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Abstract

Background—Food insecurity is a known barrier to medication adherence among people living 

with HIV. Antiretroviral therapies (ART) that require food for maximum benefit likely pose added 

challenges to patients who do not have reliable access to food. This study examines the health 

implications of prescribing ART that requires food to patients who are food insecure.

Method—A community sample of 538 men and 221 women currently taking ART to treat their 

HIV infection completed computerized interviews, biweekly-unannounced pill count adherence 

assessments, and obtained their CD4 cell count and HIV RNA from medical records.

Results—Sixty-three percent of participants experienced at least one indicator of food insecurity 

during the previous month, of which 274 (57%) were prescribed an ART regimen that requires 

food. Among participants who were food insecure, individuals taking ART requiring food 

indicated significantly greater HIV symptoms, lower CD4 cell counts, and poorer HIV 

suppression. For participants who were food secure, those taking ART that requires food were 

significantly less adherent than those whose ART regimen does not require food.

Conclusions—People living with HIV who experience food insecurity are significantly more 

likely to be prescribed ART regimens that require food and experience poorer treatment outcomes. 

Determination of optimal ART regimens should take patient access to food into account and 

treatment guidelines should highlight the importance of food access in selecting ART regimens.
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Introduction

Food insecurity is a significant barrier to antiretroviral therapy (ART) adherence in 

resource-rich as well as resource-limited settings. (1–3) In urban centers with abundant but 

inequitable access to food, people living with HIV who experience food insecurity are less 

likely to adhere to ART, have poorer HIV viral suppression, and have greater mortality. (4–

7) Food insecurity itself can interfere with medication adherence by disrupting daily 
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routines. In addition, food is recommended for processing, absorption, and optimal clinical 

benefits for certain ART regimens. For example, pharmacokinetic studies show as much as a 

30% increase in the availability of darunavir (Prezista) when taken with food. Similarly, 

administration of atazanavir (Reyataz) with a light meal increases drug plasma concentration 

by 70%. (8) People who are food insecure must therefore periodically choose to either take 

their medications knowing they are not following directions or miss their medications 

altogether when food is unavailable. Prescribing ART that requires food to those who are 

food insecure could therefore diminish the efficacy of ART even when patients are adherent. 

We are not aware of prior research that has examined treatment outcomes in relation to 

requirements that ART be taken with food among people living with HIV who experience 

food insecurity.

We examined the modifying effects of food insecurity on the association between 

antiretroviral regimen and treatment outcomes. We hypothesized an interaction would exist 

between ART regimens that require food and experiencing food insecurity such that 

adherence and viral suppression would be impeded among people living with HIV who are 

both food insecure and prescribed ART that requires food.

Methods

Participants

Participants were 538 men and 221 women recruited from community services and 

infectious disease clinics during a 12-month period between 2013 and 2014. The site of the 

study was Atlanta, Georgia with an annual HIV incidence of 30.3 per 100,000. Eligible 

participants were age 18 or older, HIV positive, and currently taking ART.

Measures

Participants provided three sources of data: audio-computer assisted self-interviews 

(ACASI) (9, 10); HIV RNA (viral load) and CD4 cell counts from medical records; and 

unannounced pill counts to assess ART regimens and adherence. The university Institutional 

Review Board approved all procedures.

Computerized Interviews—Participants reported demographic characteristics, 

completed a measure of 14 HIV-related symptoms of 2-weeks duration (11) and their 

experience of 11 common ART side-effects (ranged between 0 = not experiencing to 3 = 

severely experiencing, summed to composite score). (12) To assess food insecurity we 

adapted eight items from the US Food Security Scale. (13) The specific items were selected 

to represent an array of individual and household food insecurity that ranged in severity. We 

adapted the items to reflect experiences in the previous month rather than past year to 

coincide with the timeframe of other measures. Food insecurity indicators were 

dichotomized (experienced/not experienced) and summed to create a food insecurity index.

HIV Viral Load and CD4 Cell Counts—We used a participant assisted method for 

collecting chart abstracted HIV viral load and CD4 cell counts from medical records. 

Participants were given a form that asks their physician’s office to provide the results and 
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dates of their most recent, and not older than 3-months, HIV viral load and CD4 cell counts. 

These data were therefore obtained directly by the participants from their health care 

providers. The form included a place for the provider’s office stamp or signature to assure 

authenticity. HIV RNA below detection was defined as less than 200 copies/mL for 

uniformity across providers. We also transformed HIV RNA using the formula log10(X+1) 

for a continuous measure of viral load.

ART Regimen Determination and Adherence—Participants consented to three 

unannounced telephone-based pill counts that occurred over a five-week period. 

Unannounced pill counts are reliable and valid in assessing medication adherence when 

conducted in homes (14) and on the telephone. (15, 16) In this study we conducted 

unannounced cell-phone based pill counts. Participants were provided with a free cell phone, 

were trained in the pill counting procedure, and were subsequently called at unscheduled 

times over 12 to 16 day intervals. Pharmacy information from pill bottles was also collected 

to verify the number of pills dispensed between calls. Adherence was defined as the 

differences between the number of pills counted and the number of pills prescribed, divided 

by the number prescribed. ART adherence was examined as a continuous variable and as a 

clinically meaningful categorical variable with adherence defined at three levels; greater 

than 75%, 85%, and 95% of their medications. (4, 17)

Data Analyses

Participants were grouped on the basis of the food requirements of their ART regimen. We 

obtained recommended ART administration instructions from the antiretroviral treatment 

guidelines for adults (http://aidsinfo.nih.gov/guidelines) and recommendations from 

AIDSMeds.com (http://www.aidsmeds.com/list.shtml). Six protease inhibitors and one non-

nucleoside reverse transcriptase inhibitor (NNRTI) were recommended for administration 

with food; 408 participants were taking ART that requires food and 351 participants were 

taking ART that did not require food. We further classified participants on the basis of their 

responses to the food insecurity measure; 281 did not endorse any indicators of food 

insecurity and 478 participants endorsed at least one food insecurity indicator. We therefore 

formed four groups of participants based on (a) food secure/food insecure and (b) taking 

ART that does and does not require food.

Contingency table X2 tests of association were used for ART regimens and food insecurity 

descriptive analyses. Comparisons of food requirement groups within food secure and food 

insecure groups used logistic regressions, reporting odds ratios with 95% confidence 

intervals. To test the main study hypothesis that food security would modify the association 

between ART regimen and treatment outcomes, two multivariable logistic regressions were 

conducted. These models tested the interaction of food insecurity and ART food 

requirements on (a) adherence/non-adherence and (b) HIV suppression/non-suppression. 

These models tested the food security x ART food requirements interactions after adjusting 

for HIV symptoms, income, and the main effects of food security and ART food 

requirements. Statistical significance was defined as p < .05.
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Results

Results showed that 478 (63%) participants endorsed at least one indicator of food insecurity 

for the previous month, of which 274 (57%) were prescribed an ART regimen that required 

food. Protease inhibitors represented the most commonly prescribed class of ART that 

requires food, with 68% of food insecure participants prescribed these regimens compared to 

59% of those who were food secure. (see Table 1) The association between food insecurity 

and taking any ART regimen that requires food was significant, X2 (df=1, N = 759) = 6.61, p 

< .01; food insecure participants were more likely to be prescribed ART that should be taken 

with food. Table 2 shows that the association between food insecurity and ART regimens 

requiring food occurred across indicators of food insecurity, with participants who were 

prescribed an ART regimen that required food reporting significantly greater concern about 

accessing food and eating less due to lack of money.

ART Food requirements among food secure individuals

Results demonstrated that among people living with HIV who are food secure, those taking 

ART that requires food were significantly less adherent than those whose ART regimen does 

not require food. (see Table 3) One in five food secure participants whose ART regimen 

requires food had taken less than 85% of their ART in the prospective month. Similar results 

were observed using 75% and 95% cut-offs for defining adherence.

ART Food requirements among the food insecure individuals

Among participants who were food insecure, there were significant differences in treatment 

outcomes for those taking ART that does not and does require food. (see Table 3) 

Individuals taking ART that requires food indicated significantly greater HIV symptoms, 

had lower CD4 cell counts, and higher HIV RNA viral loads; 23% of participants whose 

ART requires food were viral unsuppressed compared to 14% of their counterparts taking 

ART that does not require food.

Modifying effects of food insecurity

The interaction between food insecurity and ART food restrictions for both ART adherence 

and HIV suppression were tested using multivariable regressions, adjusting for HIV 

symptoms, income and the main effects of food insecurity and ART food restriction 

regimen. In the first model, the food insecurity x ART food requirement interaction effect on 

85% ART adherence was not significant, OR = 0.95, 95%CI 0.38–1.04. Models using 75% 

or 95% adherence were also not significant. In the model for HIV suppression, the food 

insecurity x ART food requirement interaction was significant, OR = 1.14, 95%CI 1.02–

1.27, p < .01; Food insecure participants who were taking ART that requires food were 

significantly more likely to have unsuppressed HIV, while those who were food secure and 

taking ART that does not require food were least likely to have unsuppressed HIV. (see 

Figure 1)
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Discussion

These findings should be interpreted in light of the study limitations. First, we relied on a 

convenience sample that cannot be considered representative of people living with HIV 

infection. The sample also came from a wide-range of providers that likely varied in health 

services and prescription practices. The cross-sectional study design with respect to food 

security also limits our interpretation of the results. It should also be noted that we adapted 

the measure of food insecurity without validation. Our data also do not allow precise 

measurement of whether missed medication doses occurred in relation to times when food 

was scarce, particularly whether medications that are instructed to be taken with food are 

missed at those times.

More than half of the persons taking ART in this study reported experiencing food 

insecurity in the previous month. We found that people living with HIV who are 

experiencing food insecurity are significantly more likely to be prescribed ART regimens 

that require food. This difference did not occur as the result of any single indicator of food 

insecurity. One possible explanation for the association of ART regimen and food security is 

the use of more forgiving ART regimens, such as boosted protease inhibitors that require 

food, with less adherent patients who are also food insecure. Among those persons who 

were food secure, taking ART that requires food was associated with poorer ART 

adherence. Thus, even for persons who have adequate access to food, requiring food at the 

time medications are taken may interfere with adherence.

In contrast to those who were food secure, there was no association between taking ART 

that requires food and ART adherence among persons who were food insecure; adherence 

was relatively poor for food insecure persons regardless of food requirements. However, we 

found that food insecure participants who were taking ART that requires food had 

significantly poorer HIV suppression. Participants who were food insecure and taking ART 

that requires food also experienced more HIV symptoms and had lower CD4 cell counts. 

Poorer treatment outcomes for people who are food insecure and are prescribed ART that 

requires food in the absence of differences in adherence maybe accounted for by insufficient 

drug absorption that occurs when ART regimens that require meals are taken without food.

Food insecurity is only one of several co-occurring facets of poverty that are related to non-

adherence, including unstable housing and lack of transportation. (18, 19) However, 

requiring food for optimal ART absorption is the only aspect of poverty directly related to 

the pharmacokinetics of ART. The selection of an ART regimen is individualized on the 

basis of multiple considerations including virologic efficacy, toxicity, pill burden, dosing 

frequency, resistance testing results, comorbid conditions, and cost (20)(see http://

aidsinfo.nih.gov/guidelines). Given the growing prominence of poverty in HIV epidemics, 

access to food should be explicitly assessed and prioritized when prescribing ART. Our 

findings are therefore clinically significant because they show that people living with HIV 

who lack access to food and are prescribed ART that requires meals have poorer heath 

outcomes than individuals who are also food insecure but taking ART that does not require 

meals. When the optimal ART regimen for a food insecure patient requires food, it may be 

necessary to couple the medication dosing with companion nutritional supplements or small 
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meals. Whether selecting an alternative regimen that does not require food or providing food 

with ART, it is essential that a patient’s access to food be prioritized among factors in 

determining optimal treatment options.
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Figure 1. 
Modifying effect of food insecurity on the association between ART regimen and HIV viral 

suppression.
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