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Abstract 7 

Objective: To investigate if food security mediated the impact of a nutrition-sensitive 8 

agroecology intervention on women’s depressive symptoms. 9 

Design: We used annual longitudinal data (4 time points) from a cluster-randomized 10 

effectiveness trial of a nutrition-sensitive agroecology intervention, the Singida Nutrition and 11 

Agroecology Project. Structural equation modeling estimation of total, natural direct, and 12 

natural indirect effects was used to investigate food security’s role in the intervention’s impact 13 

on women’s probable depression (CES-D > 17) over three years.  14 

Setting: Rural Singida, Tanzania. 15 

Participants: 548 food insecure, married, smallholder women farmers with children < 1-year-old 16 

at baseline. 17 

Results: At baseline, one third of the women in each group had probable depression (Control: 18 

32.0%, Intervention: 31.9%, p-difference=0.97). The intervention lowered odds of probable 19 

depression by 43% (OR=0.57, 95% CI: 0.43-0.70).  The effect of the intervention on probable 20 

depression that was due to differences in food security was approximately 10% (OR = 0.90, 95% 21 

CI: 0.83-0.95).  22 

Conclusions: Nutrition-sensitive agricultural interventions can have broader impacts than 23 

previously demonstrated, i.e., on mental health, and food security plays an important causal 24 

role in this pathway. These data suggest nutrition-sensitive agriculture interventions have the 25 

potential to reduce the loss of quality life years for women in farming communities. Future 26 

agricultural and nutrition projects should include mental health evaluations to determine 27 

generalizability.  28 
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Introduction 29 

Depression is a leading cause of disability(1), especially amongst women in low- and middle-30 

income countries(2,3). In 2017, depressive disorders ranked as the third leading cause of 31 

disability and led to over 40 million years lived with disability (Y.L.D.s) lost in low- and middle-32 

income countries(4).  Additionally, economic consequences of depression due to early onset 33 

and productivity loss are astronomical: the global economy is estimated to loss over US$16 34 

trillion between 2010-2030 from mental disorders(5,6). Depression is associated with poor 35 

quality of life, negative physical health outcomes such as cognitive impairment, cardio- and 36 

cerebrovascular diseases, and higher levels of mortality(5,7,8), and is a point of concern for 37 

individuals with substance abuse disorders and dementia(5). Moreover, parental depression 38 

could also impede their capacity to provide quality childcare(9), therefore casting negative 39 

downstream effects to children(10,11). Unfortunately, the burden of depressive disorders, 40 

measured by disability-adjusted life years (D.A.L.Ys), continues to rise globally(5,12). As such, 41 

the 2030 Sustainable Development Goals emphasized the importance of understanding the 42 

causes of depression for better prevention and promotion of mental health(5).  43 

Previous work has demonstrated food insecurity to be a significant driver of depression, 44 

especially in low-resource settings. Food insecurity, defined as inadequate access to both 45 

quality and quantity of food for an active and healthy life(13), is an important and often 46 

overlooked social determinant of health in low-income countries(13). The link between food 47 

security and mental health has been found to be bidirectional(14) and may operate through 48 

biological(15) and psychosocial pathways(16,17). Suggested biological pathways include 49 

inadequate access to nutritious foods that lead to nutritional deficiencies associated with poor 50 

mental health status(15,18) and physical morbidities associated with food insecurity, such as 51 
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stomachaches and headaches that can in turn impact mental health status(18,19). Potential 52 

psychosocial pathways include inadequate access to sufficient preferred food creating 53 

stress(16,17,20–23) and experiences of stigma from not being able to fulfill social expectations 54 

of providing food for the household (24). 55 

Empirical findings support the proposed mechanisms linking food insecurity and women’s 56 

mental health. The link between food security and mental health has been found to be 57 

bidirectional(14) and operates through biological(15) and psychosocial pathways(16,17). 58 

Specifically, biological pathways include inadequate access to nutritious foods that lead to 59 

nutritional deficiencies associated with poor mental health status(15,18) and physical 60 

morbidities associated with food insecurity that can impact mental health status(18,19) while 61 

psychosocial pathways include inadequate access to sufficient preferred food creating 62 

stress(16,17,20–23) and experiences of stigma from not being able to fulfill social expectations 63 

of providing food for the household (24). Empirical findings support these proposed 64 

mechanisms demonstrating the influence of food insecurity on women’s depression. From 65 

Weaver and Hadley’s systemic review(16), significant associations include: cumulative life 66 

exposure to hunger and higher frequency of women’s depression(25); number of meals missed 67 

by respondents or their children due to lack of resources and higher frequency of depression in 68 

adults(26); household food insecurity with mothers’ reports of increased anxiety and 69 

depressive symptoms(17); and women who had trouble meeting daily needs and/or who had 70 

gone hungry in the past month and higher rates of postnatal depression(27). Furthermore, 71 

inadequate nutrition has also been associated with depression among women of childbearing 72 

age(28) and is a risk factor for perinatal depression(29,30). For example, previous work in 73 

Uganda and South Africa has found that food insecurity was associated with depression among 74 

seropositive women(21,31,32). Additionally, Jones’ analysis of 2014 Gallup World Poll data 75 
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found that food security was associated with depression throughout low-income countries 76 

across 149 countries(33). From Tribble and colleagues’ meta-analysis, food insecure individuals 77 

were at two-times greater risk of depressive symptoms than food secure individuals 78 

(OR=2.35)(34). In a high-income country, the United States, Huddleston-Casas and colleagues 79 

found through structural equation modeling that food insecurity caused depression within 80 

rural, low-income women over a three year observational study(14), demonstrating the 81 

directionality of food security’s impact on depression. 82 

However, most of the evidence connecting food security and depression has been 83 

observational, especially in low-income countries. Multiple studies have called for the need to 84 

further explore directionality between the two in order to establish causality(16,34). The 85 

relationship between food insecurity and mental health is especially important in these 86 

settings, considering the high rates of poverty and food insecurity there. Additionally, food 87 

security’s impact on depression at a community level has yet to be studied. 88 

Nutrition-sensitive agriculture programs have been found to improve food security. Nutrition-89 

sensitive agriculture programs are agricultural interventions aimed to improve underlying 90 

determinants of nutrition(35,36) and therefore expected to impact food security by improving 91 

diversity of household agricultural production, increasing household resilience in times of 92 

climatic shock, and improving women’s nutritional knowledge, input to, and control over 93 

household and agricultural decisions(35,37). Existing work supports these suggested 94 

mechanisms: in Zambia, a nutrition-sensitive agriculture program improved food access, a facet 95 

of food security, over four years of interventions(37). Additionally, a participatory nutrition-96 

sensitive agriculture program in Malawi, which incorporated lessons on gender equity, 97 

nutrition, and agriculture, increased food security over two years(38).  98 
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Due to the aforementioned relationships between nutrition-sensitive agriculture programs, 99 

food security, and women’s depression, nutrition-sensitive agriculture programs are posited to 100 

impact women’s depression. However, to date, there is only sparse empirical evidence to 101 

support this relationship. A recent study, the Singida Nutrition and Agroecology Project (SNAP-102 

Tz) (39), found through longitudinal analyses that smallholder women farmers participating in a 103 

participatory, nutrition-sensitive, agroecological intervention experienced an 11.4 percentage 104 

point reduction in prevalence of depressive symptoms compared to those not receiving 105 

interventions. This impact bears unpacking since it is the first ever reported nutrition-sensitive 106 

agriculture program to positively impact prevalence of depressive symptoms. 107 

The Lancet Commission on global mental health and sustainable development has 108 

recommended the need for using unique approaches to address mental health by targeting 109 

environmental and social determinants(5), therefore highlighting the potential of this 110 

unprecedented application of nutrition-sensitive agriculture programs. Proponents of nutrition-111 

sensitive agriculture programs also have specifically emphasized improving mental health as a 112 

way to enhance nutrition-sensitive programs(35). As such, nutrition-sensitive agriculture 113 

interventions have the ability to reduce the loss of quality life years, i.e years with substantial 114 

health-related impairment(40), for women in farming communities. 115 

Therefore, we investigated the role of food security in the intervention’s impact on decreasing 116 

the prevalence of probable risk of depression among women smallholder farmers. Notably, this 117 

is the first analysis to consider linking nutrition-sensitive agriculture programs, food security, 118 

and depressive symptoms, demonstrating the causal role of food security’s impact on women’s 119 

depressive symptoms within a randomized trial.   120 
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Methods 121 

Study Design & Setting 122 

This study took place in the Singida rural district of Tanzania’s semi-arid central region. 123 

Smallholder farming is the primary source of livelihood, as households cultivate an average 2.15 124 

ha of fields(41). In Tanzania, depressive disorders have increased 35% between 2007 and 2017 125 

and are ranked as the third leading cause of disability(42). Food security is also a persistent 126 

issue for the majority of smallholder households in rural Tanzania(43,44). In 2012, 49% of 127 

households in the Singida region had poor household dietary diversity, another indicator of 128 

food insecurity(41).  129 

Intervention 130 

The Singida Nutrition and Agroecology Project (SNAP-Tz; NCT02761876)(39) was a cluster-131 

randomized effectiveness trial which investigated the effects of a participatory, nutrition-132 

sensitive, agroecological intervention on improving child’s diet through improvements in 133 

sustainable agriculture, gender equity, and food security(39,45). The project used the Farming 134 

for Change curriculum(45), an integrated smallholder farmer education program linking 135 

agroecology with climate change, nutrition, gender, and social equity teachings. These lessons 136 

were disseminated using participatory learning mechanisms, such as experiential-based 137 

learning and theatre. One male and one female ‘mentor farmer’ from each village led peers on 138 

learning exchanges regarding the curriculum topics during monthly community meetings and 139 
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household visits. Additionally, each participating household received a mix of legume seeds at 140 

the beginning of farming season during the first two years of the project. 141 

The project enrolled 598 households: 25-30 households from each of twenty villages, with ten 142 

villages randomized to receive interventions. Village selection criteria included leadership’s 143 

willingness to participate in the study, having enough children <1-year-old, not participating in 144 

other interventions, and having socio-demographic and infrastructural characteristics similar to 145 

another village, for randomization of pairs. Household eligibility criteria included: [1] being food 146 

insecure, [2] having a child <1 years old at baseline, [3] having access to land and planning to 147 

farm in the coming year, [4] intending to reside in that village for the next 3 years, and [5] being 148 

interested in experimenting with new farming techniques. From amongst these households, the 149 

two mentor farmers were elected by participating households. For this analysis, we only 150 

included married women (n=548) from the study because the relationship of food insecurity 151 

and depression would likely greatly differ from single and widowed populations(46,47).  152 

Data Collection 153 

Four annual household surveys were conducted between 2016 – 2019 through enumerator-154 

facilitated questionnaires at the participant’s residence or public village meeting place. The 155 

data collection team consisted of twenty local enumerators, and each survey took about one 156 

hour to administer. Survey pre-testing was performed to ensure participant comprehension and 157 

accurate outcome measurement within the questionnaire. 158 
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Key Outcomes: 159 

The primary outcome, depressive symptoms, was evaluated through local enumerator-160 

administered surveys using the Center for Epidemiologic Studies Depression Scale (CES-D, 161 

range: 0-60)(48). The CES-D scale is comprised of 20 items that query the frequency with which 162 

participants have experienced depressive symptoms, such as sadness and trouble sleeping in 163 

the past week. The CES-D can be used to quantify depressive symptoms and to predict probable 164 

depression but is not a clinical diagnostic tool. Probable depression was defined as a score of 17 165 

or greater, the appropriate cutoff value which has been evaluated for use among similar 166 

populations in East Africa(49).  167 

The CES-D scale was also locally qualitatively validated through cognitive interviews with eight 168 

project enumerators who had participated as enumerators in at least three of the annual 169 

surveys. For each of the 20 CES-D questions, the following were asked whether: 1) enumerators 170 

understood the question, 2) mothers could understand the question when asked, and 3) 171 

mothers could be honest in answering the question. Themes for each of the 20 items were 172 

assessed in Excel. Each item where 5/8 of the enumerators indicated any of the three 173 

aforementioned problems was then excluded from an adapted scale. Three items were 174 

removed due to the enumerator misunderstanding of the item: “bothered by normal things”, 175 

“everything was an effort”, and “people were unfriendly”; while two items were removed due 176 

to participant misunderstanding of the item: “loss of appetite” and “talked less than usual” 177 

(Table 0). No items were removed for participant dishonesty, since the majority of enumerators 178 

relayed that women were honest in answering these questions about their emotions and 179 

behaviors (Table 0). The adapted 15-tem scale predicted similarly to the original 20-item CES-D 180 
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score and concluded that CES-D was an adequate measure of risk of depression in Singida in 181 

this situation for women (Figure 1).  182 

Food security was measured using the Household Food Insecurity Access Scale (HFIAS, range: 0-183 

27, with higher values indicating greater insecurity(50)). Women and men were jointly asked to 184 

report their household access to food in the prior month. HFIAS has previously been used to 185 

assess food security impact in rural settings in Sub-Saharan Africa(51,52).  186 

Sociodemographic Characteristics: 187 

Sociodemographic information was collected across all timepoints (2016-2019). Covariates 188 

assessed for confounding include: marital status (monogamous or polygamous), farming as 189 

main occupation, ethnic group (Nyaturu or other ethnic group), religion (Muslim or other 190 

religion), years of education, years lived in village before 2016, and dependency ratio, 191 

calculated as number of children (<14) and elders (>65)/number of household members 192 

between the ages of 15 and 64(53). Household wealth (low, medium, high) was derived from a 193 

principal component analysis of self-reported household asset ownership of twenty-twenty 194 

items in January 2016 and made into tertiles. 195 

Gender Equity Indicators: 196 

Gender equity has previously been found to be associated with food security and depressive 197 

symptoms(27,54–62), so multiple indicators of gender equity were assessed as potential 198 

confounders of the relationship between food security and depressive symptoms. Domestic 199 

violence experience was measured by asking if participants had experiences with any 200 

emotional, financial, sexual, or physical violence with any family members living inside or 201 
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outside of the household (dichotomous). Attitude towards domestic violence was then 202 

measured by asking participants if physical violence was justified in seven scenarios (range: 0-203 

7)(63). Additionally, women were asked if and to what extent they had decision-making power 204 

within agricultural and income allocation activities (mean score: no/little=0, some=0.5, final 205 

say=1) using the Women’s Empowerment in Agriculture Index (WEAI) questions(64). Since we 206 

expected the risk of probable depression to change between groups of women with lower 207 

income allocation decision-making power and levels of joint- and higher income-allocation 208 

decision-making power(65,66), linear splines were used to split income allocation decision-209 

making scores between groups of (0-0.4) and (0.41-1) to analyze its true relationship with 210 

probable depression. (Figure 2). Two indicators of women’s burden of household work were 211 

included: men’s involvement with household work, measured by averaging the number 212 

activities women reported husband help with over seven household tasks commonly perceived 213 

as “women’s work”, such as fetching water, within the past month (range: 0–1) (67) and leisure 214 

time during the previous 24 hours(64). Finally, social support was indicated using an adapted 215 

version of Duke’s Perceived Social Support Scale(68) (range: 0-40), where women were asked to 216 

what extent they liked the amount of help they received during various life instances, such as 217 

when they are sick or during household work. Low social support was classified as a score<30, 218 

adequate social support >30, based on Antelman and colleagues’ previous use of the scale in 219 

urban Tanzania(68). 220 

Data analysis 221 

Evaluating Predictors 222 

We first described baseline characteristics between study arms using t-tests and Pearson chi-223 

squared tests as appropriate. Standard errors were adjusted for village-level clustering in all 224 
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cases. We found that randomization balanced all predictors except: women in the intervention 225 

group were more likely to be Muslim (C: 69.1%, I: 77.7%, p difference=0.02) and had lower 226 

income allocation decision-making power (C: 0.38, I: 0.33, p difference=0.04) (Table 1).  227 

To assess covariate associations with baseline probable depression (CES-D > 17), we first 228 

calculated risk ratios for all covariates, including demographics, gender equity, social support, 229 

and physical health variables, using log-binomial regression models (Table 2). We then used a 230 

Poisson approximation to a log-binomial multivariable regression model due to convergence 231 

issues, including all significant variables from the bivariate risk ratio estimates (Table 2). Finally, 232 

backwards stepwise model selection(69) was used until all variables remaining in the model 233 

were significant (p <0.05). We chose to keep maternal social support in the final model due to 234 

epidemiologic reasoning, later described in the discussion(24,70). Adjusted risk ratios were 235 

calculated from this parsimonious model (Table 2). Standard errors for all models accounted for 236 

clustering at the village level. All above analyses were performed using Stata 16(71). 237 

Mediation analysis 238 

To understand food security’s role in the intervention’s impact on women’s depressive 239 

symptoms between 2016 and 2019, we carried out mediation analyses using structural 240 

equation modeling estimation of total, natural direct, and natural indirect effects(72). We 241 

followed the mediation method outlined by Peterson and colleagues(73) and used Valeri & 242 

Vanderweele’s SAS mediation macro (74). Specifically, the natural direct effect is an estimate of 243 

the effect of the intervention on probable depression as if the intervention had no impact on 244 

food security. The calculation of the natural direct effect contrasts the intervention group with 245 

the control group, assuming that food security values are those that participants would have 246 
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had in absence of the intervention regardless of their intervention assignment. The natural 247 

indirect effect represents the effect of the intervention that is due to the effect of the 248 

intervention on food security(75) (i.e, the proportion of the intervention effect that is mediated 249 

by food security), contrasting the food security values that participants would have had under 250 

the intervention versus control, if all participants had undergone the intervention.  251 

Probable depression was modeled as a binary outcome (CES-D > 17) and food insecurity as a 252 

continuous mediator (assuming a normal kernel). Income allocation decision-making power, 253 

men’s involvement with household work, domestic violence experience, social support, and 254 

probable depression were a priori identified as time-varying confounders of the mediator-255 

outcome relationship (Figure 3), and subsequently controlled for in mediation analyses. 256 

Mediation analyses were performed via the ‘mediation’ macro in SAS 9.4(76,77). 257 

Missing data 258 

Baseline missingness ranged from 0-6% for all variables (Table 3), while the number of missing 259 

values on probable depression, food security, and covariates ranged from 0-13% during follow-260 

up (from 2017-2019) (Table 4). Study attrition differed by participant age, ethnic group, and 261 

length of time living in the village before study baseline, so were included in imputation 262 

models, along with all confounders, mediators, and outcomes discussed above (Table 5). 263 

Imputation with chained equations(78) with 20 iterations was used to impute missing probable 264 

depression, food security, and covariate data at each time point. For imputed values below zero 265 

or outside of score ranges, post-estimate rounding was used to adjust values into range. 266 

Imputation was performed using Stata 16(71). 267 
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Results 268 

Population characteristics at baseline 269 

At baseline, one third of the married women in each group had probable depression (Control: 270 

32.0%, intervention: 31.9%, p difference=0.97, Table 1). The majority were married 271 

monogamously, of the Nyaturu ethnic group, and reported farming as their main occupation. 272 

On average, they were about 30 years old (C: 29.7±7.2, I: 29.8±7.8, p difference=0.87) and lived 273 

in households with a food insecurity score of ~14 (C: 13.6, I: 13.9, p difference=0.63). In both 274 

groups, more than 60% of participants reported moderate to severe food insecurity (Table 1). 275 

Baseline Covariate Associations with Probable Depression 276 

At baseline, probable risk of depression was associated with food insecurity, domestic violence 277 

experience, men’s involvement with household work, and income-allocation decision-making 278 

power (Table 2). Women who had higher food insecurity (aRR= 1.06, 95% CI: 1.03, 1.08) were at 279 

a higher risk of baseline probable risk of depression. Measures of gender equity were also 280 

correlated with increased risk of probable risk of depression: married women who experienced 281 

domestic violence (aRR= 1.47, 95% CI: 1.15, 1.89) and reported a lack of men’s involvement 282 

with household work (aRR= 0.60, 95% CI: 0.40, 0.90) were at higher risk of baseline probable 283 

risk of depression (Table 2). Income allocation decision-making power scores >0.4 were 284 

associated with an increased risk of probable risk of depression (RR= 6.42, 95% CI: 3.31, 12.45; 285 

aRR=2.90, 95% CI: 1.79, 4.69) while lower scores did not have any significant association with 286 

probable risk of depression (RR=0.60, 95% CI: 0.14, 2.53) (Table 2). Notably, there were no 287 
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significant associations between probable risk of depression and social support, dependency 288 

ratio, wealth tertiles, occupation, age, marital status, leisure time, and education. Sensitivity 289 

analyses modeling depression as a continuous variable demonstrated similar results (Table 6). 290 

Mediation analysis 291 

The intervention lowered the odds of probable depression by 43% (total effect OR=0.57, 95% 292 

CI: 0.43-0.70) (Figure3A). The effect of the intervention on probable depression that was due to 293 

differences in food security was approximately 10% (natural indirect effect OR = 0.90, 95% CI: 294 

0.83-0.95) (Figure 3B). The total effect of the intervention on probable depression was partially 295 

attenuated after accounting for differences in food security (natural direct effect OR=0.63, 95% 296 

CI: 0.47-0.80) (Figure 3B). When depression was modeled as a continuous variable, or when 297 

income-allocation decision-making power was removed as a confounder, similar results were 298 

found (Table 7). 299 

Discussion 300 

Food security plays a mediating role in the impact of a nutrition-sensitive agroecology 301 

intervention on decreasing the prevalence of depressive symptoms amongst women in rural 302 

Tanzania. The intervention lowered the odds of probable depression by 43% (OR=0.57, 95% CI: 303 

0.43-0.70), and the effect of the intervention on probable depression mediated by food security 304 

was approximately 10% (OR = 0.90, 95% CI: 0.83-0.95) (Figure 3). To our knowledge, this is the 305 

first demonstrated evidence of the strong, positive, and unexpected impact of a nutrition-306 

sensitive agriculture program on women’s depressive symptoms. 307 

This finding highlights an opportunity for interdisciplinary work between mental health, 308 

nutrition, and agriculture fields to improve quality of life for women in low-resource areas. 309 

Specifically, nutrition-sensitive agriculture programs should consider targeting and measuring 310 
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mental health outcomes(35) to capture a previously under-appreciated role of women’s mental 311 

health  in such interventions. Inversely, those concerned with public mental health should 312 

consider livelihood interventions in addition to promoting traditional cognitive therapies(79) as 313 

discussed by the Lancet commission on global mental health(5). Although there are known and 314 

effective treatments for mental disorders, fewer than 25% of people affected by depression in 315 

low- and middle-income countries receive such treatments(40). Livelihood interventions have 316 

the potential to be a more accessible method of reducing depressive symptoms in low-resource 317 

settings. 318 

Food insecurity, domestic violence experience, lack of men’s involvement with household work, 319 

and high-income allocation decision-making power scores were identified as salient baseline 320 

predictors of women with probable depression (Table 2). These findings largely correspond 321 

with existing literature: a multitude of studies have observed significant relationships between 322 

food security and depressive symptoms(16,32,79,80), domestic violence experience and 323 

depressive symptoms(27,54–57), and social support and mental health(59–62) amongst 324 

women.  325 

Curiously, we found that women with higher income allocation decision-making power scores 326 

were at higher risk for probable depression at baseline (Table 2). Subgroup analyses, however, 327 

revealed that this is true only for the 39% of women with decision-making scores above 0.4. 328 

Amongst women with lower scores (0-0.4), income allocation decision-making was not 329 

associated with probable depression. Since all participants within this analysis were married 330 

and scores of 0.5 indicated joint decision-making between a husband and wife(64), it is unclear 331 

what “having a majority” of income allocation decision-making power means for women whose 332 

partners simultaneously report their wives have no say in decision making(65). In a household 333 

that reported  joint-decision making in the survey, the husband said in an interview that his 334 
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wife and him never have disagreements over decision-making because women don’t have their 335 

own ideas(67).  336 

Additional qualitative findings may explain the association between decision-making scores 337 

above 0.4 and higher risk for probable depression at baseline. In a discussion with participants 338 

about preliminary findings about depressive symptoms, women discussed the mental burden of 339 

the responsibility for child welfare without having the ability to act as highly depressing(67). 340 

Specifically, one woman said “husbands put all responsibilities on wives…you may have 341 

activities to do and children wants some food which you can’t afford, you just wish you could 342 

provide…you are depressed because you have a lot to do all alone”(67). This dynamic was also 343 

reported amongst Irish women: having more say in decision-making without adequate 344 

resources was associated with dissatisfaction and social stress(66). This relationship between 345 

income allocation decision-making power and women’s mental health bears further 346 

investigation.  347 

While this study took an important first step in identifying food security as a mediator between 348 

nutrition-sensitive agriculture programs and depressive symptoms, further studies are needed 349 

to elucidate the role of other promising pathways between the two. This is evidenced by our 350 

findings: a proportion of the intervention’s impact on depressive symptoms after eliminating 351 

the effect of food security (natural direct effect OR=0.63, 95% CI: 0.47-0.80) (Figure 3B), and 352 

therefore there is room for other modifiers of the pathway. First, gender equity and social 353 

support indicators have been previously linked to food security and women’s depression and 354 

warrant further exploration in relation to nutrition-sensitive agriculture programs. In Uganda, 355 

Tsai et. al. found that food security and depressive symptom severity were linked, and that 356 

social support was an important buffer in this relationship(21). Hadley and colleagues have also 357 

observed a significant relationship between social support, maternal depression, and food 358 
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security in rural Tanzania(70). Uniquely, in this study, no significant relationship between social 359 

support and probable depression at baseline was found (Table 5). Piperata et. al. may explain 360 

our findings since they found in Nicaragua that spousal support and maternal social support 361 

networks were not important modifiers of the link between food insecurity and mental distress 362 

due to the fear of gossip and embarrassment surrounding food insecurity buffering the capacity 363 

of social support(24). We offer a different explanation though, since these women at baseline 364 

reported unusually high levels of social support (C: 82.5%, I: 76.9%, p difference=0.10, Table 1), 365 

and instead believe that a ceiling effect may have masked any associations between changes in 366 

social support and depressive symptoms over time. Since previous literature demonstrated 367 

relationships between social support, food insecurity, and depressive symptoms(21,31,70,81), 368 

social support was included as a confounder in the mediation analyses.  369 

Additionally, gender equity indicators, such as domestic violence experience and decision-370 

making power, have similarly been found to be associated with food security and depression. 371 

Hernandez and colleagues found that maternal depression mediated the relationship between 372 

intimate partner violence and food security(82). Furthermore, a study in South Africa found 373 

that woman-headed households, even with fewer resources, achieved better food security than 374 

households headed by men(83).  375 

Understanding the impact of such interventions on men’s mental health also warrants further 376 

investigation, given recent literature on gender transformative approaches which actively enlist 377 

men in addressing gender inequity(67,84–86). Insight into interactive and cumulative effects 378 

between men and women’s mental health, food security improvements and gender relations 379 

may provide further recommendations for effective intervention strategies. 380 
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Furthermore, the participatory agroecology approach of this project may hold an important 381 

role in explaining the impact on depressive symptoms. Collective action between researchers 382 

and farmers, explicit efforts to draw on local knowledge and use culturally appropriate 383 

approaches to address them, as well as improved self-efficacy from a participatory project, are 384 

expected to improve social support and gender relations  and therefore could impact women’s 385 

and men’s mental health. Enhanced social relations within the community, knowledge, and 386 

resource sharing can lead to overcoming structural constraints to improve nutrition-sensitive 387 

agriculture program outcomes(38), which are consequently tied to women’s mental health. 388 

Other nutrition-sensitive agriculture programs may not see as large of an impact without this 389 

specific project approach. 390 

Strengths, Limitations 391 

Strengths of this study include randomization, large sample size, longitudinal analysis, and 392 

robust statistical techniques. Limitations include measurement error of sensitive topics which 393 

could have resulted in systematic underreporting of food insecurity, probable depression, 394 

domestic violence experience, and decision-making. Because these measurements were 395 

recorded for each participant at multiple time points, we believe that relative changes analyzed 396 

in the longitudinal mediation analyses will address that bias. Furthermore, it is important to 397 

note that a limitation of using depression screening tools in general is that information gets lost 398 

in dichotomized scoring groups (i.e what is the difference between a score of 17 vs 60)(88), and 399 

there is a need for evidencing the accuracy of discernment between groups (89). Because the 400 

analyses were modeled both dichotomously and continuously, we believe the study’s 401 

interpretations remain valid (Table 7). Another possible limitation is the project’s external 402 
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validity since these analyses only included food insecure, married women with a child <1-year-403 

old at enrollment. Further studies on this relationship should be conducted in other 404 

populations.  405 

Conclusions 406 

These data highlight the important role of food security in the impact of a nutrition-sensitive 407 

agroecology project on women’s depressive symptoms. Ultimately, these results demonstrate 408 

that mental health improvements could be a very important outcome of nutrition-sensitive 409 

agriculture programs. Indeed, it seems possible that nutrition-sensitive agriculture 410 

interventions have the ability to reduce the loss of quality life years for women in farming 411 

communities. Those concerned with public mental health should consider livelihood 412 

interventions, while future agriculture and nutrition projects should include mental health 413 

evaluations to assess if this impact can be generalized.  414 



 
21 

References 415 

1.  World Health Organization. Depression and Other Common Mental Disorders: Global Health 416 

Estimates. Geneva: World Health Organization; 2017.  417 

2.  Depression and Other Common Mental Disorders: Global Health Estimates. Geneva: World Health 418 

Organization; 2017.  419 

3.  Pereira B, Andrew G, Pednekar S, Pai R, Pelto P, Patel V. The explanatory models of depression in 420 

low income countries: Listening to women in India. Journal of Affective Disorders. 2007 Sep 421 

1;102(1):209–18.  422 

4.  Institute for Health Metrics and Evaluation (IHME). Findings from the Global Burden of Disease 423 

Study [Internet]. Seattle, WA: IHME; 2018. Available from: 424 

http://www.healthdata.org/sites/default/files/files/policy_report/2019/GBD_2017_Booklet.pdf 425 

5.  Patel V, Saxena S, Lund C, Thornicroft G, Baingana F, Bolton P, et al. The Lancet Commission on 426 

global mental health and sustainable development. The Lancet. 2018 Oct 27;392(10157):1553–98.  427 

6.  Bloom, DE, Cafiero ET, Jané-Llopis E, Abrahams-Gessel S, Bloom LR, Fathima S, et al. The Global 428 

Economic Burden of Non-communicable Diseases. [Internet]. Geneva: World Economic Forum; 429 

2011 [cited 2020 May 21]. Available from: https://www.world-heart-federation.org/wp-430 

content/uploads/2017/05/WEF_Harvard_HE_GlobalEconomicBurdenNonCommunicableDiseases_431 

2011.pdf 432 

7.  Charlson FJ, Baxter AJ, Dua T, Degenhardt L, Whiteford HA, Vos T. Excess mortality from mental, 433 

neurological and substance use disorders in the Global Burden of Disease Study 2010. Epidemiol 434 

Psychiatr Sci. 2015 Apr;24(2):121–40.  435 

8.  Lépine J-P, Briley M. The increasing burden of depression. Neuropsychiatr Dis Treat. 2011;7(Suppl 436 

1):3–7.  437 

9.  McLearn KT, Minkovitz CS, Strobino DM, Marks E, Hou W. The Timing of Maternal Depressive 438 

Symptoms and Mothers’ Parenting Practices With Young Children: Implications for Pediatric 439 

Practice. Pediatrics. 2006 Jul 1;118(1):e174–82.  440 

10.  Rahman A, Patel V, Maselko J, Kirkwood B. The neglected “m” in MCH programmes--why mental 441 

health of mothers is important for child nutrition. Trop Med Int Health. 2008 Apr;13(4):579–83.  442 

11.  Surkan PJ, Kennedy CE, Hurley KM, Black MM. Maternal depression and early childhood growth in 443 

developing countries: systematic review and meta-analysis. Bull World Health Organ. 2011 Aug 444 

1;89(8):607-615D.  445 

12.  Institute for Health Metrics and Evaluation. GBD Research Tools [Internet]. Institute for Health 446 

Metrics and Evaluation. 2018 [cited 2020 May 21]. Available from: 447 

http://vizhub.healthdata.org/gbd-compare 448 



 
22 

13.  FAO, IFAD, UNICEF, WFP, WHO. The State of Food Security and Nutrition in the World 2019. 449 

Safeguarding against economic slowdowns and downturns. Rome: FAO; 2019. Report No.: CC BY-450 

NC-SA 3.0 IGO.  451 

14.  Huddleston-Casas C, Charnigo R, Simmons LA. Food insecurity and maternal depression in rural, 452 

low-income families: a longitudinal investigation. Public Health Nutrition. 2009 Aug;12(8):1133–40.  453 

15.  Wachs TD. Models linking nutritional deficiencies to maternal and child mental health. Am J Clin 454 

Nutr. 2009 Mar 1;89(3):935S-939S.  455 

16.  Weaver LJ, Hadley C. Moving Beyond Hunger and Nutrition: A Systematic Review of the Evidence 456 

Linking Food Insecurity and Mental Health in Developing Countries. Ecology of Food and Nutrition. 457 

2009 Jul 20;48(4):263–84.  458 

17.  Hadley C, Patil CL. Seasonal changes in household food insecurity and symptoms of anxiety and 459 

depression. American Journal of Physical Anthropology. 2008;135(2):225–32.  460 

18.  Jebena MG, Lindstrom D, Belachew T, Hadley C, Lachat C, Verstraeten R, et al. Food Insecurity and 461 

Common Mental Disorders among Ethiopian Youth: Structural Equation Modeling. PLoS One 462 

[Internet]. 2016 Nov 15 [cited 2020 Mar 14];11(11). Available from: 463 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5113011/ 464 

19.  Heflin CM, Siefert K, Williams DR. Food insufficiency and women’s mental health: findings from a 465 

3-year panel of welfare recipients. Soc Sci Med. 2005 Nov;61(9):1971–82.  466 

20.  Cole SM, Tembo G. The effect of food insecurity on mental health: panel evidence from rural 467 

Zambia. Social science & medicine. 2011;73(7):1071–1079.  468 

21.  Tsai AC, Bangsberg DR, Frongillo EA, Hunt PW, Muzoora C, Martin JN, et al. Food insecurity, 469 

depression and the modifying role of social support among people living with HIV/AIDS in rural 470 

Uganda. Soc Sci Med. 2012 Jun;74(12):2012–9.  471 

22.  Sorsdahl K, Slopen N, Siefert K, Seedat S, Stein DJ, Williams DR. Household food insufficiency and 472 

mental health in South Africa. J Epidemiol Community Health. 2011 May;65(5):426–31.  473 

23.  Hadley C, Crooks DL. Coping and the biosocial consequences of food insecurity in the 21st century. 474 

Am J Phys Anthropol. 2012;149 Suppl 55:72–94.  475 

24.  Piperata BA, Schmeer KK, Rodrigues AH, Salazar Torres VM. Food insecurity and maternal mental 476 

health in León, Nicaragua: Potential limitations on the moderating role of social support. Social 477 

Science & Medicine. 2016 Dec 1;171:9–17.  478 

25.  Eugenia Alvarado B, Victoria Zunzunegui M, Béland F, Sicotte M, Tellechea L. Social and Gender 479 

Inequalities in Depressive Symptoms Among Urban Older Adults of Latin America and the 480 

Caribbean. J Gerontol B Psychol Sci Soc Sci. 2007 Jul 1;62(4):S226–36.  481 

26.  Case A, Deaton A. Health and Wealth among the Poor: India and South Africa Compared. Am Econ 482 

Rev. 2005 May;95(2):229–33.  483 



 
23 

27.  Patel V, Rodrigues M, DeSouza N. Gender, poverty, and postnatal depression: a study of mothers 484 

in Goa, India. Am J Psychiatry. 2002 Jan;159(1):43–7.  485 

28.  Bodnar LM, Wisner KL. Nutrition and Depression: Implications for Improving Mental Health Among 486 

Childbearing-Aged Women. Biological Psychiatry. 2005 Nov 1;58(9):679–85.  487 

29.  Ellsworth-Bowers ER, Corwin EJ. Nutrition and the psychoneuroimmunology of postpartum 488 

depression. Nutr Res Rev. 2012 Jun;25(1):180–92.  489 

30.  Leung BMY, Kaplan BJ. Perinatal depression: prevalence, risks, and the nutrition link--a review of 490 

the literature. J Am Diet Assoc. 2009 Sep;109(9):1566–75.  491 

31.  Tsai AC, Tomlinson M, Comulada WS, Rotheram-Borus MJ. Food Insufficiency, Depression, and the 492 

Modifying Role of Social Support: Evidence from a Population-Based, Prospective Cohort of 493 

Pregnant Women in Peri-Urban South Africa. Soc Sci Med. 2016 Feb;151:69–77.  494 

32.  Tsai I, Krumdieck NR, Collins S, Widen EM, Wekesa P, Onono M, et al. Food Insecurity is Associated 495 

with Depression and Stress Among a Cohort of Pregnant Kenyan Women of Mixed HIV Status. The 496 

FASEB Journal. 2016 Apr 1;30(1_supplement):273.4-273.4.  497 

33.  Jones AD. Food Insecurity and Mental Health Status: A Global Analysis of 149 Countries. American 498 

Journal of Preventive Medicine. 2017 Aug 1;53(2):264–73.  499 

34.  Tribble AG, Maxfield A, Hadley C, Goodman M. Food Insecurity and Mental Health: A Meta-500 

Analysis. Lancet [Internet]. 2020 PREPRINT [cited 2020 May 21]; Available from: 501 

https://papers.ssrn.com/abstract=3520061 502 

35.  Ruel MT, Alderman H. Nutrition-sensitive interventions and programmes: how can they help to 503 

accelerate progress in improving maternal and child nutrition? The Lancet. 2013 Aug 504 

10;382(9891):536–51.  505 

36.  Ruel MT, Quisumbing AR, Balagamwala M. Nutrition-sensitive agriculture: What have we learned 506 

so far? Global Food Security. 2018 Jun 1;17:128–53.  507 

37.  Rosenberg AM, Maluccio JA, Harris J, Mwanamwenge M, Nguyen PH, Tembo G, et al. Nutrition-508 

sensitive agricultural interventions, agricultural diversity, food access and child dietary diversity: 509 

Evidence from rural Zambia. Food Policy. 2018 Oct 1;80:10–23.  510 

38.  Kangmennaang J, Kerr RB, Lupafya E, Dakishoni L, Katundu M, Luginaah I. Impact of a participatory 511 

agroecological development project on household wealth and food security in Malawi. Food Sec. 512 

2017 Jun 1;9(3):561–76.  513 

39.  Santoso MV, Bezner Kerr R, Kassim N, Martin H, Mtinda E, Njau P, et al. A farmer-to-farmer 514 

agroecology intervention improves food security, gender equity, and children’s diets in rural 515 

Tanzania. Under review.  516 

40.  World Federation for Mental Health. Depression: A Global Crisis [Internet]. World Federation for 517 

Mental Health; 2012 [cited 2020 May 7]. Available from: 518 



 
24 

https://www.who.int/mental_health/management/depression/wfmh_paper_depression_wmhd_519 

2012.pdf 520 

41.  Tanzania National Bureau of Statistics. Singida Regional Profile [Internet]. 2016 Mar. (2012 521 

Population and Housing Census). Available from: 522 

https://www.nbs.go.tz/nbs/takwimu/census2012/RegProfiles/13_Singida_Regional_Profile.zip 523 

42.  Tanzania [Internet]. Institute for Health Metrics and Evaluation. 2015 [cited 2018 Oct 29]. Available 524 

from: http://www.healthdata.org/tanzania 525 

43.  Leyna GH, Mmbaga EJ, Mnyika KS, Hussain A, Klepp K-I. Food insecurity is associated with food 526 

consumption patterns and anthropometric measures but not serum micronutrient levels in adults 527 

in rural Tanzania. Public health nutrition. 2010;13(9):1438.  528 

44.  Wandel M, Holmboe-Ottesen G, Manu A. Seasonal work, energy intake and nutritional stress: a 529 

case study from Tanzania. Nutrition Research. 1992;12(1):1–16.  530 

45.  Bezner Kerr R, Young SL, Young C, Santoso MV, Magalasi M, Entz M, et al. Farming for change: 531 

developing a participatory curriculum on agroecology, nutrition, climate change and social equity 532 

in Malawi and Tanzania. Agric Hum Values [Internet]. 2019 Jan 28; Available from: 533 

https://doi.org/10.1007/s10460-018-09906-x 534 

46.  Kornblith E, Green R-J, Casey S, Tiet Q. Marital status, social support, and depressive symptoms 535 

among lesbian and heterosexual women. J Lesbian Stud. 2016;20(1):157–73.  536 

47.  Islam JCS. Marital relationship status, social support, and psychological well-being among rural, 537 

low-income mothers. University of Maryland [Internet]. 2004 [cited 2020 Mar 14]; Available from: 538 

https://search.proquest.com/openview/94ee26cb762b1632920dfcb31b156298/1?pq-539 

origsite=gscholar&cbl=18750&diss=y 540 

48.  Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the General Population. 541 

Applied Psychological Measurement. 1977 Jun 1;1(3):385–401.  542 

49.  Natamba BK, Achan J, Arbach A, Oyok TO, Ghosh S, Mehta S, et al. Reliability and validity of the 543 

center for epidemiologic studies-depression scale in screening for depression among HIV-infected 544 

and -uninfected pregnant women attending antenatal services in northern Uganda: a cross-545 

sectional study. BMC Psychiatry. 2014 Nov 22;14(1):303.  546 

50.  Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale (HFIAS) for measurement 547 

of food access: indicator guide. Washington DC: Food and Nutrition Technical Assistance (FANTA); 548 

2007.  549 

51.  Kabunga NS, Dubois T, Qaim M. Impact of tissue culture banana technology on farm household 550 

income and food security in Kenya. Food Policy. 2014 Apr 1;45:25–34.  551 

52.  Knueppel D, Demment M, Kaiser L. Validation of the Household Food Insecurity Access Scale in 552 

rural Tanzania. Public Health Nutr. 2010 Mar;13(3):360–7.  553 



 
25 

53.  United Nations, Department of Economic and Social Affairs, Population Division. World Population 554 

Prospects: The 2010 Revision, Volume I: Comprehensive Tables. [Internet]. United Nations, 555 

Department of Economic and Social Affairs, Population Division; 2011 [cited 2020 May 9]. Report 556 

No.: ST/ESA/SER.A/313. Available from: 557 

https://www.un.org/en/development/desa/population/publications/pdf/trends/WPP2010/WPP20558 

10_Volume-I_Comprehensive-Tables.pdf 559 

54.  Nasreen HE, Kabir ZN, Forsell Y, Edhborg M. Prevalence and associated factors of depressive and 560 

anxiety symptoms during pregnancy: A population based study in rural Bangladesh. BMC Women’s 561 

Health. 2011 Jun 2;11(1):22.  562 

55.  Adamu AF, Adinew YM. Domestic Violence as a Risk Factor for Postpartum Depression Among 563 

Ethiopian Women: Facility Based Study. Clin Pract Epidemiol Ment Health. 2018 May 23;14:109–564 

19.  565 

56.  Abebe A, Tesfaw G, Mulat H, Hibdye G, Yohannes  kalkidan. Postpartum depression and associated 566 

factors among mothers in Bahir Dar Town, Northwest Ethiopia. Ann Gen Psychiatry. 2019 Sep 567 

10;18(1):19.  568 

57.  Rogathi JJ, Manongi R, Mushi D, Rasch V, Sigalla GN, Gammeltoft T, et al. Postpartum depression 569 

among women who have experienced intimate partner violence: A prospective cohort study at 570 

Moshi, Tanzania. Journal of Affective Disorders. 2017 Aug 15;218:238–45.  571 

58.  Hammarström A, Phillips SP. Gender inequity needs to be regarded as a social determinant of 572 

depressive symptoms: Results from the Northern Swedish cohort. Scand J Public Health. 2012 Dec 573 

1;40(8):746–52.  574 

59.  Jenkins R, Mbatia J, Singleton N, White B. Common Mental Disorders and Risk Factors in Urban 575 

Tanzania. International Journal of Environmental Research and Public Health. 2010 Jun;7(6):2543–576 

58.  577 

60.  Getinet W, Amare T, Boru B, Shumet S, Worku W, Azale T. Prevalence and Risk Factors for 578 

Antenatal Depression in Ethiopia: Systematic Review. Depression Research and Treatment 579 

[Internet]. 2018 [cited 2020 May 6];2018:e3649269. Available from: 580 

https://www.hindawi.com/journals/drt/2018/3649269/ 581 

61.  Hou F, Cerulli C, Wittink MN, Caine ED, Qiu P. Depression, social support and associated factors 582 

among women living in rural China: a cross-sectional study. BMC Womens Health [Internet]. 2015 583 

Mar 21 [cited 2020 May 6];15. Available from: 584 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4392745/ 585 

62.  Rudkoski AK. Social support and maternal mental health in rural Nicaragua [Internet]. [Calgary, 586 

AB]: University of Calgary; 2017 [cited 2020 May 6]. Available from: 587 

https://prism.ucalgary.ca/handle/11023/3824 588 

63.  World Bank. Women who believe a husband is justified in beating his wife when she burns the 589 

food (%) [Internet]. data.worldbank.org. 2018 [cited 2018 Dec 16]. Available from: 590 

https://data.worldbank.org/indicator/SG.VAW.BURN.ZS 591 



 
26 

64.  Malapit HJ, Pinkstaff C, Sproule K, Kovarik C, Meinzen-Dick RS. The Abbreviated Women’s 592 

Empowerment in Agriculture Index (A-WEAI) [Internet]. Washington, D.C.; 2017 May. Report No.: 593 

IFPRI Discussion Paper. Available from: 594 

http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/131231 595 

65.  Santoso MV. Evaluating the impact of a participatory nutrition-sensitive agriculture intervention on 596 

women’s empowerment and child’s diet in Singida, Tanzania. [Ithaca]: Cornell University; 2019.  597 

66.  Hutton M. Consuming stress: exploring hidden dimensions of consumption-related strain at the 598 

intersection of gender and poverty. Journal of Marketing Management. 2015 Nov;31(15–599 

16):1695–717.  600 

67.  Santoso MV, Kerr RB, Hoddinott J, Garigipati P, Olmos S, Young SL. Role of Women’s 601 

Empowerment in Child Nutrition Outcomes: A Systematic Review. Adv Nutr [Internet]. [cited 2019 602 

Jul 29]; Available from: http://academic.oup.com/advances/advance-603 

article/doi/10.1093/advances/nmz056/5531565 604 

68.  Antelman G, Fawzi MCS, Kaaya S, Mbwambo J, Msamanga GI, Hunter DJ, et al. Predictors of HIV-1 605 

serostatus disclosure: a prospective study among HIV-infected pregnant women in Dar es Salaam, 606 

Tanzania. Aids. 2001;15(14):1865–1874.  607 

69.  David W. Hosmer, Jr., Stanley Lemeshow, Rodney X. Sturdivant. Applied Logistic Regression. 3rd 608 

ed. John Wiley & Son, Inc.; 2013.  609 

70.  Hadley C, Mulder MB, Fitzherbert E. Seasonal food insecurity and perceived social support in rural 610 

Tanzania. Public Health Nutr. 2007 Jun;10(6):544–51.  611 

71.  StataCorp. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC; 2019.  612 

72.  Petersen ML, Sinisi SE, van der Laan MJ. Estimation of Direct Causal Effects. Epidemiology. 613 

2006;17(3):276–84.  614 

73.  Petersen ML, Sinisi SE, van der Laan MJ. Estimation of Direct Causal Effects. Epidemiology. 615 

2006;17(3):276–84.  616 

74.  Valeri L, VanderWeele TJ. Mediation analysis allowing for exposure–mediator interactions and 617 

causal interpretation: Theoretical assumptions and implementation with SAS and SPSS macros. 618 

Psychological Methods. 2013;18(2):137–50.  619 

75.  Hafeman DM. “Proportion Explained”: A Causal Interpretation for Standard Measures of Indirect 620 

Effect? Am J Epidemiol. 2009 Dec 1;170(11):1443–8.  621 

76.  SAS. Cary, NC, USA: SAS Institute Inc.; 2014.  622 

77.  VanderWeele TJ. Bias formulas for sensitivity analysis for direct and indirect effects. Epidemiology. 623 

2010 Jul;21(4):540–51.  624 

78.  Royston P, White IR. Multiple Imputation by Chained Equations (MICE): Implementation in Stata. 625 

Journal of Statistical Software. 2011;45(4).  626 



 
27 

79.  Hadley C, Tegegn A, Tessema F, Cowan JA, Asefa M, Galea S. Food insecurity, stressful life events 627 

and symptoms of anxiety and depression in east Africa: evidence from the Gilgel Gibe growth and 628 

development study. Journal of Epidemiology & Community Health. 2008 Nov 1;62(11):980–6.  629 

80.  Hadley C, Patil CL. Food insecurity in rural Tanzania is associated with maternal anxiety and 630 

depression. American Journal of Human Biology. 2006;18(3):359–68.  631 

81.  Prachakul W, Grant JS, Keltner NL. Relationships Among Functional Social Support, HIV-Related 632 

Stigma, Social Problem Solving, and Depressive Symptoms in People Living With HIV: A Pilot Study. 633 

Journal of the Association of Nurses in AIDS Care. 2007 Nov 1;18(6):67–76.  634 

82.  Hernandez DC, Marshall A, Mineo C. Maternal Depression Mediates the Association Between 635 

Intimate Partner Violence and Food Insecurity. J Womens Health (Larchmt). 2014 Jan 1;23(1):29–636 

37.  637 

83.  Lemke S, Vorster HH, van Rensburg NSJ, Ziche J. Empowered women, social networks and the 638 

contribution of qualitative research: broadening our understanding of underlying causes for food 639 

and nutrition insecurity. Public Health Nutr. 2003 Dec;6(8):759–64.  640 

84.  Patel R, Bezner Kerr R, Shumba L, Dakishoni L. Cook, eat, man, woman: understanding the New 641 

Alliance for Food Security and Nutrition, nutritionism and its alternatives from Malawi. The Journal 642 

of Peasant Studies. 2015 Jan 2;42(1):21–44.  643 

85.  Humphries S, Classen L, Jiménez J, Sierra F, Gallardo O, Gómez M. Opening Cracks for the 644 

Transgression of Social Boundaries: An Evaluation of the Gender Impacts of Farmer Research 645 

Teams in Honduras. World Development. 2012 Oct 1;40(10):2078–95.  646 

86.  Kerr RB, Berti PR, Shumba L. Effects of a participatory agriculture and nutrition education project 647 

on child growth in northern Malawi. Public Health Nutrition. 2011 Aug;14(8):1466–72.  648 

87.  Classen N, Van Gils A, Bammens Y, Carree M. Accessing Resources from Innovation Partners: The 649 

Search Breadth of Family SMEs. Journal of Small Business Management. 2012 Apr;50(2):191–215.  650 

88.  Hankin BL, Fraley RC, Lahey BB, Waldman ID. Is depression best viewed as a continuum or discrete 651 

category? A taxometric analysis of childhood and adolescent depression in a population-based 652 

sample. J Abnorm Psychol. 2005 Feb;114(1):96–110.  653 

89.  Vilagut G, Forero CG, Barbaglia G, Alonso J. Screening for Depression in the General Population 654 

with the Center for Epidemiologic Studies Depression (CES-D): A Systematic Review with Meta-655 

Analysis. PLoS ONE. 2016;11(5):e0155431.  656 

 657 

 658 

  659 



 
28 

Appendix 660 

Table 0. For each of the 20 CES-D items, three questions were asked (columns below) in cognitive 661 

interviews. Five items were dropped from the CES-D scale since 5/8 of the enumerators indicated 662 

any of the three problems (columns) and were therefore excluded from our adapted CES-D scale.  663 

  664 

†Out of 7 enumerator responses. Lightest blue refers to 0-2 enumerator responses, middle blue 3-4, darkest 
blue 5-8.  
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 665 

 666 

 667 

 668 

 669 

 670 

 671 

 672 

 673 

 674 

 675 

Figure 1. Adapted CES-D change predicts 96% of original CES-D scores (p <0.001), indicating that 676 

the two scales are comparable. Therefore, original CES-D scale will be used for SNAP-Tz impact 677 

analyses. Standardized scores were created by dividing scores by standard deviation.  678 

  679 
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Table 1. Comparison of baseline characteristics between intervention and delayed intervention groups shows that 680 

randomization held for most variables besides Muslim status and income allocation decision-making power: SNAP-Tz, 681 

01/2016, n=548 682 

 Control 
N=275 

Intervention 
N=273  p-value 

Key Outcomes     

Probable Depression (CES-Da >17) 32.0% (88) 31.9% (87)  0.97 

Household Food Insecurity Access Scale (0-27) 13.6 (7.8) 13.9 (8.1)  0.63 

Household Food Insecurity    0.63 

   Low (HFIAS 0-9) 34.2% (80) 28.9% (74)   

   Moderate (HFIAS 10-18) 33.8% (118) 41.0% (112)   

   Severe (HFIAS 19-27) 28.0% (77) 30.0% (82)   

Sociodemographics     

Pregnant 0% (0) 0% (0)  -- 

Farming as main occupation (ref: any other) 98.5% (270) 97.8% (267)  0.52 

Monogamous marital status (ref: polygamous) 91.3% (251) 91.9% (251)  0.78 

Nyaturu ethnic group (ref: other) 
96.7% (266) 95.6% (261)  0.49 

Muslim (ref: Christian, Traditional African, none) 69.1% (190) 77.7% (212)  0.02* 

Wealth Tertiles    0.45 

   Poorest 34.2% (94) 29.3% (80)   

   Middle 33.8% (93) 35.2% (96)   

   Wealthiest 32.0% (88) 35.5% (97)   

Dependency Ratiob 1.50 (0.75-2.00) 1.25 (0.75-2.00)  0.35 

Age (years) 29.8 (7.2) 29.9 (7.8)  0.80 

Years of education 7.9 (9.5) 6.8 (3.1)  0.09 

Years lived in village 7.8 (7.5) 8.1 (8.3)  0.67 

Gender equity     

Adequate social support (≥3 out of 4) 82.5% (227) 76.9% (210)  0.10 

Experience any domestic violence (0,1) 25.1% (69) 28.6% (78)  0.42 

Attitude towards domestic violence (0-7) 5.0 (2.0-7.0) 5 (2.0-7.0)  0.92 

Men’s involvement with household work (0-1) 0.4 (0.3) 0.4 (0.3)  0.50 

Leisure time (hours) 2.0 (1.9) 1.8 (1.8)  0.25 

Agricultural decision-making power (0-1) 0.33 (0.19-0.50) 0.31 (0.19-0.50)  0.89 

Income allocation decision-making power (0-1) 0.38 (0.25-0.46) 0.33 (0.19-0.47)  0.04* 

Low income allocation decision-making power (<0.4)c  58.6% (161)  64.5% (176)  0.15 
Note: % (n) for categorical variables, mean + SD for normally distributed continuous variables, median (IQR) for non-normally 683 
distributed continuous variables. aCES-D: Center for Epidemiologic Studies Depression Scale; bdependency ratio calculated as number 684 
of children (<14) and elders (>65)/number of household members between the ages of 15 and 64; csecondary analysis of income 685 
allocation decision-making power. 686 
* p<0.05 687 
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 688 

Table 2. Food security, domestic violence experience, men’s involvement with household work, and high income 689 

allocation decision-making power are significantly associated with probable risk of depression among smallholder farmers 690 

in Tanzania at baseline in log-binomial multivariable regressions: [SNAP-Tz, 01/16, n=548] 691 

Variable R.R. 95% CI 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 a 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) -- -- 

Gender equity     

Adequate social support (≥3 out of 4) 0.78 (0.56, 1.10) 0.76 (0.56, 1.04) 

Experience 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) -- -- 

Men’s involvement with household work (0-1) 0.37** (0.23, 0.60) 0.60* (0.40, 0.90) 

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)b 0.60 (0.14, 2.53) -- -- 

High income allocation decision-making power (0.4-1)b 6.42** (3.31, 12.45) 2.90** (1.79, 4.69) 
* p<0.05, **p<0.01; a Dependency ratio calculated as number of children (<14 y.o.) and elders (>65 y.o.) divided by number of adult 692 
household members (15-64 y.o.); b secondary analysis of income allocation decision-making power  693 
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Table 3. Proportion of missing baseline information is low (0-5%): SNAP-Tz, 01/2016, n=548 694 

 Total Missing  % Missing 

Probable Depression 548 0  0 

Household Food Insecurity Access Scale (0-27) 548 0  0 

Demographics     

Pregnant 548 15  2.74 

Farming as main occupation 548 1  0.18 

Monogamous marital status 548 0  0 

Nyaturu ethnic group 548 0  0 

Muslim 548 0  0 

Wealth Tertiles 548 0  0 

   Poorest  0  0 

   Middle  0  0 

   Wealthiest  0  0 

Dependency Ratioa 548 0  0 

Age (years) 548 1  0.18 

Years of education 548 1  0.18 

Years lived in village 548 10  1.82 

Gender equity     

Adequate social support (≥3 out of 4) 548 4  0.73 

Experience any domestic violence  548 0  0 

Attitude towards domestic violence (0-7) 548 0  0 

Men’s involvement with household work (0-1) 548 0  0 

Leisure time (hours) 548 7  1.28 

Agricultural decision-making power (0-1) 548 0  0 

Income allocation decision-making power (0-1) 548 30  5.47 

Income allocation decision-making power (0-0.4]b 548 0  0 
aDependency ratio calculated as number of children (<14) and elders (>65)/number of household members between 695 
the ages of 15 and 64; bsecondary analysis of income allocation decision-making power. 696 
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Table 4. Missingness of variables included in mediation analyses across 2016-2019 ranges from 0-20%, with more 697 

missing data in later years: SNAP-Tz, n=548 698 

699 

 Total Missing  % Missing 

Probable Depression (CESD>17)     

0* 548 61  5.16 

1 548 31  11.13 

2 548 70  12.77 

Household Food Insecurity Access Scale (0-27)     

0 548 31  5.66 

1 548 62  11.31 

2 548 58  20.58 

Muslim** 548 0  0 

Wealth Tertiles** 548    

   Poorest  0  0 

   Middle  0  0 

   Wealthiest  0  0 

Adequate social support (≥3 out of 4)     

0 548 4  0.73 

1 548 31  5.66 

2 548 64  11.68 

Experience any domestic violence     

0 548 0  0 

1 548 31  5.66 

2 548 61  11.13 

Men’s involvement with household work  (0-1)     

0 548 0  0 

1 548 31  5.66 

2 548 66  11.68 

Income allocation decision-making power (0-1)     

0 548 30  5.47 

1 548 32  5.84 

2 548 64  11.68 

*0,1,2 refer to time points used for mediation analyses. For Men’s involvement with 
household work, Income allocation decision-making power, domestic violence 
experience, and adequate social support 0=2016, 1=2017, 2=2018. For HFIAS and CES-
D, 0=2017, 1=2018, 2=2019.**Time-invariant covariates, so only 2016 data used. 
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Table 6. Food security, domestic violence experience, men’s involvement with household work, and high income allocation decision-701 

making power are significantly associated with probable depression among smallholder farmers in Tanzania at baseline in log-702 

binomial multivariable regressions: [SNAP-Tz, 01/16, n=548] 703 

Variable R.R 95% CI aRR 95% CI 

Intervention 1.00 (0.75, 1.32) -- -- 

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 Ratioa 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) -- -- 

Gender equity     

Adequate social support (≥3 out of 4) 0.78 (0.56, 1.10) 0.76 (0.56, 1.04) 

Experience 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) -- -- 

Men’s involvement with household work (0-1) 0.37** (0.23, 0.60) 0.60* (0.40, 0.90) 

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) -- -- 

Income allocation decision-making power (0-0.4]b 0.60 (0.14, 2.53) -- -- 

Income allocation decision-making power (0.4-1)b 6.42** (3.31, 12.45) 2.90** (1.79, 4.69) 
* p<0.05, **p<0.01; a Dependency ratio calculated as number of children (<14 y.o.) and elders (>65 y.o.) divided by number of adult household members (15-64 y.o.); 704 
b secondary analysis of income allocation decision-making power  705 
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 706 

 707 

 708 

Figure 2. Polynomial Smoothing graph shows linear association between women’s probable risk of  depression and low 709 

income allocation decision-making scores (0-0.4) at baseline: SNAP-Tz, 01/2016, n=548. 710 

 711 

  712 
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Table 6. Food security, domestic violence experience, men’s involvement with household work , and income 713 

allocation decision-making power are significant baseline covariate associations of depression when modeled as a 714 

continuous variable: SNAP-Tz, 01/16, n=548 715 

Variable Univariable β 95% CI Multivariable β 95% CI 

Intervention 0.58 (-1.48, 2.64) -- -- 

Household Food Insecurity Access Scale (0-27) 0.61** (0.46, 0.76) 0.54** (0.40, 0.67) 

Demographics     

Farming as main occupation (ref: any other) -1.37 (-5.26, 2.53) -- -- 

Monogamous marital status (ref: polygamous) 3.85* (0.34, 7.36) -- -- 

Nyaturu ethnic group (ref: Nyiramba or other) -1.85 (-9.11, 5.42) -- -- 

Muslim (ref: Christian, Traditional African, none) -0.27 (-2.6, 2.05) -- -- 

Wealth Tertiles     

   Poorest Ref -- -- -- 

   Middle -1.81 (-4.07, 0.45) -- -- 

   Wealthiest -1.16 (-3.94, 1.61) -- -- 

Dependency Ratioa 0.03 (-0.03, 0.09) -- -- 

Age (years) 0.17* (0.03, 0.32) -- -- 

Years of education -0.01 (-0.15, 0.13) -- -- 

Years lived in village  0.12 (-0.002, 0.24) -- -- 

Gender equity     

Adequate social support (≥3 out of 4) -1.42 (-4.03, 1.18) -1.79 (-3.97, 0.58) 

Experience any domestic violence  7.27** (5.03, 9.50) 5.06** (2.75, 7.36) 

Attitude towards domestic violence (0-7) 0.57** (0.18, 0.96) -- -- 

Men’s involvement with household work (0-1) -7.02** (-10.28, -3.76) -3.42* (-6.33, -0.51) 

Leisure time (hours) -0.12 (-0.82, 0.57) -- -- 

Agricultural decision-making power (0-1) 5.49* (0.30, 10.67) -- -- 

Income allocation decision-making power (0-1) 4.91* (0.06, 9.76) -- -- 

Income allocation decision-making power (0-0.4]b -6.55 (-16.78, 3.67) -- -- 

Income allocation decision-making power (0.4-1)b 17.67** (8.71, 26.63) 7.78* (0.25, 15.32) 
* p<0.05, **p<0.01; a Dependency ratio calculated as number of children (<14 y.o.) and elders (>65 y.o.) divided by number of adult 716 
household members (15-64 y.o.); b secondary analysis of income allocation decision-making power 717 



 
38 

 

Figure 3: Diagrams of estimates of total effect (Panel A), natural direct effect (Panel B, path c) 
and natural indirect effect (Panel B, path ab) estimates for mediation of food security in the 
intervention’s impact on probable depression. OR with 95% CI shown correspond to each 
emboldened pathway. OR: odds ratio; CI: confidence intervals; H.H.: Men’s involvement with 
household work; S.S.: social support; D.V.E.: Domestic Violence Experience; I.N.C.: income 
allocation decision-making power. 
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Table 7. Mediation coefficient comparisons between models. All models demonstrate similar effects of food 
security as a mediator of SNAP-Tz’s impact on probable risk of depression: SNAP-Tz, 01/16-01/29, n=548 
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