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Abstract
Objective: To investigate if food security mediated the impact of a nutrition-sensi-
tive agroecology intervention on women’s depressive symptoms.
Design: We used annual longitudinal data (four time points) from a cluster-rand-
omised effectiveness trial of a participatory nutrition-sensitive agroecology inter-
vention, the Singida Nutrition and Agroecology Project. Structural equation
modelling estimation of total, natural direct and natural indirect effects was used
to investigate food security’s role in the intervention’s impact on women’s risk of
probable depression (Center for Epidemiologic Studies Depression Scale> 17)
across 3 years.
Setting: Rural Singida, Tanzania.
Participants: 548 food insecure, married, smallholder women farmers with chil-
dren < 1 year old at baseline.
Results: At baseline, one-third of the women in each group had probable depres-
sion (Control: 32·0 %, Intervention: 31·9 %, P difference= 0·97). The intervention
lowered the odds of probable depression by 43 % (OR= 0·57, 95 % CI: 0·43, 0·70).
Differences in food insecurity explained approximately 10 percentage points of the
effects of the intervention on odds of probable depression (OR= 0·90, 95 % CI:
0·83, 0·95).
Conclusions: This is the first evidence of the strong, positive effect that lowering
food insecurity has on reducing women’s depressive symptoms. Nutrition-sensi-
tive agricultural interventions can have broader impacts than previously demon-
strated, i.e. improvements in mental health; changes in food security play an
important causal role in this pathway. As such, these data suggest participatory
nutrition-sensitive agroecology interventions have the potential to be an accessible
method of improving women’s well-being in farming communities.
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Depression is a leading cause of disability worldwide(1). In
2017, depressive disorders ranked as the third leading
cause of disability globally and led to over 40 million years
lived with disability lost in low- and middle-income coun-
tries(2). Furthermore, the burden of depressive disorders

continues to rise globally(3,4). The economic consequences
of mental disorders are severe, and the global economy is
estimated to lose over US$16 trillion between 2010 and
2030, driven partly by early onset of mental health condi-
tions and subsequent productivity loss across the life
course(3,5). Depression is associated with poor quality of
life, cognitive impairment, negative physical health
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outcomes such as cardio- and cerebrovascular diseases and
higher levels of mortality(3,6,7); it is also a point of concern
for individuals with substance abuse disorders and demen-
tia(3). Moreover, parental depression can also impede the
capacity to provide quality childcare(8–10), therefore casting
negative downstream effects to children(11–14). As such, the
need to reduce mortality, morbidity and disability from
mental disorders was identified as a specific target within
the 2030 Sustainable Development Goals (SDGs) #3(3).
Additionally, the WHO has emphasised the importance
of strengthening the prevention and treatment of mental
health in their Mental Health Action Plan (2013–2020)(15).

A complicated and dynamicweb of risk factors interact to
cause depression. In addition to biological and developmen-
tal factors, such as serotonin and dopamine metabolism(16),
socio-environmental influences have an integral and modi-
fiable role in depression(3). Specifically, these determinants
include political and environmental factors (e.g. climate
change, cleanwater and violence); social and cultural factors
(e.g. education and social support); demographic factors
(e.g. age, sex and ethnicity) and economic factors (e.g. food
security, employment and assets)(3,17). The influence and
interaction of economic and demographic factors are dem-
onstrated by the fact that the prevalence of depression is
consistently higher in women than in men(1,18,19), especially
in low- and middle-income countries(1,20).

Food security, defined as adequate access to the quality
and quantity of food needed for an active and healthy life(21),
plays a prominent role inmental health(21). The link between
food security and mental health has been found to be bidi-
rectional(22) and is posited to operate through biological(23)

and psychosocial pathways(24,25). Biological pathways
include inadequate access to nutritious foods leading to
nutritional deficiencies associated with poor mental health
status(23,26,27) and physical effects associated with food inse-
curity, such as stomach aches and headaches, which can
impact mental health status(26,28). Psychosocial pathways
include inadequate access to sufficient preferred food creat-
ing stress(24,25,29–32) and experiences of stigma fromnot being
able to fulfil social expectations of providing food for the
household(33).

Empirical findings demonstrate the association between
food security and women’s depression. Cross-sectional
observational evidence fromWeaver and Hadley’s system-
atic review(24), Pourmotabbed et al.’s systematic review(34)

and Tribble et al.’s meta-analysis(35) demonstrate this rela-
tionship. Longitudinal studies from multiple countries,
including Tanzania(25), India(36) and Uganda(37), strengthen
this evidence since they all found that food-insecure
women were more likely to experience depressive symp-
toms. Multiple studies, including Tribble et al. (unpublished
results) and Weaver and Hadley(24), have called for the
need to further explore the directionality between food
security and depression in order to establish causality.
The study by Huddleston-Casas et al.(22) is the only work,

to our knowledge, in which a causal link between food
security and depression is stated. This conclusion was
reached using data from three annual cross-sectional sur-
veys in a high-income country (the US), analysed using
structural equationmodelling (SEM)(38). As such, there is still
a need for stronger, interventional evidence of a causal
relationship between food security and depressive symp-
toms, especially in low-income countries.

Even without strong evidence that food insecurity causes
depression, there is still a strong push to address food secu-
rity as a depression reduction strategy. For example, in their
review on global mental health literature in the context of
SDG targets, the Lancet Commission on globalmental health
emphasised the importance of addressing social determi-
nants ofmental health bymeeting various SDG(3) in addition
to addressing the stigma, cost and availability barriers of
psychological therapies(3,39,40). The Commission even spe-
cifically recommends policymakers to ‘reduce the preva-
lence of depression through improved food security’(3).
This approach to depression reduction may be important
because although there are known and effective treatments
for mental disorders, a significant proportion of people
affected by depression in low- andmiddle-income countries
never receive such treatments(41). The Commission’s recom-
mendation was also echoed by the WHO Mental Health
Action Plan for 2013–2020(15) and global health academics,
such as Tsai(30) and Hadley(42).

Nutrition-sensitive agriculture interventions, i.e. agricultural
interventions aimed to improve underlying determinants of
nutrition(43,44) are one example of interventions to address food
insecurity. Agroecology, a holistic approach to growing food
using ecological methods, such as crop diversification and
compost, and concurrently addresses the health, social and
economic inequities of the food system, is another(45). Both
approaches are expected to improve food security by improv-
ing the diversity of household agricultural production, increas-
ing household resilience in times of climatic shock and
improving women’s nutritional knowledge, input to and con-
trol over household and agricultural decisions(43,46). There is
evidence in support of these mechanisms. For example, a sys-
tematic review of nutrition-sensitive agriculture interventions
found that theyhaveconsistently improved thedietarydiversity
of their participants(44). In Zambia, a nutrition-sensitive agricul-
ture study improved food access, one facet of food security,
over 4 years of interventions(46). A participatory nutrition-sensi-
tive agroecology intervention in Malawi, which incorporated
lessons on gender equity, nutrition and ecological approaches
to agriculture, increased food security after 2 years(47).

Despite the plausibility of nutrition-sensitive agriculture
and agroecology (in particular, because of its emphasis on
equity) to improvemental health, there is a dearth of empir-
ical evidence to support this relationship. In fact, we
believe our recent finding that a participatory nutrition-sen-
sitive agroecology intervention reduced the prevalence of
probable depression is the first agricultural intervention to
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report positive mental health impacts(48). Specifically, we
found that Singida Nutrition and Agroecology Project
(SNAP-Tz) reduced the prevalence of probable depression
among Tanzanian women farmers by 11·4 percentage
points. However, the role of food security in this impact
remains unclear.

We, therefore, investigated the plausible but untested
potential for changes in food security to drive the decrease
in the prevalence of probable depression among women
smallholder farmers in SNAP-Tz. We first assessed covariate
associations of probable depression at the baseline and then
conducted mediation analyses modelling probable depres-
sion after 3 years, controlling for these covariates.

Methods

Study design & settings
The current study took place in the Singida rural district of
Tanzania’s semi-arid central region. In Tanzania, depres-
sive disorders have increased by 35 % between 2007 and
2017 and are ranked as the third leading cause of disabil-
ity(49). While these rates may be increasing due in part to
the more frequent measurement of mental health out-
comes, the prevalence suggests that depressive disorders
are a significant issue. Smallholder farming is the primary
source of livelihood in Singida; households cultivate an
average of 2·15 ha(50). Food insecurity is also a persistent
issue for the majority of smallholder households in rural
Tanzania(51,52). In 2012, 49 % of households in the
Singida region had poor household dietary diversity, an
indicator of food insecurity(50).

Intervention
The Singida Nutrition and Agroecology Project (SNAP-Tz;
NCT02761876) was a cluster-randomised effectiveness trial
that investigated the effects of a participatory, nutrition-sensi-
tive, agroecological intervention on improving child’s diet
through improvements in food security, sustainable agricul-
ture, gender equity and women’s well-being(48,53,54). In-depth
details on study design are reported elsewhere(53,54). Briefly,
the intervention consisted of a male and female ‘mentor
farmer’ leading their village peers in participatory learning
about sustainable farming, legume intensification, nutrition
and women’s empowerment.

The study enrolled 598 households: 25–30 households
from each of twenty villages, with ten villages randomised
to receive the intervention and the other ten to receive the
intervention at the end of the study. Village selection criteria
included their village leadership’s willingness to participate
in the study, having more than 200 children under 5 years,
and not participating in other interventions. Twenty villages
were ultimately included and paired based on the number
of months of food security, predominant soil type and prox-
imity to health clinics. Household eligibility criteria included

(1) being food insecure as defined by the community; (2)
having a child under one year old in Jan 2016; (3) having
access to land and planning to farm in the coming year;
(4) intending to reside in that village for the next 3 years
and (5) being interested in experimenting with new farming
techniques. From amongst these households, two ‘mentor
farmers’ (one man, one woman) were elected by participat-
ing households in each village to facilitate participatory
learning on nutrition-sensitive agriculture.

The twentymentor farmers from the ten intervention vil-
lages were trained on nutrition-sensitive agroecology dur-
ing a farmer-to-farmer learning exchange with Malawian
farmers(47) and the Farming for Change curriculum(53).
The curriculum encouraged participatory learning meth-
ods, e.g. experiential-based learning and theatre, to edu-
cate smallholder farmers with limited literacy on topics of
agroecology, climate change, nutrition, gender and social
equity. The mentor farmers then facilitated learning
exchanges on curriculum topics during monthly commu-
nity meetings and regular household visits. Additionally,
each participating household received a mix of legume
seeds (e.g. cowpea, pigeon pea, groundnut and soya),
adequate to plant 0·1 ha at the beginning of the farming sea-
son during the first 2 years of the study.

For the current analysis, we only included married
women (n 548) from the study because the relationship
of food insecurity and depression would likely greatly dif-
fer from single and widowed women(55,56).

Data collection
Four annual household surveys were conducted between
2016 and 2019 using questionnaires administered by local
enumerators at the participant’s residence or public village
meeting place. The data collection team consisted of
twenty local enumerators, and each survey took about 1
hour to administer. Survey pre-testing was performed to
ensure participant comprehension and accurate outcome
measurement within the questionnaire.

Key outcomes
Depressive symptoms were evaluated using the Center for
Epidemiologic Studies Depression Scale (range: 0–60)(57).
The Center for Epidemiologic Studies Depression Scale is
composed of 20 items that query the frequency (0= rarely
or never, 1 = sometimes and 2= often, 3=most of the
time) with which participants have experienced various
depressive symptoms, such as sadness and trouble sleep-
ing in the past week. Probable depression was modelled
as a binary outcome (Center for Epidemiologic Studies
Depression Scale> 17), and this cut-off was validated
among a similar population in East Africa(58).

Food security was measured using the Household Food
Insecurity Access Scale (range: 0–27); higher values indi-
cate greater insecurity(59). Women and men were jointly
asked to report their household access to food in the prior
month. Household Food Insecurity Access Scale has been
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used broadly to assess food security in rural Sub-Saharan
Africa(60), including in Tanzania(61) and Malawi(47). Food
insecurity was modelled as a continuous variable through-
out the analyses.

Covariates
A variety of sociodemographic information was collected
across all time points (2016–2019). Covariates assessed
for confounding include marital status (monogamous or
polygamous), farming as main occupation, ethnic group
(Nyaturu or other ethnic groups), religion (Muslim or other
religion), years of education, years lived in village before
2016 and dependency ratio, calculated as the number of
children (≤ 14) and elders (> 65) divided by number of
household members between the ages of 15 and 64(62).
The indicator for household wealth was tertiles of an index
derived from a principal component analysis of self-
reported household asset ownership of thirty-three items
in January 2016.

Indicators of social support and gender equity were also
assessed as potential confounders of the relationship
between food security and depressive symptoms since
they have previously been found to be associatedwith food
security and depressive symptoms(36,63–71). Social support
was indicated using an adapted version of Duke’s
Perceived Social Support Scale(72) (range: 0–40), where
women were asked to what extent they liked the amount
of help they received in ten different circumstances, such
as when they are sick or during household work. Those
with a mean social support score ≥ 3 were considered as
having low social support, based on Antelman and col-
leagues’ previous use of the scale in urban Tanzania(72).

Gender equity indicators include measures of women’s
experience with and attitude towards domestic violence,
the burden of household work and decision-making power.
Domestic violence experience was measured by asking if
participants had experiences with any emotional, financial,
sexual or physical violence with any family members living
inside or outside of the household over the past year
(dichotomous). Attitude towards domestic violence was
then measured by asking participants if physical violence
was justified in seven scenarios (range: 0–7)(73). Two addi-
tional indicators of women’s burden of household work
were included. One was men’s involvement with seven
household chores commonly perceived as ‘women’s work’,
such as fetching water, within the past month. The mean
number of these activities was then calculated (range:
0–1)(74). The other was the number of leisure hours women
had in the previous 24 h(75). Finally, women were asked if
and to what extent they had decision-making power within
agricultural and income allocation activities; these items
came from the Women’s Empowerment in Agriculture
Index questions(75). Responses were scored no/little= 0,
some= 0·5 and final say= 1, and the mean of the seven
responses was calculated (range: 0–1). We used linear
splines to split income allocation decision-making scores

between groups (0–0·4 v. 0·41–1) because exploratory
analysis indicated that the association between probable
depression and income allocation decision-making power
differs between the two groups (online supplementary
material, Supplemental Figure S1). This difference in the
nature of the association between the two groups is consis-
tent with previous work that reported that women having
more say in decision making without adequate resources
was associated with dissatisfaction and social stress(76).

Data analysis

Evaluating predictors of probable depression
We first described baseline characteristics between study
arms using t-tests and Pearson χ2 tests as appropriate.
Standard errors were adjusted for village-level clustering
in all cases.

To assess associations of covariates with probable
depression at baseline, we calculated risk ratios (RR) for
all covariates, including demographics, gender equity,
social support and physical health variables, using log-
binomial regression models (Table 1). We then used a
Poisson approximation to a log-binomial multivariable
regression model due to convergence issues, including
all significant variables from the bivariate risk ratio esti-
mates (Table 1). Finally, backwards stepwise model selec-
tion(77) was used until all variables remaining in the model
were significant (P< 0·05). We chose to keep maternal
social support in the final model due to epidemiologic rea-
soning and previous literature demonstrating relationships
between social support, food insecurity and depressive
symptoms(30,33,78). Adjusted risk ratios (aRR) were calcu-
lated from this parsimonious model (Table 1). Standard
errors for all models accounted for clustering at the village
level. These analyses were performed using Stata 16(79).

Mediation analysis
To understand food insecurity’s role in the intervention’s
impact on women’s depressive symptoms between 2016
and 2019, we carried out mediation analyses using structural
equation modelling estimation of total, natural direct and
natural indirect effects(80). In the current analysis, the total
effect is an estimate of how much odds of probable depres-
sion would change if the control group received the inter-
ventions. The natural direct effect is an estimate of the
effect of the intervention on odds of probable depression
as if the intervention had no impact on food security. The
calculation of the natural direct effect contrasts the depres-
sion scores of the intervention group with the control group,
assuming that food security values are those that participants
would have had in absence of the intervention, regardless of
their intervention assignment. The natural indirect effect rep-
resents the effect of the intervention that is due to the effect
of the intervention on food security(81) (i.e. the proportion of
the intervention effect that is mediated by food security),
contrasting the food security values that participants would
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have had under the intervention v. control if all participants
had undergone the intervention.

Probable depression was modelled as a binary outcome
(Center for Epidemiologic Studies Depression Scale> 17)
and food insecurity as a continuous mediator (assuming
a normal kernel). Income allocation decision-making
power, men’s involvement with household chores typically
done by women, domestic violence experience and social
support were a priori identified as time-varying confound-
ers of the mediator–outcome relationship and sub-
sequently controlled for in mediation analyses. To ensure
temporality of the mediation analysis, time-varying con-
founders measured during the prior year were used in
models for the subsequent mediator (food insecurity
scores) and subsequent outcome (probable depression).
For example, the 2016 time-varying confounder data were
used in models of food insecurity and probable depression
in 2017, and time-varying confounder data from 2017 were
used in models of food insecurity and probable depression
from 2018. Moreover, as neither food insecurity nor prob-
able depression was significantly different between groups
at baseline in 2016 (online supplementary material,

Supplemental Table S1), baseline food insecurity nor prob-
able depression status were not considered as potential
confounders of the mediator–outcome relationship.
Mediation analyses were performed via the ‘mediation’
macro in SAS 9.4(82,83).

Missing data
Baseline missing values ranged from 0 to 6 % for all varia-
bles (online supplementary material, Supplemental Table
S2), while the number of missing values for probable
depression, food insecurity and covariates ranged from 0
to 13 % during follow-up (from 2017 to 2019) (online sup-
plementary material, Supplemental Table S3). Study attri-
tion differed by participant age, ethnic group and length
of time living in the village before the study baseline, so
these characteristics were included in the imputation mod-
els, along with all confounders, mediators and outcomes
discussed above (online supplementary material,
Supplemental Table S4). Imputation with chained equa-
tions with 20 iterations was used to impute missing values
of probable depression, food insecurity and covariate data
at each time point(84). For imputed values below zero or

Table 1 The risk of probable depression (CES-D> 17) at baseline of SNAP-Tz (January 2016) in bivariate and multivariate models. Food
insecurity, domestic violence experience, men’s involvement with household chores typically done by women and higher income allocation
decision-making power were significantly associated with a greater likelihood of probable depression among smallholder farmers in Tanzania
in log-binomial multivariable regression (n 548)

Variable Risk Ratio (RR) 95% CI Adjust Risk Ratio (aRR) 95% CI

Intervention 1·00 0·75, 1·32 – –
Key outcome
Household Food Insecurity Access Scale (0–27) 1·07* 1·05, 1·10 1·06* 1·03, 1·08
Demographics
Farming as main occupation (ref: any other) 1·07 0·36, 3·16 – –
Monogamous marital status (ref: polygamous) 1·57* 1·16, 2·12 – –
Nyaturu ethnic group (ref: Nyiramba or other) 0·96 0·49, 1·86 – –
Muslim (ref: Christian, Traditional African, none) 0·96 0·69, 1·33 – –
Wealth Tertiles†
Poorest Ref – – –
Middle 0·83 0·66, 1·04 – –
Wealthiest 0·91 0·70, 1·19 – –

Dependency ratio‡ 1·08 0·92, 1·28 – –
Age (years) 1·02* 1·01, 1·04 – –
Years of education 0·99 0·96, 1·03 – –
Years lived in village 1·02* 1·01, 1·03 – –
Adequate social support§ (≥ 3 out of 4) 0·78 0·56, 1·10 0·76 0·56, 1·04
Gender equity
Experienced any domestic violence|| 1·91* 1·47, 2·47 1·47* 1·15, 1·89)
Attitude towards domestic violence (0–7)¶ 1·08* 1·02, 1·13 – –
Leisure time (hours) 1·00 0·92, 1·08 – –
Agricultural decision-making power (0–1)†† 1·84 0·89, 3·79 – –
Income allocation decision-making power (0–1)†† 2·76* 1·48, 5·15 – –
Low-income allocation decision-making power (0–0·4) 0·60 0·14, 2·53 – –
High-income allocation decision-making power (0·4–1) 6·42* 3·31, 12·45 2·90* 1·79, 4·69
Men’s involvement with household chores (0–1) 0·37* 0·23, 0·60 0·60** 0·40, 0·90

*P< 0·01; **P< 0·05.
†Wealth tertile is based on asset index score, developed using principal component analysis from household’s ownerships of any land, metal roof, electricity, ox plow, solar
panels, cell phone, radio, modern beds, mosquito net, books, bicycle and cattle.
‡Dependency ratio calculated as number of children (< 14 years) and elders (> 65 years) divided by number of adult household members (15–64 years).
§Cut-off from Antelman et al.(72).
||In the past year.
¶World Bank indicator(73).
††Modified Women’s Empowerment in Agriculture Index(75).
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outside of score ranges, post-estimate rounding was used
to adjust values into range. Imputation was performed
using Stata 16(79).

Results

Characteristics at baseline
The majority of women enrolled in the study were married
monogamously, of the Nyaturu ethnic group, and reported
farming as their main occupation (online supplementary
material, Supplemental Table S1). On average, they were
about 30 years old. At baseline, one-third of the married
women in each group had probable depression (Control
(C): 32·0 %, Intervention (I): 31·9 %, P difference= 0·97,
Table S1). More than three-quarters of participants experi-
enced moderate to severe food insecurity (C: 86·9 %, I:
86·5 %, P difference= 0·63, online supplementary material,
Supplemental Table S1).

Baseline covariate associations with probable
depression
At baseline, probable depression was associated with food
insecurity, any experience of domestic violence, high
income-allocation decision-making power and lack of
men’s involvement with household chores typically done
by women (Table 1). Women who experienced higher
food insecurity were at a higher risk of probable depression
(aRR= 1·06, 95 % CI: 1·03, 1·08). Measures of gender
inequity were also correlated with increased risk of prob-
able depression: marriedwomenwho experienced domes-
tic violence were at higher risk of probable depression
(aRR= 1·47, 95 % CI: 1·15, 1·89, Table 1). Income allocation
decision-making power scores higher than 0·4 were asso-
ciated with an increased risk of probable depression
(aRR= 2·90, 95 % CI: 1·79, 4·69), while scores 0–0·4 did
not have any significant association with risk of probable
depression (Table 1). On the other hand, women who
reported men being involved with household chores typi-
cally done bywomenwere associatedwith a decreased risk
of probable depression (aRR= 0·60, 95 % CI: 0·40, 0·90).
Notably, there were no significant associations between
risk of probable depression and social support, depend-
ency ratio, wealth tertiles, occupation, age, marital status,
amount of leisure time and education. Sensitivity analyses
modelling depression as a continuous variable demon-
strated similar results (online supplementary material,
Supplemental Table S5).

Mediation analysis
The intervention lowered the odds of probable depression
by 43% (total effect OR= 0·57, 95% CI: 0·43, 0·70)
(Fig. 1a). Differences in food insecurity explained approxi-
mately 10 percentage points of the effects of the intervention
on odds of probable depression (natural indirect effect

OR= 0·90, 95% CI: 0·83, 0·95). The total effect of the inter-
vention onoddsof probable depressionwas partially attenu-
ated after accounting for differences in food security (natural
direct effect OR= 0·63, 95% CI: 0·47, 0·80) (Fig. 1b). When
depression was modelled as a continuous variable, or when
income-allocation decision-making power was removed as
a confounder, similar resultswere found (online supplemen-
tary material, Supplemental Table S6).

Discussion

In a nutrition-sensitive agroecology intervention that
decreased the prevalence of probable depression amongst
women in rural Tanzania, food insecurity played a signifi-
cant mediating role. Specifically, the intervention lowered
the odds of probable depression by 43 % (OR= 0·57, 95 %
CI: 0·43, 0·70), and the effect of the intervention on odds of
probable depression mediated by food insecurity was
approximately 10 percentage points (OR= 0·90, 95 % CI:
0·83, 0·95) (Fig. 1). As such, changes in food insecurity
explained approximately 23 % of the intervention’s impact
on depression. This is the first evidence from a randomised
control trial that lowering food insecurity has a strong effect
on reducing women’s depressive symptoms.

This finding is important since it contributes empirical evi-
dence on the previously theorised interdisciplinary, synergis-
tic work between mental health, nutrition and agriculture
fields to improve the quality of life forwomen in low-resource
settings through nutrition-sensitive agriculture interventions.
It answers the call from proponents of nutrition-sensitive agri-
culture interventions to target andmeasuremental health out-
comes(43). Simultaneously, it provides evidence in support of
the call by those concerned with promoting global mental

Fig. 1 Diagrams of total effect (Panel A) and natural direct effect
(Panel B) estimates formediation of food insecurity in the nutrition-
sensitive agroecology intervention’s impact on odds of probable
depression (SNAP-Tz) (n 548). OR with 95% CI shown corre-
spond to each indicated pathway and ‘X’ represents the muted
effect of the intervention on food insecurity in the calculation of
the natural direct effect. MI, Men’s involvement with household
chores typically done by women; DVE, domestic violence experi-
ence; INC, income allocation decision-making power
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health for interventions outside of traditional cognitive thera-
pies, such as those discussed by the Lancet Commission on
global mental health(3) and others(15,30,42).

In terms of the baseline covariates of risk of probable
depression, food insecurity, domestic violence experience,
lack of men’s involvement with household chores typically
donebywomenandhigh-incomeallocation decision-making
power scores were salient (Table 1). These findings largely
correspond to existing literature: a multitude of studies have
observed significant relationships between depressive symp-
toms and food insecurity(24,42,85,86), social support(69–71,87) and
experiences of domestic violence(36,63–66) amongst women.
The finding on income allocation decision-making power,
however, is more nuanced. Subgroup analyses revealed pos-
itive associations only for women whose income allocation
decision-making power scores were above 0·4 (n 237
women, 43%). Amongst women with lower scores (0–0·4),
income allocation decision-making powerwas not associated
with elevated risk of probable depression. One possible
explanation for this result is our ethnographic observations
that high-income allocation decision-making power might
reflect the mental burden that women bear of making deci-
sions about child welfare without having the resources to
enact them(54). For example, in a discussion with participants
about the preliminary findings about high rates of probable
depression, onewoman said ‘husbands put all responsibilities
on wives : : : you may have activities to do and children want
some food which you can’t afford, you just wish you could
provide : : : you are depressed because you have a lot to do
all alone’(74). A similar dynamic was reported amongst Irish
women: having more say in decision making without
adequate resources was associated with dissatisfaction and
social stress(76).

Our findings on the impacts of the intervention on men-
tal health are consistent with previous qualitative studies on
agroecology which document positive impacts on wom-
en’s well-being(88–92). Moreover, the study’s participatory
agroecology approach may be important for explaining
the substantial impact on depressive symptoms.
Hallmarks of an agroecological approach include collective
action between farmers, explicit efforts to draw on local
knowledge in culturally appropriate ways, attention to
improving social support and gender relations, and
addressing food production holistically with positive
environmental, health, social, and nutrition-related out-
comes(93). All of these aspects could improve women’s
and men’s mental health. Nutrition-sensitive agriculture
interventions that are not agroecological, i.e. they do not
attend to social relations or local knowledge, may not
see as large of an impact. Furthermore, participatory wom-
en’s groups have been proposed as a low-cost alternative
intervention to address mental health, especially in settings
with low numbers of specialised workers(94,95). For exam-
ple, a participatory intervention in rural India introduced
women’s groups discussing care-seeking behaviour and
clean birth delivery methods in order to reduce maternal

depression and improve birth outcomes(94). While the cur-
rent study found a significant reduction in only moderate
depression cases over 3 years, participatory strategies
may hold unmeasured potential in impacting women’s
depression on a community level compared with a clinical
intervention’s individual-level impact.

Future research
We encourage future nutrition-sensitive agricultural or agro-
ecological studies to measure impacts on mental health in
men(74). In nutrition-sensitive and gender equity interven-
tions, there are many calls for equal involvement from both
men and women(44,74,96,97), but men have often not been
included(74). By not including men in interventions in order
to achieve key outcomes such as gender equity and food
security and by excluding them from the measurements of
the impact of these interventions, the idea that only women
are in charge of household responsibilities, including its food
supply, is reinforced(74,97). Furthermore, because women
bear the mental and physical burden of many household
responsibilities(32,98), men’s involvement in household activ-
ities could help equalise that burden. Finally, it is plausible
that food insecurity could mediate the effect of the interven-
tion on depression in men the same way we observed it to
do so amongst women. Insights into the possibly synergistic
or cumulative effects between men and women’s mental
health, food security improvements and gender relations
may generate further insights or recommendations for more
effective interventions.

A second consideration for future research is to eluci-
date the role of other mediators in the relationship
between nutrition-sensitive agriculture interventions
and depressive symptoms. Indeed, a proportion of the
intervention’s impact on depressive symptoms after elimi-
nating the effect of food insecurity was still positive and
substantial (natural direct effect OR = 0·63, 95 % CI:
0·47, 0·80, Fig. 1b). It is possible that other pathways such
as improved gender equity and social support also con-
tributed to the reduction in depressive symptoms. For
example, agroecology’s focus on farmers’ autonomy,
meaningful work and social networks for learning could
be a critical factor(99,100); other studies on agroecology
have found significant impacts on social capital and farm-
ers’ autonomy which could have mediating impacts on
depressive symptoms(101,102).

The plausibility of there being many mediators, such as
improved gender equity and social support, in this relation-
ship is high, and often times these exposures are found
together. For example, Hernandez and colleagues found
that maternal depressionmediated the relationship between
intimate partner violence and food insecurity(103), demon-
strating that there may be more dynamics at play within this
complicated web. Furthermore, a study in the UK found that
food insecurity within low-socio-economic status women
was related to a woman’s domestic violence experience
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and overall burden of mental health problems (i.e. depres-
sion, psychosis spectrum disorder or alcohol/drug-related
disorder)(104).

Similarly, social support could also mediate the relation-
ship between food insecurity and women’s depression.
Studies in the USA(105) and sub-Saharan Africa(30,78) found
a significant relationship between food insecurity, social
support and depressive symptoms. On the other hand, in
Nicaragua, Piperata et al. found that spousal support and
maternal social support networks were not important
modifiers of the link between food insecurity and mental
distress. This result was speculated to be due to the fear
of gossip and embarrassment about food insecurity pre-
venting social support from being sought(33). In contrast,
in SNAP-Tz, no significant relationship between social sup-
port and risk of probable depression was found at baseline
(Table 1). Since women at baseline reported very high lev-
els of social support (C: 82·5 %, I: 76·9 %, online supple-
mentary material, Supplemental Table S1), we believe
that a ceiling effect may have masked any associations
between changes in social support and depressive symp-
toms over time.

It is important to note that null associationsmay be due to
the homogeneity of the current study sample. For instance,
there was no significant association between baseline prob-
able depression and wealth or years of education (Table 1).
Because eligibility was based on food insecurity, the study
sample was fairly homogenous. While it may appear that
participants have variable wealth levels (online supplemen-
tarymaterial, Supplemental Table S1), this variable is illusory
as 83% of the sample was severely food insecure and
ownership of most high value resources was rare(54) (online
supplementary material, Supplemental Table S1). Studies
with samples with greater variation in socio-economic status
are needed to investigate the relationship between wealth
and depressive symptoms.

Strengths, limitations
Strengths of the current study include randomisation, large
sample size, longitudinal analysis and robust statistical tech-
niques. Limitations include reliance on self-reports, which
makes the current analysis vulnerable to social desirability
bias. This bias could have resulted in systematic underre-
porting of experiences with sensitive topics such as food
insecurity, depressive symptoms and/or domestic violence
experience.We took precautions to address this by avoiding
leading questions, using different personnel for enumeration
and intervention implementation and assurance of ‘no
wrong answers’ throughout the survey. We also measured
social desirability bias in July 2018 and found that it was both
low and non-differential between study arms(48). Moreover,
since these measurements were recorded for each partici-
pant at multiple time points, relative changes analysed in
the longitudinal mediation analyses likely mitigate this
potential bias. Additionally, because income allocation

decision-making power has a more complex relationship
with probable depression than other gender equity covari-
ates (men’s involvement with household chores typically
done by women, experience of domestic violence, attitude
towards domestic violence and leisure time, Table 1), this
relationship should be looked at more carefully in studies
that measure these outcomes. Another possible limitation
is the study’s external validity; these analyses only included
food insecure, married women with a child < 1 year old at
enrolment. It will be useful to know if these relationships
are observed in other populations.

Conclusions

These findings highlight that food security mediates
roughly a quarter of the impact of a participatory nutri-
tion-sensitive agroecology intervention on women’s
depressive symptoms. As such, these results demonstrate
that nutrition-sensitive agroecology interventions can have
broader impacts than previously demonstrated, i.e. they
can go beyond improvements in nutrition to include
improving mental health. Indeed, it seems possible that
nutrition-sensitive agroecology interventions have the abil-
ity to be an accessible method of improving women’s well-
being in resource-poor settings, working both through
changes in food security and other mediators not tested
in the current analysis, such as social support, gender
equity and wealth. It is therefore our hope that those work-
ing in global mental health consider the role of food inse-
curity in depression interventions, and that those primarily
interested in nutritional outcomes consider the impacts of
agricultural interventions beyond nutritional status, to
include mental health.
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