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A B S T R A C T

The double burden of malnutrition (DBM) is a significant public health issue in low- and middle-income countries 
(LMICs), resulting from complex socioeconomic, demographic and nutrition transitions. This study examined the 
association between internal migration and DBM among women across LMICs, focusing on direction, recency, 
and age at migration. Using the latest Demographic and Health Survey (2010–2023), data on body mass index, 
migration status, and covariates were extracted from 232,449 women aged 15–49 years in 29 countries. 
Migration status was categorised as urban non-migrants, rural non-migrants, urban-to-rural, or rural-to-urban 
based on prior and current residences. Recency and age at migration were categorised as recent/non-recent 
(within the last five years or earlier) and childhood/adulthood (before or after age 19). Multinomial multivar
iable logistic regressions were used to estimate odds ratio for each migrant groups relative to urban and rural 
non-migrants, respectively. Further analyses examined the association between DBM and recency, and age at 
migration, among migrants. Overall, 32.1 % of women were overweight/obese while 9.7 % were underweight. 
Urban-to-rural migrants accounted for 9.5 % of the sample, and rural-to-urban migrants constituted 7.0 %. Rural- 
to-urban migrants had 21.0 % higher odds of being overweight/obese (95 % CI: 1.15–1.29) compared to rural 
non-migrants. Urban-to-rural migrants showed 9.0 % lower odds of being underweight (95 % CI: 0.85–0.99) 
compared to urban non-migrants. Among migrants, recency of migration and age at migration were found to be 
significantly associated with DBM. This study emphasises the need for targeted public health strategies to 
enhance immediate and distal determinants of DBM in urban and rural settings in LMICs.

1. Introduction

The emergence of double burden of malnutrition (DBM) presents 
significant burden on population health and healthcare systems in low- 
and middle-income countries (LMICs) (Kolčić, 2012). This phenomenon 
is characterised by the coexistence of undernutrition and overnutrition 
within the same population due to rapid nutrition transition driven by 
economic growth and urbanisation, which contribute to shifts in dietary 
patterns and lifestyles (Escher et al., 2024; Kolčić, 2012). The coexis
tence of traditional and newer dietary patterns, coupled with 

socioeconomic and cultural factors, makes women in LMICs particularly 
vulnerable to DBM. Despite the availability of modern dietary resources, 
pregnant women in LMICs often adhere to traditional beliefs, which 
increases their risk of undernutrition. For instance, a systematic review 
in Ethiopia found that pregnant women often avoid vegetables and fruits 
due to cultural taboos (Gebregziabher et al., 2023). Additionally, cul
tural norms prioritising household needs often lead mothers to sacrifice 
their own nutrition for the benefit of their children, exacerbating the risk 
of undernutrition (Jung et al., 2017; Matheson and McIntyre, 2014). 
However, in some regions in sub-Saharan Africa, socio-cultural norms 
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can also increase the risk of overnutrition, where larger body sizes are 
viewed as indicators of prosperity and fertility (Onyango et al., 2019). 
Therefore, it is important to understand various drivers of DBM among 
women and comprehensively manage them.

Internal migration, defined as moving residence to different regions 
within a country, is a pervasive socio-economic phenomenon in LMICs 
(McAuliffe and Triandafyllidou, 2021). Despite globalisation, only 3.6 % 
of the global population are international migrants, indicating that a 
significant majority of people still reside in their country of birth 
(McAuliffe and Triandafyllidou, 2021). Shifts in rural and urban living 
conditions can impact people’s health behaviours, exposure to envi
ronmental factors, and access to healthcare services, affecting their 
nutritional health after migration (Abubakar et al., 2018; Fadlallah 
et al., 2020).

Rapid urbanisation in LMICs, driven by internal migration, is pro
jected to result in 67.0 % of the population residing in urban areas by 
2050 (Pheiffer, 2021; Qian et al., 2021; United Nations, 2004). The in
crease in population density in urban areas has contributed to the cre
ation of obesogenic environments, including lack of green spaces and 
unhealthy dietary habits (Rahaman et al., 2023). In addition, rapid ur
banisation in LMICs, combined with inadequate urban planning and 
shortage in essential infrastructure, has led to the proliferation of slums 
(Abdulhadi et al., 2024; Amegah, 2021). In these environments, mi
grants frequently face limited access to affordable and nutritious food 
options, resulting in a greater dependence on energy-dense and 
nutrient-poor foods (Amegah, 2021; Bowen et al., 2011; Gupta et al., 
2016). Therefore, this shift towards increased consumption of 
energy-dense and processed foods can lead to overnutrition among 
rural-to-urban migrants, compared to rural non-migrants (Sullivan et al., 
2011).

While economic factors primarily drive both urban-to-rural and 
rural-to-urban migrations, the former often involves individuals moving 
due to escalated urban living costs, indicating the population’s relative 
vulnerability (Karsten, 2020). Food insecurity is more prevalent in rural 
areas due to limited food diversity and lower incomes (Paştiu et al., 
2024). Globally, 33.3 % of adults in rural areas experienced moderate to 
severe food insecurity in 2022, compared to 26.0 % in urban areas 
(UNICEF, 2020). In addition, poor water, sanitation, and hygiene 
(WASH) in rural areas are major risk factors for underweight, contrib
uting to chronic diarrhoea, soil-transmitted helminth infections, and 
environmental enteric dysfunction (Cumming and Cairncross, 2016). 
Lastly, insufficient utilisation of healthcare, which are common in rural 
areas in LMICs, can lead to delays in the diagnosis and treatment of 
infectious diseases, which contribute to undernutrition (Garchitorena 
et al., 2021; Stock, 1983). For all these reasons, urban-to-rural migrants 
are expected to face higher risk of being underweight compared to urban 
non-migrants.

At the same time, internal migration may affect DBM differentially 
depending on the varying duration of exposure to new lifestyle factors 
and environmental risks among migrants. These changes among mi
grants are often explained by the adaptation and assimilation hypothe
ses. The adaptation hypothesis suggests that migrants deliberately 
change their behaviour to adjust to the new environment and to fully 
take advantage of new opportunities (Assaf, 2023; Hervitz, 1985). On 
the other hand, the assimilation hypothesis suggests that migrants 
slowly adopt and internalise the norms of their new community (Assaf, 
2023; Hervitz, 1985). Newer migrants may initially retain certain di
etary habits, food preferences, and activity patterns from their previous 
environment, whether rural or urban. However, as they spend more time 
in their new environment, their health risks become more similar to 
those of their destination non-migrants (Assaf, 2023; Budyta-Budzyńska, 
2011). According to a study conducted in Kenya, migrant women who 
moved from rural to urban areas for more than ten years had a higher 
risk of becoming overweight or obese compared to those who experi
enced migration for five years or less (Peters et al., 2019). This indicates 
that long-term, accumulated exposure to urban environments can lead 

to a nutritional transition, shifting away from diverse, nutrient-rich rural 
diets (Weerasekara et al., 2020).

In contrast, urban-to-rural migrants initially carry ‘urban advan
tages’ such as better awareness and utilisation of healthcare resources 
(Assaf, 2023; Norris et al., 2022; UNICEF, 2019). However, with longer 
durations post-migration, these advantages fade, aligning their health 
outcomes more closely with those of long-term rural residents. For 
instance, a pooled analysis across 15 LMICs found that recent 
urban-to-rural migrants had significantly fewer problems accessing 
healthcare (PAHC) than rural non-migrants (Assaf, 2023). However, 
when migration from urban to rural areas occurred more than three 
years ago, there was no significant difference in PAHC between them 
and rural non-migrants (Assaf, 2023). Over time, challenges related to 
healthcare in rural areas can lead to delayed diagnosis and treatment of 
malnutrition or repeated infectious diseases, thereby increasing the risks 
of underweight among these migrants (Garchitorena et al., 2021; 
Pheiffer, 2021; Qian et al., 2021; Stock, 1983). Additionally, rural areas 
in LMICs often experience more significant seasonal variations in food 
availability than urban areas, resulting in deficiencies of essential nu
trients and increasing the risk of chronic malnutrition (Kirk et al., 2019). 
Therefore, it is important to consider the time since migration to better 
understand and address these challenges effectively.

The age at which a person migrates can also significantly impact 
their nutrition-related health trajectories. Migrant children face many 
challenges when adapting to a new environment, including changes in 
their diet (Roshania et al., 2008), which are known to shape their dietary 
choices in later adulthood (Berggreen-Clausen et al., 2022). Adult mi
grants, on the other hand, may have more resilience to the challenges 
following migration. With autonomy in decision-making, prior life ex
periences, and knowledge regarding their dietary habits, adult migrants 
can make better decisions when adapting to new environments. (Gong 
et al., 2011; McDonald and Kennedy, 2005). Therefore, migration in 
adulthood may have less significant impact on DBM compared to 
childhood migration.

While current evidence generally supports a meaningful association 
between internal migration and malnutrition, significant knowledge 
gaps still exist. First, despite the importance of comprehensively 
addressing DBM in LMICs, research has only focused on overnutrition, 
and little is known about the association between internal migration and 
undernutrition. Second, although internal migration occurs in both di
rection (from rural to urban areas and vice versa), majority of studies 
define internal migration only in the rural-to-urban aspect. This is 
problematic since a considerable proportion of adult women migrate 
from urban to rural areas in LMICs. For instance, in the Philippines, 
about 10.0 % of adult women moved from urban to rural areas in 2017, 
compared to 5.2 % moving from rural to urban areas (Assaf, 2023). 
Third, the duration since migration and age at migration are often 
overlooked in current literature. Fourth, the complex interplay between 
migration and nutrition among women remains underexplored. In 
LMICs, internal migration is highly gendered, with women often 
migrating for family reasons, which may exacerbate DBM by exposing 
them to new dietary environments and changing cultural norms 
(Kanaiaupuni, 2000; Pheiffer, 2021). Lastly, most research has focused 
on individual countries, making it challenging to generalise the findings 
across LMICs (Gupta et al., 2016; Qian et al., 2021; Tymejczyk et al., 
2019).

To address these gaps, this study provides a comprehensive analysis 
of the association between internal migration and malnutrition among 
women across 29 LMICs. Specifically, it aims to use nationally repre
sentative data to explore how urban-to-rural and rural-to-urban migra
tion patterns are associated with under and over-nutrition compared to 
their non-migrant counterparts. Additionally, within each type of 
migration, this study will comprehensively assess heterogeneity by the 
recency of migration and age at migration. Through these multifaceted 
analyses, this study aims to contribute to a better understanding of the 
complex interplay between internal migration and DBM in LMICs.
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2. Methods

2.1. Data source

The Demographic and Health Survey (DHS) are nationally repre
sentative cross-sectional surveys, providing data on key population, 
health, fertility, and nutrition indicators (Corsi et al., 2012). Secondary 
data analysis was performed using DHS completed between 2010 and 
2023 to guarantee consistency in measured variables. A total of 29 
LMICs included relevant information on the previous place of residence 
needed to construct migration status, as well as height and weight 
measures to calculate body mass index (BMI). In general, DHS follows a 
two-stage cluster sampling procedure. The details of the survey design 
are well-documented elsewhere (Corsi et al., 2012).

2.2. Study population

The study population comprised women aged 15–49 years from 29 
LMICs (Table 1). This study utilised the inclusion/exclusion criteria 
illustrated in Fig. 1. The exclusion criteria included visitors, interna
tional migrants, and women who were pregnant during the survey, 
resulting in the exclusion of 28,249 respondents. Then, those with 
inadequate information for calculating BMI or with extreme BMI values 
(<12.0 kg/m2 or >60.0 kg/m2) were excluded. Consequently, the final 
sample consisted of 232,449 women across 29 countries.

2.3. Outcome

The primary outcome of this study was categorised BMI (kg/m2). 
SECA scales were used to measure weight across most surveys, except for 
Cambodia, where the UNICEF model was used (Demographic and 
Health Surveys Program, 2021; National Institute of Statistics et al., 
2023). Height was measured with a ShorrBoard® measuring board in 

most countries, while Armenia and Cambodia used the UNICEF 
measuring board (Demographic and Health Surveys Program, 2021; 
National Institute of Statistics et al., 2023; National Statistical Service - 
NSS/Armenia et al., 2017). According to the World Health Organization 
definition, BMI measures were classified as underweight (<18.5 kg/m2), 
normal weight (18.5–25.0 kg/m2), overweight (25.0–30.0 kg/m2), and 
obese (>30.0 kg/m2) (World Health Organization Consultation, 2000). 
For the purpose of our analysis, we combined the category of overweight 
and obesity. Due to the multi-country nature of this study, we chose to 
apply these standard cut-offs instead of using population-specific 
thresholds to maintain comparability across different settings.

Table 1 
Internal migration status across 29 low- and middle-income countries.

Country Year of Survey Sample Size Internal Migration Status

Rural non-migrants Urban non-migrants Urban-to-rural Rural-to-urban

Pooled – 232449 110916 (47.7 %) 83106 (35.8 %) 22127 (9.5 %) 16300 (7.0 %)

Albania 2017–18 10283 3304 (32.1 %) 4666 (45.4 %) 2313 (22.5 %) -*
Armenia 2015–16 5574 2109 (37.8 %) 2936 (52.7 %) 263 (4.7 %) 266 (4.8 %)
Benin 2017–18 6684 2882 (43.1 %) 2578 (38.6 %) 870 (13.0 %) 354 (5.3 %)
Burkina Faso 2021 7590 4463 (58.8 %) 2188 (28.8 %) 462 (6.1 %) 477 (6.3 %)
Burundi 2016–17 7697 3106 (40.4 %) 1629 (21.2 %) 2962 (38.5 %) -*
Cambodia 2021–22 9215 5584 (60.6 %) 2738 (29.7 %) 247 (2.7 %) 646 (7.0 %)
Cameroon 2018–19 5970 1956 (32.8 %) 2760 (46.2 %) 748 (12.5 %) 506 (8.5 %)
Cote d’Ivoire 2021 6169 2122 (34.4 %) 2912 (47.2 %) 898 (14.6 %) 237 (3.8 %)
Gabon 2019–21 5324 706 (13.3 %) 3649 (68.5 %) 794 (14.9 %) 175 (3.3 %)
Ghana 2022–23 6886 2339 (34.0 %) 2950 (42.8 %) 1101 (16.0 %) 496 (7.2 %)
Guinea 2018 4772 2711 (56.8 %) 1636 (34.3 %) 300 (6.3 %) 125 (2.6 %)
Haiti 2016–17 8878 4467 (50.3 %) 2928 (33.0 %) 813 (9.2 %) 670 (7.5 %)
Kenya 2022 15426 8420 (54.6 %) 4154 (26.9 %) 1095 (7.1 %) 1757 (11.4 %)
Liberia 2019–20 3616 1645 (45.5 %) 1367 (37.8 %) 493 (13.6 %) 111 (3.1 %)
Madagascar 2021 8840 5777 (65.4 %) 2072 (23.4 %) 619 (7.0 %) 372 (4.2 %)
Malawi 2015–16 7295 5202 (71.3 %) 1141 (15.6 %) 492 (6.7 %) 460 (6.3 %)
Mali 2018 4450 2668 (60.0 %) 1320 (29.7 %) 287 (6.4 %) 175 (3.9 %)
Mauritania 2019–21 6627 3063 (46.2 %) 2842 (42.9 %) 321 (4.8 %) 401 (6.1 %)
Nepal 2018–19 6484 2745 (42.3 %) 1923 (29.7 %) 227 (3.5 %) 1589 (24.5 %)
Nigeria 2018 13213 6437 (48.7 %) 4911 (37.2 %) 1225 (9.3 %) 640 (4.8 %)
Peru 2012 22212 5527 (24.9 %) 12781 (57.5 %) 1749 (7.9 %) 2155 (9.7 %)
Rwanda 2019–20 6766 4755 (70.3 %) 957 (14.1 %) 366 (5.4 %) 688 (10.2 %)
Sierra Leone 2019 6897 3474 (50.4 %) 2367 (34.3 %) 530 (7.7 %) 526 (7.6 %)
Tajikistan 2017 9801 5419 (55.3 %) 3690 (37.6 %) 493 (5.0 %) 199 (2.0 %)
Tanzania 2022 6969 4091 (58.7 %) 2023 (29.0 %) 395 (5.7 %) 460 (6.6 %)
Timor-Leste 2016 11681 7187 (61.5 %) 3416 (29.2 %) 520 (4.5 %) 558 (4.8 %)
Uganda 2016 5356 3515 (65.6 %) 772 (14.4 %) 586 (10.9 %) 483 (9.0 %)
Zambia 2018 3026 1285 (42.5 %) 1282 (42.4 %) 111 (3.7 %) 348 (11.5 %)
Zimbabwe 2015 8748 3957 (45.2 %) 2518 (28.8 %) 847 (9.7 %) 1426 (16.3 %)

*None of the respondents indicated rural as their previous residence in both countries.

Fig. 1. Flow diagram for the selection of study population.
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2.4. Exposure

Migration status was determined based on the respondent’s previous 
residence (countryside, town, or city/capital regions) and current place 
of residence (either urban or rural areas). Aligning with previous liter
ature, individuals who answered ‘town’ or ‘city/capital’ for their pre
vious residence were classified as having previously lived in an urban 
area (Assaf, 2023; Global Burden of Diseases 2019 Diseases and Injuries 
Collaborators, 2020). Anyone who experienced a change in place of 
residence from rural to urban or urban to rural was classified as an in
ternal migrant. Those who moved within urban areas or within rural 
areas were classified as urban and rural non-migrants, respectively. This 
classification was based on the study’s assumption that such intra-urban 
or intra-rural moves involve relatively marginal changes in environ
ments that would not substantially affect nutritional health (Assaf, 
2023). Consequently, the exposure variable was categorised as: 1) urban 
non-migrants, 2) rural non-migrants, 3) rural-to-urban migrants, and 4) 
urban-to-rural migrants.

The study examined the recency of migration as both a categorical 
and continuous variable, based on years lived in the current residence. 
Recent migrants were defined as those who lived in the current resi
dence for less than five years, while non-recent migrants were those who 
lived in the current residence for at least five years (Chilunga et al., 
2019). The continuous variable was utilised to examine the 
dose-response relationship between exposure to the current residence 
and malnutrition. Lastly, age at migration was calculated by subtracting 
the years lived in the current residence from the respondent’s current 
age. Then, it was categorised into childhood (migrated before the age of 
19) and adulthood (migrated at the age of 19 and above) migration.

2.5. Covariates

For the regression models, covariates were selected based on previ
ous literature and their consistency in availability across countries: 
household wealth index (in quintiles), women’s education level (no 
education, primary, secondary, and higher), age group (categorised in 
ten-year intervals), number of children (zero, one, two, three or more), 
and marital status (never married, currently married, divorced or 
widowed).

2.6. Statistical analysis

The study first assessed the distribution of categorised BMI and 
covariates by four categories of migration status. Chi-square tests were 
conducted to determine if any differences existed in the distributions by 
migration status. For the primary analysis, the association between in
ternal migration and malnutrition was examined using multivariable 
multinomial logistic regression model for the probability of Y = ‘Un
derweight’ or ‘Overweight or obese’ versus the probability of the 
reference group ‘Normal weight’: 

ln
Pr(Yi = j)

Pr(Yi = Normal)
= β0 + β1Migration Patterni + β2Xi 

, j= ‘Underweight’, ‘Overweight or obese’ (1) 

, where X is a matrix of control variables and country fixed effects. To 
compare the distinct migration patterns relative to both urban and rural 
non-migrants, this model was estimated twice: first, specifying urban 
non-migrants as the reference category, and then using rural non- 
migrants as the reference category for the exposure variable.

The second stage of analysis was restricted to migrants only, strati
fied by rural-to-urban and urban-to-rural migrants. In Model 2, we 
analysed the association between the recency of migration and malnu
trition, while controlling for covariates and age at migration. We 
adjusted for age at migration to assess the independent association be

tween recency of migration and the outcomes. 

ln
Pr(Yi = j)

Pr(Yi = Normal)
= β0 + β1Recency of Migrationi + β2Xi 

, j= ‘Underweight’, ‘Overweight or obese’ (2) 

To ensure the robustness of our findings, we examined potential 
dose-response relationships, by repeating Model 2 while considering the 
recency of migration as a continuous variable, measured in years lived in 
the current place.

In Model 3, we analysed the association between age at migration 
and malnutrition for rural-to-urban and urban-to-rural migrants sepa
rately. As our primary interest was age at migration, we adjusted for 
covariates and recency of migration for the aforementioned reasons. 

ln
Pr(Yi = j)

Pr(Yi = Normal)
= β0 + β1Age at Migrationi + β2Xi 

, j= ‘Underweight’, ‘Overweight or obese’ (3) 

Sensitivity analyses were conducted considering the role of de
mographic and health behaviour factors as both mediators and con
founders in the relationship between internal migration and DBM. For 
example, women’s working status, smoking status, health insurance 
status, and PAHC were excluded from the primary analysis to avoid 
over-adjustment for their potential mediation effects. In the sensitivity 
analysis, we further adjusted for these variables to check for robustness 
of our main findings.

R was used (4.2.2), and all analyses accounted for complex survey 
design to adjust for clustering among observations and obtain robust 
standard errors. All results are presented as odds ratio (OR) with 95 % 
confidence intervals (CI).

3. Results

Among the study population, 47.7 % were rural non-migrants, fol
lowed by 35.8 % urban non-migrants, 9.5 % urban-to-rural migrants and 
7.0 % rural-to-urban migrants (Table 1). Fifteen countries showed a 
higher proportion of urban-to-rural migration, ranging from 5.0 % in 
Tajikistan to 16.0 % in Ghana, when compared to their rural-to-urban 
counterparts. On the other hand, twelve countries had a greater pro
portion of rural-to-urban migration, with figures varying from 4.8 % in 
Armenia and Timor-Leste to 24.5 % in Nepal.

As per the outcome distribution, of the total 232,449 women, only 
9.7 % were underweight whereas 32.1 % were overweight/obese 
(Table 2). A higher prevalence of underweight was observed among 
rural non-migrants (12.0 %) and urban-to-rural migrants (8.4 %), 
compared to urban non-migrants (7.6 %) and rural-to-urban migrants 
(6.6 %). Conversely, the prevalence of overweight/obesity was higher 
among women living in urban areas, particularly among urban non- 
migrants (41.9 %). Among urban-to-rural migrants, 44.0 % were 
recent migrants (migrated within the last five years) and 64.6 % were 
adulthood migration. Among rural-to-urban migrants, 41.2 % were 
recent migrants and 56.7 % were adulthood migration.

Table 3 shows the association between internal migration status and 
DBM. When accounting for all covariates and country fixed effects, 
rural-to-urban migrants exhibited 7.0 % lower odds of being under
weight compared to rural non-migrants, although this association was 
not statistically significant (95 % CI: 0.85–1.02). On the other hand, 
rural-to-urban migrants had a significantly higher odds of being over
weight/obese (OR: 1.21, 95 % CI: 1.15–1.29). Furthermore, when 
compared to urban non-migrants, women who migrated from urban to 
rural areas had a significantly lower odds of being underweight (OR: 
0.91, 95 % CI: 0.85–0.99). Their risk of being overweight/obese, how
ever, was not significantly different from that of urban non-migrants 
(OR: 0.98, 95 % CI: 0.93–1.03).

Table 4 presents the association between recency of migration and 
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DBM among migrants. The categorised recency of migration was not 
significantly associated with malnutrition status among urban-to-rural 
migrants. On the other hand, for rural-to-urban migrants, the cat
egorised recency of migration was significantly associated with over
weight/obesity. Specifically, non-recent migrants had 31.0 % higher 
odds of being overweight/obese (95 % CI: 1.16–1.48) compared to their 
recently migrated counterparts. In terms of continuous measure of 
recency, for each additional year since migration among urban-to-rural 
migrants, the odds of being underweight increased by 1.0 % (95 % CI: 
1.00–1.02). For every additional year since migration among rural-to- 
urban migrants, there was a 2.0 % increase in the odds of being over
weight/obesity (95 % CI: 1.01–1.03).

Table 5 presents the association between age at migration and DBM 
among migrants. The associations between age at migration and 
malnutrition status were not statistically significant among urban-to- 
rural migrants. However, among rural-to-urban migrants, age at 
migration was significantly associated with overweight/obesity. Adult
hood migration among rural-to-urban migrants had 13.0 % increased 
odds of being overweight/obese (95 % CI: 1.00–1.28), compared to their 
childhood counterparts.

The sensitivity analyses demonstrated the robustness of our main 
findings. After adjusting for working status and comprehensive health- 
related variables, rural-to-urban migrants exhibited 21.0 % higher 
odds of being overweight/obese (95 % CI: 1.15–1.29) compared to rural 
non-migrants. In addition, urban-to-rural migrants had 8.0 % lower odds 
of being underweight (95 % CI: 0.85–0.99) than urban non-migrants 
(Supplementary Table 1). Furthermore, significant associations were 
consistently reported between the recency of migration, both categorical 
and continuous, and overweight/obesity among migrants 
(Supplementary Table 2). However, the association observed for age at 
migration among rural-to-urban migrants became insignificant after 
adjusting for additional covariates (Supplementary Table 3).

Table 2 
Distribution of nutritional status and covariates by internal migration status.

Overall Non-migrants Migrants P- 
value*

Rural Urban Urban- 
to- 
Rural

Rural- 
to- 
Urban

232449 110915 
(47.7 %)

83106 
(35.8 
%)

22127 
(9.5 %)

16300 
(7.0 %)

Nutritional Status†

Normal 135250 
(58.2 %)

71823 
(64.8 %)

42018 
(50.6 
%)

12820 
(57.9 
%)

8589 
(52.7 
%)

p <
0.001

Underweight 22548 
(9.7 %)

13303 
(12.0 %)

6301 
(7.6 %)

1862 
(8.4 %)

1082 
(6.6 %)

​

Overweight 
or Obese

74651 
(32.1 %)

25790 
(23.3 %)

34787 
(41.9 
%)

7445 
(33.6 
%)

6629 
(40.7 
%)

​

Age
15–24 87012 

(37.4 %)
42869 
(38.7 %)

32028 
(38.5 
%)

6574 
(29.7 
%)

5541 
(34.0 
%)

p <
0.001

25–34 68253 
(29.4 %)

30836 
(27.8 %)

24784 
(29.8 
%)

7513 
(34.0 
%)

5120 
(31.4 
%)

​

35–44 55226 
(23.8 %)

26372 
(23.8 %)

18936 
(22.8 
%)

5788 
(26.2 
%)

4130 
(25.3 
%)

​

45–49 21958 
(9.4 %)

10839 
(9.8 %)

7358 
(8.9 %)

2252 
(10.2 
%)

1509 
(9.3 %)

​

Marital Status
Currently in 

Union
141064 
(60.7 %)

70745 
(63.8 %)

43828 
(52.7 
%)

16251 
(73.4 
%)

10240 
(62.8 
%)

p <
0.001

Formerly in 
Union

19100 
(8.2 %)

8206 
(7.4 %)

7459 
(9.0 %)

1796 
(8.1 %)

1639 
(10.1 
%)

​

Never in 
Union

72285 
(31.1 %)

31965 
(28.8 %)

31819 
(38.3 
%)

4080 
(18.4 
%)

4421 
(27.1 
%)

​

Number of Living Children
Zero 70673 

(30.4 %)
31766 
(28.6 %)

30333 
(36.5 
%)

4175 
(18.9 
%)

4399 
(27.0 
%)

p <
0.001

One 34770 
(15.0 %)

14484 
(13.1 %)

13794 
(16.6 
%)

3701 
(16.7 
%)

2791 
(17.1 
%)

​

Two 39347 
(16.9 %)

16621 
(15.0 %)

15124 
(18.2 
%)

4327 
(19.6 
%)

3275 
(20.1 
%)

​

Three or 
More

87659 
(37.7 %)

48045 
(43.3 %)

23855 
(28.7 
%)

9924 
(44.9 
%)

5835 
(35.8 
%)

​

Highest Education Level
No Education 48157 

(20.7 %)
31620 
(28.5 %)

9223 
(11.1 
%)

4899 
(22.1 
%)

2415 
(14.8 
%)

p <
0.001

Primary 66220 
(28.5 %)

39007 
(35.2 %)

14928 
(18.0 
%)

7403 
(33.5 
%)

4882 
(30.0 
%)

​

Secondary 94307 
(40.6 %)

36247 
(32.7 %)

42340 
(50.9 
%)

8279 
(37.4 
%)

7441 
(45.7 
%)

​

Higher 23765 
(10.2 %)

4042 
(3.6 %)

16615 
(20.0 
%)

1546 
(7.0 %)

1562 
(9.6 %)

​

Wealth
Poorest 46114 

(19.8 %)
35704 
(32.2 %)

3908 
(4.7 %)

5562 
(25.1 
%)

940 
(5.8 %)

p <
0.001

Poorer 45101 
(19.4 %)

30390 
(27.4 %)

7142 
(8.6 %)

5681 
(25.7 
%)

1888 
(11.6 
%)

​

Table 2 (continued )

Overall Non-migrants Migrants P- 
value*

Rural Urban Urban- 
to- 
Rural 

Rural- 
to- 
Urban

232449 110915 
(47.7 %) 

83106 
(35.8 
%) 

22127 
(9.5 %) 

16300 
(7.0 %)

Middle 46830 
(20.1 %)

24680 
(22.3 %)

14479 
(17.4 
%)

4782 
(21.6 
%)

2889 
(17.7 
%)

​

Richer 47599 
(20.5 %)

15074 
(13.6 %)

23833 
(28.7 
%)

3726 
(16.8 
%)

4966 
(30.5 
%)

​

Richest 46805 
(20.1 %)

5068 
(4.6 %)

33744 
(40.6 
%)

2376 
(10.7 
%)

5617 
(34.5 
%)

​

Recency of Migration
Recent – – – 9734 

(44.0 
%)

6708 
(41.2 
%)

p <
0.001

Non-recent – – – 12393 
(56.0 
%)

9592 
(58.8 
%)

​

Age at Migration
Childhood – – – 7843 

(35.4 
%)

7058 
(43.3 
%)

p <
0.001

Adulthood – – – 14284 
(64.6 
%)

9242 
(56.7 
%)

​

*P-value from chi-square tests.
†Classified nutritional status as follows: underweight (<18.5 kg/m2), normal 
weight (18.5–25 kg/m2), and overweight/obese (>25 kg/m2).
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4. Discussion

To the best of our knowledge, this is the first study to comprehen
sively analyse the association between internal migration and DBM 
across LMICs, considering multifaceted nature of internal migration, 
including direction, recency, and age at migration. Our analysis iden
tified four key findings. First, we found that rural-to-urban migrants had 
significantly higher odds of being overweight/obese compared to their 
rural non-migrant counterparts. This association is consistent with 
earlier studies in LMICs (Peters et al., 2019; Wang et al., 2020), indi
cating the influence of urban environments, where processed foods high 

in fats and sugars are more accessible, and fresh produce is limited. For 
example, a study in India revealed that rural-to-urban migration is 
associated with negative dietary changes, characterised by higher en
ergy intake and increased consumption of fats and sugars (Bowen et al., 
2011). Additionally, deprived urban areas, including slums, often act as 
food deserts with limited access to fresh produce due to availability and 
transportation issues (Battersby, 2012; Kimani-Murage et al., 2014). 
Concurrently, these neighbourhoods are often food swamps, charac
terised by an abundance of calorie-dense foods and sugar-sweetened 
beverages (Andretti et al., 2023; Rose et al., 2009). A study in Brazil 
showed that both food deserts and swamps are predominantly found in 
the most deprived urban areas (Bridle-Fitzpatrick, 2015). While urban 
environments in LMICs generally offer more stable food availability than 
rural areas, food quality varies significantly, especially in slums, where 
poor migrants face a higher risk of obesity due to their obesogenic 
surroundings (Awumbila, 2014).

Second, in contrary to our initial hypothesis, we found that urban-to- 
rural migrants had a reduced odds of being underweight compared to 
urban non-migrants. This could potentially be explained by the protec
tive effects of moving to rural areas, where there is greater access to 
fresh produce and diets that include more minimally processed foods 
(USAID Advancing Nutrition, 2022). Urban-to-rural migration often 
reduces living costs, allowing migrants to allocate more resources to
wards nutritious food options (UNICEF, 2023). Additionally, even 
though the availability of food in rural areas can vary by season, these 
regions often offer better access to fresh, locally-produced foods (Popkin 
et al., 2012). Coupled with higher purchasing power and urban advan
tages regarding health-seeking behaviours, these nutritional transitions 
can shift individuals toward healthier lifestyles, decreasing the likeli
hood of being underweight for urban-to-rural migrants.

Third, significant association between recency of migration and DBM 
was observed among rural-to-urban migrants. The increased odds of 
overweight/obesity among non-recent rural-to-urban migrants may be 
due to rapid adoption of urban dietary and lifestyle habits that occur 
within a relatively short amount of time (Losada-Rojas et al., 2021; 
Wang et al., 2017). Among urban-to-rural migrants, analysis utilising 
continuous variable for the duration since migration showed statistical 
significance with marginally increased odds of underweight, while cat
egorical variables did not. The escalated odds of being underweight over 
time among urban-to-rural migrants may be due to challenges such as 
food insecurity or exposures to infectious diseases, which may take 
longer time to manifest their significant effects on BMI. Taken together, 
these findings support adaptation and assimilation theories, suggesting 
that the longer migrants reside in a new environment, the more their 
dietary and health behaviours reflect those of the destination commu
nity. Furthermore, our study suggests that the time required for assim
ilation could vary between urban and rural contexts.

Lastly, we found increased odds of overweight/obesity among 
adulthood rural-to-urban migrants, even after adjusting for the recency 

Table 3 
Associations between internal migration status and double burden of malnutrition (reference: normal weight).

Malnutrition status (Adjusted* OR (95 % CI))

Underweight Overweight 
/Obesity

Underweight Overweight 
/Obesity

Migration Status (Reference: Rural non-migrants) Migration Status (Reference: Urban non-migrants)

Urban non-migrants 1.11 1.31 Rural non-migrants 0.90 0.76
(1.05, 1.17) (1.26, 1.36) (0.85, 0.96) (0.73, 0.80)

Urban-to-rural 1.01 1.28 Urban-to-rural 0.91 0.98
(0.95, 1.08) (1.23, 1.34) (0.85, 0.99) (0.93, 1.03)

Rural-to-urban 0.93 1.21 Rural-to-urban 0.84 0.93
(0.85, 1.02) (1.15, 1.29) (0.77, 0.92) (0.88, 0.98)

OR, odds ratio; CI, confidence intervals.
*Survey-structure adjusted multinomial logistic regressions were conducted, adjusting for covariates (categorised age, marital status, number of living children, 
education level, wealth) and country fixed effects.

Table 4 
Associations between recency of migration and double burden of malnutrition 
(reference: normal weight) among migrants*.

Malnutrition status (Adjusted* OR (95 % CI))

Underweight Overweight or Obese

Urban-to- 
Rural

Rural-to- 
Urban

Urban-to- 
Rural

Rural-to- 
Urban

Categorical
Recent [Ref]
Non-recent 1.10 (0.95, 

1.28)
1.10 (0.89, 
1.36)

1.03 (0.94, 
1.13)

1.31 (1.16, 
1.48)

Continuous
Years since 

migration
1.01 (1.00, 
1.02)

1.00 (0.99, 
1.02)

1.01 (1.01, 
1.02)

1.02 (1.01, 
1.03)

OR, odds ratio; CI, confidence intervals.
*Survey-structure adjusted multinomial logistic regressions were conducted, 
adjusting for covariates (categorised age, marital status, number of living chil
dren, education level, wealth), categorised age at migration, and country fixed 
effects.

Table 5 
Associations between age at migration and double burden of malnutrition 
(reference: normal weight) among migrants*.

Malnutrition status (Adjusted* OR (95 % CI))

Underweight Overweight or Obese

Urban-to- 
Rural

Rural-to- 
Urban

Urban-to- 
Rural

Rural-to- 
Urban

Age at Migration
Childhood [ref]
Adulthood 0.90 (0.78, 

1.04)
0.86 (0.71, 
1.05)

1.10 (0.99, 
1.22)

1.13 (1.00, 
1.28)

OR, odds ratio; CI, confidence intervals.
*Survey-structure adjusted multinomial logistic regressions were conducted, 
adjusting for covariates (categorised age, marital status, number of living chil
dren, education level, wealth), categorised recency of migration, and country 
fixed effects.
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of migration, compared to their childhood counterparts. Although this 
finding contradicts our initial expectation that childhood rural-to-urban 
migrants may have a higher risk of overweight/obesity, it aligns with 
previous research in LMICs (Bernabe-Ortiz et al., 2010; Wang et al., 
2020). One possible explanation is that adults who move from rural to 
urban areas may intentionally assimilate more rapidly to take advantage 
of urban opportunities, compared to childhood rural-to-urban migrants. 
It is well-known that in many LMICs, higher socioeconomic positions 
(SEP) are positively associated with overweight/obesity among women 
due to socio-cultural norms (Jäger et al., 2022; Onyango et al., 2019). 
Therefore, faster assimilation to urban lifestyles to actively achieve 
higher SEP can contribute to the increased odds of overweight/obesity 
among adulthood rural-to-urban migrants.

The findings of our study highlight the significance of understanding 
the causes and consequences of migration patterns to address DBM at the 
population level. Our study highlights the need for policies that promote 
equitable access to nutritious and affordable dietary options, particu
larly in deprived urban areas. Low-income urban areas have limited 
access to nutritious foods due to the scarcity of fresh fruits and vegeta
bles, as well as inadequate transportation for grocery shopping 
(Battersby, 2012; Kimani-Murage et al., 2014). Ensuring affordability 
and accessibility of healthy food options can be done by supporting 
small and medium enterprises (SMEs) to serve as vital links between 
primary producers and consumers in urban areas of LMICs (UNICEF, 
2023). Modernising the agrifood sector and subsidising logistics infra
structure can enhance the distribution of fresh produce in urban areas at 
reduced costs, ultimately improving food security and nutrition out
comes (UNICEF, 2023).

At the same time, it is important to note that environmental factors in 
rural areas may increase the risk of underweight among urban-to-rural 
migrants over time, despite their initial urban advantages. Therefore, 
in rural areas, it is crucial to address the distal factors of DBM while 
promoting healthy diets. Improving WASH infrastructure and health
care accessibility can prevent diseases and treat them in a timely 
manner, thus mitigating risks associated with undernutrition (Watson 
et al., 2019). Furthermore, it is crucial to invest in infrastructure like 
storage facilities and transportation, as well as to promote local food 
production to stabilise food availability in rural areas.

The findings of this study should be interpreted in light of a few data- 
related limitations. First, due to the cross-sectional nature of DHS data, 
we cannot discern long-term nutritional changes before and after 
migration. Additionally, there may be unmeasured or residual con
founding factors like genetic predisposition, early-life health status, or 
SEP prior to migration that may importantly affect both internal 
migration and women’s nutritional status. Furthermore, the potential 
for selection bias associated with the healthy migrant hypothesis must 
be considered. This hypothesis suggests that migrants are often a self- 
selected group with better initial health than non-migrants, which 
could influence the observed associations (Abraído-Lanza et al., 1999; 
Ruiz et al., 2013). Second, except for BMI (height and weight) and the 
wealth index, all other variables included in this study were 
self-reported. While some misreporting may have occurred, it is highly 
unlikely to have introduced systematic bias affecting the study’s 
findings.

Third, the measure of internal migration was constructed based 
solely on the previous and current residence and fails to account for 
multiple movements over the course of life. Also, peri-urban and rural 
areas are common in LMICs, but we used a dichotomous classification 
that does not account for the degree of urbanicity. Limited data on 
primary reason for migration (i.e., family-related, seeking better edu
cation, or employment opportunities) prevented further exploration of 
the health effects of internal migration dynamics. While it is important 
to recognise that individuals who move within urban or rural areas may 
be exposed to different social and economic conditions that can impact 
their health-related behaviours, we treated intra-urban and intra-rural 
movements as ‘non-migrants’ in this study given the primary interest 

in assessing change in exposure between rural and urban environments.
Fourth, our decision to apply international BMI cutoffs to define 

nutritional status may not adequately reflect body fat levels and health 
risks associated with obesity across different ethnic groups (Guo et al., 
2021; Hudda et al., 2017; Kopinska et al., 2024; Patel et al., 2022). 
Nevertheless, the WHO international BMI cutoffs remain as a practical 
anthropometric indicator in large-scale population studies (WHO expert 
consultation, 2004). Future research can benefit from using alternative 
anthropometric measures, such as waist-to-height ratio or body fat 
percentage, to better capture obesity-related health risks in diverse 
populations.

Fifth, the COVID-19 pandemic may have restricted mobility within 
countries. In our study sample, ten countries had survey timelines that 
overlapped with the COVID-19 outbreak, which may have substantially 
disrupted movements of people and their nutritional intake. Sixth, 
across the 29 LMICs included in this study, substantial variations within- 
and between-countries are expected in terms of cultural norms, nutri
tional habits, and access to healthcare. For example, cultural factors 
influencing women’s perceptions of the ideal body size and the 
acceptability of physical activity can differ significantly even within the 
same country (Trübswasser et al., 2021). Future studies should examine 
these nuances in country-specific investigations. Lastly, data on the male 
population was omitted due to limited availability of BMI measures in 
only 9 countries, as well as gender-based differences in primary reasons 
for migration and biological mechanisms affecting DBM (de Juras et al., 
2022; Pheiffer, 2021).

5. Conclusion

From this comprehensive assessment of the association between in
ternal migration and DBM across LMICs, we show that rural-to-urban 
migrants have an increased odds of overweight/obesity compared to 
rural non-migrants and urban-to-rural migrants have a reduced odds of 
being underweight compared to urban non-migrants. The recency of 
migration and the age at which migration occurred were significantly 
associated with nutritional outcomes of migrants. Longer stays tended to 
make migrants’ health profiles more similar to their destination native 
population, while migrating later in life to urban areas was found to 
facilitate a more profound level of assimilation to their destination than 
childhood migrants.

These findings are crucial for the development of targeted public 
health interventions. Policymakers should prioritise making healthy 
foods more affordable and accessible in urban areas by supporting SMEs 
and subsidising healthy food options. Investments in infrastructure such 
as transportation systems, along with subsidies for healthy food outlets, 
can mitigate barriers to accessing nutritious foods, especially in disad
vantaged neighbourhoods. At the same time, addressing the root causes 
of undernutrition in rural areas is important to improve the overall 
living conditions and increase access to healthcare. In conclusion, as 
factors like urbanisation and economic opportunities are expected to 
make urban-rural dynamics more complex in LMICs, understanding the 
causes and consequences of internal migration patterns is crucial for 
both addressing and managing DBM at the population level.
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