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Abstract

Objective: To assess the impact of nurse-led Asha (Accredited Social Health Activist)-support
behavioral and nutritional intervention among women living with HIV/AIDS (WLH/A) in rural
India.

Design: Cluster randomized-controlled trial.

Methods: Sixteen Primary Health Centers serving WLH/A in Andhra Pradesh were grouped into
four regional clusters that were randomly allocated into one of four arms. All four groups included
Asha-support and consisted of: Asha-support only (control group); nutrition education; nutrition
supplementation; and the combination of supplementation and education. Differences between
baseline and 6-month follow-up for key physiological outcomes (body mass index [BMI], CD4
count) were analyzed using factorial mixed-models that accounted for geographic clustering.

Results: At 6 months, all groups improved CD4 count: Asha only (mean difference score
[D]=343.97, standard deviation [SD]=106.94), nutrition education (D=356.15, SD=0.69), nutrition
supplement (D = 469.66, SD=116.0), and nutrition supplement and education (D=530.82,
SD=128.56). In multivariable models, Asha-support plus nutrition and Asha-support support plus
supplement interventions demonstrated independent significant improvements in CD4 count; the
interaction term was significant (§=529.9; 95% confidence internal [CI]=512.0, 547.8; p=.006).
BMI also increased for all groups: Asha only (D=0.95, SD=0.82), Asha plus nutrition education
(D=1.28, SD=0.53), Asha plus nutrition supplement (D=2.38, SD=0.60), nutrition supplement and
nutrition supplement and education (D=2.72=0.84). Nutrition supplementation and nutrition

Correspondence Should Be Addressed To: Adeline M. Nyamathi, ANP, PhD, FAAN, Distinguished Professor, Founding Dean, Sue
& Bill Gross School of Nursing, University of California, Irvine, anyamath@uci.edu, +1 949 824 8932, 252D Berk Hall, Irvine, CA
92697.

Conflict of Interest: The authors declare that they have no competing interests.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

NYAMATHI et al.

Page 2

education demonstrated independent effects on BMI; the interaction term was not significant (B =.
27,95% Cf=2.5, 2.7, p=0.80).

Conclusion: Interventions run by community workers were efficacious at improving
physiological outcomes and may be beneficial at meeting critical healthcare needs of vulnerable
WLH/A in India.
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INTRODUCTION

India has the third largest HIV-positive population in the world and 2.1 million Indians are
infected [1, 2]. Rural areas carry a significantly larger burden compared to urban areas; in
India and many other developing nations (DN), married women are particularly at risk for
disease contraction [2, 3]. Moreover, women in India are at increased risk for malnutrition
and food insecurity [4], which can negatively impact HIV treatment and worsen disease
progression.

Nutrition is a critical component of immune functioning; nutrient, calorie, and protein
deficits directly impair immune responses. In individuals with HIV/AIDS, this impairment is
linked with reduced ability to absorb nutrition concurrent with increased metabolic need to
fight the disease [5, 6]. This hastens CD4 decline, shortening survival time [7]. Inadequate
protein intake causes catabolism of muscle tissue into amino acids to compensate for
disease-related energy demands and structural repair of the body; in turn, muscle mass loss
hastens disease advancement. Indeed, malnutrition and HIV have both compound and
synergistic effects on the immune system [8], HIV disease progression, and vulnerability to
AIDS-related illnesses [9, 10]. Prior research suggests nutrition training and/or food
supplements can improve health outcomes for HIV-positive individuals over time [11]. Thus
addressing deficits in nutrition is a critical component of facilitating optimal outcomes for
women living with HIV/AIDS (WLH/A) in India and globally.

Addressing undernourishment in developing nations (DN) is a global challenge, and
targeting nutrition deficits for WLH/A in rural India presents logistical, financial, and
cultural challenges. Yet utilizing extant community resources can help with feasibility and
dissemination of effective interventions. Prior work by our team in India has demonstrated
that utilizing Asha (Accredited Social Health Activist)-based models, particularly those that
integrate a nutritional component, may improve health-related outcomes in WLH/A [12, 13].
Asha are lay community healthcare workers trained to accomplish tasks typically placed in
the hands of medical professionals, broadening the scope and feasibility of health-
interventions in vulnerable populations.

We conducted a nurse-led, Asha-supported randomized control trial (RCT) to examine the
effect of a behavioral intervention that included nutrition components (training and
supplements) on physical health outcomes in HIV-positive women in rural India. We
hypothesized that nutrition training and nutrition supplementation would have independent
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as well as interactive effects on key physical indicators of HIV progression (CD4 count,
BMI, and lean weight gain) at 6-month follow up, compared to Asha-support alone.

Study design, sample, and setting

Sample Size

We assessed the impact of a community-engaged, Asha-supported behavioral and nutritional
intervention on key disease-related outcomes in WLH/A in Andhra Pradesh (AP), India (V=
600) using a prospective, cluster RCT. We implemented a 2x2 factorial design: 1) Asha-
support (Asha+; control); 2) Asha support + nutrition training (Asha+ NEd+); 3) Asha
support + nutrition supplements (Asha+ NSupl+); and 4) Asha support + nutrition training +
nutrition supplements (Asha+NEd+NSupl+). The data presented herein are part of a larger
parent study that includes mothers, their children, and additional metrics beyond the scope
of the present analyses. We conducted research in the same region and were familiar with
the geography, villages, location of Primary Care Centers (PHCs), and local population
groups [12]. The four regional clusters were chosen to contain villages that were close to
each other and yet distant from villages contained in other clusters.

WLH/A between ages of 18-50 with a verified HIV-positive diagnosis, antiretroviral therapy
(ART)-prescription for the last three months, and who received care in one of the sixteen
PHCs located in Nellore and Prakasam districts of AP were recruited for participation.
Additional inclusion criteria included living with a child aged 3-8 (not relevant to the
present analysis). Exclusionary factors included CD4 T-cell levels < 100 cells/mm3 and
participation in previous Asha-interventions by our team. Baseline data collection began
April 30, 2014, and enrollment was staggered every six months over a two-year period. The
final cohort was enrolled on November 20, 2016. Follow-up assessment for each cohort
occurred six months after baseline enrollment.

Flyers were posted in selected PHCs. Interested women met with a trained research staff
who was blinded to the program hypotheses in a private location to receive study
information, and complete an eligibility screener. Verified diagnosis of HIV was assessed by
showing hospital-generated ART card. CD4+ T cell count was also collected during
screening. As part of the larger 18-month study, WLH/A received cash compensation (USD
$172-$182) to cover transportation costs, loss of pay for the time of enrollment, or childcare
as needed.

All women who were interested in participating provided informed consent. A second
informed consent was completed by all eligible participants based on the results of eligibility
screening. The study was approved by University Human Subjects Protection Committees in
the United States and the Ministry of Health in India.

Calculation

Sample size was estimated according to estimated effect sizes for the parent study based on
pilot study results [12-14]. Alpha was set to .01 to mitigate for multiple dependent variables.
We estimated an intraclass correlation of .05 and a design effect of 2.45 (to account for
potential PHC clustering effects) and a 90% attrition rate after 18 months (length of parent
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study). For each main effect of parent study, we estimated differences of about half a
standard deviation (SD) in size (d=.48, medium effect size) between the outcome means of
nutrition and supplement groups compared to Asha+. This suggested an overall sample size
of 600 (150 per group).

Asha Selection and Training

Asha were selected from lay village women and eligibility included aged 20-50; 8™ grade
education or higher; interested in caring for women and children with HI\VV/AIDS; a history
of community service; and residence in similar villages as the WLH/A.

Sixteen Asha were trained by the Primary Investigators (P1) and Project Director (PD). Asha
training included education about study protocol, needs of WLH/A, basics of HIV/AIDS
disease progression, importance of adherence to ART, strategies to assist coping with illness,
and maintaining participant confidentiality. Four Asha were assigned to each program and
trained per the program design. Quality assurance assessments were done quarterly. Nursing
guidance and research staff were led by PI and nurses in the community. The Asha were
employed full time and paid a monthly stipend of USD $54, consistent with typical salaries
from the government for providing reproductive health-related services to women in these
communities.

Overview of the Asha Nutrition Programs

Recruitment sties were grouped into four geographic locales. The four locals were then
randomized to one of the four arms using computer-based sequencing by project statistician
in the United States. Participants were assigned to groups by blinded research staff after
initial assessment.

Program 1 (Asha+) served as the control group. Asha-support consisted of visiting 6—7
WLH/A weekly on a 1:1 basis, monitoring barriers to and recording of ART adherence,
accompanying women to hospital and clinic visits, and providing assistance to accessing and
understanding health care or prescribed treatments. Participants also engaged in group
sessions delivered by healthcare providers on how to effectively seek support from Asha and
physicians, nurses, social workers, etc, all about HIV/AIDS disease progression, treatment,
maintaining healthy routines, and parenting. Additional modules included promotion of
positive psychological states (e.g., dealing with family problems and promoting healthy
relationships, taking active steps to improve life, creating a social network, finding joy in
life, and seeking psychological assistance if necessary).

Program 2 (Asha+NEd+) sessions provided education about nutrient rich foods that were
inexpensive, sharing recipes, and cooking classes to educate WLH/A on how to maintain
nutritional value within cultural preferences. WLH/A were also taught where to purchase
food and how to monitor food intake. Our nutrition experts, using the dietary guidelines for
Indians, demonstrated healthy food selections, keeping in mind which foods could
strengthen immune responses.

Program 3 (Asha+NSupl+) provided monthly food supplements that consisted of high
protein dals (lentils). WLH/A received three packs of food monthly (i.e., 3kg of black gram
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and 3kg of pigeon peas). Food for the entire family was provided to ensure women
themselves received adequate amounts. Per 100 grams, the black gram consisted of 347
calories, 24 grams of protein, 1.4 grams of fat, 59.6 grams of carbohydrate; and pigeon peas
consisted of 335 calories, 22.3 grams of protein, 1.7 grams of fat and 57.6 grams of
carbohydrate. The amount of food was calibrated to represent an additional 500kcal (bowl-
sized serving) supplement to the daily diets of each woman. All nutritional intervention
materials were purchased from a local provider. Each package of nutritional supplement was
consistently mixed in prescribed amounts, weighed, and allotted to each participant by the
provider and checked and divided into packs by the study manager.

Program 4 (Asha+NEd+NSupl+) combined all elements in Programs 1, 2 and 3.

Many instruments in the structured questionnaire had been used with persons living with
HIV (PLWH) in rural [13, 14] or urban [15-17] settings in southern India. Instrument
translation was conducted in India by “Lingvopedia,” a professional language solutions
company (http://lingvopedia.com).

Behavioral and psychosocial measures included: Quality of Life (QOL) assessed by the
internationally validated Quality of Life Enjoyment and Satisfaction Questionnaire [4, 18];
Food insecurity by The Household Food Insecurity Access Scale [19]. This is widely used
to measure food insecurity in India and elsewhere [20]; Depression by The Center for
Epidemiological Studies Depression Scale (CES-D), short version [21], a 10-item scale with
well-established reliability and validity [21] including in India [22]; Internalized stigma
studied in Indian populations [15, 23] was represented by a 10-item scale that measured the
extent to which respondents believed they deserved to be shunned (5 items, e.g., should
avoid social interactions) or blamed/shamed because of HIV (5 items, e.g., shamed the
family, feel guilty; [24] Social support derived from The MOS Social Support Survey [25];
Physical activity collected with the International Physical Activity Questionnaire was
summarized into Metabolic Equivalents of Energy Expenditure (MET) minutes per week
[26]; and Adherence to ART, was represented by a self-reported measure that assessed
adherence to ART via a Visual Analogue Scale ranging from 0 to 100, with the number
representing percent of pills taken in past month [17, 27].

Biological measures included: Months living with HIVV/AIDS, derived from asking subjects
about month and year of HIV diagnosis; CD4+ T cell count from blood samples collected at
screening with absolute numbers of CD4+ T cells obtained by multiplying percent CD4+ T
cell count by total white blood cell count (determined at the Nellore District Hospital
diagnostic laboratory using the Act Diff Coulter Analyzer); Height and weight was
measured at baseline, and then monthly for six months by trained research staff who used a
calibrated scale to weigh WLH/A while barefoot, and took heights using a stadiometer with
body mass index (BMI) calculated by dividing weight in kilograms by height in meters
squared; and Opportunistic infections (Ol) were assessed by using a list of 8 common Ol
endorsed by our collaborating physicians that included tuberculosis, pneumocystic carini,
Herpes Simplex Virus/Varicella Zoster, candida, fungal dermatoses, diarrhea, febrile illness,
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or other. Participants indicated whether they had experienced any of these Ol in the previous
6 months, with a summation of endorsed Ol into one index measure.

Statistical Methods

Interview data collected by interviewers on Android® tablets were uploaded at our study
sites in AP and transferred to a Google cloud server hosted at UCLA campus. All data
analyses were conducted using SAS 9.4® (Statistical Analysis System, Cary, NC). One-way
ANOVA (for continuous variables) and Chi-Square tests (for categorical variables) assessed
baseline differences according to intervention group. Variables that differed by treatment
group (p < .10) were adjusted for in subsequent models.

For primary (CD4 count) and secondary outcomes (BMI and body weight), we computed
outcome changes from baseline to 6 month. Within the mixed model specifications, we built
contrasts that reflected the factorial design with outcome means for each factorial condition
compared to control.

Crude mixed models assessed impact of factorial conditions on change since baseline
observed on outcome variables. Final models were adjusted for all statistically significant
covariates. Given the importance of 1) adherence to ART and 2) food insecurity as key
factors for HIV outcomes and nutritional status [28], we present additional analyses, where
results are stratified according to high/low adherence and food insecurity, both dichotomized
at the median value for each variable.

RESULTS

Description of Overall Sample

In total, 974 WLH/A were screened, with 600 recruited, 372 WLH/A were ineligible based
on CD4 count/ART prescription not updated in the past 3 months, CD4 T-cell levels < 100
cells/mm3, and child age (Figure 1). Frequency distributions were described for the study
population by group (Table 1). Participants were 34 years old on average; almost half of the
population (49%) had no education. Participants experienced an average of 4.6 Ol over the
past 6 months. Average baseline CD4 count was 447. All women in the study had an ART
prescription; at baseline, mean adherence for all groups was 30% in the past month
(SD=13.23). At 6-month follow-up, 99.50% of the entire sample reported adherence > 95%
in the past month (between group differences were not possible to analyze given ceiling
effects).

Table 1 shows results of continuous covariate means evaluated by ANOVA according to
intervention group. Since randomization was not performed at individual level, some
baseline group differences were expected. Age, QOL, summary social support, MET, and
education were significantly different at baseline, and included as covariates in subsequent
models. Adherence to ART was not significant (p=.18) at baseline, but was retained as a
covariate given its clinical importance in relationship to the outcomes [28].

Two-by-two cross-tabulations evaluated categorical variable distributions at baseline
according to intervention (Table 1). Deviations between observed and expected frequencies
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were assessed using Chi-Square test. Years of education was significantly different at
baseline (p=.04), and included as a covariate.

Anthropometric and Immune Variable Outcomes

Crude mixed models were constructed with change in CD4 count from baseline as the
primary outcome, and body weight and BMI changes as secondary outcome variables (Table
2 and 3). CD4 significantly improved compared to baseline due to nutrition education
(B=443.5; 95% confidence interval [CI]= 431.1, 455.9; p=.0001), and nutrition
supplementation (p= 500.2; 95% CI=487.8, 512.7; p=.0001), with a significant interaction
(p=530.8; 95% CI=513.2, 548.4; p=.006) for combined nutrition supplementation and
education (Table 3). These findings remained robust in fully adjusted models.

The secondary outcomes were also evaluated using mixed models with the same factorial
structure. Interaction terms for nutrition supplementation and nutrition education were not
significantly associated with changes in body weight (=6.1; 95% CI=5.9, 6.4; p=.883) nor
change in body weight (p=2.7; 95% CI1=2.6, 2.8; p=.829), which suggests that the
combination of nutrition supplementation and education were not any more effective in
promoting weight change than either alone. For both body weight and BMI, education (body
weight: p=4.5; 95% CI=4.3, 4.7; p=.0001; BMI: p=2.0; 95% CI=1.9, 2.0; p=.0001) and
supplementation (body weight: p=5.8; 95% CI=5.6, 6.0; p=.0001; BMI: p=2.6, 95% CI=2.5,
2.6; p=.0001) were statistically significant in an additive fashion.

A similar pattern of results was revealed for our secondary outcomes in the adjusted models.
Education alone and supplementation alone were significantly associated with change in
body weight and in BMI, which remained robust after adjusting for each covariate and all
covariates together. Interaction terms between supplementation and education remained non-
significant (Table 3).

We also assessed associations stratified by food insecurity and adherence (Tables 4 and
supplement Table 4b). For CD4 count, among individuals with lower food insecurity (7=
311), the unadjusted supplementation and education interaction term was borderline
significant (=5.9.59; 95% CI=481.4, 537.7; p=.055), while adjusted term non-significant
(B=509; 95% C1=480.1, 538.2; p=.16). In adjusted models, nutrition education alone
(p=436.55; 95% CI=416.5, 456.6; p=.011) and nutrition supplementation alone (p=481.62;
95% CI=462.5, 500.8; p=.0001) were strongly associated with change in CD4 counts.
Similar results were observed among individuals with above-median food insecurity, with
the adjusted interaction for supplementation and education non-significant. Results for
secondary outcome variables stratified by food insecurity showed results similar to what was
observed with change in CD4 counts, although the unadjusted and adjusted interaction terms
were non-significant.

Among individuals who were below the median of adherence (/7=258), adjusted models of
CD4 change from baseline to 6-months showed the unadjusted and adjusted interaction
terms between supplementation and education was significant (adjusted: p=529.09; 95%
Cl=499.4, 558.8; p=.031), as was supplementation alone (adjusted: p=498.67; 95%
Cl=478.2, 519.1; p=.0001), with education alone marginally significant (adjusted: p=442.57,
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95% Cl=420.7, 464.5; p=.077). Similar associations were observed for change in weight
and BMI, although the interaction terms were non-significant (See supplement Table 4b).

DISCUSSION

We report results from a cluster-randomized-factorial-nutrition-controlled trial with a six-
month intervention period. The effects of the nurse-led Asha-supported behavioral
intervention that included nutrition education, nutritional supplementation, and both
(nutrition and supplemented) were compared to a control group (i.e., Asha-support only) on
key HIV-related outcomes (CD4 counts, weight and BMI). Overall, our findings demonstrate
the importance of addressing the nutritional needs of individuals to improve HIV-related
outcomes in addition to ART adherence. While all groups demonstrated improvements in
ART adherence, those in the nutrition intervention groups experienced statistically
significant improvements in outcomes compared to the control group (Asha-only).

Our results showed strong independent effects of nutrition education and nutrition
supplementation, and moderate interactive education and supplementation effects on
improved CD4 count six-months after baseline. Change in weight and BMI showed similar
patterns, although the interaction between education and supplementation did not
significantly exceed independent effects. These associations were further stratified according
to food insecurity and adherence. The independent associations between change in CD4
counts and supplementation and CD4 and education were found to be stronger among
individuals with greater food insecurity. Interactions between adherence and CD4
associations were not significantly different, and were marginally significantly different for
weight and BMI.

Our findings suggest that the behavioral and nutrition-based interventions provided along
with Asha-support may have important influences on improving immune-related outcomes
in WLH/A in India. The combination of nutrition supplementation and education is
particularly beneficial at improving immunity measured by increased CD4 count, especially
for WLH/A who were below the median at baseline, although evaluation of interaction
between adherence and intervention effects were non-significant. Our model could help
address the often poor prognosis for HIV-positive individuals in DN where malnutrition is
common [8]; adequate nutrition is a critical component of effective immune functioning and
defense against Ol [29]. Protein and nutrient deficiencies exacerbate immune impairments in
HIV-positive individuals in a reciprocal relationship [8, 30]. Specifically, protein-calorie
deficits are linked with emergence of viral infections and T-cell impairment, reduced activity
of natural Killer cells, and lymph tissue decay [30]. Our interventions, which targeted
increasing protein intake, resulted in increased CD4 counts, one of the primary metrics of
effective HIV treatment and immune functioning, over the 6-month follow-up.

Asha-supported nutrition supplementation and education both independently helped improve
BMI and lean body mass over the 6-month follow-up. Body weight indices have been
implicated in increasing relative-risk for death independent of CD4 counts [31]. This is
likely due to increased resting metabolic rate in HIV-positive individuals, which necessitates
increased caloric intake for weight maintenance to prevent wasting and untimely death [30].
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Although BMI is not necessarily the ideal marker for malnutrition [30], in HIV-positive
samples, low-BMI is a strong predictor of both morbidity and mortality [31, 32].

Our findings suggest that both Asha-supported nutrition supplements and education might
help address the link between malnutrition and HIV progression and allow for antiviral
therapy to more effectively address HIV symptoms. Perhaps somewhat surprisingly, both
supplement alone and education alone improved CD4 count, BMI, and lean body mass,
suggesting that education and supplements may each improve outcomes. This finding may
help address the limitations noted in prior work examining nutrition supplementation as a
component of HIV-treatment in DN [33]. Nutrition education, administered by lay
community members, could serve as an alternative to nutrition supplementation in areas with
limited capabilities to provide supplementation and serve as a more sustainable long-term
solution.

Results also provide support for an Asha-based approach to HIV-intervention in DN.
WLH/A in India face a number of challenges regarding receipt of adequate care [34]. These
difficulties include lack of resources, restricted mobility to reach facilities, stigma, and
apathetic or outright abusive behavior by healthcare workers [35]. In contrast, Asha are
members of the community who provide emotional as well as logistical and medical
support, which serve as an important bridge between WLH/A and the treatment community
[36]. Thus, Asha-approach may improve intervention efficacy, bolstering trust and
adherence. The improvement in primary and secondary outcomes for both intervention
groups in combination with Asha-support suggests the value of Asha across treatment
modalities. Future research should explore this approach in other population (e.g., Africa,
other locations in India) where women face similar logistical and psychological barriers.

Although our study was able to demonstrate the effectiveness of lay-administered nutrition
education and supplementation on HIV-related outcomes, some limitations exist.
Randomization was not conducted on an individual level resulting in group differences
according to geographic stratification. Contamination of intervention conditions across sites
was possible, despite the geographic distance between sites and limited mobility of the
population. Moreover, although interviewers and Asha were trained not to discuss other
intervention conditions and all group training sessions were held on specific days devoted to
one of the four conditions, intervention fidelity could not be completely verified. However,
interviewers and Asha were repeatedly queried about their communication with study
participants to insure minimal contamination. Finally, although our covariate-adjusted
models sought to control for a number of potential confounders, it is possible that
improvements in primary and secondary outcomes could result from other components of
the Asha-intervention that were not specifically tested (e.g., social support from women in
cooking classes, extra time spent with Asha).

Conclusions

Our findings demonstrate the importance of integrating improved nutrition into effective
HIV care for WLH/A in India. Moreover, results suggest that targeting nutrition is beneficial
for women who are especially food insecure in this setting. While the combination of
nutrition education and supplementation were superior to either alone at increasing CD4
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counts, both exhibited strong independent effects on this immune marker as well as
secondary outcomes (i.e., weight, BMI). Importantly, this intervention was administered by
trained lay members of the community, providing an approach that may be scalable,
economically viable, and clinically efficacious to improve life for HI\V-positive women in

vulnerable communities.
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