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Objective: To characterize diet quality across a global cohort of people with HIV
(PWH).
Design: Cross-sectional analysis.

Methods: Leveraging REPRIEVE data from baseline across five Global Burden of
Disease (GBD) regions, we analyzed participant responses to the Rapid Eating Assess-
ment for Participants questionnaire. An overall diet quality score and scores for specific
diet components were generated. Higher scores indicate better diet quality.

Results: Among 7736 participants (median age 50 years, 30% women, median BMI
25.8 kg/m?) overall diet quality score (max score 30) was optimal in 13% of participants
and good, suboptimal or poor in 45%, 38%, and 4% of participants, respectively;
saturated fat score (max score 18) was good, suboptimal, or poor in 38%, 40%, or 7% of
participants, respectively. Diet quality scores differed across GBD region with the
highest scores reported in the South Asia region [median 23 (21-25)] and lowest in the
sub-Saharan Africa region [median 15 (12-18)]; 61% of participants in the South Asia
region reported optimal diet quality compared with only 6% in the sub-Saharan Africa
region. Higher atherosclerotic cardiovascular risk scores were seen with worsening diet

quality.
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Conclusion: Among PWH eligible for primary CVD prevention, diet quality was
suboptimal or poor for almost half of participants, and there were substantial variations

in diet quality reported by GBD region.
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Introduction

Chronic comorbid diseases have emerged as major
challenges for the large global population of people with
HIV (PWH). Diet is an important, but poorly understood
risk factor for cardiometabolic disease and other chronic
comorbid conditions in PWH. Indeed, preventing onset
of cardiometabolic comorbidities may be possible by
optimizing lifestyle habits including diet. Poor-quality
diets are high in unhealthy fats, refined grains, sodium,
added sugars, and animal-source foods, and low in fruits,
vegetables, whole grains, legumes, fish, and nuts. Low-
quality diets are associated with noncommunicable
diseases in the general population [1], and globally,
unhealthy diet is a top contributor to cardiovascular
disease (CVD) burden and death [2]. In PWH, diet
quality has been found to be low compared with people
without HIV, although studies evaluating diet in PWH to
date have been conducted in relatively small, homoge-
nous, site-specific cohorts [3—5]. Importantly, diet quality
has not been previously characterized across a global
cohort of PWH.

The current analysis leveraged data collected on diet
across a global cohort of PWH. REPRIEVE, the
Randomized Trial to Prevent Vascular Events in HIV,
is an ongoing trial evaluating a primary CVD prevention
strategy in PWH. The multinational population of PWH
with low-to-moderate traditional CVD risk provides the
first opportunity to evaluate diet quality across global
regions. The primary objective of the current analysis was
to characterize overall diet quality and dietary compo-
nents as determined by the Rapid Eating Assessment for
Participants (REAP) questionnaire in the REPRIEVE
cohort. The secondary objective was to evaluate
cardiometabolic characteristics by diet quality.

Methods

REPRIEVE (NCT02344290) is a randomized, multi-
center, phase III trial of pitavastatin calcium vs. placebo
[6,7]. REPRIEVE enrolled 7770 participants between
March 2015 and July 2019 at over 100 sites globally [7].
PWH, without known atherosclerotic cardiovascular

disease (ASCVD), 40—75 years of age, receiving antire-
troviral therapy (ART), with low-to-moderate ASCVD
risk (<15%) were enrolled using the 2013 ACC/AHA
Pooled Cohort Equations and specific low-density
lipoprotein (LDL) cholesterol thresholds. Full eligibility
criteria and design details are described elsewhere [6].
Enrollment sites were grouped by Global Burden of
Disease (GBD) super region subgroups using classifica-
tions developed by the WHO [8] as previously described

(]

At study entry, diet information was collected utilizing
the REAP questionnaire [10], a 31-item questionnaire
developed to assess diet quality in primary care settings.
REAP was administered as instructed; translation was
available in Spanish and at the discretion of each
individual site. A diet quality score was calculated based
on participant responses to 15 questions (Supplemental
Material 1a, http://linksIww.com/QAD/C602) from
the questionnaire, higher scores reflected better diet
quality and eating habits. To further evaluate dietary
components (saturated fat, sodium, fiber, and added
sugar), component scores were developed based on
groupings of questions. Diet quality score was analyzed
on a continuous scale with a maximum score of 30 and
grouped on an ordinal scale with four categories: optimal,
good, suboptimal, or poor (Supplemental Material 1b,
http://links. lww.com/QAD/C602 for cut points), and
likewise for the key dietary components. In a calibration
study, REAP had excellent test—retest reliability (r=0.86,
P<0.0001) and has been validated with the Healthy
Eating Index (a summary measure of diet quality assessing
conformance to dietary recommendations) (r=0.49,

P=10.0007) [10].

Statistical analysis

Distributions of diet quality scores were evaluated by
GBD region and other baseline demographics. Continu-
ous variables are summarized as median (Q1-Q3). For
binary or categorical variables, N and percentage are
provided. In the calculation of percentages, participants
with missing data were excluded from the denominator.
A priori selected characteristics (sex, age, BMI, alcohol
use, race, and GBD region) were individually assessed for
their association with diet quality score using linear
regression models; all variables listed in Supplemental
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Figure 1, http://links.Iww.com/QAD/C602  were
included in adjusted analyses. Covariates were analyzed
on the categorical scales to allow for clearer assessment of
both linear and nonlinear trends. In these cases, type-
three P values are provided as an overall assessment of the
association; estimates are shown with 95% confidence
intervals. The analysis was conducted using SAS software,
version 9.4M5 for Linux (SAS Institute).

Role of the funding source
The funders had no role in the study design, data collection,
analysis, interpretation, or writing of the article.

Ethics statement

Each clinical research site obtained institutional review
board/ethics committee approval and any other applicable
regulatory entity approvals. Participants were provided with
study information, including discussion of risks and benefits,
and signed the approved declaration of informed consent.

Results

Baseline characteristics

Seven thousand seven-hundred and thirty-six participants
completed the baseline REAP questionnaire and were
included in the analysis. Median age was 50 years, ASCVD
risk score 4.5%, and BMI 25.8kg/m” (Table 1). Demo-
graphic and clinical characteristics are available in Supple-

mental Table 1, http://links.Iww.com/QAD/C602.

Factors associated with diet quality and
differences by GBD region

Among all participants, median diet quality score was 17
points (Q1-Q3: 13—20) (Supplemental Table 2, http://
links.lww.com/QAD/C602), with higher values indica-
tive of better diet quality (score range from 1 to 30).
When diet quality scores were grouped by category, 13%
of participants had optimal, 45% good, 38% suboptimal,
and 4% poor diet quality (Fig. 1a). Suboptimal diet quality
was more frequently reported by younger participants
compared with older participants, Blacks or African
Americans, current smokers, and participants reporting
most frequent alcohol use (Supplemental Table 1, http://
links.Iww.com/QAD/C602).

Diet quality scores diftered across GBD region with highest
diet quality reported in the South Asia region [median 23
(21-25)] and lowest diet quality reported in the sub-
Saharan Africa region [median 15 (12—18)] (Supplemental
Table 2, http://links.lww.com/QAD/C602). Similarly,
61% of participants in the South Asia region reported
optimal diet quality compared with only 6% of participants
in the sub-Saharan Africa region (Fig. 1a).

In single-variable analyses exploring associations between
covariates and diet quality, factors associated with higher

diet quality score were older age (>60 years), Asian race,
and region of enrollment in South Asia, Southeast/East
Asia, or Latin America/Caribbean GBD regions (com-
pared with high-income GBD region). Characteristics
associated with lower diet quality score included BMI at
least 30kg/m®, more frequent alcohol use, black or
African American race, and sub-Saharan Africa GBD
region of enrollment (compared with high-income GBD
region) (Supplemental Figure 1, http://links.lww.com/
QAD/C602, left panel). In the adjusted analysis, the
associations with BMI and Asian race were no longer
apparent, and a stronger relationship between higher diet
quality score and increasing age emerged (Supplemental
Figure 1, http://links.Iww.com/QAD/C602, right
panel). Given population differences across regions, the
race effect in the adjusted model is estimated only among
the high-income region.

We explored cardiometabolic characteristics by diet
quality score category (Table 1). ASCVD risk scores,
BMI, and waist circumference increased with worsening
category of diet quality while there were no clinical
differences in glucose or total cholesterol across worsen-
ing diet quality score category. Participants with diet
quality scores categorized as poor had the highest
percentage of hypertension compared with the other
diet quality categories.

Diet component scores

Diet component scores for saturated fat, fiber, sodium, and
added sugar are shown in Fig. 1b—e, with variations in
consumption noted by GBD region. Among all partici-
pants, 47% had saturated fat scores categorized as
suboptimal or poor, 66% of participants had fiber
component scores categorized as suboptimal or poor,
36% of participants had sodium scores categorized as
suboptimal or poor, and 41% of participants had an added
sugar component score categorized as suboptimal or poor.

Discussion

The REPRIEVE cohort provides global data on risk
factors for cardiometabolic disease among PWH. In this
diverse population, we evaluated diet quality over
multiple GBD regions and assessed demographic and
CVD risk factors by diet quality. We utilized the REAP
questionnaire, a validated questionnaire developed to
assess diet quality in clinical settings and summed a score
from responses to represent diet quality as previously
reported [10—12]. A high percentage of participants
reported suboptimal or poor diet quality (42%), and there
were notable variations in diet quality by GBD region.
Moreover, established CVD risk factors increased with
worsening category of diet quality.

1999
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Fig. 1. Diet quality score and diet component scores by global burden of disease region. Distribution of diet quality score by
global burden of disease region. Score categorizations are as follows: max score =30; optimal 22.5-30; good 15 < to <22.5;
suboptimal 7.5 < to <15; poor 0-7.5. Distribution of diet component scores by global burden of disease region; component score
for (a) saturated fat, (b) fiber, (c) sodium, (d) added sugar. Categorization of component scores is as follows: saturated fat: max
score = 18; optimal greater than 13.5; good 9 < to <13.5; suboptimal 4.5 < to <9; poor 4.5 or less; fiber: max score = 6; optimal
greater than 4.5; good 3 < to < 4.5; suboptimal 1.5 < to <3; poor 1.5 or less; sodium: max score = 8; optimal greater than 6; good 4
< to < 6; suboptimal 2 < to < 4; poor 2 or less; added sugar: max score = 4; optimal greater than 3; good 2 < to < 3; suboptimal 1
< to < 2; poor 1 or less.

Smaller studies in the United States [3,5], Uganda
[13,14], Brazil [15,16], and India [17,18] have demon-
strated the need to address nutrition among PWH. We
leveraged REPRIEVE to address this knowledge gap,
simultaneously comparing diet quality across multiple

GBD regions, to better understand how CVD risk relates
to diet quality in PWH.

We found that poor or suboptimal diets were more
commonly reported in the sub-Saharan Africa region
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Table 1. Cardiometabolic characteristics by diet quality score®

Characteristic Total (N=7736) Optimal (N=1020)  Good (N=3488)  Suboptimal (N=2941)  Poor (N=287)

Cardiovascular and metabolic
Hypertensionb 2774 (36%) 353 (35%) 1218 (35%) 1089 (37%) 114 (40%)
ASCVD risk score (%) 5(2.1-7.0) 9 (1.9-6.6) 3 (2.0-6.8) 9(2.4-7.3) 5.1 (2.7-7.4)
0to <2.5 2150 (28%) 31 7 (31%) 1025 (29%) 744 (25%) 64 (22%)
2.5to <5 2046 (26%) 289 (28%) 943 (27%) 740 (25%) 74 (26%)
5to <7.5 1881 (24%) 223 (22%) 827 (24%) 753 (26%) 78 (27%)
7.5-10 1097 (14%) 125 (12%) 464 (13%) 462 (16%) 46 (16%)
>10 ) 562 (7%) 6 (6%) 229 (7%) 242 (8%) 25 (9%)
BMI (kg/mz) 25.8 (22.7-29.4) 24 9 (22.1-28.2) 25.7 (22.9-29.2) 26.1 (22.8-30.0) 26.5 (22.7-29.8)
<18.5 287 (4%) 1 (5%) 120 (3%) 107 (4%) 9 (3%)
18.5-24.9 3108 (40%) 464 (45%) 1421 (41%) 1117 (38%) 106 (37%)
25-29.9 2648 (34%) 346 (34%) 1218 (35%) 980 (33%) 104 (36%)
30-34.9 1066 (14%) 108 (11%) 467 (13%) 451 (15%) 40 (14%)
35-39.9 412 (5%) 4 (3%) 175 (5%) 189 (6%) 14 (5%)
40+ 209 (3%) 7 (2%) 6 (2%) 2 (3%) 14 (5%)
Waist circumference (cm) 2 (84-101) 0 (84-98) 1 (84-100) 3 (84-102) 94 (85-102)

Fasting cholesterol and fasting glucose

Total cholesterol (mmol/l)
Glucose (mmol/l)

4.74 (4.14-5.39)
5.00 (4.66-5.38)

4.77 (4.17-5.39)
4.94 (4.61-5.33)

4.79 (4.17-5.44)
5.00 (4.66-5.38)

4.69 (4.12-5.34)
5.00 (4.61-5.33)

4.61 (4.07-5.15)
4.94 (4.61-5.33)

Frequency (%) are presented for categorical measures; median with lower and upper quartiles (Q1-Q3) are presented for continuous measures.
ASCVD, atherosclerotic cardiovascular disease.
“All statistics are calculated out of participants with data collected. Missing data include: BMI (n=#6); waist circumference (n=103); total
cholesterol (n=357); glucose (n =402). Thirty-four participants are missing the REAP questionnaire at the time of analysis and are excluded in Total

by Diet Quallty Score.

PHypertension is defined as any of the following: hypertension diagnosis, use of antihypertensive treatment for elevated blood pressure, SBP at least

140 mmHg, DBP at least 90 mmHg.

(Botswana, South Africa, Uganda, Zimbabwe). Of
additional interest, in the distributions of diet component
scores stratified by GBD region, component scores for
saturated fat, fiber, and added sugar were suboptimal or
poor in well over half of participants in this region. Diet
quality among PWH in sub-Saharan Africa may be low
because of economic factors, urbanization, limited access
to healthy food, impacts of climate change, as well as
absence of population level strategies, such as dietary
guidelines to improve diet quality [19]. Notably, the
component score for sodium was optimal or good in over
half of participants in the sub-Saharan Africa region and
may reflect recent population level efforts to raise
awareness about and take action to decrease sodium
intake [20]. Our findings are important as CVD risk
factors including hypertension, diabetes, and obesity in
PWH in sub-Saharan Africa are increasingly prevalent
[21] and are attributed in part to lifestyle behaviors
including diet [22]. A recent systematic review by Shah
et al. [23] found the highest HIV-associated CVD burden
to be in sub-Saharan Africa. Developing and supporting
care models that incorporate nutrition assessment and
counseling, as well as improving availability of and access
to affordable, healthy foods is essential in this region.
These activities may be effective to lessen the burden of
CVD in PWH in sub-Saharan Africa.

Markers of traditional CVD risk tracked with diet quality
categories such that higher BMI, higher WC, and higher
ASCVD risk score were observed with lower diet quality.
Although factors unique to HIV, including persistent
vascular inflammation and immune activation, play a role

in increased CVD risk [24], traditional CVD risk factors
are important as well [25,26]. These findings enrich our
understanding of modifiable risk factors and highlight
that diet quality, while not often assessed in CVD risk
assessment, may be an important factor in the large global
population of PWH as has been demonstrated in
REPRIEVE [27]. Interestingly, total cholesterol and
glucose did not demonstrate clinically meaningful
changes across diet quality categories.

Our findings show poor nutrient profiles for fiber,
saturated fat, and added sugar and may reflect food-supply
systems that are dominated by large industrial food
processors and/or restaurant chains/fast food type venues
[28]. Although in South Asia and, to a lesser extent,
Southeast/East Asia, individual component scores dem-
onstrated better nutrient profiles, which may reflect
preservation of traditional diets high in vegetables, nuts/
legumes, and low in red meat and processed meat [29].
GBD 2017 Diet Collaborators found that intake of foods
known to be low in fiber was a leading dietary risk factor
for morbidity and mortality [2]. Diets high in saturated fat
and added sugars are associated with poor CVD
outcomes. Dietary fiber has been negatively associated
with inflammatory markers associated with CVD in the
general population [30] and may also be related to CVD
in the setting of HIV, but further studies are needed.

This current investigation has several strengths, notably its
large size, global reach, and diverse population all assessed
uniformly by a rapid diet assessment tool, and some
limitations. The trial recruited a primary prevention
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population with a lower range of LDL levels and less
diabetes than a group with known CVD. Despite this,
poor diet was common and related to traditional risks,
highlighting the importance of targeting PWH before the
occurrence of cardiovascular disease. Dietary data
obtained in REPRIEVE were obtained through partici-
pant self-assessment but tracked well with CVD risk,
suggesting the utility and feasibility of capturing data on
diet quality to assess this key understudied aspect of
cardiovascular risk. Only a small number of participants
had a low BMI, and thus undernutrition was not a focus
of this analysis. Future studies are needed to further assess
the utility of dietary data obtained in this manner in global
populations with different diet customs and practices.
Importantly, these data informing us of poor diet quality
among PWH will be analyzed with respect to CVD
events upon the completion of REPRIEVE.

The current study analyzes diet quality at entry among
participants in REPRIEVE, a multinational primary
prevention trial assessing for statin effects on major
adverse cardiovascular events. In this study, we show that
diet quality was suboptimal or poor in almost half of
participants with differences observed across GBD region.
These data suggest the need to focus on diet quality as a
potential modifiable risk for CVD in PWH.
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