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Abstract People livingwithHIVinpovertyhavelimitedtangi-

ble and mental resources coupled with competing demands for

theseresources.Competingdemandsrequire individuals tomake

choices thatmaybebeneficial to them in the short termbut not in

the long term. Past research has shown that food insecurity is

related to sexual riskbehaviors amongpeople livingwithHIV.

Individualswhoare food insecuremaysell sex inorder toobtain

food or lack of foodmay lead to a depletion ofmental resources

to negotiate safe sex. Substance use may also create additional

constraintson thesealready limited resources.Thecurrent study

testedtherelationbetweenfoodinsecurityandday-levelsexualrisk

behaviorandthepossiblemediatingrole thatalcohol/substanceuse

may play. Men and women living with HIV were enrolled in a

28-dayprospectivestudybetweenOctober2012andApril2014 in

which they completed daily text message surveys regarding their

sex behaviors and substance/alcohol use in the context of sex.A

total of 796 participants reported sex on 3894days. On days in

whichsexoccurred,baselinefoodinsecuritywasnegativelyasso-

ciatedwith daily condomuse. There was also a significant effect

of substance use in the context of sex on the rates of change in

condomuseover time,and this interactionbetweensubstanceuse

and timewas apartialmediator of the relationbetween food inse-

curity and condom use. Gender did notmoderate this mediation.

Situation-specific alcohol and drug use should be integrated into

interventions that target food insecurity and HIV prevention.

Keywords Food insecurity � Condom use �HIV �
Substance use �Multilevel modeling

Introduction

In the U.S., the HIV epidemic is largely concentrated among

sociallymarginalizedgroups including racialminorities, sexual

minorities, injectiondrugusers and individuals living inpoverty

(Pellowski, Kalichman, Matthews, & Adler, 2013). Food inse-

curity, defined as‘‘the limited availability of nutritionally ade-

quateorsafefood,ortheinabilitytoprocurefoodinsociallyaccept-

able ways’’(Weiser et al., 2013, p. 91), can be interpreted as a

marker of extreme socioeconomicmarginalization.Among peo-

ple livingwithHIV, food insecurity is particularly detrimental

because of its added burden to an already suppressed immune

system.Additionally, food insecurity is associatedwith poorer

healthbehaviors includinglowermedicationadherenceandhigher

levelsof sexual riskbehavior (Anema,Vogenthaler, Frongillo,

Kadiyala, &Weiser, 2009; Singer, Weiser, &McCoy, 2015).

High levelsof food insecurityamongpeople livingwithHIV

are not surprisinggiven thatHIV is largely concentratedwithin

poverty inwhich there is a scarcity of resources. Resources can

be construed as tangible resources (e.g., food, transportation to

get toagrocerystore)ormentalresources/personalcharacteristics

(e.g.,coping,depression,socialsupport;Hobfoll,1988,1989;John-

son et al., 2010). Competing demands for these limited resources

require individuals tomake choices thatmaybe beneficial to them

in the short term but not in the long term. There is a fairly robust

literature that links food insecurity to sexual risk behaviors. For
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example,Vogenthaleretal. (2013) found that food insecuritywas

independently associatedwith unprotected sex and havingmul-

tiplesexpartnersevenafteraccountingforhomelessness,educa-

tion,andincome.Fielding-Miller,Mnisi,Adams,Baral,andKen-

nedy(2014)foundthatHIVpositive femalesexworkers inSwazi-

land often pointed to hunger, both their own and that of their chil-

dren’s, as themain reason for starting and continuing to engage in

sexwork.StudiesofsexuallyactivewomeninBrazil,Botswana,

and Swaziland find food insecurity is associatedwith less con-

sistent condomuseand symptomsof sexually transmitted infec-

tions (STIs;Tsai,Hung,&Weiser,2012;Weiser et al., 2007). In

the context of limited resources/competing demands, individuals

may be making explicit or implicit survival-related choices. For

example, ifanindividual is foodinsecure, theymaysellsexinorder

toobtainfood(Whittleetal.,2015).Additionally, lackoffoodmay

lead to a depletion of mental resources (e.g., through depression,

stress, or social support) to negotiate safer sex.

Giventhe inevitabilityofcompetingresourcedemandsamong

those living inpoverty, it isnot surprising that substanceuse inter-

sectswith food insecurityandsubsequent riskbehaviors.Alcohol

and illicit drugsmay be used to alleviate the stress from living in

poverty.Among injectiondrugusers,Shannonetal. (2011)found

that individualswhowere food insecureweremore than twice as

likely to have unprotected sex. In a study that examined individ-

ualswhowererecentlyreleasedfromprison, thosewhodidnoteat

foranentiredayweremorelikelytoreportdrinkingalcoholorusing

drugs before sex (Wang et al., 2013). Kalichman,Watt, Sikkema,

Skinner, and Pieterse (2012) found that formen recruited from

drinkingvenues inSouthAfrica, bothmethamphetamineuse and

food insufficiencywere related tounprotected intercourse formen

butforwomenonlyfoodinsufficiencywasrelatedtosexualrisk.In

astudyconductedinimpoverishedSouthAfricantownships,alco-

holusewastestedasanexplicitmediatoroftheassociationbetween

foodinsecurityandsexualriskbehavior(Eatonetal.,2014).Results

of this study showed that women’s alcohol use fullymediated the

relationbetweenfoodinsecurityandsexualriskbehavior;however,

men’s drinking did not. Although Eaton et al. found that gender

played a moderating role in the mediation, gender power dynam-

ics also vary across countries and contexts. Additionally, although

alcohol usemayplay a role in the associationbetween food insecu-

rity and sexual risk, these associationshavenot beenexamined lon-

gitudinally among people livingwith HIV.

Thecurrentstudyaimstoexaminetheassociationbetweenfood

insecurityandcondomuse inasampleofHIVpositivemenand

women froma large southeastern city in theU.S.Weaddress some

of thegaps in the literature, suchas recall bias in self-report and

cross-sectional data collection by utilizing daily prospective sex-

ualbehaviordatacollection.Additionally,previousstudieshave

observed the daily relation between alcohol use and risk behav-

iorsamongpeople livingwithHIV(Bartaetal., 2008);however,

no studies, to our knowledge, have tested daily alcohol/substance

use in thecontextof sexasamediatorof theassociationbetween

food insecurity and daily sexual risk behaviors. We predicted

that higher levels of food insecurity would be associated with a

lower likelihoodofcondomuseonagivenday.Additionally,we

predicted that alcohol and drug use in the context of sex would

mediate the relation between food insecurity and daily condom

use.Finally,wepredictedthatgenderoftheparticipantwouldmod-

erate the relation between food insecurity and daily alcohol use as

well as the relation between alcohol and drug use in the context of

sex and condom use.

Methods

Participants

This studywas conductedbetweenOctober 2012 andApril 2014

inAtlanta,Georgia,anareawithasubstantialandestablishedHIV

epidemic.Georgiahasover41,000people livingwithHIV/AIDS

(Georgia Department of Public Health, 2013). Participants were

recruited fromAtlanta-metro area HIV clinics and throughword

of mouth. Study participants consisted of 1100 men and women

livingwithHIV/AIDS. Eligibility criteria for this studywere (a) be-

ing18orolder, (b)name-matchingproofofpositiveHIVstatus

and photo identification, and (c) self-reported sexual behavior

in the past month.

Procedure and Measures

Demographic and Health Characteristics

The current study employed a prospective observational design.

Participants completed 28 days of daily text message surveys

reporting sexual and drinking/drug use behaviors for the pre-

vious day. Participants also completed a baseline audio-com-

puter assisted self-interview(ACASI) that includeddemographic

information as well as health and psychosocial correlates of sex-

ualriskbehaviors.Finally,participantsprovidedachart-abstracted

CD4 (Tcell) count andHIVRNAviral load. Participantswere

compensated forall completedstudyactivitiesand theUniversity

ofConnecticut institutional reviewboardapproved the studypro-

tocol. Informed consent was obtained from all individual partic-

ipants included in the study.

Following informedconsent, all participants completed intake

measures including demographic and psychosocial information

via ACASI. Demographic characteristics included race, educa-

tion, income, and employment. Additionally, participants com-

pleted a variety of measures focused on health and psychosocial

variables thatprevious researchhasshowntobepredictorsofsex-

ual risk behavior. These included the year he/she testedHIVpos-

itive and the number of times he/she had been hospitalized in the

past year due to HIV. A 14-item scale was used to assess the

number ofHIV symptoms experienced byparticipants (Kalich-

man,Rompa,&Cage,2000).Wecalculatedacompositeusingthe

summation of all 14 HIV symptoms, a=0.85. The full 20-item
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CentersforEpidemiologicalStudiesDepressionscale(CESD)was

usedtoassessemotionaldistress(Radloff,1977).Itemsfocusedon

how often a participant had specific thoughts, feelings and behav-

iors in the last 7 days.Responseswere 0=0days, 1=1–2days,

2=3–4days,3=5–7days.Scores rangefrom0to60,andscores

greater than 16 indicate possible depression, a=0.82.

Toassessfoodinsecurity,participantsansweredthreequestions

adaptedfromCoates,Swindale,andBilinsky(2007).These items

were answered on a three-point scale with 0=Never True, 1=

Sometimes,2=Often.Theitemsareasfollows:‘‘Iworriedwhether

myfoodwouldrunoutbeforeIgotmoneytobuymore,’’‘‘thefood

that I bought just didn’t last and Ididn’t havemoney togetmore,’’

‘‘wereyoueverhungry,butdidn’teatbecauseyoucouldn’tafford

enoughfood.’’For theanalyses, these itemswereaveraged,a=
0.85.

Daily Text Message Assessments

Allparticipantswereprovidedwitha textmessageenabledphone

to complete 28days of surveys. Each day participants reported

ontheeventsof thepreviousday.Participantswereaskedwhether

theyhadvaginalsexandwhether theyhadanalsex.Ayesoneither

of thesequestionswascodedashaving sexyesterday.Participants

werealsoaskedifacondomwasused,0=No,1=Yes.Addition-

ally, participants were asked about their drinking and drug use

within thecontextofsex.Participants reportedwhether they, their

partner, both or neither were drinking or using drugs prior to sex

yesterday. These responses were recoded as the following: 0=

Neither of us drank or used drugs ORMy partner drank or used

drugs,1= IdrankoruseddrugsORWebothdrankoruseddrugs.

Participantswerepaid$2foreachcompleted textmessagesurvey

on day 15 and day 29 of the study.

Viral Load and CD4 Cell Counts

Participantswereasked toobtain their latestviral loadandCD4

cellcountsfromtheirhealthcareprovider,andtheserecordscould

benoolder than3months. If theviral loadwasundetectable, these

recordsstillhad tospecifyanumbervaluedetermining thecut-off

valueof the test (i.e.,\40copies/mL).Bloodwasdrawnbya cer-

tifiedphlebotomist forparticipants unable toobtain current reports

from their health care provider (\5%).Because health care pro-

viders and blood assays use several cut-offs to determine unde-

tectableviralload,wedefinedundetectableviralloadasB50copies/

mL for consistency across viral load chart values.

Statistical Analysis Plan

Tocharacterizethesample,meansandrateswerecalculatedusing

demographic informationcollectedin thebaselineACASI.Logis-

ticmultilevelmodelswithfixedand randomeffectswere con-

ductedusingRversion3.1.3(RCoreTeam,2015)andthelibraries

‘‘lme4:Linearmixed-effectsmodelsusingEigenandS4’’(version

1.7;Batesetal.,2014)and‘‘mediation’’(version4.4.2;Tingley,

Yamamoto,Hirose,&Keele,2014a;Tingley,Yamamoto,Hirose,

Keele,&Imai,2014b).Theterm‘‘eventrecord’’describesatextmes-

sagesurveyforasingledayandcontainsinformationaboutalcohol/

drug use, aswell as the daily sex behavior data.All of the analyses

usedamultilevel frameworksuchthateventrecordsare treatedasa

statisticalunitofanalysis(or‘‘Level1unit’’),nestedwithinapartici-

pant(or‘‘Level2unit’’).Onlycompletecaseswereused.Anunstruc-

tured but positive definite variance–covariance matrix was used to

model the repeated data (Mackinnon, 2008). Day was modeled as

the only randomeffect. To account for time variation in theLevel 1

variables, interactions between these variables and timewere inclu-

ded in thefixedeffectspart of themodel.AllLevel 2variableswere

alsomodeledasfixedeffects.Standardizedbetas are reported for all

directandindirectpathswithinthemodels.Directeffectsandcasual

mediation effects are also reported, and confidence intervals (95%)

werecalculatedusingquasi-Bayesianmethods(Tingleyetal.,2014a).

Prior tohypothesis testing, the impactof timewasexamined to

determinewhethertherewasanyindicationofreactivitytothedaily

measurement. Ifhabituationorsensitizationeffectsoccurredover

thecourseof thestudy,wewouldexpect toobserveasignificant

upwardordownwardtrendintheratesatwhichcondomuseoccurs.

Totestourmediationhypotheses,first, themodelofpath‘‘a’’was

testedwithin amultilevel framework such that alcohol/drug use

(Level 1) was regressed on food insecurity (Level 2). Next, the

full mediation of food insecurity and condom use (Level 1)

through drinking and drug use was tested within a multilevel

framework; condom use was simultaneously regressed on alco-

hol/druguse (pathb) and food insecurity (c prime). Thus, condom

usewasregressedonfoodinsecurityandalcohol/drugusetodeter-

mine the indirect effect of food insecurity oncondomuse through

alcohol/drug use and the direct effect of food insecurity on con-

dom use when taking alcohol/drug use into account. Finally, the

impactofgender(Level2)ontheserelationswasassessed.Gender

was entered into the full mediation model as a moderator of the

associationbetweenfood insecurityanddrinking/druguseaswell

as a moderator of the association between drinking/drug use and

condom use. All analyses controlled for education (Level 2) and

income (Level 2). Complete case analysis was used for the initial

tests of these models. We also include a missing data sensitivity

analysis by imputing data for dayswhere sexwas reported but the

rest of the daily survey contains missing data (N=157 partially

completed surveys from 26 participants). Multiple imputation by

chained equations (MICE; van Buuren & Groothuis-Oudshoorn,

2011)forRwasused toestimate themissingvariablesintwoways:

(1)imputingall thevariableswithmissingdatainthemodelsand(2)

imputingall thevariableswithmissingdataexcept for theday-level

outcomes (Little, 1992). Data were imputed five times using each

procedure,creatingfivedatasetswithallvariables imputedandfive

data sets with all variables except for the day-level outcomes.

Arch Sex Behav (2018) 47:1899–1907 1901

123



Results

Atotal of 1100participantswere enrolled in the current study.

Of these, therewere796participants that reportedsexonat least

1dayand304participantsneverreportedasexevent.Participants

whonever reporteda sex eventwere excluded from the current

analyses.Theseparticipantswerenot significantlydifferent from

theincludedparticipantsongender,race,education,income,employ-

ment, timeshospitalized in thepastyear,viral loadorCD4count.

However, participantswhonever reportedhavingsexweremore

likely to have lower levels of food insecurity (df=574.36, t=

-4.28,p\.001), lowerlevelsofdepression(df=1094, t=-2.54,

p\.05), and were experiencing less HIV symptoms (df=1098,

t=-2.14, p\.05).

The samplewas largelymale (N=591; 74.2%), andAfrican-

American (N=735; 92.3%; seeTable1).Amajority of the sam-

plecompletedhighschoolorreceivedtheirGED.Thesamplewas

severely impoverishedwithmore thanhalfofallparticipantsearn-

ing between $0 and $10,000 a year. About half of the samplewas

ondisabilityandanotherquarterwasunemployed.Overall, thesam-

pleconsistedofparticipantswhohadbeenlivingwithHIVforsome

time,with themedianyearofdiagnosisbeing2000.Thesampledid

Table 1 Demographic characteristics of participants who had at least one sexually active day during the 28-day study

Total sample (N= 796)a Males (N= 591) Females (N= 204) v2

N % N % N %

Race

White 44 5.5 28 4.7 16 7.8 4.48

African-American 735 92.3 548 92.7 186 91.2

Hispanic/Latino 8 1.0 7 1.2 1 50.0

Asian 1 0.1 1 20.0 0 0.0

Other 8 1.0 7 1.2 1 50.0

Education

Less than 12 182 22.9 117 19.8 76 31.4 20.52***

High school/GED 263 33.0 187 31.6 85 37.3

More than HS 351 44.1 287 48.6 81 31.4

Income

$0–$10,000 516 64.8 362 61.6 154 75.5 16.40***

$11,000–$20,000 187 23.5 148 25.2 38 18.6

$21,000–$30,000 63 7.9 52 8.8 11 5.4

Over $30,000 27 3.4 26 4.4 1 50.0

Employment

Unemployed 244 30.7 192 32.5 52 25.5 10.55*

Working 124 15.6 99 16.8 24 11.8

On disability 395 49.6 274 46.4 121 59.3

Student 15 1.9 11 1.9 4 2.0

Other 17 2.1 14 2.4 3 1.5

Viral load

Undetectable (B50 copies/mL) 504 63.3 378 68.4 126 63.3 1.68

Detectable 249 31.3 175 31.6 73 36.7

CD4 T Cell count

Less than or Equal to 200 135 17.0 98 17.9 35 17.7 0.04

Over 200 615 77.3 450 82.1 163 82.3

M SD M SD M SD t

Median Year Tested Positive 2000 2001 1999

Times Hospitalized Past Year 1.14 1.64 1.05 1.59 1.4 1.75 -2.50*

HIV Symptoms (0–14) 3.85 3.53 3.65 3.49 4.47 3.59 -2.86**

CES-D (0–60) 20.28 8.88 20.1 8.93 20.87 8.75 -1.07

Food Insecurity (0–2) 0.69 0.58 0.69 0.59 0.67 0.57 0.56

a One participant did not report their gender
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not report high rates of symptoms; out of 14 possible HIV-related

symptoms, participants experienced an average of 3.8 (SD=3.5)

andoverhalf(63.3%)ofallparticipantshadundetectableviralloads.

Significant differences existed betweenmenandwomenon

severalofthedemographiccharacteristics.Womenwerelesslikely

tohaveaneducationhigherthanahighschooldiploma,morelikely

tohaveanincomeof less than$10,000,andmore likely tobeon

disability. Additionally, women were hospitalized more often

in thepast year due to theirHIVandhadgreaterHIVsymptoms.

Day-Level Characteristics

Ofthe30,774daysofcollecteddata,sexwasreportedon3894days

(12.7%;seeTable2).Themediannumberofsexdaysreportedwas

2.Ondayswhensexwasreported,nearlyhalf reportedusingacon-

dom(1848days;48.2%).A totalof588participants reportedat

leastonesexeventwithoutacondom.Analsexwasthemostcom-

monlyreportedsex type(1751days;45.2%)followedbyvaginal

sex(1422days;36.7%),andon703daysbothanalandvaginalsex

wasreported(18.1%).Partnergenderwaslargelymale(76.8%),and

the participants’ partnerswere often regular or steady partners

(71.2%).Ondayswhen sexwas reported, the participant or the

participant and their partner reported drinking or using drugs

prior to sex (30.5%).

There were 2438 (7.9%) days in which participants did not

answeranyquestionsonthetextmessagesurvey.Theaveragenum-

berofdayscompletedbyeachparticipantwas25.5(SD=4.9)with

a median of 27days. Completion rates were not associated with

food insecurity (r[794]=-0.061, p=0.084). However, comple-

tion rates were associated with number of sex events reported

(r[794]= 0.095, p\.01).

Test of Reactivity to the Daily Measurement

Totestwhether therewasanyreactivity tothedailymeasurement,

condomusewasregressedonday.Inthissimpleequation,wefound

thatdaydidhaveasignificantpositiveassociationwithcondomuse

(B=0.002,SE=0.001,p= .03);participantsweremorelikelyto

report condomuse as they continued through the study. Daywas

includedinall subsequentanalyses tocontrol for these timeeffects.

Food Insecurity, Condom Use, and Substance Use

Among days in which sex occurred, there was a significant neg-

ative relation between food insecurity and condom use such that

forindividualswithhigherlevelsoffoodinsecurityatbaseline, there

was a lower likelihood of condomuse on a given day (B=-0.31,

SE=0.09,p\.01).Wehypothesizedthatsubstanceuse,inthiscase

drinkingand/ordruguse,withinthecontextofsexwouldbeamedi-

atoroftheassociationbetweenfoodinsecurityandcondomuse.We

foundasignificantpositiveassociationbetweenfood insecurityand

substanceuse: for individualswithhigher foodinsecurity, therewas

ahigherlikelihoodofsubstanceuseonagivenday(Patha:B=0.60,

SE=0.12,p\.001;seeTable3).Tocompletethetestofmediation,

both food insecurity and substance use were included in a model

predicting condomuse. In thismodel, substance use before sex did

not significantly predict condom use but the interaction between

substanceuseandtimedidsignificantlypredictcondomuse(B=

-0.03,SE= 0.01,p\.05)meaning that ratesofchangeincon-

domuseover timedifferbysubstanceuse.Furthermore, theeffect

of substanceuse in thecontextofsexoncondomusedependson

timewithin thestudy, such thatas timegoeson in thestudy, sub-

stance use has less of an impactoncondomuse.Whenaccount-

ing for substanceuse and the interaction between substanceuse

and time, food insecurity still significantly predicted condomuse

(B=-0.29, SE=0.09, p\.01).

Using quasi-Bayesianmethods, the direct effect of food inse-

curityoncondomusewassignificant(B=-0.041,CI[-0.067,

-0.02],p\.001).Additionally,thecausalmediationeffectoffood

insecurityoncondomuse through the interactionbetween sub-

stance use within the context of sex and timewas also signifi-

cant indicating a significant partial mediation (B=-0.0002,

CI [-0.0006,-0.000003],p= .02).Whenpartner typewascon-

trolled for, these effects remained (direct effect: B=-0.043,

Table 2 Day level reportedbehaviors basedon30,774daysof collected

data

Behavior N days %

Non-sex days 24,442 79.4

Sex days 3894 12.7

Unknown 2438 7.9

On days when sex was reported (N= 3894)

Reported using a condom 1848 48.2

Type of sex

Vaginal sex 1422 36.7

Anal sex 1751 45.2

Both 703 18.1

Partner gender

Male 2927 76.8

Female 798 20.9

Transgender 87 2.3

Partner type

Regular/steady 2689 71.2

Casual 1089 28.8

Partner status

Told HIV? 1368 36.3

Assumed HIV? 671 17.8

Told HIV- 493 13.1

Assumed HIV- 346 9.2

Status unknown 887 23.6

Before sex,

I or We drank or used drugs 1140 30.5

My partner drank or used drugs 311 8.3

Neither of use drank or used drugs 2290 61.2
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95% CI [-0.070, -0.018], p\.001; mediation effect: B=

-0.0003, 95% CI [-0.0007,-0.00008], p= .01).

Gender as a Moderator of the Mediation

Based on previous literature and sex differences observed in the

currentsamplecharacteristics,genderwashypothesizedasapoten-

tial moderator of themediation for both the relation between food

insecurityandsubstanceuseandtherelationbetweensubstanceuse

and condom use (see Table4). To test whether gender moderated

theassociationbetweenfood insecurityandsubstanceuse, sub-

stanceusewas regressedonfood insecurity,genderand the inter-

actionbetween food insecurityandgender.Whencontrolling for

gender,foodinsecuritydidnotsignificantlypredictsubstanceuse

(B=0.09, SE=0.037, p= .81).On days inwhich sex occurred,

gender significantly predicted substance use such thatmenwere

more likely to use substances in the context of sex (B=-0.99,

SE=0.28, p\.001). The interaction between gender and food

insecurity on substance use was only trending on statistical sig-

nificance (B=0.55, SE=0.28, p= .052).

To testwhether gendermoderated the relationbetweensub-

stance use and condomuse, condomusewas regressed on sub-

stanceuse,gender, and the interactionbetweensubstanceuseand

gender.Again, substance use in the context of sex did not signifi-

cantlypredictedcondomusebut the interactionbetweensubstance

use and time did (B=-0.04, SE=0.02, p\.05). Gender did not

significantly predict condomuse (B=-0.29, SE=0.22, p= .19)

nor was the interaction between gender and substance use signifi-

cant (B=0.48, SE=0.35, p= .17). The direct effect of food inse-

curity on condom use was significant (B=-0.043, CI [-0.069,

-0.015], p\.001). However, the causalmediation effect of food

insecurity on condomuse through the interactionof time and sub-

stance usewithin the context of sexwas not significantwhen test-

ing gender as a moderator (B=0.00005, CI [-0.0004, 0.0005],

p= .78).

Missing Data Sensitivity Analyses

Therewereatotalof157surveydaysinwhichparticipantsreported

havingsexbutdidnotfinishcompleting thesurveyandanaddi-

tional4surveyswithothermissingbaselinedata,whichwereelim-

inatedfromthecompletecaseanalysisabove.Weconductedmiss-

ing data sensitivity analyses to assesswhether the results from the

mediationpresentedaboveholdwhenincorporatingthesepartially

completedsurveys (seeSupplementalMaterial).Usingmultiple

imputationforallof thevariables in themodelsyielded3894days

ofdatafrom796participants.Replicatingthesignificantmediation

model testing the interaction of substance use and time as amedi-

atorof theeffectof food insecurityoncondomuse, thedirecteffect

of food insecurity on condom usewas significant in all 5 imputed

datasets with estimates ranging fromB=-0.035 to-0.040. The

causalmediation effect of food insecurity on condomuse through

substanceusewithinthecontextofsexwassignificant4outofthe5

Table 3 Fixedeffectsandrandomeffectsestimates formultilevelmedia-

tion model of the predictors of condom use

Parameter Model of path a Model ofpaths b andc0

Fixed effects

Intercept -5.20

(0.85)***

0.13 (0.64)

Level 1 (daily level data)

Drinking/drug use -0.10 (0.19)

Level 2 (individual level

data)

Food insecurity 0.60 (0.12)*** -0.29 (0.09)**

Time-predictor interactions

Day * drinking/drug use -0.03 (0.01)*

Random effects

Intercept (r2) 5.98 (2.44) 2.43 (1.56)

Level 1 (daily level data)

Day 0.004 (0.06) 0.008 (0.09)

Direct effect=-0.041, 95% CI (-0.067,-0.02), p\.001

Causal mediation effect: -0.0002, 95% CI (-0.0006, -0.00003),

p= .02

Standard errors and standard deviations are in parentheses; * p\.05,

** p\.01, *** p\.001; All analyses control for education and income

as fixed effects

Table 4 Fixedeffects andrandomeffectsestimates formultilevelmedi-

ation model of the predictors of condom use with gender as a moderator

Parameter Model of path a Model of path b and c0

Fixed effects

Intercept -3.43 (0.95)*** 0.54 (0.76)

Level 1 (daily level data)

Drinking/drug use -0.59 (0.46)

Drinking/drug use * gender 0.48 (0.35)

Level 2 (individual level

data)

Food insecurity -0.09 (0.37) -0.31 (0.10)**

Gender -0.99 (0.28)

***

-0.29 (0.22)

Gender * food 0.55 (0.28)^

Time-predictor interactions

Day * drinking/drug use -0.04 (0.02)*

Random effects

Intercept (r2) 5.65 (2.38) 2.54 (1.59)

Level 1 (daily level data)

Day 0.004 (0.06) 0.008 (0.09)

Direct effect:-0.043, 95% CI (-0.069,-0.015), p\.001

Causal mediation effect: 0.00005, 95% CI (-0.0004, 0.0005), p= .78

Standard errors and standard deviations are in parentheses; ^ p\.10,

* p\.05, ** p\.01, *** p\.001;All analyses control for education and

income

1904 Arch Sex Behav (2018) 47:1899–1907

123



times(p\.05)withoneestimatetrendingonsignificance(p= .06).

Estimates ranged fromB=-0.00021 to-0.00029.

Usingmultiple imputationforallvariableswithmissingdata

except for theday-leveloutcome (condomuse)yieldeddata from

770participants contributing3733days.Thedirect effect of food

insecurity on condom use was significant in all five datasets with

estimates ranging fromB=-0.040 to-0.042. The causalmedi-

ation effect of food insecurity on condom use through substance

usewithinthecontextofsexwasalsosignificantinallfivedatasets

with estimates ranging from B=-0.00027 to-0.00029.

Discussion

This study examined the relation between food insecurity and

condomusewithinamultilevel framework,andsubstanceusein

the context of sexwas tested as amediator of this association. In

the current sample, higher levels of food insecuritywere associ-

atedwitha lower likelihoodofcondomuseonagivendayamong

people livingwithHIV.Previous researchhas shownaclose rela-

tion between food insecurity and sexual risks forHIV in uninfec-

ted at-risk populations in theU.S. andworldwide (Justman et al.,

2015;Steenkamp,Venter,Walsh,&Dana, 2014;Tsai&Weiser,

2014). The linkage between food insecurity in people livingwith

HIVmaystemfromsimilardynamicsandmay, therefore,merely

reflect the broader context of poverty within the HIV epidemic

(Pellowski et al., 2013).Recent qualitative research amongpeople

livingwithHIVfinds that food insecuritycontributes to transac-

tionalandunprotectedsexdespite safer sexknowledgeanddesires

duetoshort-termfoodneeds(Whittleetal.,2015).Thecurrentresults

addtotheliteratureestablishingadirect linkbetweenfoodinsecu-

rity and sexual risk, particularly among those already livingwith

HIV.

Additionally, we found a significant effect of substance use

in the context of sex on the rates of change in condomuse over

time and this interaction between substance use and timewas a

partialmediatorof the relationbetween food insecurityandcon-

domuse.Giventhatsubstanceusedoesnotfullymediate thisrela-

tion, it is important to consider both substance use and food inse-

curityinbehavioralHIVsecondaryprevention.Althoughtherehave

beenseveral interventionsandpolicychanges that focusonfood

insecurityandantiretroviraladherence(Aberman,Rawat,Drimie,

Claros,&Kadiyala, 2014; Palar et al., 2015) aswell as small pilot

interventions focused on food insecurity and sexual risk (Zakaras

et al., 2016), we are not aware of interventions that explicitly and

concurrently focus on food insecurity, substance use, and sexual

riskreductionforpeople livingwithHIV.Giventhemountingevi-

dence for robust relations between all facets of poverty, including

foodinsecurityandsubstanceuse, thereiscompellingevidencefor

multilevel interventions toaddressmultiplestructuralproblems

and individual behaviors simultaneously to address sexual risk

behaviors.

Genderwas also tested as amoderator of substance use as a

mediator ondays inwhich sexoccurred.The interactionbetween

food insecurity and gender was not significant nor was the inter-

action between substance use and gender leading to the conclu-

sionthat,inoursample,genderdidnotmoderatetheobservedmedi-

ation effects. This is directly in contrast to the results of Eaton et al.

(2014)who found that in a SouthAfricanHIV uninfected sample,

alcohol use mediated the association between food insecurity and

condomuseforwomenbutnot formen.ThefindingsofEatonetal.

in conjunction with the findings of the current study, which was

conducted in theU.S., suggest that culture, socioeconomic sta-

tus and/or gender power dynamics may all play roles in deter-

miningthestrengthanddirectionalityoftherelationsbetweengen-

der, food insecurity, substance use and condom use.

There were several limitations to this study that should be

acknowledged.Although the sample sizewas fairly large, itwas

largely limited toAfrican-Americans. Additionally, the sample

wasalsomostlymaleanddidnotincludemanyadolescentsoryoung

adults.Thus,thesefindingsfromthissamplemaynotextendtoother

populations. Additionally, this study was conducted in one large

southeastern U.S. city so these associations may not hold for

other areas of the U.S. such or other countries.

Inaddition tosamplecharacteristic limitations, therewerealso

limitationswith regard to theanalyses.Using theRlibrary‘‘lme4’’

was necessary tomodel themixed-effects logistic regressions;

however, this library is limited in its ability to specify a variance–

covariancematrixforresidualeffects.Thus,wewereunabletodeal

with potential problems associated with autocorrelations and/or

heteroscedasticity. Finally, only gender was tested as amoderator

of themediation. There are other variables thatmaymoderate this

relationsuchassexualpartners’HIVstatus(Jenningsetal.,2015;

Purcell,Moss, Remien,Woods,&Parsons, 2005). In these anal-

yses, partner type was controlled for but did not seem to impact

these findings. Future research should elucidate the conditional

effects forwhichsubstanceusemediates theassociationbetween

food insecurity and condom use.

This is thefirst study, to our knowledge, to test the relation bet-

weenfoodinsecurityandcondomusewithsubstanceuseasamedi-

atorwithinamultilevelframework.Consistentwithcross-sectional

andcorrelational research,wefoundthathigher levels food insecu-

rity predicted a lower likelihood of condomuse on a give day and

this was partiallymediated by substance use in the context of sex.

Our findings therefore further support the potential impact of alle-

viating food insecurity on reducing sexual risks for HIV transmis-

sion.Situation-specificalcoholanddruguseshouldalsobeintegra-

tedintointerventionsthattargetfoodinsecurityandHIVprevention.

Forexample,althoughefforts to reducesubstanceusearegiven in

termsof interventiongoals, a harm reduction approachmaybeof

considerableuse inthiscontext.Specifically, theroleofsubstance

useinrelationshipsshouldbeaddressedanddirectedtowardstrate-

gies for increasing condomuse in the context of alcohol andother

drug use. In addition, preparations for condomuse such as having

condomsreadilyavailableandpartnersagreeingtousecondomsin

advance of sex may increase their use despite alcohol and other

druguse.Theseandother interventionapproachestoincreaseHIV
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transmission risk reduction practices among people living with

HIV in poverty should be an HIV prevention priority.
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