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Abstract
Objective: Social and economic changes associatedwith new roads can bring about
rapid nutritional transitions. To study this process, we: (1) describe trends in adult
overweight and obesity (OW/OB) among rural Afro-Ecuadorians over time and
across a gradient of community remoteness from the nearest commercial centre;
(2) examine the relationship between male and female adult OW/OB and factors
associated with market integration such as changing livelihoods and (3) examine
the co-occurrence of adult OW/OB and under-five stunting and anaemia.
Design: Adult anthropometry was collected through serial case–control studies
repeated over a decade across twenty-eight communities. At the same time,
anthropometry andHbweremeasured for all children under 5 years of age in every
community.
Setting: Northern coastal Ecuador.
Participants: Adults (n 1665) and children under 5 years of age (n 2618).
Results: From 2003 and 2013, OW/OB increased from 25·1 % to 44·8 % among men
and 59·9 % to 70·2 % amongwomen. The inverse relationship between remoteness
and OW/OB in men was attenuated when adjusting for urban employment, sug-
gesting that livelihoods mediated the remoteness–OW/OB relationship. No such
relationship was observed among women. Communities with a higher prevalence
of male OW/OB also had a greater prevalence of stunting, but not anaemia, in chil-
dren under 5 years of age.
Conclusions: The association betweenmale OW/OB and child stunting at the com-
munity level, but not the household level, suggests that changing food environ-
ments, rather than household- or individual-level factors, drove these trends. A
closer examination of changing socio-economic structures and food environments
in communities undergoing rapid development could help mitigate future public
health burdens.

Keywords
Overweight
Stunting
Anaemia

Double burden of malnutrition
Nutrition transition

Ecuador
Afro-Ecuadorian
Human nutrition

The nutritional transition has impacted Latin America dra-
matically over the past three decades(1,2). Characterised by
decreasing consumption of traditional foods, increasing con-
sumption of ‘ultra-processed’ high-sugar, high-fat foods and
increasing time spent in sedentary activities(3,4), these dietary
shifts have led to rapid increases in the prevalence of obesity
(OB) and non-communicable chronic diseases(4–6). Often
regarded as concentrated in urban areas, it has recently been
shown that 55% of the global rise in mean BMI from 1985 to
2017 was driven by rural populations(7,8).

The nutritional transition may be particularly abrupt
when previously remote, rural communities become more
connected through new road construction. These roads
result in sudden market integration, as well as rapid social
and ecological changes(9) that have extensive downstream
impacts on dietary patterns and physical activity. Market
integration refers to increasing production for and
consumption from a market-based economy(10). Market
integration can reduce dependence on subsistence agricul-
ture among rural households by increasing opportunities
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for commercial farming and food purchases(10). These
changes present both nutritional opportunities and chal-
lenges. For example, access to markets is associated with
improved food security(11) and may increase dietary diver-
sity(12,13) by allowing farming households to sell produce
and buy foods that they cannot produce themselves(12).
However, as agricultural production is oriented away from
subsistence and towards the generation of cash
income(10,14), households increasingly depend on the for-
mal economy to maintain food security. Markets also
increase access to ultra-processed foods that negatively
impact the overall quality of the diet(15) and may decrease
the intake of nutrients that are disproportionately sourced
from traditional dietary staples(16). Finally, increasing mar-
ket access may alter food choice through increased expo-
sure to advertising, or because changing lifestyles alter
incentives related to food preparation and the desire for
convenience(17). The net impact on nutritional status is
therefore driven by the interrelated economic, ecological
and social forces disrupted and altered by road
development.

Most studies that examine the impact of market integra-
tion on adult health and nutrition find an association with
increased adiposity(18–20) and prevalence of cardiometa-
bolic risk factors(21,22). The impact of market integration
on the nutritional status of children, however, is more
mixed. Relative remoteness is often used as a proxy for
market integration(22,23), and community remoteness has
in some cases been reported to increase the risk of
stunting(18,24–26), while other studies have found a
protective(27) or null(13) effect depending on the context.
These relationships may be explained at least in part by
differences in education and wealth between more- and
less-remote groups(25,27). On the one hand, increasing mar-
ket access strengthens the association between mother’s
education and child dietary diversity(28). On the other hand,
when high-quality traditional diets are replaced by high-
energy, low-nutrient-dense foods, stunting and anaemia
can persist despite sufficient energetic intakes(29).

The double burden of malnutrition, defined as the
co-occurrence of OB and at least one form of undernutri-
tion (often stunting or wasting)(30), or the ‘triple threat’ of
malnutrition, represented by the co-occurrence of OB,
stunting and anaemia(31), are a growing global concern.
These co-occurrences may be present within individuals,
households or populations(32). Globally, 149 million chil-
dren are stunted(33), while a third of the world’s adults
are overweight (OW) or obese (OB)(34,35). Given the
Sustainable Development Goals call for an end to all forms
of malnutrition(36), studies have increasingly focused on
understanding the environments that lead to the
co-occurrence of multiple forms of malnutrition(37,38).

Market integration has previously been associated with
a double burden of stunting and OW among children and
adolescents(39,40). We extend these findings by examining
trends in nutritional status through a prospective

longitudinal study in rural coastal Ecuador, with data that
allow individual-, household- and community-level trends
to be distinguished and evaluated. We have previously
shown that, from 2003 to 2013, more remote communities
that were further from the nearest commercial centre had
less child stunting and anaemia in this primarily Afro-
Ecuadorian population, and that the burden of stunting
decreased in bothmore- and less-remote communities over
time(27). Over the same period, the prevalence of child OW
remained relatively constant at around 5 %(27). The objec-
tives of the present report are to examine, over the same
period, the burden of adult OW and OB by time and
remoteness. We treat remoteness from the commercial
centre as a proxy for more limited market integration.
We also examine the relationship between adult OW and
OB and changes to livelihoods, household agriculture,
and socio-economic status driven by market integration,
and the co-occurrence of adult OW and under-five
stunting and anaemia.

Methods

Study setting and context
In 1996, the Ecuadorian government started construction on
a highway system connecting the northern Ecuadorian coast
to the Andes. After completion of the primary highway in
2001, secondary and tertiary roads were constructed, further
increasing access for previously remote communities. The
‘Environmental Change and Diarrheal Disease: A Natural
Experiment’ project (EcoDess) began in 2003 as a natural
experiment to document the longitudinal changes in rural
communities with and without road access to the commer-
cial centre, Borbón(41).

While the nutritional status of indigenous Ecuadorian
Amazonian(21,22,39) and highland populations(29,42,43) has
been documented, relatively less descriptive information
is available about the nutritional status of rural Afro-
Ecuadorians. According to the 2012 national survey, the
overall prevalence of adult OW/OB in this ethnic group
was 64·4 %, compared to a national average of 62·8 %(1).
The prevalence of child undernutrition may be relatively
low compared to mestizo and indigenous children living
in the same towns(44).

Data collection
Thirty-one communities participated in the overall study,
of which 28 were included in this analysis. A detailed
description of the study methods has previously been
published(41,45,46). In brief, the field team visited each com-
munity in a rolling schedule over the course of 9 months.
During each community visit, a census was conducted fol-
lowed by a 2-week case–control study where all cases of
diarrhoeal disease, in both children and adults, were iden-
tified(45). The order of community visits rotated over time,
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so that data for each community are available for both the
summer and the winter seasons(47). During the first seven
cycles (from 2003 to 2008) of the study, one household con-
trol and two community controls were selected for each
diarrhoeal case. From cycles 8–11 (2008–2013), 10 % of
all community members were selected as controls.
Eleven study cycles were completed in total (approxi-
mately one every 9 months). Anthropometric data, weight
and height (or length for children < 2), were measured for
each case and control. In addition, anthropometry was col-
lected for every child under 5 years of age, in every com-
munity, regardless of whether they participated in the case–
control study(27). To account for the case–control sampling
scheme, we applied sampling weights to all analyses of
adult OW/OB, using the sampling weights previously
reported by Bhavani et al(46). In analyses conducted at
the household level (e.g. trends in household agricultural
diversity), we also calculated household-level sampling
weights to account for the probability of at least one indi-
vidual in the household being selected into the case–
control study. Themethod of calculation of both individual-
and household-level sampling weights is reported in
Appendix 2.

Outcome variables
Adult OW/OB: Anthropometric data from non-pregnant
adults (>= 18 years old) were examined for extreme
values, and outlier heights (defined as greater than four
standard deviations from the population mean) were
excluded(48). BMI was calculated by dividing weight in
kilograms by height in metres squared. Adults were cate-
gorised as underweight, normal, OW and OB, based on
their BMI values (< 18·5, 18–24·9, 25–29·9, and 30 and
above) and further dichotomised as underweight and nor-
mal v. OW/OB. As in previous analyses of these data(27),
three communities populated primarily by people of
indigenous Chachi ethnicity were excluded due to limited
data over the study time period. Because adult anthropom-
etry was collected as part of a case–control study of diar-
rhoea, we tested whether any differences were observed
inmeanBMI or the prevalence ofOW/OB andOBbetween
adult cases and controls. No statistically significant
differences were observed and therefore, both cases and
controls were included in all subsequent analyses.

Child stuntingwas defined as a height-for-age less than
two Z-scores below the WHO standard(49). Observations
with height-for-age Z-scores less than –6 or greater than
þ6 were excluded(50). Children from 0 to 5 years of age
who were also enrolled as cases tended to have lower
length or height-for-age and were more likely to be anae-
mic. Because length-for-age is an indicator of chronic mal-
nutrition and is therefore a result of prior, rather than
current, diarrhoeal disease, the length-for-age Z-score for
children under 24 months of age, and height-for-age
Z-score of children 24–60 months of age (LAZ/HAZ) of

children with diarrhoeal disease during the case–control
study was included when estimating the prevalence of
households with concurrent OW/OB and child stunting.

Child anaemia was defined as Hb concentrations less
than 11·0 g/dl in children from 6 to 59 months of age(51).
Because Hb concentrations are influenced by inflamma-
tion, only anaemia measurements from children who did
not have diarrhoeal disease during the case–control study
were included in examining the co-occurrence of OW/OB
and child anaemia.

Exposure variables

Remoteness
To define relative community remoteness, we used an
index previously developed for the study based on total
travel time and cost between the village and Borbón. To
develop this score, repeated measurements of each varia-
ble (travel cost and travel time) were documented through
trips undertaken by available public transportation. If
multiple modes of travel were required to complete a trip,
for example, travel by both bus and boat, the cumulative
travel cost and timewere used. The average total travel time
and cost for each village were then standardised by con-

verting them to Z-scores travel time to villagei�mean travel time
standard deviation of travel time

� �
,

and the two Z-scores were summed to generate a final
score(52). In our analysis, we used a categorical form of this
remoteness score(52). ‘Near’ and ‘medium’ communities
correspond to the first and second quartile, while ‘far’ com-
munities correspond to the combined third and fourth
quartiles(41). These categories correspond approximately
to mode of transportation, as 6 of 7 communities with direct
road access were categorised as ‘near’, while 26 of 27 com-
munities without road access (i.e. only accessible by river
travel, or only through a combination of road and river
travel) were categorised as ‘medium’ or ‘far’.

Livelihoods
‘Rural’ occupations were defined as jobs involving agricul-
ture (including working one’s own farm or working on a
palm plantation), harvesting of forest products, logging
and raising animals. ‘Urban’ occupations were defined as
cooking for others, working for the government, small busi-
ness owner, teacher or ‘worker’ (i.e. employee). Jobs that
were not defined as either ‘urban’ or ‘rural’ included home-
maker, artisan, student, unemployed, retired or other.

Socio-economic statuswas captured via adult education
(highest year of schooling completed); household con-
struction (an index of housing materials that has previously
been validated in the region(27)) and a wealth index (aggre-
gate ownership of assets(53)).

Agricultural practices
If households reported cultivating land in the past year,
they were then asked to enumerate crops grown in the past
year. Agricultural diversity was defined as the total number
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of crops reported (range: 1–14). The primary use for farm
products (consumption, sale or both) was based on the
question, ‘What do you do with your harvest?’.

Statistical analysis
Differences between communities in weighted mean age
and education, and the weighted prevalence of OW/OB,
and other factors were examined using adjustedWald tests.
Weighted Pearson’s χ2 tests were used to examine
differences in multiple nutritional burdens between
households.

To estimate trends in OW/OB and OB over time and by
community remoteness, we used weighted logistic regres-
sion models with a clustered sandwich estimator to adjust
for subjects present within multiple cycles and accounted
for probability of sampling using inverse probability
weights. The prevalence of OW/OB and calendar time in
the model varied by sex, as the prevalence of OW/OB
increased more rapidly among men than among women;
therefore, models were stratified by sex. A random effect
was included to account for multiple measurements from
the same individual in different years. Models of agricul-
tural diversity were run separately and included land-
owning households only.

To test whether factors related to increasingmarket inte-
gration drove trends in OW/OB, we first used weighted
multinomial regressionmodels to examine trends over time
in the reporting of ‘rural’ and ‘urban’ job types, as well as to
examine the prevalence of households without a working
farm, or with a farm primarily geared towards the sale, sale
and household consumption, or household consumption
of crops. Among farming households, we also used linear
regression models to examine trends in agricultural diver-
sity over time.

We then constructed models to examine the association
between remoteness andOW/OB.Our specific variables of
interest were the job type of the individual (rural or urban)
and whether the household had a working farm, and our
outcome of interest was OW/OB. We also considered
adjustments for the age, sex, years of education and ethnic-
ity (Afro-Ecuadorian or mestizo) of the participant, as well
the wealth of the household. Final multivariable models
were constructed based on inclusion of variables signifi-
cant in bivariate models at the P <= 0·15 level as well as
overall model fit. We used mixed-effects Poisson models
that accounted for probability of sampling and included
random intercepts at the household and individual level.
Following our prior approach(27), we also examined
whether livelihoods and socio-economic status mediated
the relationship between OB/OW and remoteness by
examining whether the inclusion of these variables in the
model resulted in a reduction in the magnitude of regres-
sion coefficient for remoteness. Similar models were also
constructed that included adults in farming households
only and tested the impact of agricultural diversity on adult
OB/OW. As a sensitivity analysis, we also tested the impact

of agricultural diversity on adult OB/OW among the subset
of agricultural households that reported owning their land.

To examine the co-occurrence of adult OW and child
undernutrition, we conducted analyses at the individual,
the household and the community level. At the individual
level, we constructed mixed-effects Poisson models to
examine whether adult livelihoods, land ownership and
agricultural diversity were associated with child stunting
and child anaemia. In these models, we adjusted for child
age, sex, household size, highest level of education of any
adult in the household, relative remoteness and household
wealth (asset score). The associations between child stunt-
ing, relative community remoteness and socio-economic
status have previously been reported(27).

At the household level, we examined the association
between adult OW and OB and the presence of a stunted
or anaemic child in the same household. We restricted our
analyses to adults living in households with a child under
5 years of age. Whenmultiple children under 5 years of age
were present in the household, we considered only the
youngest. We created Venn diagrams to visualise the
co-occurrence of adults who were OW or OB, and children
who were stunted or anaemic. These were constructed
separately for Borbón and less remote communities, v.
medium and far communities. At the community level,
we calculated the Spearman’s correlation between the
overall prevalence of OW or OB adults over the study
period, and the overall prevalence stunting among children
under 5 years of age.

All analyses were performed in Stata version 15.1.

Results

From 2003 to 2013, 2176 anthropometric measurements
were collected from 199 case and 1977 control adult study
participants (1665 unique individuals) and 4608 children
under 5 years of age (2618 unique individuals). After
excluding pregnant women and measurements where
heights or weights were improbable or extreme (greater
or less than four standard deviations of the population dis-
tribution), the final sample included 2053 observations
from 1558 unique adult individuals. Weighted and
unweighted characteristics of this group are reported in
Table 1 and Supplemental Table 1, respectively.
Measurements from 4170 observations from 2395 unique
children under 5 years of agewere also retained (see online
supplementary material, Supplemental Table 2).

Trends in overweight/obesity and obesity over time
and by community remoteness
Most characteristics, including mean adult age, height and
years of education, varied by remoteness category.
Community remoteness was positively associated with
adult height and inversely associated with adult weight
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among men but not women (Table 1). The percentage of
the population that identified as Afro-Ecuadorians
increased with community remoteness from 61·1 % in
Borbón to 97·9 % (Table 1). In total, 15·3 % of the study
population was mestizo, with this group primarily residing
in Borbón.

The overall weighted prevalence of OW and OB
throughout the study was 26·5 % and 36·0 %, respectively,
for men, and 36·0 % and 29·9 % for women. Among men,
OW/OB increased from 25·1 % to 44·8 % from 2003 to
2013 and was least common in the most remote commun-
ities. Among women, OW/OB increased from 59·9 % to
70·2 % from 2003 to 2013 and was not associated with com-
munity remoteness (Fig. 1 and Table 2).

Association between factors related to increasing
market integration, and nutritional status of
adults and children
Over the decade-long study period, the proportion of men
reporting rural livelihoods (primarily agriculture) dimin-
ished. In contrast, most women (> 70 %) reported ‘home-
maker’ as their primary livelihood across the study

period (see online supplementary material, Supplemental
Figure 1 and Table 1).

In multivariable models, urban occupation was posi-
tively associated with OW/OB among men, after adjusting
for age, sex, education, asset scores and building scores.
Also in men, the relationship between greater remoteness
and a lower prevalence of OW/OB was attenuated when
urban livelihoods were included in the model, suggesting
that the higher prevalence of urban livelihoods in less
remote communities partially explained the higher preva-
lence of male OW/OB. Among households engaged in
agriculture, 93 % reported owning the land they cultivated.
Within these agricultural households, the proportion of
households to sell increased over time, while agricultural
diversity gradually decreased (Fig. 2). Agricultural diversity
was protective against adult OW/OB (Table 2). This asso-
ciation remained consistent when restricted to only those
agricultural households that also owned their land (in
men: OR: 0·88, 95 % CI: 0·80, 0·98 and in women: OR:
0·97, 95 % CI: 0·94, 1·00). Among children, neither adult
livelihoods nor agricultural diversity were associated with
stunting or anaemia (see online supplementary material,
Supplemental Table 3).

Table 1 Weighted study population characteristics

Remoteness category

Study
population
(n 2053)

Borbón
(n 481)

Close
(n 652)

Medium
(n 347) Far (n 573)

Covariate Mean SD Mean SD Mean SD Mean SD Mean SD P-value for difference

Age (years) 40·5 15·8 38·7 14·1 40·5 15·8 42·4 17·7 41·2 16·0 0·0273
Female, % 60·3 65·9 60·0 53·4 59·3 0·0222
Afro-Ecuadorian, % 81·6 61·1 86·2 83·6 97·9 < 0·0001
Education (years), SD 5·4 3·9 7·1 4·1 5·3 3·8 4·2 3·4 4·8 3·6 < 0·0001
Asset score 12·3 4·7 9·4 3·8 12·8 4·1 13·8 4·8 13·8 4·7 < 0·0001
Building material score 3·8 0·6 4·1 0·4 3·9 0·6 3·8 0·6 3·7 0·7 < 0·0001
HH engaged in agriculture, % 69·2 16·9 70·1 88·9 90·9 < 0·0001
Men n 818 n 170 n 261 n 153 n 234
Urban occupation, % 18·4 51·3 12·3 6·3% 9·1% < 0·0001
Rural occupation, % 61·5 14·8 70·0 82·3 72·4 < 0·0001
Height (cm), SD 167·6 11·6 167·3 8·8 166·2 13·9 167·0 13·9 169·8 7·3 0·0029
Weight (kg), SD 69·0 11·3 70·9 12·9 69·8 11·2 65·8 11·1 68·5 9·6 0·0058
BMI, SD 24·5 4·1 25·3 4·1 25·3 5·0 23·3 3·4 23·8 3·0 < 0·0001
Underweight, % 2·8 2·7 2·6 5·1 1·4 < 0·0001
Normal, % 61·1 50·6 55·6 67·8 71·5 0·0004
OW, % 26·8 30·3 30·7 21·1 23·3 < 0·0001
OB, % 9·3 16·4 11·1 6·0 3·7 < 0·0001
Women n 1235 n 311 n 391 n 194 n 339
Urban occupation, % 10·7 23·3 9·7 4·6 3·3 < 0·0001
Rural occupation, % 4·1 2·4 4·8 5·3 4·4 0·4294
Height (m) 156·5 9·5 154·9 8·6 156·2 10·6 156·2 11·6 158·5 7·1 < 0·0001
Weight (kg) 68·0 15·0 66·0 13·5 69·3 16·0 68·1 16·1 68·5 14·4 0·0876
BMI 27·5 5·5 27·3 5·3 28·0 5·8 28·9 5·9 27·1 4·9 0·2241
Underweight, % 3·1 3·6 3·0 3·8 2·2 < 0·0001
Normal, % 30·9 32·2 30·0 27·5 32·2 0·7415
OW, % 36·6 39·4 30·4 40·6 38·9 0·0785
OB, % 29·5 24·6 36·6 28·0 26·8 0·0214

OW, overweight; OB, obesity.
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Co-occurrence of child stunting, child anaemia
and adult overweight or obesity
Of the 2053 adult anthropometry measurements collected,
708 were collected from an adult living in a household with
at least one child under 5 years of age at the time of themea-
surement. After excluding child cases, 404 measures were
collected from an adult in a household with a child for
whom a Hb measurement was available. In total, 15·4 %
of children living with a non-OW, non-OB adult were
stunted, compared to 12·9 % living in a house with an
OW/OB adult (adjusted Wald test P = 0·42). Similarly,
64·8 % of children living with a non-OW, non-OB adult
were anaemic, compared with 63·3 % of children living
in a house with an OW/OB adult (P = 0·79). In adjusted
models, there was no evidence that having a stunted on
anaemic child in the household was associated with risk
of adult OW/OB, compared to having a non-stunted or
non-anaemic child in the household (see online supple-
mentary material, Supplemental Table 4).

As previously reported(27), the prevalence of child stunt-
ing decreased over time, while the prevalence of child
anaemia remained constant (see online supplementary
material, Supplemental Table 3). Combining these trends
with the increase in adult OW/OB, we found that the preva-
lence of households with both adult OW/OB and child
stunting remained constant over time (5·9 % (95 % CI:
2·5 %, 13·4 %) from 2003 to 2007 v. 7·2 % (95 % CI: 4·2 %,
12·1 %) from 2008 to 2013, P = 0·7002). On the other hand,
the prevalence of households with both adult OW/OB and
child anaemia increased (22·7 % (95 % CI: 15·4, 32·2 %) in
2003–2007 to 35·7 % (95 % CI: 29·6 %, 42·4 %) from 2008 to
2013, P = 0·0163). The distributions of adult OW/OB and
child stunting in the population were not statistically signifi-
cantly different by community remoteness (weighted
Pearson’s χ2 test statistic P = 0·3123), while the distribution
of adult OW and child anaemia was statistically greater in
Borbón and near communities (weighted Pearson’s χ2 sta-
tistic P = 0·0338). Aggregated over the study period, in

Borbón and near communities, 9·4 % (95 % CI: 5·9 %,
14·7 %) of households had no nutritional burdens present,
while 51·0 % (95 % CI: 43·2 %, 58·7 %), 34·0 % (95 % CI:
27·0 %, 41·7 %) and 5·6 % (95 % CI: 2·8 %, 10·9 %) had
one, two and three burdens present, respectively. In
medium and far communities, 20·5 % (95 % CI: 14·9 %,
27·5 %) of households had no burden present, and
44·7 % (95 % CI: 37·1 %, 52·7 %), 29·6 % (95 % CI: 22·9 %,
37·4 %) and 5·1 % (95 % CI: 2·4 %, 10·4 %) had one, two
and three burdens present (weighted Pearson’s χ2 statistic
for overall difference P = 0·0608, Fig. 3), respectively. The
most common double burden observed was adult OW/OB
and child anaemia.

Communities where the prevalence of OW/OB was
higher among men also tended to be communities with
a higher prevalence of child stunting (Spearman’s
ρ = 0·56, P = 0·0018) but not child anaemia (Spearman’s
ρ = 0·14, P = 0·4900). There was no association between
the prevalence of OW/OB among women and child
stunting and anaemia (Spearman’s ρ = 0·16, P = 0·40 and
Spearman’s ρ = 0·1800 and P = 0·3500, respec-
tively) (Fig. 4).

Discussion

We observed an increasing prevalence of OW and OB
among Afro-Ecuadorian adults from 2003 to 2013 (25-
44 % for men and 60-70 % for woman), a period when
the expansion of road networks precipitated rapid change
in the region. Because our data were collected from a case–
control study, our analysis used weighting to estimate the
community-level prevalence of OB in these relatively rural
study communities. While the burden of OW/OB in these
communities was below the previously estimated overall
national prevalence of OW/OB among all men (both urban
and rural) during the same period (60·0 % in 2012), it sur-
passes the national prevalence among women (65·5 % in
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Fig. 1 Trends in adult overweight or obesity are shown over chronological time, according to remoteness category. Bordon;
close; medium; far. OW/OB, overweight or obese
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Table 2 Risk factors for overweight or obesity based on unadjusted and adjusted Poisson’s models

OW/OB men (n 818, N 668) OW/OB women (n 1235, N 890)

Unadjusted prevalence ratio Adjusted prevalence ratio Unadjusted prevalence ratio Adjusted prevalence ratio

OR 95 % CI P value OR 95 % CI P value OR 95 % CI P value OR 95 % CI P value

Age* 1·48 1·28, 1·71 0·001 1·49 1·28, 1·73 0·001 1·19 1·11, 1·26 0·001 1·22 1·13, 1·31 0·001
Age squared 0·82 0·76, 0·88 0·001 0·84 0·78, 0·90 0·001 0·90 0·88, 0·93 0·001 0·90 0·86, 0·93) 0·001
Education (years) 1·07 1·03, 1·12 0·001 1·05 1·01, 1·11 0·027 0·99 0·98, 1·0 0·489 –
HH construction score† 1·29 1·09, 1·52 0·002 – 1·11 1·03, 1·20 0·004 1·10 1·02, 1·19 0·011
HH assets score† 1·07 0·95, 1·21 0·261 – 1·05 0·99, 1·12 0·083 –
Urban occupation 2·86 1·86, 4·40 0·001 2·46 1·68, 3·62) 0·0011 1·17 1·01, 1·36 0·036 1·05 0·88, 1·25 0·575
Rural occupation 0·54 0·38, 0·75 0·001 – 0·88 0·63, 1·21 0·426 –
HH engaged in agriculture 0·69 0·54, 0·88 0·002 – 0·95 0·84, 1·08 0·448 –
Study year‡ 1·09 1·04, 1·14 0·001 1·07 1·01, 1·13 0·020 1·03 1·01, 1·05 0·001 1·00 0·98, 1·02 0·988
Borbón ref ref ref ref
Close 0·81 0·52, 1·24 0·333 1·29 0·81, 2·05 0·283 1·01 0·83, 1·24 0·903 1·06 0·86, 1·31 0·577
Medium 0·50 0·29, 0·86 0·013 0·90 0·50, 1·63 0·730 0·90 0·50, 1·63 0·730 1·20 0·94, 1·53 0·141
Far 0·46 0·29, 0·74 0·001 0·81 0·48, 1·37 0·433 0·81 0·48, 1·37 0·433 0·96 0·76, 1·22 0·753

Men n 446, N 376 Women n 594, N 462
Agricultural diversity 0·88 0·79, 0·97 0·012 0·89 0·78, 1·02 0·101 0·97 0·95, 0·99 0·046 0·98 0·94, 1·01 0·167

OW, overweight; OB, obesity.
*Per 10 years of age, centred at 40 years.
†Building and HH asset scores are expressed per standard deviation.
‡Per year, centred at study midpoint (March 2008).
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2012), as well as the overall prevalence among Afro-
Ecuadorians women specifically (64·4 % in 2012)(1). This
result is notable given that our population was both rural
and remote: 20 of the 28 communities included in our study
were only accessible by boat at the time of data collection,
and the predominant livelihood remained agriculture
throughout the study period.

In the same communities and over the same period, the
prevalence of stunting in children under 5 years of age
decreased(27). Notably, anaemia persisted. Synthesising
these results with the trends in adult OW/OB, we find that
multiple burdens of malnutrition (OW or OB in adults and
stunting and anaemia in children) were most prevalent in
communities with road access. These differences between
communities with and without road access were

statistically significant for the co-occurrence of OW/OB
and anaemia, but not for the co-occurrence of OW/OB
and stunting. This comparative analysis was limited to a
subset of data where paired measurements were available
for adults and children from the same household. In a prior
analysis of all anthropometric data from children under 5
years of age, community remoteness was negatively asso-
ciated with stunting(27). Despite these community-level
associations, we found no evidence for the clustering of
adult OW and child stunting or anaemia at the household
level. This is not surprising, as adult education and wealth
were both risk factors for OW, and protective against stunt-
ing(27). Similar clustering in nutritional burdens at the state
or district scale but not household scale has been reported
in other settings(54). Overall, these results suggest that, in
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our setting, multiple burdens of malnutrition are driven by
community-level processes and mediated by household-
level risk factors.

We are limited by a lack of data to characterise proximal
risk factors for overnutrition such as measures of dietary
intake and physical activity. Notably, however, the associ-
ation between community remoteness and OW/OB inmen
was attenuated when urban livelihoods were included in
the model, suggesting that the higher prevalence of urban
livelihoods in less remote communities mediated the
inverse remoteness –OW/OB relationship. Reduced physi-
cal activity associatedwithmore sedentary occupations has
been shown to explain differences in OW/OB between
rural and urban communities in other parts of the world(55).
OW/OB among women also increased substantially over
the same period (by 10 % v. 19 % in men), without

concurrent changes in reported livelihoods. Women often
assist in agriculture without reporting it as their primarily
livelihood, so it may be that physical activity also declined
in this group over the same period. Alternatively, changes
in the food environment, such as features related to the
availability, affordability and quality of foods in wild, culti-
vated and built spaces(56) may have driven changes in diet
that we are unable to characterise directly here.

We are also limited by a lack of information about early
child feeding practices that may explain declines in stunt-
ing, without concurrent declines in anaemia, over the same
period. Both the 2012 and 2019 ENSANUT surveys report
that more than 70 % of Ecuadorian infants under 6 months
of age consume liquids other than breast milk, while young
child feeding practices continue to be characterised by
lower-than-optimal dietary diversity(1,57) and low nutrient
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density, particularly for Fe(29,58). Increased market access
may have reduced severe food insecurity(9) and increased
energetic adequacy, which is a minimal but not sufficient
condition for improved child growth(59). However, it is
unclear how these changes impacted dietary quality for
young children. Increased market access may have
increased access to fruits and vegetables(9), but possibly
also to processed and ultra-processed foods. Decreases
in child stunting are also likely to have been driven by com-
munity-level improvements in sanitation access over the
study period(60).

We also observed that market integration may have
driven increases in commercial agriculture and reduced
agricultural diversity. Althoughwe observed no association
between agricultural diversity and child undernutrition,
agricultural diversity was protective against adult OW/
OB. Agricultural development programmes have been pro-
posed to address multiple burdens of malnutrition, but pro-
grammes that support local agricultural diversity and
production should also consider the indirect impacts of
wildlife depletion on household food choices. In northern
coastal Ecuador, international conservation efforts have
focused on the promotion of biodiversity-friendly cacao
production(61), an approach that may preserve habitats
for some animal species(62).

Our analysis relies on a previously constructed ‘remote-
ness’ index based on travel time and costs, as a proxy for
relative market integration. This proxy has been used by
others(22,23). While many characteristics, including educa-
tion, asset and building material scores, household engage-
ment in agriculture and rural v. urban status, increased or
decreased consistently along this gradient, we also
observed some inconsistencies such as a non-statistically
significant trend towards higher mean BMI among women
in ‘medium’ as compared to ‘near’ and ‘far’ communities.
We are limited by the lack of a more direct measure of mar-
ket assess, as well as a lack of data on physical activity and
dietary intake, as described above. It is also notable that
socio-economic status, as represented by household asset
scores but not building materials, was highest in the more
rural communities. We used an asset scores that had been
previously developed by the study team through qualita-
tive research and included a combination of rural and
urban assets. However, it is possible that rural assets were
relatively over-represented in this score. Differences in
mean scores between communities should therefore be
interpretedwith caution. The inclusion of the score is useful
nevertheless, as it provides comparability to prior
analyses(63). We are also limited insofar as this study was
designed to investigate enteric pathogen transmission
dynamics, rather than changes in nutritional status over
time(41). Because adult anthropometry was collected as part
of a diarrhoeal disease case–control study, paired adult and
child anthropometry from the same household was

somewhat limited. On the other hand, a counterbalancing
strength of the study is the presence of continuous data
over a decade, describing an under-represented
population.

A final, notable limitation is the lack of baseline
anthropometric data prior to the construction of the road
in 1996. The EcoDess study was conceived as a ‘natural
experiment’ that aimed to quantify the impact of road con-
struction on previously similar rural communities. The path
of the road was decided without community input, and
thus, was essentially a random process, impacting some
communities and not others(41). As a result, multiple prior
analyses have treated road construction as a ‘quasi-rando-
mised intervention’, assuming that any differences between
communities can primarily be explained by this event(41).
While most reports from other parts of the world suggest
that community remoteness is a risk factor for
stunting(18,24–26), a previous analysis of this dataset docu-
mented that, in our study site, living in a more remote com-
munity was protective against child stunting(27). In prior
publications, differences in sanitation coverage(60), and
enteric pathogen transmission(45), as well as socio-
economic factors and potentially access to animal-source
foods in the form of fish, have been explored to explain this
finding(27,60). However, in examining anthropometry from
adults as well as young children, we note that adults in
the most remote communities were taller, by an average
of 2–3 cm, than adults in ‘near’ communities or in
Borbón. Adult height is considered an important indicator
of childhood circumstances(64). All adults in the study were
born before the construction of the road, and only the very
youngest adults were toddlers in 1996. This trend suggests
possible qualitative differences between the communities
prior to road construction, such that adults living in com-
munities that remained ‘remote’ were likely already
healthier as children than adults in communities that
became ‘less remote’ as a result of road construction.
These advantages may then have been conferred to the
next generation.

Communities that experience rapid market integration
may be at particularly high risk of multiple forms of malnu-
trition. However, periods of sudden transition may also
represent critical windows for intervention if they are timed
to influence longer-term community trajectories. To
successfully address multiple burdens of malnutrition,
‘double-duty’ actions that aim to simultaneous address
adult OW/OB and child undernutrition should be
advocated(65). Strategies aimed at individual- or house-
hold-level behaviour change should also be paired with
approaches that target the food system, which in this con-
text may include the promotion of agricultural diversity.
Other potentially important community- or regional-level
processes include modifiable social and economic path-
ways through which market integration impacts diet.
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