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Abstract

Globally, 2.4 billion people are food insecure, and 3.1 billion lack access to nutritious diets, with no
substantial improvement anticipated soon. While over 1.1 billion people engage in agriculture, recent
evidence suggests that even agricultural households may purchase most of their food. However, there
is a lack of evidence beyond case studies on the relationship between dietary diversity and food
sources in low- and middle-income countries (LMICs). Using a sample of 1,105,681 households
representing 2.8 billion people in 45 LMICs, we examine how different food sources contribute to
household diets across regions, socioeconomic characteristics, and time. Our findings reveal that
markets are the principal food source in LMICs, even for rural subsistence-oriented and extremely
poor households—those most affected by food insecurity and malnutrition—challenging the
assumption that these groups rely primarily on their own production. Dietary diversity is primarily
driven by purchased foods, including nutritionally important foods like eggs and meat, which are
almost exclusively sourced from markets. This leads to pronounced differences in the consumption
of these foods between household income groups, with poorer households consuming less fruits and
animal-source foods. In some settings, foods from gifts and in-kind contributions are also significant
sources of diet diversity. Improving affordability and market access, not just agricultural production,

is critical for improving dietary diversity for the most vulnerable in LMICs.
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Main

Food insecurity and malnutrition remain major global challenges, disproportionally affecting millions
of people in low- and middle-income countries (LMICs). In 2023, 2.4 billion people—nearly a third
of the global population—were food insecure and 3.1 billion lacked access to nutritious diets, and
these figures are on an upward trajectory'. Limited physical and economic access to diverse and
nutritious foods forces individuals to rely on nutrient-poor starchy staples for most of their caloric
intake, resulting in micronutrient deficiencies?, and in many cases, increased reliance on cheap ultra-

processed foods, which are linked to chronic diseases®™.

Addressing food insecurity and malnutrition requires not only increasing access to food but also
enhancing the quality and diversity of diets. A more varied diet is linked to better physical and
cognitive development, nutrient adequacy, and overall well-being®™. However, effective strategies to
increase dietary diversity in LMICs remain elusive. Some proposals emphasize the diversification of
foods produced on household farms for subsistence, while others advocate for improving household

10.11 ' Given that agriculture employs around a third of the workforce in LMICs'? and

access to markets
over 80% of farms are small farms with less than two hectares!®, who consume part of what they
produce, increasing on-farm production diversity by introducing additional crop and livestock
species has been proposed as a means of improving dietary diversity!"!*!7. However, evidence
suggests that smallholder farmers in many regions, particularly in sub-Saharan Africa, already
produce a variety of crops and livestock species, and that further diversification could reduce cash

IL18 This trade-off is crucial because

income because of the inability to realize specialization gains
even households primarily engaged in subsistence farming are increasingly dependent on foods

purchased from markets, necessitating cash income!!’'®24, This phenomenon can be attributed to
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improved market access and diversified income that come with a rapid urbanization process, reducing

the need for households to produce all of their own food?!.

Thus, the most effective strategy for diversifying diets in LMICs requires careful consideration of the
balance of food obtained through own production versus market purchases. However, there is a lack
of empirical evidence on the contribution of own production versus purchases to the diversity of diets

in LMICs. Most studies have used cross-sectional surveys restricted to farming households of single

11,22,23 18,21,24,25

countries or limited to few countries , offering fragmentary understanding of food-
sourcing patterns across regions and socioeconomic groups. To address this gap, we developed a
harmonized dataset of nationally representative household consumption and expenditure surveys
conducted between 2008 and 2022 and covering 1,105,681 farming and non-farming households
across 45 LMICs, representing 2.8 billion people. To measure household dietary diversity, we use
nine food groups based on the household dietary diversity score (HDDS) which are important for a
healthy and nutritious diet (see Methods, herein ‘healthy HDDS’): (i) cereals, (ii)
roots/tubers/plantains, (iii) pulses/nuts/seeds, (iv) vegetables, (v) fruits, (vi) meat, (vii) fish/seafood,
(viii) milk/dairy products, and (ix) eggs. For each food group, we determine whether it is sourced

from own production, market purchases, or other sources such as gifts or in-kind payments from other

households or institutional sources like churches, governments, NGOs, or humanitarian aid.

Our study aims to inform policies and interventions to improve dietary and nutritional outcomes in
LMICs by providing robust, generalizable insights into the dynamics of food sourcing and dietary
diversity. We pursue four specific objectives. First, we assess where households in LMICs source
their food from, overall and by food group, and how this differs by region and household-level
demographics. Second, we determine the contribution of own-production, market purchases, and

other sources to healthy HDDS and how this differs by region, household-level demographics, and



63  overtime (i.e. years) and months (i.e. seasonality). Third, we examine physical and economic barriers
64  to food access across different regions and countries. Lastly, we determine the relevance of various

65  socioeconomic and demographic factors for healthy HDDS derived from different food sources.

66

67 Sources of foods

68  Three out of four households in Latin America and the Caribbean and the Middle East and North
69  Africa rely solely on market purchases for their food, with Argentina leading at 95% of households
70  obtaining all of their food from markets (Table 1 and SI Figure 1). In these regions, own production
71  plays a minimal role, with less than 8% of all households consuming own produced foods in each
72 food group. For instance, only 2% of households in Latin America and the Caribbean and 3% in the
73 Middle East and North Africa consumed any vegetables from their own production within the past 7

74  days (Figure 1).

75  In contrast, in Sub-Saharan Africa only 24% of households purchase all their food from markets,
76  implying a greater reliance on own production for at least some food items. For example, 75% of

77  households in Malawi produce some of the food they consume.

Any consumption from own

Region Only purchases production
Mean (SE) Mean (SE)
East Asia and Pacific 29.16% (0.29) 67.44% (0.33)
Central Asia 46.07% (5.59) 44.56% (5.31)
Latin America and Caribbean 75.14% (3.52) 10.20% (1.49)
Middle East and North Africa 75.67% (5.10) 14.03% (4.49)
South Asia 34.14% (0.31) 37.88% (0.30)
Sub-Saharan Africa 24.27% (0.45) 60.59% (0.47)
Sample size 1,104,938 1,105,681

78  Table 1: Consumption of foods from purchases and own production by region. Means are
79 population-weighted regional means of households that sourced their food entirely from purchases during the past 7 days
80  and households that sourced any food from their own production. Standard errors (SE) are shown in parentheses.

81
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Across regions, a majority of animal-source foods are purchased from markets (SI Figures 2 and 3).
Central Asia has the highest proportion of households sourcing these foods from their own
production, with 22% for milk and dairy products and 14% for eggs (Figure 1). Nonetheless, even in

these cases, market purchases remain the primary source of animal-source foods.

There was more variability in sourcing of plant-based food, especially in Sub-Saharan Africa and, to
a lesser extent, in Asia. For example, while 35% of households in Sub-Saharan Africa consumed
own-produced vegetables, 89% purchased vegetables within the past 7 days. Similarly, in East Asia
and the Pacific, significant proportions of households consume own-produced cereals (42%),
vegetables (37%), and fruits (31%). Despite this, 97%, 96%, and 68% of households purchased
cereals, vegetables, and fruits, respectively, suggesting that households frequently supplement their
own production with market purchases. This trend is also observed among plant-based foods in Sub-
Saharan Africa. Roots, tubers, and plantains and pulses, nuts, and seeds are almost exclusively
obtained from purchases. In Sub-Saharan Africa, for instance, 54% and 61% of consumer households
rely exclusively on market purchases for these food groups. In all other regions, these figures exceed

70%.

Gifts and in-kind payments also contribute to household diets. Across regions, one in three
households that consume cereals receive them as gifts or in-kind (SI Figure 2). This number is largely
driven by South Asia, where this food source exceeds consumption from own production of cereals
by far (Figure 1). Consumption of other plant-based foods from gifts/in-kind is particularly common
in Sub-Saharan Africa and East Asia and the Pacific (Figure 1). In Latin America and the Caribbean
and North Africa and the Middle East, this food source is roughly as (less) important as own

production.
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Figure 1: Share of households representative of 2.8 billion people who consume each of the 9

food groups and where they source them, by region. The total bar length represents the average consumption
of that food group within that region (in % of all households). The length of the blue bar represents the proportion of
households that consume this food group from purchases, independently of whether they also consume it from other
sources. The blue diamonds depict the share of households that consume a food group exclusively from purchases. The
brown dots show the proportion from own production, while the yellow dots show the share of households that consume
a food group from gifts or in-kind. We weighted each country based on its population size. Sample size: N = 1,105,616
households for any consumption, N = 1,105,616 households for purchases, N = 1,105,681 households for own
consumption, N = 772,291 households for gifts/in-kind.

Data from selected countries with more disaggregated food source categories shows that gifts/in-kind
primarily consist of gifts from other households, with minimal contribution from institutional sources
like churches, governments, NGOs, or humanitarian aid (SI Figure 4). In India, nearly half of
households benefit from the Public Distribution System (PDS), a social security initiative designed
to enhance food security and alleviate poverty (SI Figure 4). However, the food distributed through

the PDS primarily consists of rice and wheat, which, while addressing calorie needs, contributes little
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to dietary diversity. In fact, home-grown food generally contributes on average more to a varied diet

than food sourced for free from the PDS.

Consumption patterns of cereals, roots, tubers, plantains, pulses, nuts and seeds, and vegetables show
little variation across household income groups (Figure 2). However, poorer households are more
likely to consume these foods from their own production, while richer households rely heavily on
market purchases. For vegetables, the proportion of households purchasing them does not vary
notably across income groups, but poorer households are less likely to consume vegetables

exclusively from purchases and instead supplement them with their own production.

Consumption of fruits and animal-source foods is substantially higher in richer households who are
two to four times more likely to consume these food groups than extremely poor households. This
disparity is driven by an increase in consumption from purchases, as own consumption of these food
groups does not change notably with income (Figure 2 and SI Figure 5). Consumption of fish and
seafood is slightly higher among poor households, entirely driven by increased purchases (Figure 2).
While purchases of fruits, meat, and milk and dairy products consistently increase with income, there
is an inverse U-shaped relationship between income and purchases of roots, tubers, and plantains,
pulses, nuts and seeds, vegetables, and eggs (SI Figure 5). Thereby, the decline in egg consumption
is driven by Latin America and the Caribbean, where higher-income households are also less likely
to consume roots, tubers, and plantains and pulses, nuts and seeds (SI Figure 6). Conversely, as
income rises, consumption of fruits, meat, fish and seafood, and milk and dairy products, increases

suggesting a gradual replacement of the aforementioned food groups.
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Figure 2: Share of households representative of 2.8 billion people who consume each of the 9

food groups and where they acquire them, by poverty category. The total bar length represents the
average consumption of that food group within that category (in % of all households). The length of the blue bar represents
the proportion of households that consume this food group from purchases, independently of whether they also consume
it from other sources. The blue diamonds depict the share of households that consume a food group exclusively from
purchases. The brown dots show the proportion from own production, while the yellow dots show the share of households
that consume a food group from gifts or in-kind. We weighted each country based on its population size. Sample size: N
= 1,017,628 households for consumption, N = 1,017,628 for purchases, N = 1,017,693 for own consumption, N = 684,304
for gifts/in-kind.

Food sources and household dietary diversity

Markets emerge as the dominant source of dietary diversity in all regions, although the degree of
reliance varies. In Latin America and the Caribbean and the Middle East and North Africa, purchased
foods contribute to over 90% of healthy HDDS (Figure 3). Indeed, across all countries over half of

healthy HDDS is derived from purchased foods. Countries with a higher healthy HDDS are not
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necessarily more likely to have a higher proportion from purchases (SI Figure 10). Island and Sub-
Saharan African countries have the largest contributions from own production to healthy HDDS. For
example, in Timor-Leste, on average, 3.6 of the 5.6 food groups consumed (64%) are from own
production; and in Uganda 2.1 out of 5.7 food groups consumed (37%). These trends are also robust
to other measures of dietary diversity such as the Minimum Dietary Diversity Score for Women
(MDDW) (SI Figure 11) or food item variety (SI Figure 12). Countries in Latin America and the
Caribbean consume less than 10% of their food items from their own production and, in multiple
countries, more from gifts/in-kind. In Timor-Leste and Uganda, households source 56% and 28% of
their food items from own production, respectively, while in Liberia households source a greater

variety of their products from gifts/in-kind compared to their own production (SI Figure 12).

Longitudinal data from seven countries indicate that the reliance on market purchases for dietary
diversity is not a recent phenomenon (SI Figure 13). For example, in Malawi, the proportion of
healthy HDDS derived from purchased foods was already high at 67% in 2004 and increased to 77%
by 2019. In Armenia, it increased from 85% to 91% over a similar time period (2004-2018).
Conversely, the contribution of own production to dietary diversity has declined in all countries

except Nigeria.
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Figure 3: Healthy household dietary diversity (9 food groups) by country. The blue bars represent
dietary diversity originating from purchases with numbers indicating their proportion from the total dietary diversity,
while the green bar represents diversity augmented by alternative sources, including consumption from own production
or contributions in the form of gifts or in-kind provisions. Thus, the green bar represents the proportion of dietary diversity
that remains unmet by purchases, and not the total diversity provided by other sources. The dietary diversity attributed to
these alternative sources could be greater than that of the green bars. Brown dots indicate their dietary diversity from own
consumption, whereas numbers display their share from total dietary diversity. Years on the y-axis indicate the survey
start year. Sample size: N = 1,105,616 households for any consumption, purchases, and own consumption.
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Monthly data from ten countries reveals only minimal seasonal variation in food consumption
diversity from purchases versus own production (SI Figure 14). Liberia exhibits the highest
variability, with the proportion of healthy HDDS derived from purchases being lowest in November
at 83% and highest in December at 91%. Similarly, the proportion of consumed items from purchases
fluctuates between 72% and 83% in these months in Liberia (SI Figure 15). The greatest variability
in the proportion of healthy HDDS derived from own consumption is observed in Georgia, with the
lowest in January at 4% and the highest in August at 13%. Seasonal variability is more pronounced
for specific food groups, particularly fruits and vegetables, where purchases do not compensate for
reduced own consumption but rather mirror similar seasonal patterns (SI Figure 15). For example, in
Georgia, the percentage of households purchasing vegetables drops to 49% in January but rises to
88% in June (SI Figure 16). Similarly, in Nigeria, fruit purchases correspond with monthly
temperature and rainfall patterns, peaking in May and November, and diminishing in January and

August.

Market foods are the most important source even among agricultural households

Agricultural and rural households get a larger proportion of their foods from their own production,
particularly plant-based foods, though the amount of these foods consumed is largely similar between
agricultural and non-agricultural households and rural and urban households (SI Figure 7 and SI
Figure 8). Nonetheless, even amongst agricultural households, a majority of nutrient-rich foods
including pulses, nuts, and seeds, vegetables, and fruits were purchased from markets (77%, 92% and

62% of consumer households, respectively). In terms of food group variety, even agricultural
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households source 79% or more of their food items from purchases, only for roots/tubers/plantains

and fruits did these households source 19% and 22% from their own production (SI Figure 9).

In East Asia and the Pacific, South Asia, and Sub-Saharan Africa, non-agricultural households exhibit
a significantly higher healthy HDDS than agricultural households, whereas in other regions, there is
no significant difference (Figure 4). There is not a single country where agricultural households are
better off than non-agricultural households in terms of dietary diversity (SI Figure 17). Non-
agricultural households meet over two-thirds of their healthy HDDS through purchased foods, in most
cases exceeding 85%. Conversely, agricultural households rely more on their own production for
dietary diversity and have a lower healthy HDDS from purchases compared to their non-agricultural
counterparts. Even in Sub-Saharan Africa and Central Asia, where smallholder farmers predominate
26, agricultural households obtain about three-quarters of their healthy HDDS from purchases. In
Angola (62% own production vs. 46% market purchases) and Timor-Leste (77% own production vs.
50% market purchases) agricultural households obtain a greater proportion of their dietary diversity
through own production than through purchases, in all other countries purchased foods are more

relevant for healthy HDDS than own-produced foods, even among agricultural households (SI Figure

17).

12
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Figure 4: Healthy household dietary diversity scores, by world region and agricultural (‘Ag
HH’) versus non-agricultural (‘NonAg HH’) households. An agricultural household is defined as one in
which the primary activity of any household member involves engaging in agricultural activities. This can be wage
employment in agricultural occupations or the agricultural sector or informal self-employment performing agricultural
activities in their own gardens. We weighted each country based on its population size. Sample size: N = 1,001,311

households for any consumption, purchases, and own consumption, N = 682,746 for gifts/in-kind.
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Physical and economic constraints of food sources

In addition to comparing agricultural and non-agricultural households, we analyze dietary diversity
patterns across regions, rural versus urban settings, and household expenditure groups. We take
differences in dietary diversity between rural and urban households of comparable expenditure groups
to reflect physical access constraints. Whereas, differences between consumption expenditure groups

within the same area we take to reflect economic barriers.

Among richer urban households, purchases cover more than 95% of healthy HDDS in almost all
countries (Figure 5 and SI Table 1). Even poorer urban households typically achieve more than 90%
of their healthy HDDS through purchases. An exception is Timor-Leste, where urban poor households
source their healthy HDDS almost equally through own production and purchases. For urban
households of the highest expenditure tercile, own consumption is marginal, contributing to less than
5% of healthy HDDS, exceptions include Timor-Leste (20%), Kiribati (18%), and Uganda (14%) (SI

Table 1).

Rural households cover a substantially lower proportion of their dietary diversity with foods from
purchases. However, even poor rural households meet between 69% (sub-Saharan Africa) to 93%
(South Asia) of their healthy HDDS through purchases (Figure 5). Results from individual countries
show that rural households in the lowest expenditure tercile still acquire about three-quarters of their
dietary diversity from purchases and only one-third through own consumption (SI Table 1). Albeit
foods from purchases play the most significant role for healthy HDDS, this is not universally true. In
certain rural contexts, such as among the poorest tercile in Angola (71% from own consumption and
33% from purchases), Burkina Faso (58% and 57%, respectively), and Timor-Leste (83% and 44%,

respectively), own production is more important for dietary diversity than market purchases (SI Table

1.
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Physical access constraints: Healthy HDDS among rural households is only slightly lower than
those of urban households within the same income group, with a maximum difference of 0.8 food
groups (Figure 5). More pronounced are the differences in food sources, as rural households exhibit
a higher healthy HDDS from own production, especially in Central Asia and sub-Saharan Africa,
where 35% and 41%, respectively, of healthy HDDS is attained through own production. This
translates into a considerable difference of 31 and 33 percentage points (p.p.) more than their urban
counterparts, respectively (Figure 5). Comparing households within the same income groups in a
given country, the significance of own consumption for dietary diversity consistently increases in
rural areas, while the importance of purchases diminishes (SI Table 1). This trade-off is less

pronounced in Latin American and Caribbean countries, but amounts to a change of around £50 p.p.

among poorer households in Angola and £39 p.p. in the Marshall Islands.

The difference in healthy HDDS between rural and urban households of the same expenditure tercile
(physical barrier) is one or lower across all countries and income groups, with the exceptions being
poorer households in Ecuador (-1.2) and Georgia (-1.1) and the richest tercile in Timor-Leste (-1.2)
and the Marshall Islands (-1.2) (SI Table 2). In these countries, the reduction in healthy HDDS
through purchases cannot be adequately replaced by an increase in healthy HDDS through own
consumption. In some contexts, the increase in healthy HDDS derived from own consumption
considerably exceeds the reduction in healthy HDDS from purchases and results in a higher diversity
in rural areas, for instance, +2.5 food groups from own consumption versus -1.0 in purchases among
richer Armenian households, +2.3 versus -1.1 in richer Kenya, or +1.3 versus -0.2 in richer Tanzania

(SI Table 2).
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Economic access constraints: Comparing income groups within the same rural-urban location
reveals a distinct gradient: richer households have a higher healthy HDDS compared to poorer
households (Figure 5). Notably, the diversity derived from own consumption remains similar across
income groups, thus, gaining relatively more importance for extremely poor households, where up to
39% (East Asia and Pacific) and 47% (sub-Saharan Africa) of healthy HDDS can be achieved through
own consumption. Thus, economic access constraints are entirely driven by lower diversity from

purchases.

The difference between the poorest and richest terciles within the same rural-urban location of a
country (economic barrier) varies between 0 and 2 for most countries and is highest for urban
households in Malawi (-2.4), where the reduction in diversity from purchases by 2.5 food groups is
not mitigated by more own consumption (SI Table 2). In general, income-related differences in
healthy HDDS are driven by market purchases rather than own consumption. Only in a few cases,
poor households manage to partially offset some of the diversity they cannot afford through higher

own consumption, for instance, in urban Benin (+1.1), Burkina Faso (+1.0) or Timor-Leste (+1.7).

In a few cases, poorer households exhibit a higher healthy HDDS such as Colombia (+0.2 for rural
and +0.8 for urban) or urban Ecuador (+1.3). This is driven by an increase in purchases rather than
own consumption (SI Table 2) and occurs in situations where dietary diversity peaks at lower income
levels and decreases thereafter (SI Figure 18). In most countries, however, healthy HDDS and healthy
HDDS from purchases reach saturation at higher income levels. In extremely low-income countries
such as Malawi, Niger, or Angola, dietary diversity consistently increases with income even at higher
levels, indicating no saturation point (SI Figure 18). These trends are not only prevalent when using
food group diversity, also sourcing of single food items behaves similarly with income in each

country (SI Figure 19).
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300 Total deprivation: The difference in healthy HDDS between rural households of the poorest tercile
301  and urban households of the richest tercile represents a measure of the total diet diversity inequality
302  with a country. This gradient is greatest in Malawi (-3.1), Timor-Leste (-2.2), Niger (-2.2), and
303  Angola (-2.1), where diversity from purchases is reduced by 4.3, 4.1, 3.2, and 4.5 food groups,

304  respectively (SI Table 2).
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Figure 5. Healthy household dietary diversity score (HDDS) by world region, rural-urban location, and household income group. The y-axis
indicates the income group and rural (R) versus urban (U) location. Blue and green represent the healthy HDDS from purchases and diversity augmentation from other sources,
respectively. Brown and yellow dots show the healthy HDDS from own consumption and gifts/in-kind, respectively. Green figures depict the total healthy HDDS, blue figures the
proportion that is met by purchased foods, and brown figures the proportion covered by own consumption. The gray dashed lines show regional averages among rural and urban
households with 95% confidence intervals (CIs). We weighted each country based on its population size. Sample size: N = 1,035,854 households for any consumption, purchases, and
own consumption representative of 2.76 billion people, and N = 702,530 for gifts/in-kind representative of 2.45 billion people.
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Other factors associated with household dietary diversity

The results presented previously do not account for potential confounding factors. Accounting for
various demographic and socioeconomic characteristics (see Methods) highlights that household
consumption expenditure has by far the strongest association with healthy HDDS from all sources,
purchases in particular. A one-standard-deviation increase in per adult-equivalent expenditure
correlates with a 2.50-2.62 standard deviation increase in dietary diversity from purchases and overall
healthy HDDS and a 0.96 standard deviation increase from gifts or in-kind sources (Table 2). Hence,
a 0.69% (10%) increase in household expenditures is associated with a 0.05 (0.71) increase in dietary
diversity from purchases and a 0.04 (0.62) increase in overall healthy HDDS. Dietary diversity from
own consumption is positively associated with consumption expenditure in most regions, particularly
Central Asia and sub-Saharan Africa, but negatively in Latin America and the Caribbean (SI Table
3). The positive relationship between dietary diversity from gifts/in-kind and consumption
expenditure is largely driven by South Asia and sub-Saharan Africa (SI Table 3). The negative
association between squared income and dietary diversity suggests a non-linear relationship (Table
2, SI Figure 18). Beyond consumption expenditure, healthy HDDS from gifts/in-kind is associated

with a smaller household size, an older or female household head, and rural residency.

Household involvement in agricultural activities is associated with a 0.88-unit increase in dietary
diversity from home-produced foods, alongside a 0.06-unit decrease in overall healthy HDDS. This
association is strongest in sub-Saharan Africa, where one standard deviation increase in household
engagement in agriculture corresponds to a 0.43 standard deviation increase in dietary diversity from
own production—roughly twice the effect observed in other regions. Notably, in sub-Saharan Africa
and Central Asia, agricultural households tend to show higher overall healthy HDDS scores. By

contrast, the negative association is driven by South and East Asia and the Pacific (SI Table 3).
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Table 2: Association between healthy household dietary diversity score (HDDS) and household
demographic and socioeconomic characteristics.

(1) () 3) “4)
HDDS HDDS from HDDS from own HDDS from
(1.628) purchases consumption gifts/in-kind
(1.958) (1.475) (0.823)
Cons. exp. per AE, log 2.621%*%* 2.499% 0.161** 0.958*#*
(0.687) (0.687) (0.687) (0.687)
Cons. exp. per AE, log, squared ~ -2.343%%* -2.235%%* -0.134* -0.989%***
(10.709) (10.709) (10.708) (10.673)
Highest education in HH
Less than basic -0.056%** -0.060%*** -0.018%*** 0.004
(0.398) (0.398) (0.398) (0.408)
Basic ref. cat. ref. cat. ref. cat. ref. cat.
Intermediate 0.009%** 0.016%** -0.012%** -0.021%**
(0.416) (0.416) (0.416) (0.406)
Advanced -0.021%** -0.011%* -0.009%** -0.052%**
(0.421) (0.421) (0.421) (0.425)
Household size 0.173%#* 0.139%%#* 0.089%** -0.051%%*
(2.404) (2.404) (2.404) (2.465)
Age of household head -0.001 -0.026%** 0.055%#* 0.057%**
(14.116) (14.116) (14.116) (14.190)
HH engaged in agricultural -0.020%** -0.095%** 0.297%%** -0.011%**
activities (1=Yes) (0.497) (0.497) (0.497) (0.498)
Sex HHH (1=Female) 0.003 0.007 -0.022%** 0.054%**
(0.366) (0.363) (0.363) (0.363)
Location (1=Urban) 0.007 0.083%** -0.239%** -0.108***
(0.482) (0.482) (0.482) (0.475)
Observations 854,208 854,208 854,260 536,208

Notes: This table depicts OLS regression coefficients of standardized healthy household dietary diversity from different
sources on various standardized socioeconomic characteristics. We employ country-fixed effects, survey weights and
clustered standard errors. The most restrictive sample in column (4) includes 28 countries. Columns (1), (2) and (3) add
Bhutan, Ghana, Indonesia, and Rwanda for which foods from gifts/in-kind are not available. The value of one standard
deviation is displayed in brackets.

Limitations

While these findings collectively yield a compelling narrative of the importance of purchases for

dietary diversity and food consumption in general, there are several limitations to our analysis.

First, we use rural-urban location as a proxy for physical access, recognizing that within rural areas,
significant variations in the physical accessibility of foods exist, ranging from smaller towns to very
remote villages. However, physical accessibility is not solely determined by distance to markets; it

also depends on factors like market frequency and operating hours. Yet, there is no consensus on how
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to measure physical access to markets, leading to a lack of comparable measures across countries.
Ongoing debates center around which types of markets to include, whether to use distance or time to
reach the market and to what extent operating hours should be factored in?’-!. Each option has its

strengths and weaknesses, making it challenging to reach a consensus.

Second, the surveys used for our analysis differ in their methodologies for measuring food
consumption. For instance, while the 7-day recall method is the most commonly used, some surveys
use a diary to report food consumption. An extensive literature discusses the impact of measurement
differences on food consumption estimates*2~3¢, However, since our paper primarily focuses on the
proportions of diversity derived from each source, and we anticipate minimal variations in the effects
on consumption from different sources. This minimal effect was confirmed when we incorporated
country/survey-fixed effects (Table 2), yielding results that largely consistent with our earlier

findings.

Third, the healthy HDDS provides valuable insights into household-level food consumption but does
not capture the intra-household allocation of foods. Due to the unavailability of nationally
representative individual-level food consumption data, household-level information is the best proxy
currently accessible. Recent research has shown that macro- and micronutrient intake from 7-day
household recall modules are a comparatively good proxy for ‘true’ intake from the benchmark highly
supervised individual-level diaries*??’. Nevertheless, given the limitations of the available data,
interpretations of our results should center on food sources at the household level rather than

individual-level nutrient intake.

Fourth, although dietary diversity offers valuable insights into the variety of food groups consumed,
it does not account for unhealthy foods such as ultra-processed products. Because these items are

almost exclusively purchased, higher incomes may also correlate with higher consumption of
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unhealthy foods. While some tools, such as the Global Diet Quality Score®, consider both healthy
and unhealthy foods, they are not applicable to our dataset and would impair cross-country

comparability.

Discussion

Improving the diversity, and thus the quality, of household diets in LMICs in the face of a changing
climate is one of the greatest challenges of the next decade. In the largest global analysis to date, we
show that households in LMICs, even agricultural households, primarily depend on market purchases
to achieve dietary diversity. Albeit there is an increase in the importance of purchased foods compared
to own production for household’s diets, markets have been the predominant source even 20 years
ago. While income is linked to greater diversity from own production at lower income levels,
variations in healthy HDDS with income are mainly due to differences in the diversity from purchased
foods. This is especially true for animal-source foods, which are almost entirely obtained from
markets. Furthermore, our findings highlight the often-overlooked importance of alternative food

sources—gifts and in-kind payments—in promoting household dietary diversity in LMICs.

Higher dietary diversity is strongly associated with a lower risk of deficiencies in various nutrients
essential for optimal human health and functioning®. Diet diversity and diet quality can improve
nutrition outcomes, such as undernutrition and iron deficiency anemia®-*°, but also cognitive and
physical development and overall well-being®™. Identifying effective strategies to enhance dietary
diversity in LMICs remains a complex challenge. The academic debate often centers around whether
improving market access or increasing on-farm production diversity is more effective in enhancing

dietary diversity!®!1-15717,
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In addition to enhancing dietary diversity, understanding who accesses which foods from which
sources is crucial for building resilience to shocks. Recent events, such as COVID-19 and
skyrocketing food prices in 2022 highlighted the fragility of global food systems and underscored the
repercussions high reliance on market-sourced foods can have on physical and economic access to
food. The increased frequency of extreme weather events poses additional risks, potentially leading
to significant harvest losses, and affecting both market supply chains and local production. In such
scenarios, access to food markets can be a crucial lifeline for households striving to maintain food

security.

A growing body of literature has investigated the relative importance of market purchases versus own
production for food security, particularly among farmers'!:182>, We add to these case studies
empirical evidence from 45 LMICs that market purchases are the largest contributor to households’
dietary diversity, even for agricultural households. Contrary to the common perception that
agricultural households in Sub-Saharan Africa are predominantly subsistence-based, we show that
approximately three-quarters of their dietary diversity comes from markets. Notably, 71% and 93%
of households in Sub-Saharan Africa that consume fruits and vegetables, respectively, source them
through purchases. Our longitudinal analysis demonstrated that the reliance on market-sourced foods
is not a recent phenomenon, suggesting that it may not be entirely driven by rapid global urbanization.
Indeed, even in low-income countries, such as Malawi, market purchases have been the primary

means of food consumption and dietary diversity for at least the past two decades.

Furthermore, while we have found little seasonal variation in food sources and overall household
dietary diversity, consumption of healthy foods such as fruits and vegetables can be subject to
considerable seasonal fluctuations — from both own production and market purchases. When fruits

and vegetables available in markets are locally produced, their availability and prices fluctuate in
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accordance with seasonal production patterns, thereby restricting accessibility. This is in contrast to
other research that has shown an enhanced importance of own consumption of plant-based foods
during the harvest season®'. While seasonal fluctuations in food production are well documented,
there is little research on the seasonality of food consumption and the role of various food sources in

this context, underscoring the need for further investigation in this area.

Most of the research on food sources focuses only on purchases and own production!!?>23, However,
this study shows that foods received as gifts or in-kind represent a source of dietary diversity that
should not be neglected considering that one in five households that consume fruits obtain them as
gifts or in-kind. This food source is particularly common in Sub-Saharan Africa and East Asia and
the Pacific, where malnutrition and food insecurity are the highest globally. In urban settings, and
specifically for fruits and animal-source foods, this food source is just as important as own-
production. Foods received in-kind can play an important role in mitigating adverse effects of food

price spikes and, thus, food security*!.

We have shown that household dietary diversity increases strongly with income in most countries,
which is almost entirely driven by an increased diversity from purchased foods, not own production.
For many plant-based foods, poorer households may compensate for their lack of financial resources
to buy these foods by sourcing them from their own production. This is not true for fruits and animal-
source foods, where consumption is considerably lower among poorer households. Among extremely
poor households, only 42% have consumed fruits within the past 7 days, 33% meat, 27% milk and
dairy products, and 15% eggs, which may have severe health consequences, particularly for

children*?.

We have demonstrated that animal-source foods are almost exclusively acquired from markets

regardless of households’ location, occupation, or income. A high reliance on purchases for animal-
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source foods sparks the question of whether there is room for improvement for more diverse diets,
especially through own consumption of animal-source foods to achieve levels seen in Central Asia.
Studies have shown that provision or ownership of livestock can improve own consumption of milk
and meat and nutrition outcomes, particularly when market access is low and during lean
seasons'%*14344 n contexts without functioning cold-chain infrastructure (and low market access),
increasing consumption of animal-source foods through own production may be a viable strategy to

improve dietary diversity in the short term.

One-fifth of all households have consumed vegetables from their own production in the past 7 days.
While own consumption of vegetables is common, particularly among low-income households, it
appears that there is either an insufficient quantity of own production or a lack of variety in food
items. Even households engaging in own production often supplement their vegetable intake with

vegetables from markets or vice versa.

Cultural factors also shape food consumption patterns, determining which foods or food groups are
included in household diets**. The ideal dietary diversity, therefore, should reflect what households
would consume with unrestricted access to their desired foods, free from physical and economic
access constraints. Assuming that supermarkets in urban areas have sufficient variety and at least the
wealthiest people in a country can afford their desired foods, we assumed that the desired diversity is
reached by the richer urban households in a country or region (our analysis shows that in some poorer
countries, this is not the case as there is no saturation with increasing income even among the
wealthiest households). In nine countries, poor rural households consume on average two to three
food groups less than their richer urban counterparts, where an increase of dietary diversity from own
consumption by two to three food groups is exceeded by a reduction in purchased diversity of three

to five food groups.
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Our analysis shows that improving market access is important to improve diets in LMICs where both
physical and economic constraints play a role in accessing diverse diets, the latter being the more
limiting factor. While differences in purchased dietary diversity between rural and urban households
are often mitigated by an increase in own consumption among rural households, variations in
purchased dietary diversity between income groups translate almost entirely to reduced consumption
among poorer households. Around 3 billion people globally cannot afford healthy diets, a finding that
aligns with our results, emphasizing the central role of income in shaping diverse diets!. These
findings have important implications for both food price and poverty policies. To achieve food
security, diverse and nutritious diets must be made affordable for everyone, enabling people to live
active and healthy lives. High reliance on foods from markets for dietary diversity necessitates cash
income. Tackling poverty may therefore be the most effective strategy to enhance diets and nutrition

in LMICs.
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Methods

Data

This study uses data from nationally representative household surveys conducted in 45 LMICs. We
collate survey data from Household Consumption and Expenditure Surveys (HCES) conducted
between 2008 and 2022 (SI Table 4). HCES were originally designed to construct consumer price
indices and calculate poverty rates. They collect detailed information on a wide range of topics
surrounding food and non-food consumption and expenditure, including income, housing, health,
education, and various other household and individual characteristics. These surveys are typically
conducted by national statistics offices, often with assistance from the World Bank. The harmonized
sample covers 1,138,305 households of which 1,105,681 have a food consumption and expenditure
module available. These households inhabit 4,759,307 individuals which are representative of 2.8
billion people. Specific variables available for each country and included in the analysis are reported

in SI Table 5.

Food consumption data in these surveys are collected through face-to-face interviews with the person
responsible for cooking and purchasing food. Depending on the country, data were recorded using
either a 7-day consumption recall or a food consumption diary. Some exceptions exist. Food
consumption data from Ghana and Sierra Leone are collected with a 5-day reference period. In India,
consumption of cereals, cereal substitutes, and pulses was collected with a 30-day reference period,
while all other foods were collected using a 7-day reference period. The number of food items
surveyed typically ranges from 100 to 300, ensuring comprehensive coverage of household dietary

patterns.
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Household dietary diversity measurement

As a measure of dietary diversity, we use nine food groups of the Household Dietary Diversity Score
(HDDS), namely (i) cereals, (ii) roots/tubers/plantains, (iii) pulses/nuts/seeds, (iv) vegetables, (V)
fruits, (vi) meat, (vii) fish/seafood, (viii) milk/dairy products, and (ix) eggs. The HDDS is constructed
such that a higher score indicates a greater diversity in terms of foods consumed but also macro- and
micronutrients. It is associated with better nutritional outcomes and serves as a good indicator of food
security, economic access to food, and diet quality®*~*8, Further, the HDDS is a reliable proxy of
individual dietary quality of children and adults within the household®”#**°. 1t is considered a
preferred indicator for cross-country analyses compared to other diversity measures such as the food
variety score due to cultural differences in dietary habits*®>!. The original HDDS is based on twelve
food groups with (x) sugar and sugary products, (xi) oils and fats, and (xii) spices, condiments and
beverages representing the three additional food groups. However, they add relatively little to

micronutrient density>>3

. Foods included in these additional groups are also not included in other
conventional dietary diversity scores such as the Minimum Dietary Diversity for Women (MDDW)
or the Minimum Dietary Diversity for Children. Therefore, we follow recent approaches!'®?* with

only nine more healthy food groups that are particularly relevant for micronutrient density and dietary

quality.

The HDDS measures the inclusion of distinct food groups in a household’s diet, reflecting dietary
variety, a critical indicator of nutrient adequacy. Consistent categorization of food items into nine
standard food groups across surveys ensures comparability, making the HDDS a reliable tool for
analyzing dietary patterns across diverse contexts. Its flexibility allows it to accommodate data from
different collection methods, as long as food group categories remain consistent. For example, the

inclusion of cereals, vegetables, fruits, and animal-source foods in the HDDS depends on whether
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these food groups were consumed within the recall period rather than their total quantity. By
standardizing food groups and focusing on dietary variety, the HDDS facilitates meaningful cross-
country comparisons and provides valuable insights into the socioeconomic, geographic, and cultural

factors influencing dietary diversity globally!8234851,

To validate the robustness of our results to alternative diversity indicators, we also use a food item
count (SI Figure 3, SI Figure 9, SI Figure 12, SI Figure 15) and the MDDW (SI Figure 11). The food
item count is the number of food items consumed from each source. Since the number of surveyed
food items can be considerably different between surveys, we only display the proportion of items
from each source. The MDDW is a diversity indicator originally designed for women of reproductive
age, who are often nutritionally vulnerable >*. On the individuals-level, the MDDW has been shown
to reflect micronutrient adequacy, a key dimension of diet quality®>. The indicator consist of ten food
group with fruits and vegetables being more disaggregated compared to the HDDS: (i) grains, white
roots and tubers, and plantains, (ii) pulses (beans, peas, and lentils), (iii) nuts and seeds, (iv) dairy,
(v) meat, poultry, and fish, (vi) eggs, (vii) dark-green leafy vegetables, (viii) other vitamin A—rich

fruit and vegetables, (ix) other vegetables, and (x) other fruits.

Food sources

In the HCES datasets, we identify three food sources: purchased foods, foods consumed from
households’ own production (own consumption), and foods from gifts and in-kind contributions or
payments. Purchased foods comprise items acquired from shops, supermarkets, or street vendors paid
by credit cards, mobile money, or cash. Own consumption encompasses food sourced from the own
farm or garden and food hunted, fished, or collected in the wild. Food received as a gift or in-kind
comprises more diverse sources, such as gifts from family and friends, food aid, in-kind payments,

food received in exchange for other goods, or food from own retail shops. The survey from Indonesia
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does not distinguish between own production and gifts/in-kind and categorizes food from both
sources as “other sources”. For our analysis, we consider this category to be own production. Surveys
from Ghana, Bhutan and Rwanda did not include foods from gifts/in-kind. In Kenya and Tajikistan,
respondents were specifically asked if they consumed food "from own stock," which, for the purposes

of our analysis, is categorized under "purchases."

We construct the proportional contributions of food consumed from different sources across
countries. Proportional measures are inherently standardized as they reflect the relative contributions
of food sources (markets, own production, or gifts) regardless of the total consumption recorded.
Therefore, proportions are stable and reliable indicator of habitual household practices, even when
data collection methods differ. Although total quantities may vary between recall and diary
collections, differences in entire food groups consumed are negligible. The broad range of food items
captured in these surveys (typically 100-300) ensures robust categorization into food groups,
facilitating accurate calculations of sourcing proportions. By incorporating survey-fixed effects, we
account for methdological discrepancies. This flexibility enables reliable cross-country comparisons

of food-sourcing behaviors, offering critical insights into global patterns of dietary diversity.

Socioeconomic measurements

Income and expenditure. We use household per capita consumption expenditure, adjusted to 2017
Purchasing Power Parities (PPPs), as a measure of welfare to classify households into categories of
international poverty lines and expenditure quantiles. Consumption expenditure serves as a reliable
proxy of income in countries with lower income. For higher income countries, we used income when

available. Both income and expenditure were spatially deflated where deflators were available.
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Occupation. To classify households based on occupations, we use the “International Standard
Classification of Occupations” (ISCO) codes and industry classifications according to the
“International Standard Industry Classification of All Economic Activities” (ISIC) codes, both from
the International Labor Organization (ILO). We harmonize these codes for the primary and, when
available, secondary occupations of the household head and their spouse. We categorize the ISCO
codes into five groups: (1) Professionals; (2) Managers, technicians, and associate professionals; (3)
Army forces, clerical support, service, sales, craft and related, plant/machine operators, assemblers;
(4) Skilled agricultural, forestry and fishery workers; (5) Elementary occupations. We group industry
codes into sectors in agriculture, industry, and service, following the ILO recommendations. For our

analysis, we primarily use the ISCO and ISIC codes related to the household head's main occupation.

Further, we classify households into agrarian and non-agrarian households. A household is considered
agrarian if the primary occupation of the household head or spouse falls under ISCO code 6 (Skilled
agricultural, forestry, and fishery workers) or, in the absence of ISCO data, under ISIC code A
(Agriculture, forestry, and fishing). Recognizing that these codes may only be included for wage-
employed individuals in surveys, we also consider responses to questions about engagement in
agricultural activities on personal or family farms for those not in wage employment. A household is
classified as agrarian if any family member is involved in agricultural activities, irrespective of wage
employment or self-employment status. Many household surveys in middle-income countries lack
questions on agricultural production, preventing us from defining agricultural households based on

the common "any production" versus "no production” criteria seen in other studies.

Selection of countries for seasonal analysis

We analyzed seasonal variation in healthy HDDS and food sources for ten countries. We selected

countries in which data was collected for twelve months throughout the entire year. We excluded
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countries in which urban vs rural proportions varied from month-to-month by more than 10

percentage points from the annual mean to rule out that survey roll-out may drive our results.

Statistical analysis

To ensure that our estimates accurately reflect the entire population of each country, we applied
household weights that are provided with each survey dataset. HCES surveys utilize a two-stage
sampling design, necessitating the use of strata and primary sampling units (PSUs) for appropriate
weighting. For global and regional estimates, we weighted each country according to its population
size on July 1% in the year the interviews started. Thus, countries with a large population such as

Nigeria or Indonesia constitute a large proportion of the estimate.

In addition to our main analysis, we performed a regression analysis to assess the association between
healthy HDDS of different food sources and various demographic and socioeconomic factors. Our
dependent variable is healthy HDDS, a count variable. Hence, we employ a Poisson regression

estimation of the following equation:

Healthy HDDSy, . = By + pilnexpy, + f,agehhh;, + fzmaxeducy, + fyhhsizey,

+fssexhhhy, + fsagoccupy, + B,urban, + 6, + €,

where 4 is the household and c represents the country. Lnexp is logarithmized household expenditure
per adult-equivalent, agehhh is the age of the household head, maxeduc is the highest education within
the household, Ahsize is the household size, sexhhh is the sex of the household head, agoccup is
agricultural engagement of any household member, urban is rural-urban location of the household,

and 6. are country-fixed effects. Country-fixed effects account for country- and survey-specific
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characteristics, such as differences in the number of food items surveyed or the methodology

employed to collect the consumed food items, the use of recall versus diary in food measurement.

Data availability

Most of the data used in this study are publicly available on the websites of the National Statistics
Office of each country or the World Bank’s Microdata Library. Data sets that are not publicly
accessible were provided by the respective national statistics office (e.g., Bhutan, Indonesia, Jamaica,
Kenya). Dataset names and identifier are provided in SI Table 4. Availability of variables by dataset

is provided in SI Table 5.

Code availability

The code for replicating the results as well as the figures in the manuscript will be made publicly

available on GitHub.
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Tables

Income classification

High Upper-middle | Lower-middle . Total
. - . Low income
income income income
Indonesia, Cook Island,
. Marshall Islands Kiribati,
East Asia
and Pacific Myanmar, 7
Timor-Leste,
Tokelau
Central Asia Armen.ia, Mongolia Tajikistan 4
Georgia
Barbados Argentina, El Salvador
Colombia,
Latin %Om“l;‘f.an
America and CPUDIIC, 10
Caribbean Ecuador,
Jamaica,
World Mexico,
region Suriname
Middle East Iraq Tunisia
and North 2
Africa
South Asia Bhutan, India 2
Angola, Burkina Faso,
Benin, Cote Democratic Republic
d’Ivoire, of the Congo, Ethiopia,
Sub-Saharan Ghana, Kenya, | The Gambia, Guinea- 20
Africa Nigeria, Bissau, Liberia,
Senegal, Malawi, Mali, Niger,
Tanzania Rwanda, Sierra Leone,
Togo, Uganda
Total 1 13 18 13 45

Table 2: Sample countries. Countries are assigned according to the starting year of the survey based on World
Bank classifications of income groups and regions. Mongolia has been assigned to Central Asia instead of East Asia and

Pacific.
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