups consumed by vendors (n = 1042) and consumers the prior
24 h, by gender. (A) Dietary factors protective of NCDs, vendors. (B) Dietary risk factors for NCDs,
vendors. (C) Dietary factors protective of NCDs, consumers. (D) Dietary risk factors for NCDs,
consumers. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level.

No significant associations were observed between vendors’ educational attainment
and any of the diet quality outcomes. Consumers who had completed primary education,
compared to those with no formal education, were associated with a better overall diet
quality and a lower consumption of foods that increase the risk of NCDs, i.e., higher GDR
and NCD-Protect scores by 1.0 points and 0.5 points, respectively.

Neither the vendors’ average monthly values of food sold in the market nor accessing
credit or loan showed any significant associations with vendors’ diet quality. Consumers
who spent between KES 100-<200 (3—<5 PPP) and KES 200-<300 (5-<7 PPP) at the market
per visit had significantly lower dietary diversity (DDS) by 0.8 points and 0.5 points,
respectively, compared to those spending less than KES 100 (3 PPP). Additionally, those
in the KES 100-<200 (3—<5 PPP) spending bracket were significantly associated with a
lower consumption of food protective against NCDs, i.e., a decreased NCD-Protect score
by 1.0 points (Table 4).

Household size did not demonstrate significant associations with any of the diet
quality indicators for either vendors or consumers.

4. Discussion

This study provides valuable insights as it is, to our knowledge, the first to quantify
the association between market-related factors, consumer purchasing behavior, and diet
quality outcomes for both vendors and consumers in urban areas of Kenya.

4.1. Diet Quality in Urban Kenya

In Kenya, as in many other rapidly urbanizing LMICs, there is a critical shift in dietary
habits leading to an increase in overweight, obesity, and nutrition-related NCDs [45-47].
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This makes it crucial to understand the factors influencing dietary outcomes from both
public health and policy perspectives, aiming to improve the local food environment and
enhance food systems.

Our findings revealed higher DDS and NCD-Protect scores among vendors and
consumers compared to data from the Diet Quality Project for urban Kenyan populations
in 2021, with differences of 1.5 points and 1.2 points, respectively [48]. The GDR scores
and NCD-Risk scores were relatively comparable, showing differences of 0.7 points and
0.2 points, respectively. As both studies used the same tool, the Diet Quality Questionnaire
(DQQ), to assess dietary quality, these comparisons are valid. The observed improvements
could reflect a recovery in dietary quality post-COVID-19 pandemic, or they may be
influenced by seasonality or differences in the study population. While our sample focused
on vendors and consumers in traditional food markets, who may be comparatively better
off than the general urban population, it is also possible that these differences indicate a
positive trend in dietary quality over time.

4.2. Market-Related Factors, Consumer Purchasing Behaviour, and Diet Quality

Although some descriptive results find connections between the types of foods sold
and consumed—for vendors selling vegetables or fruits—except for vendors selling ASF,
there was no clear association between the types of food vendors sold and their diet quality,
implying that their dietary outcomes did not directly correlate with the foods sold. In a
study from urban Uganda, 71% of the foods consumed by street food vendors came from
their own stalls [49]. For smallholder farmers in LMICs, on-farm production diversity
generally linked strongly with dietary diversity [50]. However, depending on the context,
access to markets was equally or sometimes even more crucial for dietary diversity [50-52].
These insights imply that for the included traditional food market vendors selling fresh
produce—as opposed to street food vendors selling prepared meals or farmers consuming
their own produce—dietary quality might be influenced more by convenience and socio-
demographic factors than by the foods they sell.

An exception was noted for ASF. A panel data analysis of small-scale farmers in
Uganda found better dietary diversity in terms of increased consumption of ASF, influenced
by farmers” own production rather than purchased foods [53]. However, it is difficult to
transfer these findings to the market vendors. In this study, ASFs were included in the GDR
score as a negative contributor, making up parts of the NCD-Risk score with processed and
unprocessed meat. While the monthly sales values of vendors were a control factor in the
regression analysis, 23.1% of vendors also had other income sources besides being a vendor
at this market or other markets. Hence, it is likely that those selling ASFs might have
indirectly benefitted from a higher diet quality, e.g., through overall higher incomes despite
their monthly sales values from this market, leading to a diet richer in food protective
against NCDs and lower in highly processed foods. Furthermore, the group of vendors
selling ASFs had a rather small sample size (n = 42); hence, the interpretation of the results
should be carried out cautiously.

While consumer purchases do not directly reflect a food environment factor, they
provide insights into the accessibility of foods, combined with affordability factors and
personal preferences. Furthermore, the agreement between purchases and dietary outcomes
underscores the usefulness of the assessment methods applied for purchases and their
translatability into dietary outcomes. Our findings reveal a strong connection between the
regular purchase of vegetables, roots and tubers, legumes, seeds and nuts and improved
diet quality among consumers. However, for purchasing cereals and fruits, the relationship
with diet quality was negative. This outcome contrasts with the initial prediction that
consumer purchases of these food groups would lead to neutral or positive associations with
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diet quality. Hence, the results indicate a moderate association and agreement between food
group purchases and the individual diet quality of consumers through the given methods.
Given that the assessed consumer purchases reflect household purchasing patterns over
a 30-day period, the variability between purchases and diet quality might be explained.
This is particularly relevant since the measures of diet quality in this study rely on a single
assessment of the previous day and night. It is important to note that the reported food
groups bought at the market reflect the respondent’s view and might be incomplete, as
other household members may purchase additional food for the household or they might
purchase additional food at other outlets. Furthermore, purchasing behavior is strongly
correlated with seasonality and affordability, factors that this study could not control for
and that likely influence the results. Overall, it is not expected that food purchases and
dietary intake would demonstrate near-perfect agreement, even in theory [54].

Physical distance from the market played a critical role in both vendors’ dietary
diversity and consumers’ overall diet quality. Similarly to the findings of this study on
consumers, a study from urban Tanzania identified associations between a greater density of
vegetable vendors within 500 m of the household and an increased likelihood of purchasing
vegetables and lower energy intake [24]. Others found that proximity to supermarkets and
other food outlets increased fruit and vegetable consumption in urban Brazil but did not
affect the consumption of sugar-sweetened beverages [55]. Further, perceived proximity to
fresh produce markets encouraged the consumption of minimally processed foods among
women in Santos [56].

The expectation that a higher frequency of market visits leads to higher dietary di-
versity, e.g., through more perishable foods, is not supported by our results. We find that
those visiting once per week compared to those visiting several times per day reported
a higher consumption of perishable foods, including meat and fruits and vegetables, as
well as the consumption of more staple foods, including cereals and tubers. Hence, these
associations are presumably driven by unobservable socio-economic factors and habits. For
example, those visiting once per week might have a more structured shopping approach
and meal planning.

Overall, the results on the time and frequency of market visits underscore the impor-
tance of traditional food markets for both vendors and consumers. It was common for
respondents to travel up to 30 min or more to reach the markets where they worked or
bought food. For vendors, this suggests that the business opportunities in these markets
justify the travel. For consumers, it indicates that options to buy fresh food elsewhere
in the cities might be limited or less preferred for various reasons. The weak correlation
between travel time and market visit frequency further indicated that the markets’ value
to consumers transcends the inconvenience of longer travel distances, underscoring their
critical role in urban food systems in Kenya.

Consumers who reported experiencing sickness from food over the last two years
were associated with significantly higher dietary diversity. These results are surprising as
other studies found more diverse diets to physiologically enhance gut health and immunity,
contributing to better health outcomes [57]. However, in this context and given the nature
of the question, which refers to the last two years, the identified associations might also
reflect a heightened awareness or an effort to adopt healthier dietary practices following
illness. This suggests a behavioral explanation rather than a biological one.

4.3. Socioeconomic and Demographic Factors and Diet Quality

Female vendors were associated with a significantly higher consumption of foods
with dietary risk factors for NCDs (NCD-Risk), particularly processed meat. And they
had significantly lower overall diet quality (GDR score), probably driven through a lower
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consumption of protective foods including dark green leafy vegetables and nuts and seeds,
and an increased consumption of ultra-processed foods, deep-fried foods, and baked/grain-
based sweets. These results differ from the latest diet quality data for Kenya [48]. Based on
their findings, including urban and rural data from 2021, women had a lower NCD-Risk
score and a higher GDR score, and did not show any differences between their NCD-Protect
scores. However, evidence also shows that the national prevalence of overweight and
obesity is significantly higher among women. Estimates for Kenya indicate a 29 percentage
point higher prevalence of overweight and obesity for women in 2019 [58]. These findings
could be partially explained by the unique challenges women face in urban settings, which
may vary across contexts. While women in many LMICs and developed countries often
play a central role in planning and preparing meals, their involvement in food purchasing
can differ [59]. For example, in some contexts like Pakistan, men frequently handle routine
shopping while women focus on meal preparation and household food planning. In
urban areas, additional factors such as time constraints, resource limitations, and cultural
norms may further influence dietary choices, potentially leading to suboptimal diets. This
dynamic may be exacerbated by the higher prevalence of food consumption away from
home, which can disproportionately affect dietary outcomes. Evidence from a study on
women and their food choices in informal settings in Kenya underlined that factors like
food affordability and time were often seen as trade-offs for nutrition, leading to sub-
optimal diets [25]. Hence, the results of this study might not be too far off from reality and
contribute to understanding the underlying dietary differences, which may be influenced
by gender-specific roles, responsibilities, and dietary habits.

Furthermore, age emerged as a significant factor for diet quality. For vendors, increas-
ing age was associated with higher diet quality (GDR score) and a lower consumption of
dietary risk factors for NCDs, as well as lower dietary diversity. The latter was most likely
affected by larger decreases in foods with dietary risk factors, which, despite leading to
higher diet quality, could impact the overall dietary diversity, negatively. This phenomenon
indicates that while older vendors compared to those aged 18-24 years exhibit overall
better dietary practices, their dietary diversity may not be as pronounced. For consumers,
the association between age group, dietary diversity, and diet quality was positive. The
strong associations are likely due to a combination of a reduced consumption of dietary
risk factors, e.g., soft drinks, sweets, and highly processed foods, and an increased intake
of foods protective against NCDs, e.g., fruits and vegetables, legumes, and whole grains.
Opverall, this aligns with the insights on vendors, which indicate that younger vendors and
consumers had lower diet quality than older respondents. Studies from Brazil underline the
factor of age showing better diet quality in older adults aged 60 years and over, compared
to adolescents and younger adults [60].

This study further showed the importance of primary education in promoting com-
pliance with dietary recommendations and the consumption of foods protective against
NCDs within consumers. It further raises questions about the relative impact of primary
education compared to secondary, tertiary, or vocational education on dietary behaviors.

4.4. Study Limitations

This study is constrained by several limitations. Firstly, the analyses are not designed
in a manner that causal relationships can be determined. The use of cross-sectional data
introduces inherent challenges, particularly the risk of overestimating the strength of
observed associations. Additionally, the selection of markets for this study is constrained
by the purposeful selection of traditional local food markets, with a focus on those linked to
GAIN'’s co-designed interventions. Even so, these markets are largely like other public food
markets in these counties, and more broadly, the whole country. In terms of other markets,
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the area of market footprint, actual basic service delivery and infrastructure like WASH,
and variations of food groups sold may differ. While our analyses consider these aspects
and cluster standard errors by locality, this could influence the generalizability of the
findings. While the sample sizes of vendors and consumers represent both groups within
each traditional food market, the chosen confidence levels are a limitation. This was a
necessary compromise to ensure the feasibility of the research within the available resources.
Future studies might consider higher confidence levels to strengthen the robustness of
the findings.

Income and expenditure are likely important factors in the association between market-
related factors, consumer purchasing behavior, and diet quality. However, the indicators of
vendor monthly sales values and consumer spending per visit do not capture the full range
of income for vendors or expenditure for consumers. Although collinearity aspects have
been carefully checked, the relationships between income and dietary outcomes, partic-
ularly for consumers, might be reflected in travel time results, as low-income consumers
are more likely to live further away from the market. The inclusion of vendor monthly
sales values and consumer spending patterns introduced another limitation: a substantial
dropout of observations due to missing data on these aspects. However, since running
the analyses with limited sample sizes and including the sales and spending insights still
yielded a better model fit than dropping the variables, we kept them.

Due to the logistical challenges of collecting anthropometric measurements in a market
setting, we were unable to include such data in this study. Future research should consider
incorporating anthropometric data to establish more direct links between diet quality and
nutritional outcomes, particularly in relation to non-communicable diseases.

These limitations underscore the importance of interpreting the study’s findings with
caution. While this study investigates selected characteristics of traditional food markets,
such as proximity and food access, it does not encompass the full breadth of food envi-
ronment characteristics, such as socio-economic, political, or structural features. Future
research should address these gaps by incorporating a more comprehensive assessment of
food environment dimensions, including food supply (availability), affordability (accessi-
bility), infrastructure market investment (accessibility and resilience), basic service delivery
(accessibility), vendor marketing and credit offerings, consumer perceptions of markets,
sustainability and socio-ecological insights, including culture, along with food systems
governance. Additional data, longitudinal studies, and more diverse market sampling
could further enrich our understanding of how food environments in traditional food
markets influence dietary quality and nutrition outcomes in different contexts.

4.5. Policy Implications and Further Research Directions

This study highlights the critical role of traditional food markets and their market-
related factors for providing access to diverse, safe, and nutritious foods, and significantly
influencing the diet quality of both vendors and consumers in urban Kenya. Several policy
implications emerge from these findings to enhance dietary quality in such contexts.

Firstly, there is a need for dietary information campaigns that effectively and inclu-
sively target and engage both vendors and consumers. Educational programs can be
designed to inform, skill, and empower vendors about food systems, nutrition, and food
safety while also leveraging the routine vendor—consumer relationships in the markets to
optimize the communication of such knowledge. Awareness and knowledge of healthy
eating practices and the benefits of consuming diverse, nutritious, and safe foods can
improve vendors” own diet quality and that of their customers. Innovative education
initiatives are needed; ones that are systemic, culturally and contextually adaptable yet also
scalable, attentive to gender and the multiple vulnerabilities of urban low-income vendors
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and consumers, and engage in active learning rather than passive, top-down training.
Sub-national governments, including county and local governments, can support these
campaigns. This also involves their synergy with traditional food market-related resources
and activities, across departments, such as those involved with trade, health, and agricul-
ture. For example, common food systems and nutrition messaging across departments
and leveraging community health workers and agricultural extension officers’ activities.
Furthermore, such efforts should be combined with incentives for behavior change and
the sale of diverse, nutritious, and safe food. These endeavors need to consider vendors’
existing practices and knowledge, and the importance of medium and long-term capacity
building rather than one-off and/or short-term successes [61-63].

Policies should also address dietary risks, particularly among women and younger
adults, by promoting healthier eating habits and increasing awareness of the benefits of
consuming protective foods. These efforts require the active involvement of key stakehold-
ers, including market vendors and local communities, through public consultations and
stakeholder workshops to ensure responsive policy development and uptake in practice.

Urban planning can prioritize the spatial development and food distribution networks
of local food outlets in underserved neighborhoods while also supporting traditional
food markets as essential sources of diverse, safe, and nutritious foods. Policies and
strategies should focus on enhancing market infrastructure, such as cold storage and waste
management. These efforts could include de-risking financial investment models to fund
such infrastructure, e.g., by reinvesting market fees, and empowering market committee
leaders with the agency and governance tools needed to support the effective use and
maintenance of these improvements [7,64—66].

Additionally, policies need to consider the broader role of various food outlets, includ-
ing street food vendors, kiosks, grocery stores, and supermarkets, in shaping urban food
environments and promoting nutritious diets. While increasing access to healthy ready-to-
eat foods and regulating the availability and marketing of energy-dense, highly processed
foods—regardless of their sources—are crucial, future studies could also compare findings
with local food environments in developed economies. Despite differing socio-economic
and cultural contexts, many shared characteristics transcend these differences, offering
valuable insights for shaping urban food systems globally. Measures such as front-of-
pack nutrition labeling, modeled on Mexico’s nutrition labeling law, could be adapted
to the Kenyan context [67]. Furthermore, policies to improve food affordability, such as
commodity-specific vouchers and the fortification of staple foods, could also contribute to
better nutrition [68].

Finally, policies must be accompanied by regular monitoring of market-related factors,
food safety standards, and dietary quality indicators. Tools like the DQQ can provide
rapid and standardized assessment, while research focusing on underexplored aspects of
the food environment, such as desirability and convenience, along with robust analyses
using panel data, can help refine policies and strategies to enhance dietary outcomes across
diverse population segments.

By leveraging traditional markets, promoting greater local agency, and involving
vendors and consumers as active stakeholders in food systems’ transformation, these
efforts can contribute significantly to healthier diets in urban Kenya and similar contexts in
other LMICs.

5. Conclusions

This study underscores the pivotal role of traditional food markets in urban Kenya as
critical elements of the food environment. By examining how market-related factors and
consumer purchasing behavior shape both vendors and consumers’ diet quality in LMICs,
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the findings highlight the need for targeted policies and interventions to enhance the role
of traditional markets in promoting healthier diets and improving nutritional outcomes.
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