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Abstract

Food insecurity (FI) is associated with higher-risk sexual behavior in some studies. However, the

overlap between FI and socioeconomic status (SES) has been poorly described. The study

objectives were to: (1) determine the relationship between household FI and four dimensions of

SES among sexually active Tanzanian women in farming households: expenditures, assets,

flooring material of the home, and land ownership; and (2) determine whether FI is associated

with higher-risk sexual behavior and relationship power. In male-headed households, FI was

associated with assets, flooring material, and land ownership but not expenditures. There was no

association between FI and the four dimensions of SES in female-headed households. Among

women in male-headed households, but not female household heads themselves, severe FI was

associated with a non-significant increase in the likelihood of being in a relationship because of

material goods [adjusted prevalence ratio (PRa) = 1.76, 95 % confidence interval (CI) 0.81, 3.81]

and was inversely associated with being able to ask partners to use condoms (PRa = 0.47, 95 % CI

0.25, 0.88). There was not a strong association between food security and relationship power. Our

findings suggest that the association between FI and HIV risk behavior may differ depending on

the type of household.
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Introduction

Women’s economic empowerment is increasingly regarded as a promising approach to HIV

prevention in Sub-Saharan Africa [1–3]. Economic empowerment is defined as having the

tools (e.g., skills or capital) to advance economically and/ or the agency to define and make

choices to benefit from economic activities [4]. Indeed, a growing body of observational

research suggests that when women are economically constrained, their ability to refuse sex,

negotiate condom use, and leave risky relationships is compromised, heightening their

susceptibility to HIV infection [3, 5, 6]. Further, economically insecure women may engage

in high-risk sexual behavior to procure money, food, or other goods [6–10]. In addition to

these observational data, experimental evidence supports the hypothesis that economic

interventions can improve reproductive health [11–14].

Food insecurity (FI) in particular has emerged as a key dimension of economic insecurity

that is associated with high-risk sexual behavior and undermines economic empowerment.

People are considered food secure when they have adequate physical, social, and economic

access to sufficient, safe and nutritious food that meets their dietary needs and food

preferences for an active and healthy life [15]. Food security encompasses dimensions of

food availability, access, and utilization [16, 17]. Several studies have reported an

association between FI and HIV-related risk behaviors, [7, 9, 18] including a study among

women in Botswana and Swaziland that found that food insufficiency was associated with

inconsistent condom use and exchange of sex for money or other goods [6]. Together, these

studies support conceptual models hypothesizing that women may engage in high risk

sexual behaviors, including transactional sex and unprotected sex, to mitigate the effects of

FI [17, 19]. Likewise, these data also suggest that interventions to bolster food security

could have downstream effects on sexual and reproductive health.

However, some ambiguity remains about whether FI is simply a proxy for poverty or

whether it captures a unique construct that exerts independent effects on sexual risk

behavior. Certainly, FI is highly correlated with socioeconomic position [20, 21]. However,

FI at the individual level may be prevalent even in wealthier households due to unequal

intra-household allocation of food, which, for example, can result in women eating last or

having less access to fats, protein, or micronutrient-rich foods [22–24]. Further, a 2012

World Food Programme report highlighted that economic growth does not necessarily

translate to enhanced household food access, and even when the poor have additional

income, it is not always used to purchase more food or more nutrient-dense food [25]. In this

way, FI and socioeconomic status (SES) are hypothesized to be overlapping but unique

concepts with one not necessarily implying the other. Indeed, the effect of FI on sexual risk

behavior persists in some studies after adjustment for SES [6, 18]. However, there are few

empirical studies exploring both the joint distribution of FI and SES as well as the
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independent association between FI and women’s risk behavior and empowerment; the goal

of this study.

In Tanzania, both HIV and hunger are highly prevalent. The HIV epidemic is generalized

(5.6 % in 2009 [26]) and the global hunger index (GHI) is 19.3, indicating serious levels of

hunger [the average world GHI score is 14.7, and the highest score in 2012 was 37.1

(Burundi)] [27, 28]. Thus, Tanzania was an ideal setting for the current study. The first

objective was to explore the relationship between FI and four aspects of SES among women

living in smallholder farming households: household expenditures, assets, the flooring

material of the home, and land ownership. Second, we examined whether FI was associated

with sexual risk behavior and relationship power, a measure of gender-based imbalances in

an intimate partnership and its effect on women’s ability to negotiate safer sex [29].

Methods

We conducted a secondary analysis of data from the impact evaluation of Tanzania’s

National Agricultural Input Voucher Scheme. The program, launched in 2009 by the

Tanzanian Ministry of Agriculture, Food Security and Cooperatives (MAFC),aims to

increase household incomes and bolster food security by distributing vouchers for a 50 %

subsidy on a package of inputs (fertilizers and improved seeds) to maize and rice farmers.

There is a specific emphasis on preferentially selecting female-headed households for the

program. The quasi-experimental impact evaluation was conducted among 2,000 households

and will evaluate the program’s effects on fertilizer and seed use, agricultural productivity

(maize or rice yield per hectare), profitability, and household health and welfare.

This analysis uses cross-sectional household data from the baseline survey, and is restricted

to women who were in a sexual relationship in the past 12 months. Women self-identified as

either heads of household themselves or as living in male-headed households.

Study Population

The study was conducted between December 2010 and February 2011 in eight regions with

the highest potential for maize production that were being targeted for the subsidy program:

Ruvuma, Iringa, Rukwa, Mbeya, Morogoro, Kigoma, Arusha and Kilimanjaro. A multi-

stage cluster sampling strategy was used to identify households for the survey. First, districts

were weighted by the number of farming households and then one in four districts were

randomly selected from each region (one district was sampled from all regions except from

Iringa and Mbeya, where two were sampled). Wards were then randomly selected from each

district and 200 villages (total) were randomly selected within the sampled wards. Within

each village, a Village Voucher Committee (VVC) determined whether households were

eligible to participate in the subsidy program based on eligibility criteria: ≤1 hectare of land,

able to afford the top-up for the inputs, and preference given to female-headed households.

VVC records were used to sample ten households for the evaluation, where half of the

households were beneficiaries of the voucher program and half were eligible non-

beneficiaries. In order to investigate gender-related impacts of the subsidy program, women

were oversampled such that 50 % of the household survey sample in each village consisted

of female-headed households.
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Data Collection

Heads of household (male or female) were invited to participate in the impact evaluation.

Those providing verbal consent completed a face-to-face interview about household

characteristics, agricultural practices, expenditures, household assets, and food security.

Thus, household characteristics such as food security status and expenditures were reported

by men in male-headed households and by women in female-headed households (Fig. 1).

Additionally, a module assessing land ownership, empowerment, and sexual and

reproductive health was designed to be administered to all female household heads and a

convenience sample of the wives or female partners of male household heads (one wife or

female partner was instructed to be interviewed from the sample of five male-headed

households in each village). In the final sample, 96.7 % of the 306 women living in male-

headed households who were interviewed for the study self-identified as being married or in

an informal union.

Outcome Assessment

Recognizing that SES is multidimensional construct, we selected four indicators that were

related to income and wealth for the analysis [30]. Monthly per capita expenditures in

Tanzanian shillings (TZS) was computed from reported expenditures on food and

transportation in the last 4 weeks and on non-food household items, education, and medical

expenses in the last 12 months. Expenditure data is often preferred to income data as income

is sometimes difficult for the respondent to assess due to multiple income sources that may

vary seasonally [31]. A household asset index was created using a principal component

analysis (PCA) with a polychoric correlation matrix based on ownership of the following

household assets: radio, telephone, video/DVD, sofa, motorcycle, bicycle, wheelbarrow,

hoes, spraying machine, plough, and livestock [32]. PCA is a multivariable statistical

technique used to reduce a set of correlated variables into fewer dimensions, and avoids the

assumptions inherent with a simple summation of assets; namely, that all assets are of equal

value [33, 34]. The first principal component was used as the asset index [33]. Both monthly

per capita expenditures and the asset index were divided into quartiles for the analysis. The

flooring material of the home was directly observed by the interviewer and classified into:

(1) earth, mud, or straw; (2) concrete; or (3) other. Women’s land ownership was reported

by women directly and classified as owning land alone, owning land jointly with someone

else, and not owning land [which included landed households where the woman did not own

land (84 %) as well as landless households (16 %)].

We considered three outcomes as indicators of sexual risk behavior and empowerment: (1)

whether a woman entered into or stayed in a relationship longer than desired because of

material goods; (2) whether a woman could ask her partner to use a condom; and (3) sexual

relationship power defined by the sexual relationship power scale (SRPS) [29, 35]. To

determine whether women entered into or stayed in relationships longer than desired

because of material goods, women were specifically asked the following question regarding

each of her last three sexual partners: “Did you enter (or stay) into a relationship with this

partner because he provided you with or you expected that he would provide you with gifts

or other material goods?” Women who answered affirmatively for any of their last three

sexual partners were classified as having entered into or stayed in the relationship because of
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material goods. Because the exchange of goods for sex has been reported to be widely

accepted in non-marital relationships in some areas of Tanzania, [36, 37] we selected the

initiation or continuation of a sexual relationship for economic gain as the best measure of

the underlying motivation for the relationship, and to help distinguish transactional sex from

exchanges of material goods that occurred because of care-taking or affection [38].

We asked women who were currently in a sexual relationship whether they could ask their

partner to use a condom if they wanted him to (yes/no). Relationship power was assessed

among women with a main or regular sexual partner in the past 12 months with a 16-item

version of the SRPS, originally validated for use in U.S. populations, [29] and adapted for

use in Malawi [35]. The adapted scale includes four subscales with four questions each:

autonomy, communication, love and trust, and relationship dominance. A 4-point Likert

scale was used to measure responses to each of 16 indicators (e.g., “my partner/husband and

I sit down and discuss important matters together”: 1 = strongly agree, 2 = agree, 3 =

disagree, 4 = strongly disagree), with some indicators being reverse-coded. Higher scores

indicate higher sexual relationship power. An overall score was computed by adding

together the mean scores for each subscale and dividing the total by the number of subscales

(4); the final score was rescaled to range from 1 to 4 [35]. Cronbach’s alpha indicated that

the scale was internally consistent (α = 0.78). No more than 3 % of data were missing for

each of the three outcome variables.

Exposure Definitions

Household food security was determined from the responses to a subset of questions from

the Household Food Insecurity Access Scale (HFIAS) [39]. Due to interview time

constraints, we selected three questions for inclusion, one from each of the three different

domains of FI included in the HFIAS: (1) anxiety and uncertainty about household food

supply; (2) insufficient quality, including food variety and preferences; and (3) insufficient

food intake and its physical consequences [39, 40]. This strategy also reduced redundancy in

the HFIAS. Heads of household (male or female, depending on household type) were asked

how often, in the last 4 weeks, they worried that their household would not have enough

food (which measures anxiety and uncertainty), how often they were not able to eat

preferred foods because of lack of resources (which measures insufficient quality), and

whether anyone in the household went to bed hungry (which measures insufficient food

intake). Based on the distribution of these responses, consideration of the recommendations

for categorizing responses to the full HFIAS, and examination of the coding of other FI

scales [41], we determined an algorithm to classify households in the sample into three

mutually exclusive groups: food secure, some FI, and severe FI. Severe FI was defined as a

household experiencing at least one household member going to bed hungry (even if

infrequently or rarely) or “often” worrying (more than ten times in the last month) about

food access or food quality. Households were classified as having some FI if they

“sometimes” (three to ten times in the last month) worried about food access or food quality.

Food secure households experienced either none of the FI conditions or they only rarely

worried about food access or food quality.
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Covariates

The following covariates, in addition to the aforementioned indicators for per capita

expenditures, assets, flooring material, and land ownership, were included in the analysis:

age (years), sex of household head (which was also an indicator of who reported household

characteristics), whether an adult male (≥18 years) was present in the household, marital

status, whether the woman currently has a regular sexual partner, highest educational level

of the woman, household size, ownership of main dwelling, total land owned by the

household (acres), and whether anyone in the household was ever a beneficiary of the

subsidy program. We hypothesized that these covariates, which are likely to have temporally

preceded the exposure and outcomes, may be associated with both FI and sexual risk

behavior and/or relationship power. They were therefore considered for inclusion in

multivariable models as potential confounders. No more than 1 % of any covariate was

missing.

Statistical Analysis

We first performed basic descriptive analyses, including a comparison of baseline

characteristics stratified by sex of the household head and food security status. To determine

the extent to which FI and SES are distinct indicators, we then examined the joint

distribution of FI and four dimensions of SES: monthly per capita expenditures, assets,

flooring material, and land ownership. We hypothesized that if food security lies in the

causal pathway between SES and sexual risk behavior, or is conceptually the same as socio-

economic position, we would expect a strong correlation between food security and

increasing levels of per capita expenditures, assets, higher quality flooring materials

(concrete), and land ownership. We present the Pearson’s Chi square (χ2) statistic or

Fisher’s exact test for the null hypothesis of no association for each comparison. In addition,

for the comparisons between food security and per capita expenditures and assets, we also

present the Cochran Mantel–Haenszel χ2, which tests the null hypothesis of no association

versus a linear association when both variables are ordinally scaled [42].

To determine whether FI was associated with entering into or staying in a relationship

because of material goods and/or the inability to negotiate the use of condoms, we

constructed two Poisson regression models. In these models, with cross-sectional data, the

exponentiated parameter estimates represent prevalence ratios (PR), a conservative and more

interpretable measure of association than the odds ratio, especially when the outcome is

common [43–45]. We present PRs and 95 % confidence intervals (CIs). To determine the

association between FI and sexual relationship power, we used ordinary least squares (OLS)

linear regression with SRPS as the linear dependent variable. For this model, we present the

parameter estimates (representing the change in SRPS associated with a unit change in the

level of food security) and standard errors.

The analyses for both objectives were stratified by the sex of the head of household, as we

hypothesized that the relationships between FI and sexual risk behavior and relationship

power may be strongest for women who were themselves heads of household. For the

multivariable analyses, we assessed confounding by examining the change in effect

estimates when each covariate was added to the model containing food security as the only
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predictor variable; confounding was defined as a ≥10 % change in parameter estimate. The

fully adjusted models included all confounders in addition to covariates strongly associated

with the outcomes or those determined a priori for inclusion (e.g., age, education, marital

status). We checked for multicollinearity between FI and other covariates in fully adjusted

models; indicators with variance inflation factors >10 were excluded from the final models

[46]. All models include robust standard errors to account for clustering within villages [47,

48]. The analysis was conducted with STATA statistical software (v.12, College Station,

TX, USA).

Human Subjects Protection

This secondary data analysis was reviewed by the University of California, Berkeley

Committee for Protection of Human Subjects.

Results

Characteristics of the Study Population

Overall, 572 women who reported being in a sexual relationship in the last 12 months were

included in the analysis; 266 (47 %) were heads of household and 306 (53 %) were living in

male-headed households (Table 1). The average age was 37 years, and 53 % of women in

female-headed households and 97 % of women in male-headed households reported that

they were married or in an informal union. In general, households headed by women were

worse off than male-headed households based on several dimensions of SES. Female-

headed households had lower monthly per capita expenditures, less land (3.9 vs. 5.0 acres),

and were less likely to be included in the highest asset index category (15 vs. 34 %) than

male-headed households. In addition, female headed households were less likely to own

their dwelling (81 vs. 92 %) and more likely to have homes with earth, mud, or straw floors

compared to male-headed households (74 vs. 66 %).

One hundred eighty-five (32 %) households reported any FI; 86 (15 %) had some FI and 99

(17 %) were severely food insecure. Female-headed households were not more likely to be

food insecure than male-headed households (33 vs. 31 %). However, food security status

differed by relationship status, whereby women living in households that were severely food

insecure were less likely to currently be in a sexual relationship with a regular partner

compared to women living in food secure households (83 vs. 94 %). In addition, compared

to women living in food secure households, women living in severely food insecure

households were more likely to have no education (20 vs. 11 %) and were more likely to

own their dwellings (97 vs. 85 %), which were more often constructed with an earth, mud or

straw floor (86 vs. 64 %). Further, severely food insecure households had more members

and less land than food secure households.

Sexual Behavior and Relationship Power

Overall, 86 (15.5 %) women reported that they entered into or stayed in at least one of the

last three sexual relationships longer than desired because of material goods. This was

significantly different by household type, whereby female heads of household were almost

twice as likely to report entering into or staying in a relationship because of material goods
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compared to women in male-headed households (11 vs. 21 %). Of the 522 women currently

in a sexual relationship with a regular partner, 253 (49 %) could ask their partner to use a

condom if she wanted him to do so, but there was significant variability by household type

with female heads of household more likely to be able to request that partners use condoms.

The overall relationship power score, among the 532 women who had a main or regular

sexual partner in the last 12 months, was 2.5 (range 1–4, standard deviation 0.4) with no

difference by household type.

Relationship Between Food Security and Dimensions of SES

Among female-headed households, food security was not significantly associated with

monthly per capita expenditures, assets, the flooring material of the home, or land ownership

(Table 2). In male-headed households, food security was inversely associated with assets; 26

% of households in the lowest asset index quartile were severely food insecure compared to

7 % in the highest category (Cochran Mantel–Haenszel χ2 = 22.6, p <.01). Food security

was inversely associated with the floor material of the home in male-headed households,

with 25 % of households with earth, mud, or straw floors severely food insecure compared

to only 9 % of households with concrete floors (Fisher’s exact test p < 0.01). FI was also

associated with women’s land ownership among male-headed households; women who

owned land jointly with another person were most likely to be living in food secure

households (71 %), followed by women who owned land alone (65 %), and women who did

not own land (60 %, p < 0.01).

Association Between Food Security, Risk Behavior, and Relationship Power

Among female heads of household, household FI was not associated with entering into or

staying in a relationship because of material goods or asking a partner to use a condom after

adjustment for SES and other covariates (Table 3). Also among female heads of household,

some household FI was nonsignificantly associated with relationship power after adjustment

for covariates, but the effect size was small (Table 4, some FI: β = −0.10, SE 0.07),

representing a 2.5 % reduction in relationship power compared to women in food secure

households.

However, among the women in male-headed households, household FI was more strongly

associated with risk behavior. Women in male-headed households that were moderately or

severely food insecure were more likely to have entered into or stayed in a relationship

because of material goods compared to women in food secure households, even after

adjustment for covariates including SES (some FI: adjusted PRa = 1.94, 95 % CI 0.78, 4.79;

severe FI: PRa = 1.76, 95 % CI 0.81, 3.81), although these results were not statistically

significant. In addition, women in male-headed households that were severely food insecure

were 53 % less likely to be able to ask their regular partner to use a condom compared to

women in food secure male-headed households (PRa = 0.47, 95 % CI 0.25, 0.88). Severe

household FI among women in male-headed households was associated with a small and

non-significant 0.10 point reduction in the sexual relationship power score (β = −0.10, SE

0.06).
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Discussion

In this study, we examined the relationships between food security, SES, and HIV-related

risk behavior and relationship power among sexually active women living in smallholder

farming households in Tanzania. Given the potential overlap between food security and

SES, the first objective of our study was to explore the relationship between FI and four

dimensions of SES related to income and wealth. We found that among female-headed

households, food security was not associated with monthly per capita expenditures, assets,

flooring material, or women’s land ownership, suggesting that food security is a distinct

construct independent from these indicators of SES in these households. In contrast, in male-

headed households, food security was associated with assets, flooring material, and land

ownership but not expenditures, possibly indicating that FI is a consequence of poverty in

the longer-term and not a reflection of a short-term economic shock, which might instead be

reflected by recent per capita household expenditures. Thus, although previous studies have

also reported that FI can exist even in economically secure households, [22–24] our findings

suggest that these relationships may vary by the sex of the household head. This

heterogeneity was unexpected and is critical to assess in future studies.

The second objective of our study was to examine the relationship between household food

security and HIV-related risk behavior and relationship power. Among female heads of

household, there was not a strong association between FI and women’s sexual risk behavior

or relationship power, before or after adjustment for indicators of SES and other covariates.

However, among the women in male-headed households, household FI was associated with

an increased likelihood of entering into or staying in a relationship because of material

goods as well as not being able to ask the regular sexual partner to use a condom. These data

are consistent with previous studies that have demonstrated the independent effect of FI on

HIV-related risk behavior even after adjustment for dimensions of SES [6, 18]. In contrast,

FI was not strongly associated with relationship power among women in male-headed

households.

An important consideration is that in male-headed households, household food security was

reported by the male household head. Thus, the food security status of women in these

households may be misclassified if men are less knowledgeable about a household’s food

situation than women, given that women are more likely to be responsible for a household’s

food supply and preparation. The most plausible misclassification scenario would be if a

woman in a male-headed household was herself food insecure but the male household head

reported that the household was food secure. This type of exposure misclassification could

bias our estimates of effect either towards the null if it is not related to the outcome or in

either direction if misclassification is differential by outcome groups [49]. Understanding

whether male and female reports of FI differ within the same household would shed light on

this issue, and also add to our understanding of intra-household allocation of food. Despite

this limitation, our data imply that the effects of household FI in male-headed households

may extend to multiple domains of a woman’s life, including her sexual behavior.

Together, our findings suggest that the association between FI and HIV risk behavior may

differ depending on the physical presence of a male household head (although half of female
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household heads in our study were married, male spouses/partners were often living away

from the household). The pattern of heterogeneity we observed was unanticipated given that

female heads of household are often thought to be the most vulnerable to the effects of

economic insecurity. In particular, widows are thought to bear the worst of the ‘‘entangled

crisis’’ [50] of FI, poverty, and HIV/AIDS—they may be evicted from their land, deprived

of their livelihood, and stigmatized if their husband died of HIV infection—resulting in

widows being at a heightened risk for HIV acquisition, if not already infected [7, 51, 52]. If

this were true among the women in our sample, we would have expected FI to be strongly

associated with risk behavior and relationship power among female heads of household,

contrary to what we observe.

There are several possible explanations for these divergent findings. First, the sample had

few widows (5 %) and a relatively young study population (average age of 37 years), likely

due to restriction of the study sample to women in sexual relationships. Thus, our sample of

female household heads may be different than the typical female household head in

Tanzania. Another possibility is that female household heads are more autonomous by virtue

of their status as head of household than women in male-headed households. For example,

despite our data suggesting that female-headed households are economically disadvantaged

compared to male-headed households, they may have more control over their sexual

behavior, even if they are food insecure. A third possibility is that we may have found

different results if we would have had a sample large enough to distinguish between

different types of female-headed households. For example, some of the female household

heads in our sample may have been the wives of migrants (“de facto” female headed

households who may be receiving remittance), different from “de jure” female headed-

households, in which a woman is considered the legal and customary head of household

[53]. We were unable to explore this type of variability in-depth among female-headed

households. However, a post hoc sensitivity analysis among female heads of household

using binary indicators for food security (any versus none) and marital status (married/

informal union versus unmarried) did not reveal statistical heterogeneity in any of the three

relationships of interest (p values of all interaction terms > 0.05, data not shown).

Our analysis has important limitations. We used cross-sectional data and we therefore

cannot make inferences about the direction of effect (i.e., temporality) or causation. In

addition, the households in the evaluation met the eligibility criteria for the subsidy program

and are therefore not representative of all farming households in Tanzania. Likewise,

although the sample of female-headed households was generated with probability sampling,

we used a convenience sample of women in male-headed households. If the women in male-

headed households who were included in the survey were systematically different from

those that did not participate (e.g., these women were more likely to be home because they

had smaller farms or they were more likely to have young children), our sample would be

biased. In this case, our results would not be generalizable to all male-headed farming

households in Tanzania or in Eastern Africa more broadly. Further, if the factors related to

study participation were also related to sexual behavior and/or relationship power, the

relationships we have described would be biased. For example, if having young children

affects the probability of being interviewed and is also associated with being food insecure
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and/or remaining in a partnership due to financial support, the association we have described

may be different from the true relationship in the target population.

Another limitation is that there may be unmeasured confounders and endogeneity of food

security in our models that would bias our estimates of effect; this must be considered when

interpreting the results. Although we have controlled for the most important confounders in

our data, there is the unlikely possibility that other unmeasured factors, like market

characteristics or drought, are associated with FI and are also indirectly associated with

sexual behavior and empowerment. These factors were unmeasured and therefore excluded

from the analysis. Further, due to interview time constraints, food security was not measured

using the full HFIAS, a validated scale which would have bolstered our confidence in the

classification of food security. Thus, our findings may be sensitive to alternative

parameterizations of food security. For example, a small sample size precluded the inclusion

of a category limited to those households that experienced hunger alone, as opposed to our

chosen category of hunger and/or often worrying about food supply or food quality. Finally,

we selected four dimensions of SES to explore in the analysis; given that SES is a

multidimensional construct, other measures like education and occupation may also be

associated with food security and should be considered in future analyses [30].

In spite of these caveats, our study also has important strengths, including a unique

community-based sample of women in farming households and an explicit goal to describe

and clarify the relationship between FI and SES, a key confounder of the relationship of

interest. Our study lends support to previously postulated relationships, confirms that food

security and socioeconomic position are distinct constructs, uses a validated scale of

relationship power, and highlights the importance of stratifying by household type in future

studies of this relationship, a new contribution of this study. Our results describe the

complex interplay between dimensions of socioeconomic position, FI, and sexual risk

behavior among women living in farming households in Tanzania. These results may be

generalizable to other women living in farming households in Eastern Africa where there are

similar generalized HIV epidemics.

Although our findings add to the growing evidence base of observational data linking food

and economic insecurity to sexual and reproductive health, few interventions in this area

have been prospectively evaluated [13, 14]. The global momentum to rigorously evaluate

social protection and economic development programs, [54–57] including agricultural

programs that may directly enhance household food security, [25] presents a prime

opportunity to measure sexual and reproductive health outcomes in addition to dimensions

of household welfare and nutrition. Our data suggest that multisectoral programs that

simultaneously influence multiple pathways that can lead to poor health, like FI, may hold

future promise. Such programs may represent new tools in our arsenal of proven

interventions to prevent sexually transmitted infections and improve women’s reproductive

health more broadly.

Acknowledgments

The authors are grateful to all participants in the evaluation as well as Ms. Shreena Patel from the World Bank for
study coordination. The impact evaluation was supported in part by the International Initiative for Impact

McCoy et al. Page 11

AIDS Behav. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Evaluation (3ie). Dr. McCoy is supported by Award Number K01MH094246 from the National Institute of Mental
Health. The content is solely the responsibility of the authors and does not necessarily represent the official views
of the National Institute of Mental Health or the National Institutes of Health.

References

1. Gupta GR, Parkhurst JO, Ogden JA, Aggleton P, Mahal A. Structural approaches to HIV
prevention. Lancet. 2008; 372(9640):764–775. [PubMed: 18687460]

2. Krishnan S, Dunbar MS, Minnis AM, Medlin CA, Gerdts CE, Padian NS. Poverty, gender
inequities, and women’s risk of human immunodeficiency virus/AIDS. Ann N Y Acad Sci. 2008;
1136:101–110. [PubMed: 17954681]

3. Kim J, Pronyk P, Barnett T, Watts C. Exploring the role of economic empowerment in HIV
prevention. Aids. 2008; 22(Suppl 4):S57–S71. [PubMed: 19033756]

4. Golla, AM.; Malhotra, A.; Nanda, P.; Mehra, R. Definition, framework and indicators. Washington,
DC: International Center for Research on Women (ICRW; 2011. Understanding and measuring
women’s economic empowerment.

5. Dinkelman T, Lam D, Leibbrandt M. Household and community income, economic shocks and
risky sexual behavior of young adults: evidence from the Cape Area Panel Study 2002 and 2005.
Aids. 2007; 21(Suppl 7):S49–S56. [PubMed: 18040164]

6. Weiser SD, Leiter K, Bangsberg DR, et al. Food insufficiency is associated with high-risk sexual
behavior among women in Botswana and Swaziland. PLoS Med. 2007; 4(10):1589–1597.
[PubMed: 17958460]

7. Miller CL, Bangsberg DR, Tuller DM, et al. Food insecurity and sexual risk in an HIV endemic
community in Uganda. AIDS Behav. 2011; 15(7):1512–1519. [PubMed: 20405316]

8. Greig FE, Koopman C. Multilevel analysis of women’s empowerment and HIV prevention:
quantitative survey results from a preliminary study in Botswana. AIDS Behav. 2003; 7(2):195–
208. [PubMed: 14586204]

9. Oyefara JL. Food insecurity, HIV/AIDS pandemic and sexual behaviour of female commercial sex
workers in Lagos metropolis, Nigeria. Sahara J. 2007; 4(2):626–635. [PubMed: 18071614]

10. Dunkle KL, Jewkes RK, Brown HC, Gray GE, McIntryre JA, Harlow SD. Transactional sex
among women in Soweto, South Africa: prevalence, risk factors and association with HIV
infection. Soc Sci Med. 2004; 59(8):1581–1592. [PubMed: 15279917]

11. Ladmadrid-Figueroa H, Angeles G, Mroz T, et al. Heterogeneous impacts of the social programme
Oportunidades on use of contraceptive methods by young adult women living in rural areas. J Dev
Eff. 2010; 2(1):74–86.

12. Adato, M.; de la Briere, B.; Mindek, D.; Quisumbing, A. The impact of progresa on women’s
status and intrahousehold relations. Washington, DC: International Food Policy Research Institute;
2000.

13. Pronyk PM, Hargreaves JR, Kim JC, et al. Effect of a structural intervention for the prevention of
intimate-partner violence and HIV in rural South Africa: a cluster randomised trial. Lancet. 2006;
368(9551):1973–1983. [PubMed: 17141704]

14. Baird SJ, Garfein RS, McIntosh CT, Ozler B. Impact of a cash transfer program for schooling on
prevalence of HIV and HSV-2 in Malawi: a cluster randomized trial. Lancet. 2012; 379(9823):
1320–1329. [PubMed: 22341825]

15. Food and Agriculture Organization of the United Nations. The state of food insecurity in the world.
Rome: FAO; 2010.

16. Coates J, Frongillo EA, Rogers BL, Webb P, Wilde PE, Houser R. Commonalities in the
experience of household food insecurity across cultures: what are measures missing? J Nutr. 2006;
136(5):1438S–1448S. [PubMed: 16614441]

17. Frega R, Duffy F, Rawat R, Grede N. Food insecurity in the context of HIV/AIDS: a framework
for a new era of programming. Food Nutr Bull. 2010; 31(4):S292–S312. [PubMed: 21214035]

18. Tsai AC, Hung KJ, Weiser SD. Is food insecurity associated with HIV risk? Cross-sectional
evidence from sexually active women in Brazil. PLoS Med. 2012; 9(4):e1001203. [PubMed:
22505852]

McCoy et al. Page 12

AIDS Behav. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



19. Weiser SD, Young SL, Cohen CR, et al. Conceptual framework for understanding the bidirectional
links between food insecurity and HIV/AIDS. Am J Clin Nutr. 2011; 94(6):1729S–1739S.
[PubMed: 22089434]

20. Alaimo K, Briefel RR, Frongillo EA Jr, Olson CM. Food insufficiency exists in the United States:
results from the third National Health and Nutrition Examination Survey (NHANES III). Am J
Public Health. 1998; 88(3):419–426. [PubMed: 9518974]

21. Barrett CB. Measuring food insecurity. Science. 2010; 327(5967):825–828. [PubMed: 20150491]

22. Messer E. Intra-household allocation of food and health care: current findings and understandings
—introduction. Soc Sci Med. 1997; 44(11):1675–1684. [PubMed: 9178411]

23. Luo W, Zhai F, Jin S, Ge K. Intrahousehold food distribution: a case study of eight provinces in
China. Asia Pac J Clin Nutr. 2001; Suppl(10):S19–S28. [PubMed: 11708578]

24. Gittelsohn J, Vastine AE. Sociocultural and household factors impacting on the selection,
allocation and consumption of animal source foods: current knowledge and application. J Nutr.
2003; 133(11 Suppl 2):4036S–4041S. [PubMed: 14672308]

25. Food and Agriculture Organization of the United Nations (FAO), World Food Programme (WFP),
IFAD. The state of food insecurity in the world. Economic growth is necessary but not sufficient
to accelerate reduction of hunger and malnutrition. Rome: FAO; 2012.

26. UNAIDS. Report on the Global AIDS Epidemic. Geneva: 2010.

27. von Grebmer, K.; Ringler, C.; Rosegrant, MW., et al. Global hunger index. The challenge of
hunger: ensuring sustainable food security under land, water and energy stresses. Bonn:
International Food Policy Research Institute; 2012.

28. Reddi A, Powers MA, Thyssen A. HIV/AIDS and food insecurity: deadly syndemic or an
opportunity for healthcare synergism in resource-limited settings of sub-Saharan Africa? Aids.
2012; 26:115–117. [PubMed: 22126815]

29. Pulerwitz J, Gortmaker S, DeJong W. Measuring relationship power in HIV/STD research. Sex
Roles. 2000; 42(7/8):637–660.

30. Shavers VL. Measurement of socioeconomic status in health disparities research. J Natl Med
Assoc. 2007; 99(9):1013–1023. [PubMed: 17913111]

31. The World Bank. Measuring living standards: household consumption and wealth indices. In:
O’Donnell, O.; Van Doorslaer, E.; Wagstaf, A., editors. Quantitative techniques for health equity
analysis. Washington, DC: World Bank Publications; 2007.

32. Kolenikov S, Angeles G. Socioeconomic status measurement with discrete proxy variables: is
principal component analysis a reliable answer? Rev Income Wealth. 2009; 55(1):128–165.

33. Vyas S, Kumaranayake L. Constructing socio-economic status indices: how to use principal
components analysis. Health Policy Plan. 2006; 21(6):459–468. [PubMed: 17030551]

34. Filmer D, Pritchett L. Estimating wealth effect without expenditure data—or tears: an application
to educational enrollments in states of India. Demography. 2001; 38:115–132. [PubMed:
11227840]

35. Conroy, AA. Adapting the sexual relationship power scale for HIV/AIDS research in Malawi.
Texas: Population Association of America, Dallas; 2010.

36. Wamoyi J, Fenwick A, Urassa M, Zaba B, Stones W. “Women’s bodies are shops”: beliefs about
transactional sex and implications for understanding gender power and HIV prevention in
Tanzania. Arch Sex Behav. 2011; 40(1):5–15. [PubMed: 20652390]

37. Maganja RK, Maman S, Groves A, Mbwambo JK. Skinning the goat and pulling the load:
transactional sex among youth in Dar es Salaam, Tanzania. AIDS Care. 2007; 19(8):974–981.
[PubMed: 17851993]

38. Dunkle KL, Jewkes RK, Brown HC, Gray GE, McIntryre JA, Harlow SD. Gender-based violence,
relationship power, and risk of HIV infection in women attending antenatal clinics in South Africa.
Lancet. 2004; 363(9419):1415–1421. [PubMed: 15121402]

39. Coates, J.; Swindale, A.; Bilinsky, P. Household Food Insecurity Access Scale (HFIAS) for
measurement of food access: indicator guide. Washington, DC: United States Agency for
International Development; 2007.

McCoy et al. Page 13

AIDS Behav. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



40. Coates, J. Experience and expression of food insecurity across cultures: practical implications for
valid measurement. Washington, DC: Food and Nutrition Technical Assistance Project, Academy
for Educational Development; 2004.

41. Bickel, G.; Nord, M.; Price, C.; Hamilton, W.; Cook, J. Guide to measuring household food
security. Alexandria: United States Department of Agriculture; 2000.

42. Stokes, M.; Davis, CS.; Koch, GG. Categorical data analysis using the SAS system. 2nd ed.. Cary:
SAS Institute Inc; 2000.

43. Zocchetti C, Consonni D, Bertazzi PA. Relationship between prevalence rate ratios and odds ratios
in cross-sectional studies. Int J Epidemiol. 1997; 26(1):220–223. [PubMed: 9126523]

44. Greenland S. Interpretation and choice of effect measures in epidemiologic analyses. Am J
Epidemiol. 1987; 125(5):761–768. [PubMed: 3551588]

45. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical
comparison of models that directly estimate the prevalence ratio. BMC Med Res Methodol. 2003;
3:21. [PubMed: 14567763]

46. Kutner, MH.; Nachtsheim, CJ.; Neter, J.; Li, W. Applied linear statistical models. 5th. New York:
McGraw-Hill; 2005.

47. Huber, PJ. The behavior of maximum likelihood estimates under non-standard conditions.
Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and Probability;
Berkeley, CA. 1967.

48. White H. A heteroskedasticity-consistent covariance matrix estimator and a direct test for
heteroskedasticity. Econometrica. 1980; 48:817–830.

49. Rothman, KJ.; Greenland, S. Modern Epidemiology. 2nd ed.. Philadelphia: Lippincott Williams &
Wilkins; 1998.

50. Drimie S, Casale M. multiple stressors in Southern Africa: the link between HIV/AIDS, food
insecurity, poverty, children’svulnerability now in the future. AIDS Care. 2009; 21(S1):28–33.
[PubMed: 22380976]

51. United States Agency for International Development. Land tenure, property rights, and HIV/AIDS.
2009

52. Lopman BA, Nyamukapa C, Hallett TB, et al. Role of widows in the heterosexual transmission of
HIV in Manicaland, Zimbabwe, 1998–2003. Sex Transm Infect. 2009; 85(Suppl 1):41–48.

53. Quisumbing AR, Haddad L, Pena C. Are women overrepresented among the poor? An analysis of
poverty in 10 developing countries. J Dev Econ. 2001; 66(1):225–269.

54. Lancet The. Evaluation: the top priority for global health. Lancet. 2010; 375(9714):526.

55. Victora CG, Black RE, Boerma JT, Bryce J. Measuring impact in the Millennium Development
Goal era and beyond: a new approach to large-scale effectiveness evaluations. Lancet. 2010;
377(9759):85–95. [PubMed: 20619886]

56. Duflo W. Scaling up and evaluation. Annual World Bank Conference on Development Economics:
The International Bank for Reconstruction and Development, The World Bank. 2004

57. Gertler, PJ.; Martinez, S.; Premand, P.; Rawlings, LB.; Vermeersch, CM. Impact evaluation in
practice. Washington, DC: World Bank; 2010.

McCoy et al. Page 14

AIDS Behav. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1.
Collection of individual-and household-level data from women in the study sample. Female

household heads reported all data used in the study, whereas women in male-headed

households completed the women’s survey module and the male heads of household

reported household characteristics
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