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Abstract

Rationale—Food insecurity has emerged as an important, and potentially modifiable, risk factor
for depression. Few studies have brought longitudinal data to bear on investigating this association
in sub-Saharan Africa.

Objective—To estimate the association between food insufficiency and depression symptom
severity, and to determine the extent to which any observed associations are modified by social
support.

Methods and Results—We conducted a secondary analysis of population-based, longitudinal
data collected from 1,238 pregnant women during a three-year cluster-randomized trial of a home
visiting intervention in Cape Town, South Africa. Surveys were conducted at baseline, 6 months,
18 months, and 36 months (85% retention). A validated, single-item food insufficiency measure
inquired about the number of days of hunger in the past week. Depression symptom severity was
measured using the Xhosa version of the 10-item Edinburgh Postnatal Depression Scale. In
multivariable regression models with cluster-correlated robust estimates of variance, lagged food
insufficiency had a strong and statistically significant association with depression symptom
severity ($=0.70; 95% CI, 0.46-0.94), suggesting a 6.5% relative difference in depression
symptom severity per day of hunger. In stratified analyses, food insufficiency had a statistically
significant association with depression among women with low levels of instrumental support.
Using quantile regression, we found that the adverse impacts of food insufficiency were
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experienced to a greater degree by women in the upper end of the conditional distribution of
depression symptom severity. Estimates from fixed-effects regression and fixed-effects quantile
regression, accounting for unobserved confounding by time-invariant characteristics, were similar.

Conclusions—Food insufficiency was associated with depression symptom severity,
particularly for women in the upper end of the conditional depression distribution. Instrumental
social support buffered women against the adverse impacts of food insufficiency.

Keywords
food insufficiency; depression; social support; South Africa

INTRODUCTION

Depressive disorders are among the most disabling conditions worldwide, comprising a
substantial proportion of the global burden of disease (Whiteford et al., 2013). The social
and economic conditions of poverty -- including stressful life events, social exclusion,
malnutrition, and other stressors that are particularly pervasive in resource-limited settings --
have been linked to increased risks of developing depressive disorders generally (Lund et
al., 2010) as well as during critical periods such as pregnancy and postpartum (Fisher et al.,
2012). The public health impacts of untreated or sub-optimally treated depression extend
beyond index cases, as depression has been shown to undermine economic productivity
(Ettner, Frank, & Kessler, 1997), and maternal depression compromises caregiving and child
health (Perry, 2008; Rahman, Igbal, Bunn, Lovel, & Harrington, 2004; Tsai & Tomlinson,
2012).

Food insecurity, which occurs whenever the availability of nutritionally adequate food or the
ability to procure food in culturally acceptable ways is limited or uncertain (Anderson,
1990), has recently emerged as a particularly important -- and potentially modifiable -- risk
factor for depression. The construct of food insecurity comprises a number of different
concepts, including food insufficiency, inadequacy of coping strategies, and hunger. While
numerous cross-sectional studies from resource-limited settings have examined the
association between food insecurity and mental health, only four of these have examined
this relationship using longitudinal data (Cole & Tembo, 2011; Hadley & Patil, 2008; Maes,
Hadley, Tesfaye, & Shifferaw, 2010; Tsai et al., 2012). Pregnancy and the puerperium
represent particularly vulnerable periods for women, yet in two recently published
systematic reviews of risk factors for postpartum depression (Fisher et al., 2012; Yim,
Tanner Stapleton, Guardino, Hahn-Holbrook, & Dunkel Schetter, 2015), only three studies
-- all cross-sectional, and only one conducted in sub-Saharan Africa (Dewing, Tomlinson, le
Roux, Chopra, & Tsai, 2013) -- were noted to have assessed the association between food
insecurity and postpartum depression. Finally, all of these studies have focused exclusively
on investigating locational shifts in the distribution of depression, with less attention paid to
the shape of the distribution. This is an important gap in the literature: if the effects of a
potential food security intervention vary across the distribution of depression in a
population, then this could provide insight into vulnerable subgroups who might benefit the
most from such interventions. The overall thrust of this body of research is that food
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insecurity, food insufficiency, and hunger all exert negative impacts on mental health, but
significant gaps remain.

To address these gaps in the literature, we conducted a secondary analysis of population-
based, longitudinal data collected from 1,238 pregnant women during a three-year cluster-
randomized trial in Cape Town, South Africa. The study’s primary aim was to determine
whether a community-based home visiting program could improve maternal and child health
over three years post-delivery. With repeated measures of both food insufficiency and
depression symptom severity, these data offered us the opportunity to estimate their
relationship while adjusting for both observed and unobserved confounding.

CONCEPTUAL FRAMEWORK

Our conceptual framework draws heavily on Pearlin and colleagues’ (Pearlin, 1989, 1999;
Pearlin, Lieberman, Menaghan, & Mullan, 1981) conceptualization of stressors as being
rooted in social and economic structures of daily living. Stressors with more consequential
impacts for mental health are those for which culturally embedded aspects of role function
are particularly implicated (Kessler, Price, & Wortman, 1985). In settings of generalized
poverty where subsistence-level strategies are needed to ensure household viability, food
insufficiency should be expected to emerge as a strong predictor of emotional distress,
particularly among women, who occupy a central role in food production for their
households (Quisumbing, Brown, Feldstein, Haddad, & Pena, 1995). In many countries in
sub-Saharan Africa, insufficiency of food is the predominant stressor experienced in daily
living (Pike & Patil, 2006).

In many ways, the hypothesized association between food insecurity and depression
provides a unique illustration of Krieger’s (2001) concept of embodiment. In Krieger’s
(2001) formulation, embodiment is defined as “how we literally incorporate, biologically,
the material and social world in which we live” (p.672). Peri-urban South Africa has been
described as an environment that compromises the well-being of women, who are subject to
numerous co-occurring and potentially synergistic (i.e., “syndemic” (Singer, 1994; Tsai &
Burns, 2015)) psychosocial health risks. These risks include depression, non-communicable
disease, intimate partner violence, HIV, and substance abuse (Dewing, Tomlinson, le Roux,
Chopra, & Tsai, 2013; O’Connor et al., 2011; Pitpitan et al., 2013; Tomlinson et al., 2014).
Qualitative work has described how structural violence (Farmer, 1999) plays a fundamental
role in undermining South African women’s access to affordable, reliable, and healthy food,
and how the resulting food insecurity in turn becomes manifest as poor health (Mendenhall,
2015; Mendenhall & Norris, 2015). The lived experiences of these chronic, conjoint health
risks as “daily stressors” (Miller & Rasmussen, 2010) may uniquely erode coping resources,
ultimately converging to result in “syndemic suffering” (Mendenhall & Norris, 2015).

In an analysis of food insecurity and emotional distress in urban Ethiopia, Maes, Hadley,
Tesfaye, and Shifferaw (2010) hypothesized that the adverse mental health impacts of food
crises could potentially be moderated by social networks of psychological support and
exchange. Their hypothesis is consistent with the theory that social support exerts a
“buffering,” or moderating, influence against life stressors (Cassel, 1976; Cobb, 1976). We
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therefore hypothesized that the association between food insufficiency and depressed mood
would be weaker among women with less social support. We further hypothesized that the
extent of buffering would be strongest for instrumental social support rather than emotional
social support. This hypothesis is consistent with the “matching” theory (Cohen & McKay,
1984), which predicts that the experience of food insufficiency should be most effectively
buffered with support that is delivered in the form that most closely counters the stressor.
Thus, we expected that instrumental support -- as distinguished from emotional,
informational, or diffuse support (Cohen & Wills, 1985) -- would be the most relevant type
of social support to consider when testing the buffering hypothesis.

METHODS

Ethics Statement

All research assistants received training on how to administer surveys for gathering sensitive
information and provided assurances of confidentiality. Written informed consent was
obtained from all study participants. The survey was framed generally as being part of a
study of family health and well-being. In consultation with on-site supervisors, research
assistants provided referrals to local counseling resources and/or child social services as
needed, with standardized protocols in place to refer women to emergency services in the
case of acutely elevated risk of harm to self or harm from others. All study procedures were
approved by the South General Institutional Review Board of the University of California at
Los Angeles and the Health Research Ethics Committee of the Stellenbosch University
Faculty of Health Sciences. A four-person Data Safety Monitoring Board populated by local
and international experts monitored implementation of the study.

Study Population

The protocol for the randomized trial was registered with Clinical Trials.gov
(NCT00972699), and the 6-, 18-, and 36-month outcomes have been published (le Roux,
Rotheram-Borus, Stein, & Tomlinson, 2014; le Roux et al., 2013; Rotheram-Borus et al.,
2011; Rotheram-Borus et al., 2014; Rotheram-Borus, Tomlinson, Roux, & Stein, 2015). The
study was conducted in three informal settlements near Cape Town, South Africa, where
major community health challenges include HIV, tuberculosis, malnutrition, and alcohol use
(Hartley et al., 2011; O’Connor et al., 2011; Tomlinson et al., 2014). Research assistants
went from house to house to identify all pregnant women living in 24 neighborhoods
(matched on population density, number of bars, distance to health care, and access to public
works infrastructure) and invited their participation in the study. Only 2 percent of pregnant
women refused participation. These matched neighborhoods were randomized in blocks of
four to either a home visiting intervention or standard clinic care groups. Standard clinic
care was available (within 5 kilometers) to all women living in the study catchment area and
generally consisted of tuberculosis and HIV testing, partner HIV testing, antiretroviral
therapy, antenatal and postnatal care, well-child clinics, and primary health care (Rotheram-
Borus et al., 2011).

The intervention was implemented by the Philani Maternal, Child Health, and Nutrition
Project, a non-governmental organization operating in South Africa since 1979 and more
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recently in Ethiopia and Swaziland. Their “mentor mother” program recruits women from
the community who have successfully raised thriving children despite concentrated
adversity, and then provides them with paraprofessional training to conduct home visits
among pregnant women in the community. In the cluster-randomized trial, the standard
Philani intervention was standardized and augmented with problem-solving and cognitive-
behavioral techniques to address major community health challenges, including HIV,
tuberculosis, malnutrition, and alcohol use (Rotheram-Borus et al., 2011). Survey data were
collected at baseline, 6 months, 18 months, and 36 months by Xhosa-speaking research
assistants. Participants completed all assessments between 2009 and 2014. Previous
publications have reported that the “Philani Plus” intervention improved a wide range of
maternal and child health outcomes related to HIV prevention behaviors, breastfeeding,
child growth, and emotional well-being (le Roux, Rotheram-Borus, Stein, & Tomlinson,
2014; le Roux et al., 2013; Rotheram-Borus et al., 2014; Rotheram-Borus, Tomlinson, Roux,
& Stein, 2015). The secondary analysis described in this article utilized the full set of data
from the randomized trial.

Primary Variables of Interest

The outcome of interest was depression symptom severity, which was measured at all time
points using the Xhosa version of the 10-item Edinburgh Postnatal Depression Scale (EPDS)
(Cox, Holden, & Sagovsky, 1987). Scale items inquire about depressive symptoms within a
seven-day recall period, with responses scored on a four-point Likert-type scale ranging
from 0 (“not at all””) to 3 (“all the time”). As a screening instrument, the EPDS
measurements should not be regarded as equivalent to clinical diagnoses of major depressive
disorder (with or without postpartum onset) as made by mental health professionals. The
EPDS measures the affective and cognitive symptoms that typically accompany depressive
disorders (Kagee, Tsai, Lund, & Tomlinson, 2013). In this specific population of Xhosa-
speaking pregnant and postpartum women, the EPDS has been shown to have a coherent
internal structure (De Bruin, Swartz, Tomlinson, Cooper, & Molteno, 2004), high sensitivity
and specificity for detecting major depressive disorder (Hung et al., 2014; Tsai et al., 2013;
Tsai et al., 2014), and good construct validity (Dewing, Tomlinson, le Roux, Chopra, &
Tsai, 2013; Hartley et al., 2011). Its internal consistency was confirmed in the baseline
sample: the Cronbach’s alpha was 0.89, with a 95% confidence interval [CI] (computed
using 500 bootstrap replications) of 0.88-0.90.

Food insufficiency was measured using a single-item question, “How many days in the past
week have you gone hungry? By this | mean days when you felt you didn’t have enough to
eat.” While single-item measures of food insufficiency have been validated in population-
based studies in sub-Saharan Africa (Tsai et al., 2011; Weiser et al., 2007) and the U.S.
(Briefel & Woteki, 1992), the specific measure used in our study had not heretofore been
validated among Xhosa-speaking women. Therefore, at the 36-month follow-up interview
we simultaneously administered the Household Food Insecurity Access Scale (HFIAS) to
provide additional evidence of construct validity (see Electronic Supplementary Appendix).

The breadth of each participant’s emotional and instrumental support was measured, at
baseline only, with a series of ten questions about trust and support from intimate partners
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and family members derived from the Significant Others Scale (Power, Champion, & Avris,
1988). These items inquire about frequency of instrumental support and the extent to which
a participant has an intimate partner, mother, or father she trusts and from whom she
receives emotional or instrumental support. Six of the items relate to emotional support, and
four of the items relate to instrumental support (see Electronic Supplementary Appendix).
To generate the indices of emotional and instrumental support, following Kling, Liebman,
and Katz (2007) we defined summary indices as the equally weighted average of the z-
scores: each item was standardized to a mean of 0 and standard deviation of 1, the summary
emotional support index was defined as the average value across the six standardized items,
and the summary instrumental support index was defined as the average value across the
four standardized items.

Other Covariates

In the multivariable regression models, we adjusted for a number of different time-invariant
and time-varying covariates. Time-invariant covariates were elicited at the baseline
interview and included binary indicators denoting whether the participant had been
randomized to an intervention or standard clinic care cluster, age at baseline, and whether
the mother had completed high school. Household asset wealth was elicited by asking
participants a series of 13 questions about household assets and housing characteristics (e.g.,
whether there is a flush toilet in the home, whether a household member owns a radio, etc.).
Then, following the method of Filmer and Pritchett (2001), we applied principal components
analysis to these variables. The first principal component was retained and used to define the
asset wealth index, and participants were sorted into quintiles of relative asset wealth.

Time-varying covariates were elicited at baseline, 6 months, 18 months, and 36 months.
Time elapsed since the baseline interview was measured in months. We included binary
indicators denoting whether the participant was employed (either full- or part-time) and
whether the father of the child remained with the participant as an intimate partner.
Additionally we adjusted for several indicators of health status, given that poor health may
compromise food-securing activities (Hyder et al., 2005) and may also be a risk factor for
depression (Polsky et al., 2005): HIV serostatus (classified as HIV-positive, HIV-negative,
or unknown/refused testing), and whether the participant had been diagnosed with high
blood pressure or diabetes. Household monthly income was measured in South African
Rand. Alcohol abuse was measured with the three-item consumption subset of the Alcohol
Use Disorders Identification Test (AUDIT-C) (Saunders, Aasland, Babor, de la Fuente, &
Grant, 1993).

Statistical Analysis

Given that the data were characterized by a repeated measures design, we sought to estimate
the association between food insufficiency and depression symptom severity, while
adjusting for the time-invariant and time-varying covariates described above. We fit a linear
regression model to the pooled cross-sectional data, specifying the EPDS score as the
continuous dependent variable and food insufficiency as the continuous explanatory variable
of interest, with cluster-correlated robust estimates of variance (Froot, 1989; Rogers, 1993;
Williams, 2000) to correct standard errors for clustering within participants over time. To
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ensure the correct temporal sequence of the exposure and outcome, food insufficiency was
lagged by one assessment period. Thus, the pooled regression estimates provided
information about the association between food insufficiency at one time point and
depression symptom severity at the subsequent time point (e.g., food insufficiency at 6
months was correlated with depression symptom severity at 18 months). To aid in
interpretation of the estimates and because caseness for (probable) depression is frequently
of clinical interest, we defined probable depression as EPDS =13 (Hung et al., 2014; Rochat
et al., 2006; Tsai et al., 2014) and re-fit a logistic regression model to the data. This model
specified probable depression as the binary dependent variable and lagged food
insufficiency as the explanatory variable of interest. Regression coefficients were
transformed to marginal effects for ease of interpretation (Bartus, 2005).

To determine whether the adverse impacts of food insufficiency were experienced to a
greater or lesser extent by women at different points in the conditional distribution of
depression symptom severity, we used a quantile regression approach (Koenker & Bassett,
1978). By construction, a quantile regression estimates the impact of an explanatory variable
on an arbitrarily specified quantile of the dependent variable conditional on specific values
of the covariates. Quantile regression models are appropriate models to use when the entire
shape of the distribution changes meaningfully and investigating changes in the mean is
insufficient; then the analytic aim is to estimate the different associations between an
exposure and outcome along the outcome distribution. Specifically, we fit quantile
regression models to estimate the association between lagged food insufficiency and the
20t 40t 60t and 80t percentiles of the distribution of EPDS, using a covariance matrix
of the asymptotic distribution of the quantile regression estimator that permits within-
participant correlation over time (Parente & Santos Silva, 2015). If food insufficiency
affects both the location and the shape of the depression distribution, then we would expect
to observe systematic differences in the regression coefficient estimates across quintiles.

For a formal assessment of the extent to which the strength of the food insufficiency-
depression relationship differed according to baseline social support, we included social
support in the regression model along with a product term for the interaction between food
insufficiency and social support. If the estimated associations were stronger among women
with lower social support (i.e., below the median) at baseline, this pattern of associations
was interpreted as evidence favoring the buffering hypothesis. To investigate the matching
hypothesis, we examined both instrumental and emotional support as potential effect
modifiers. If the interaction term had greater statistical significance for instrumental (vs.
emotional) support, this pattern of associations was interpreted as evidence favoring the
matching hypothesis.

Finally, we fit a fixed-effects regression model to the data, using within-participant variation
over time to identify the estimated associations (Mundlak, 1961). The estimated regression
coefficients are interpreted as providing information about the association between changes
in food insufficiency and changes in depression symptom severity. This model adjusts for
confounding, whether observed or unobserved, that is time-invariant over the period of
study. In the setting of this randomized trial, there are two specific examples of omitted
variable bias that could be important. Qualitative studies conducted in diverse cultural
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contexts have shown that feelings of helplessness, shame, and humiliation are central to the
experience of food insufficiency (Coates et al., 2006; Hamelin, Beaudry, & Habicht, 2002;
Nordanger, 2007). Thus, the observed association between food insufficiency and
depression could simply be due to artifactual overlap between both constructs. A related
concern is that personality structure may affect the reporting of both food insufficiency and
depression symptom severity (Epstein, 1992): For example, if certain types of people are
prone to over-report difficulties obtaining food and to also over-report symptoms of
depression, then an observed association between food insufficiency and depression could
be spurious. In the fixed-effects specification, participants effectively serve as their own
controls. Assuming that the unobservable heterogeneity is constant within participants over
time (e.g., personality structure is stable in the short term), then the unobserved
heterogeneity and any potential overlap in the scales used to measure the exposure and
outcome is differenced away. An important limitation of the fixed-effects specification is
that, because only within-participant variation is used to estimate the associations, the fixed
effects are collinear with all time-fixed covariates; therefore, the fixed-effects regression
models contained only the time-varying covariates. To determine whether changes in food
insufficiency were differentially associated with changes in depression symptom severity at
different points in the conditional depression distribution, we used the fixed-effects quantile
regression model Canay (2011) described.

RESULTS

Characteristics of the Sample

Of 1,238 women initially randomized and followed from 2009-2014, there were 117
mother-child dyads in which either the mother or the child died, and these were removed
from the study (and, therefore, this analysis) (Rotheram-Borus, Tomlinson, Roux, & Stein,
2015). Of these, 958 (85%) remained at 36-month follow-up (see online supplement for
summary details of the sample). Women lost to follow-up had lower depression symptom
severity (9.5 vs. 10.9; t=2.62, P=0.01) but had similar levels of food insufficiency (1.17 vs.
1.16; t=-0.07, P=0.94). Women lost to follow-up also had higher levels of emotional
support (P=0.10) and were less likely to be employed (P=0.051) but were otherwise similar
on other covariates (P-values ranged from 0.10-0.99). Intra-class correlation values showed
sufficient variation within participants over time, ranging from 0.19-0.34 for the outcome
and exposure variables, and from 0.12-0.66 for the time-varying covariates.

Food Insufficiency and Depression Symptom Severity

Kernel density plots suggested that food insufficiency was associated with greater
depression symptom severity in a dose-response fashion (Figure 1). The changes in both the
mean and distribution of depression suggest the need to investigate shape as well as
locational shifts in the outcome. In a multivariable regression model, lagged food
insufficiency had a strong and statistically significant association with depression symptom
severity ($=0.70; 95% CI, 0.46-0.94) (Table 1, column 1). Expressed differently, each
additional day in the past week the participant experienced food insufficiency was
associated with a 0.7-point increase in the EPDS. Compared with the baseline mean and
standard deviation, this estimate represented a 0.7 / 10.7 = 6.5% relative difference (per day
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of hunger) or 0.7 / 6.98 = 0.1 standard deviation units (per day of hunger). In the logistic
regression model, each additional day of food insufficiency was associated with a 2.4
percentage point difference (95% Cl, 1.4-3.3) in probable depression. Compared with the
baseline prevalence of probable depression, this estimate represented a 0.024 / 0.39 = 6.2%
relative difference (per day of hunger). The quantile regression estimates indicate that the
adverse impacts of food insufficiency were experienced to a greater degree by women in the
upper end of the conditional depression distribution, with a more than tenfold difference in
the magnitudes of the estimated associations among women in the 20th percentile vs.
women in the 80th percentile (Table 1, columns 2-5).

The findings were also consistent with the buffering hypothesis. When added to the
regression models, both types of social support had statistically significant main effects, but
instrumental support had a statistically significant interaction with food insufficiency
(P=0.009) while emotional support did not (P=0.22). In stratified analyses, food
insufficiency did not have a statistically significant association with depression symptom
severity among women with a level of instrumental support greater than the median ($=0.12;
95% CI, —0.35 to 0.59) but did have a statistically significant association with depression
among women with lower levels of support (=0.79; 95% CI, 0.51-1.07).

In the fixed-effects specification adjusting for all time-invariant confounding, the estimated
association between food insufficiency and depression symptom severity remained
statistically significant (=0.94; 95% Cl, 0.67-1.22) (Table 2, column 1). A one-day increase
(from one time point to the next) in the number of days of hunger was associated with a
nearly one-point increase in the EPDS over the same time period. The fixed-effects quantile
regression estimates again confirmed that the impacts of food insufficiency were greater
among the most severely depressed women, with a nearly threefold difference in magnitudes
between the lowest and highest quintile (Table 2, columns 2-5).

DISCUSSION

In this secondary analysis of data from a population-based, randomized controlled trial of
1,238 pregnant women near Cape Town, South Africa followed from pregnancy to 36
months post-delivery, we found that food insufficiency had a statistically significant
association with depression symptom severity, particularly among the most severely
depressed women. The pattern of associations was consistent with our conceptual model of
how social support that is most appropriately matched to a particular stressor can provide a
buffer against its adverse mental health impacts. Our findings are also consistent with what
has been observed in smaller longitudinal studies conducted with more specialized samples,
such as 456 persons with HIV in Uganda followed for less than 2 years (Tsai et al., 2012)
and 110 community health volunteers in Ethiopia followed for less than 1 year (Maes,
Hadley, Tesfaye, & Shifferaw, 2010). In terms of the estimated magnitudes of the
associations, the experience of two days of hunger in the past week had an effect on mean
EPDS scores that was comparable (in the opposite direction) to the treatment effects
observed in short-term randomized-controlled trials of psychotherapy interventions for
peripartum depression (Mulcahy, Reay, Wilkinson, & Owen, 2010; Spinelli & Endicott,
2003). Thus, our findings are not only statistically significant but also substantive in
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magnitude. Taken together, our findings have important policy and programmatic
implications for women’s health in sub-Saharan Africa.

Methodologically, our study makes two unique contributions to the literature. First, few
studies have employed fixed-effects regression to adjust for unobserved time-invariant
confounding, including three studies in the U.S. (Heflin, Siefert, & Williams, 2005; Kim &
Frongillo, 2007; Palar et al., 2015) and one study in rural Uganda (Tsai et al., 2012). We are
unable to directly compare the relative magnitudes of the estimates, but our findings are
broadly consistent with theirs. The second methodological contribution of our study is that
we used quantile regression, and fixed-effects quantile regression, to demonstrate strong
evidence of heterogeneous associations between food insufficiency and depression symptom
severity. Namely, food insufficiency appeared to shift the upper quantiles of the conditional
depression distribution by a much larger degree than the lower quantiles. Thus, even in this
highly vulnerable sample of low-income pregnant and postpartum women, there appear to
be pockets of even more concentrated adversity. A key implication is that interventions
addressing food insufficiency may function to compress the distribution of depression,
reducing the top of the depression distribution (i.e., the most disadvantaged) more than the
bottom.

Social support was found to be an effect modifier of the relationship between food
insufficiency and depression symptom severity, consistent with the “buffering” hypothesis
(Cassel, 1976; Cobb, 1976). Specifically, our analyses showed that food insufficiency
compromised mental health among women with low levels of social support, while women
with high levels of social support appeared to be more resilient. A similar finding has been
described in two other studies, including a population-based, cross-sectional study from
Canada (Wu & Schimmele, 2005) and a longitudinal study of persons with HIV in rural
Uganda (Tsai et al., 2012). In addition, consistent with the “matching” hypothesis (Cohen &
McKay, 1984; Cohen & Wills, 1985), we found that instrumental support provided buffering
against the adverse impacts of food insufficiency while emotional support did not.

Interpretation of our findings is subject to several limitations. First, while the EPDS is a
reliable, sensitive, and valid instrument for assessing depression symptom severity (Tsai et
al., 2013), it was intended for use as a screening instrument and not as a definitive diagnosis
(Kagee, Tsai, Lund, & Tomlinson, 2013). Notably, the EPDS does not provide information
about whether participants met formal diagnostic criteria for major depressive disorder (with
or without peripartum onset). Nonetheless, even sub-syndromal symptoms of depression are
associated with significant psychosocial impairment and are therefore of public health
interest (Judd et al., 1998). Second, preghancy and postpartum can be uniquely vulnerable
time periods for women, both in terms of food insecurity (Laraia, Vinikoor-Imler, & Siega-
Riz, 2015) and depression (Sawyer, Ayers, & Smith, 2010), so our findings may not
generalize beyond this population. On the other hand, the study sample represented nearly
all (98%) pregnant women in the population. This population-based design is a significant
strength of this study compared with the only other study of food insecurity and depression
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from sub-Saharan Africa to employ a similarly rigorous analytic approach (Tsai et al.,
2012).

Third, our primary explanatory variable consisted of a single item measuring food
insufficiency. The broader construct of food insecurity also includes nutritional inadequacy,
cultural unacceptability, and uncertainty about food supply (Anderson, 1990; Coates, 2013).
Inability to obtain foods of acceptable nutritional quality may be particularly stressful,
especially for women experiencing comorbid health risks such as diabetes (Mendenhall &
Norris, 2015). However, our ancillary analyses provide strong evidence of the construct
validity of our single-item measure in relation to the HFIAS (which is reliable and valid, and
is one of the most widely used measures of food insecurity (Hadley & Crooks, 2012)),
thereby suggesting its adequacy for the empirical task at hand.

Fourth, most studies in the field have used a latency period of 3-6 months for evaluating
subsequent changes in mental health in response to a life stressor, whether due to
insufficiency of food, medical illness, or some other circumstance (Hammen, 2005; Palar et
al., 2015; Tsai et al., 2012). In contrast, our study had an average latency period of 12
months, which could lead some to potentially argue that the lag between exposure and
outcome exceeds a reasonable latency period of response. However, in many studies in this
literature, extended latency periods are not uncommon and may extend from 12 months
(Heflin, Siefert, & Williams, 2005) to two years or even more (Polsky et al., 2005; Rees et
al., 2014). In ancillary analyses we did not find a statistically significant interaction between
food insufficiency and assessment time (P=0.78), but the lagged association between food
insufficiency and depression symptom severity did weaken in both magnitude and statistical
significance with greater lag times: The association between food insufficiency at baseline
and depression symptom severity at 6 months was p=0.78 (t=4.05); between food
insufficiency at 6 months and depression symptom severity at 18 months, 3=0.71 (t=3.60);
and between food insufficiency at 18 months and depression symptom severity at 36
months, $=0.59 (t=2.88).

Fifth, while study participants (“large N”) were followed over a 36-month period, there were
only four data collection time points (“small T”). The two-step estimator proposed by Canay
(2011) is consistent and asymptotically normal only when both N and T go to infinity. Given
any fixed N, a smaller T implies a larger finite sample bias for our fixed-effects quantile
regression estimates. However, the simulation analyses Canay (2011) provided also indicate
good coverage of the asymptotic confidence interval even in the setting of small T.

Conclusions

These limitations notwithstanding, our findings have substantial programmatic implications
for population mental health generally, and for South Africa specifically, where more than a
quarter of households may be food insecure (Sorsdahl et al., 2011) and where postpartum
depression is highly prevalent (Hartley et al., 2011; Tsai & Tomlinson, 2012). Given the
inequitable distribution of human resources for mental health in countries like South Africa
(Saxena, Thornicroft, Knapp, & Whiteford, 2007), existing programs and policies should
target potentially modifiable risk factors for poor mental health outcomes. For example,
nutrition support programs could be integrated into existing antepartum and postpartum care
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programs, similar to the ways in which HIV care and treatment programs have been
explored as potential vehicles for the delivery of food aid to persons with HIV (Cantrell et
al., 2008; Mamlin et al., 2009; Rawat, Faust, Maluccio, & Kadiyala, 2014; Yager, Kadiyala,
& Weiser, 2011). If such resources cannot be mobilized to directly address primary insults
to mental health, then social support interventions, delivered through community-based
outreach, could potentially be used to support the resilience of women in withstanding these
and other life stressors. Our findings suggest that instrumental support interventions, rather
than emotional support interventions, would be most suited to this purpose. A classical
example of an emotional support intervention might include the counseling intervention
employed in the Enhancing Recovery in Coronary Heart Disease (ENRICHD) study, which
was designed to modify participants’ behavioral and social skill deficits, cognitive factors
contributing to the perception of unsatisfying relationships, and social outreach and network
development (ENRICHD Investigators, 2001). Instrumental support interventions, in
contrast, would focus on meeting participants’ tangible needs, either through social
protection schemes offering direct assistance (Goudge et al., 2009) or livelihood training
(Weiser et al., 2015), or through counseling directed specifically at helping participants
mobilize their social networks (Perry & Pescosolido, 2015) toward instrumental ends. As
noted by Kawachi (1999), “Even apparently trivial differences in the willingness of
neighbors to help each other (e.g., through cash loans or labor in kind) might conceivably
affect the health of individuals living in deprived communities” (p. 121).

In summary, we provide novel, population-based evidence from a longitudinal study
describing an important association between food insufficiency and depression symptom
severity among more than 1,200 pregnant women in economically deprived settlements
surrounding Cape Town, South Africa. The estimated associations are large in magnitude
and even larger for the most severely depressed women, although women with high levels of
social support appear to be resilient to the adverse mental health impacts. Interventions
aimed at improving food security and/or social support for new mothers in resource-limited
settings are likely to benefit their health and mental health and may also benefit their
children as well.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
« Food insufficiency is an important, modifiable risk factor for depression
«  We investigate this association using longitudinal data from South Africa
» Food insufficiency has a strong association with depressive symptoms

e The estimates are robust to fixed effects and quantile specifications
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Figure 1. Kernel density plot of depression symptom severity, by frequency of food insufficiency
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