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ABSTRACT

Background: PLWH have twice the chances of developing cardiovascular disease (CVD) when
compared to the uninfected population. This and other NCDs are important cause of non-AlDS-
related mortality among PLWH, and its prevalence may increase as PLWH continue to age.
Factors that may have association with the increased risk of NCDS among PLWH have been
identified including the use of HAART, systemic inflammation, male gender, aging, diet, and
sedentary lifestyle. The relationship between higher diet quality and a lower risk of NCDs has
been reported among PLWH. Furthermore, dietary interventions have reduced the risk of NCDs
among PLWH. However, studies assessing dietary intake among PLWH in South Africa are not
recent and were conducted among ART-naive participants. This dissertation contains a scoping
review of literature that sought to identify the diet quality and food insecurity indices that have
been used among PLWH and how these constructs are associated with the risk of developing
CVD. The primary study component assessed the nutritional and health status of adults living
with HIV stable on HAART attending the Heideveld CHC in Cape Town. We also investigated
the association that may exist between these factors, especially diet quality, and the risks of
NCDs.

Methods: For this thesis, a scoping review and primary study was conducted. For the scoping
review, the frameworks of Arksey and O’Malley, the Joanna Briggs Institute’s (JBI) manual for
conducting scoping reviews, and the Preferred Reporting Items for Systematic review and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines were used for the scoping
review. The protocol was registered on OSF registries and published in BMJ Open. Extracted
data were presented in tables, followed by a descriptive summary of findings. A search strategy
was developed, and a preliminary MEDLINE (via PubMed) search was conducted followed by
a final search on PubMed, EbscoHost, Scopus, Web of Science, and COCHRANE library
databases. The findings from the scoping review were also used to refine the protocol of the

cross-sectional study.

The primary study was descriptive and cross-sectional including 247 adults receiving HAART
from the Heideveld CHC. Eligible participants were HIV positive, on HAART for at least 1 year,
aged 18 years or older, and able to communicate in English language, isiXhosa, or Afrikaans.
Ethical approvals were obtained from the UCT ethics committee and the Department of Health.
Data were collected using an interviewer-administered questionnaire and the patients’ folder.
Data were collected on socio-demographic variables, HIV infection-related information,
anthropometry, biochemical, and clinical measures, as well as weight perception, satisfaction,

and management goals. Other measures included dietary intake and habits, food security,
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physical activity, self-esteem, smoking, and alcohol intake. Data were captured using Microsoft
Excel (version 2180) and analyzed using RStudio Version 1.2.5033. Appropriate statistical

methods were used to summarize and describe the results.

Results: A total of 31 studies were included in the scoping review after the recommended multi-
level screening against the inclusion criteria. Three studies assessing food security status
showed that food insecurity was high in PLWH. Six studies assessing dietary adequacy using
a predefined diet quality index showed that PLWH had moderate adherence to the Healthy
Eating Index (HEI) and Mediterranean Diet Score (MDS) guidelines. However, adherence to the
recommendation of individual food items or nutrients was low. Other studies presented intakes
of individual nutrients or food components. Two African studies were included with none using
a diet quality index. The two most reported CVD risks were obesity and hypertension. The
association between diet and risk of CVD reported was complex; while some studies found

significant associations, some did not.

In the primary study, the majority (69.9%) were females with a median age of 46 years. The
median duration of infection was 12 years, the median ART duration was 10 years, and 94.7%
had a suppressed viral load. One-third of the participants had comorbidities, hypertension was
the most prevalent comorbidity reported, followed by dyslipidemia and diabetes. Other
comorbidities reported were CVD, renal problems, and cancer. The prevalence of obesity was
40.7% while 27.6% were overweight. Based on predefined criteria, 50.0% of the participants
had high blood pressure. Food insecurity was reported by 89.0% of the participants. The median
intake of fruits and vegetables was 0.9 and 1.6 servings/day respectively. Habitual consumption
of SSB and processed meat on average of 1.0 servings/day was reported. Mean (SD) DASH
and Alternate Healthy Eating Index (aHEI) scores were 21.6 (5.1) and 41.9 (9.8) respectively.
While 80.0% did not try to gain weight in the previous year, 51.0% gained weight. However,
58.0% were happy with their present weight. There were significant differences between the
three BMI categories for gender (p<0.001), level of education (p<0.001), ever being pregnant
(p=0.046), creatinine (p=0.002), systolic BP (p=0.010), relative hand grip strength (p<0.001),
PA (p<0.001), and being a smoker (p<0.001). There was a significant difference between those
who were hypertensive and those who were not for age (p<0.001), level of education (p=0.019),
and ever being pregnant (p=0.008). There was no significant association between aHEI score

and BMI, as well as DASH score and hypertension.

Conclusions: Findings from the scoping review suggest that the majority of PLWH are affected

by food insecurity and achieve only moderate adherence to recommendations for diet quality.



Few studies have used diet quality indices to assess dietary adequacy among PLWH, and the

association of diet with risks of CVD is complex and needs further research.

In our primary study, the prevalence of obesity and hypertension was high among the
participants, and hypertension was the most prevalent comorbidity reported. The participants
were mostly middle-aged females, they were on long-term ART and most of them had an
undetectable viral load. The dietary habits and consumption of participants did not conform to
recommendations. Obesity was more likely among females, those who had completed high
school education, women who had been previously pregnant, those who were sedentary, and
less likely among those who were previous and current smokers. Hypertension had a significant
positive association with age. Diet quality was not significantly different among PLWH with or
without comorbidities. The findings of this study emphasize the need to incorporate holistic
nutrition education into HIV care at the PHC level. More nutrition-focused research is needed
among PLWH in South Africa.
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CHAPTER 1: INTRODUCTION



1.1 Background

Despite the worldwide awareness being created about the Human Immunodeficiency Virus
(HIV), high prevalence and incidence rates of HIV infections still exist in African countries. The
number of new cases recorded globally in 2020 was 1.5 million with 230 000 in South Africa
(UNAIDS, 2021). UNAIDS reports that in 2020, 37.7 million people were living with HIV. The
prevalence of HIV in South Africa has been the global highest for a country and stands at 7.8
million cases in 2020 (UNAIDS, 2021).

The development of Highly Active Antiretroviral Therapy (HAART) has led to a significant
increase in the survival rate and life expectancy of people living with HIV (PLWH) whereas cases
of acute malnutrition associated with the infection have reduced (Thuppal et al., 2017). Although
the use of HAART resulted in a reduced rate of opportunistic infections (Hussen et al., 2016),
other side effects such as lipoatrophy/lipohypertrophy syndrome and other morphological
reactions emerged (Soares et al., 2015). Furthermore, an increasing incidence of non-
communicable diseases (NCDs) including type 2 diabetes, cardiovascular diseases, and
metabolic syndrome have been reported among PLWH (Martin-Cafavate et al., 2018).
Therefore, HIV remains an issue of public health concern, especially in South Africa due to the

prevalence of the epidemic in this population (Myezwa et al., 2018, UNAIDS, 2021).

In addition to traditional risk factors for cardiovascular disease, consistent use of HAART leading
to persistent chronic inflammation and immune activation, coupled with aging has increased risk
among PLWH (Deeks et al., 2013, Hsue and Waters, 2019). A modeling study conducted among
the Dutch ATHENA cohort projects that by 2030, 73% of PLWH will be aged at least 50 years,
and 78% of PLWH will have cardiovascular disease (Smit et al., 2015). Aside from coronary
artery diseases (CAD) which were first reported post HAART use, further studies have revealed
a host of other cardiovascular diseases associated with HIV infection (Barnes et al., 2017).
Indeed, the systematic review and meta-analysis of globally available data by Shah et al (2018)

showed that PLWH now face twice the risk of CVD compared to the uninfected population.

Nutritional status has a great influence on life expectancy, mortality rate, and inflammation for
PLWH (Thuppal et al., 2017). Findings from a cohort study of the nutritional status of PLWH
during the first year of HAART in two West African countries suggested that malnutrition
persisted at 12 months in both cohorts across all indicators (BMI, hemoglobin, and albumin)
(Sicotte et al., 2015). However, findings of recent studies conducted in South Africa (Bhargava
et al., 2018) and Haiti (Rebick et al., 2016) revealed a low prevalence of underweight among
PLWH on HAART.



Findings of studies in Cameroon and South Africa supported this by suggesting that BMI and
other anthropometric indices significantly increased with increased duration of HAART among
PLWH (Ekali et al., 2013, Myezwa et al., 2018). Obesity prevalence has also been reported
among PLWH in a KwaZulu-Natal study to be 23.3% (Malaza et al., 2012) and 46.4% in Durban
(Biggs and Spooner, 2018). Overweight and obesity are central to the onset of conditions
including hypertension, dyslipidemia, cardiovascular diseases, and insulin resistance (Ekali et
al., 2013).

The nutritional status of PLWH has been measured using several biochemical, clinical, and
dietary indices. In a randomized controlled trial conducted in South Africa, Uganda, and India,
Vos et al. (2018) reported increased lipid levels, insulin resistance, and cardiovascular risk over
time among ART-naive PLWH over 96 weeks of HAART initiation. Dietary adequacy has been
assessed either by comparing intake of a specific nutrient or food component with
recommendations or assessing the overall quality of diet using a variety of methods. Diet quality,
measured using the Healthy Eating Index (Guenther et al., 2008) is lower in PLWH in the US
relative to uninfected individuals. Among PLWH, diet quality was found to be lower among
females than males (Weiss et al., 2019). Contrary to this, Abioye et al. (2015) reported that male
PLWH had poorer dietary habits and were less likely to meet nutrient recommended dietary
allowance (RDA) when compared to their female counterparts. Overall, diet quality indices have
shown a lower diet quality score among PLWH relative to the uninfected population. Diet quality
indices have been argued to be a better indication of overall diet adequacy than intakes of single
nutrients, however, they have not been used in the South African context. Our study introduces
the use of the aHEI (Chiuve et al., 2012) and the DASH (Fung et al., 2008) scores to assess
the dietary intake of PLWH in South Africa.

Researchers in South Africa have reported the widespread extent of food insecurity among
PLWH (Kalichman et al., 2012, Pienaar et al., 2017, Steenkamp et al., 2016). According to
Pienaar et al. (2017), food insecurity was more prevalent among PLWH relative to uninfected
participants in both rural (46% vs 35%) and urban settlements (64% vs 59.4%). As food
insecurity is associated with poor dietary intake among PLWH in the US (Muhammad et al.,
2019), the increasing rates of food insecurity among PLWH in SA may be a strong indication of
poor dietary intake and quality. As in the general population (Goff et al., 2014, Grundy et al.,
2019, Stone et al., 2014), dietary modification and other lifestyle modification is important to
manage cardiovascular diseases among PLWH. There is evidence that dietary intervention can
reduce the onset of morbidity among the general population (Hjerkinn et al., 2004). It is,
therefore, very important to assess the dietary intake and food insecurity status of PLWH in

South Africa to inform how nutrition intervention may benefit this group.
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Due to the high incidence of HIV in South Africa, several programs, policies, and strategies for
its control have been put in place including the establishment of adherence clubs. These
adherence clubs were first implemented in the Western Cape Province of South Africa and have
been proven to be effective in sustaining retention in care (Grimsrud et al., 2017). One of the
aims of these adherence clubs is to ensure that participants have quick and uninterrupted
access to medications and health care services (Mukumbang et al.,, 2019) which include
nutritional care. To provide a targeted and effective nutrition care service to PLWH, it is
important to develop a greater understanding of the nutritional status and dietary quality, and

how these are associated with other health parameters.

1.2 Research questions

o What is the nutritional and health status of HIV-positive individuals stable on HAART
attending a primary healthcare facility in Cape Town?
e Is there an association between the diet quality and risk factors of NCDs among PLWH

stable on HAART attending a primary healthcare facility in Cape Town?

1.3 Hypothesis

¢ Null hypothesis: There is no association between diet quality and the risk factors for
NCDs among PLWH

1.4 Aims and Objectives

Aims

e To assess and describe the nutritional and health status of HIV-positive individuals
stable on HAART attending a primary healthcare facility in Cape Town
¢ To investigate associations between diet quality and other risk factors for NCDs among

HIV-positive individuals stable on HAART in Cape Town

Objectives

e To assess the following anthropometric characteristics: height, weight, mid-upper arm
circumference, waist circumference, hip circumference

e To obtain and interpret the following biochemical information from patient medical files:
cholesterol, CD4, and viral load.

e To assess the dietary intake (quality and habits) and food security level of respondents
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e To assess clinical measures including blood pressure and handgrip strength of
respondents

o To assess selected risk of CVD (smoking and alcohol intake patterns) of respondents

o To describe self-esteem, weight goals and perceptions, and preferred weight
management interventions of respondents

e To assess the association between the diet quality, and anthropometric as well as
biochemical indicators of HIV-positive individuals stable on HAART attending a primary

healthcare facility in Cape Town

1.5 Definition of Terms

o Nutritional Status: This is the state of wellness of an individual as determined by the
intake of food and the utilization of nutrients in the body. For this study, this is the
anthropometric, biochemical, and clinical characteristics of respondents as well as
dietary intake.

o Health status: In this research, health status indicates blood pressure, blood glucose,
and total cholesterol where applicable.

o Stable on HAART is defined as a patient who has been receiving HAART successfully
for at least 1 year. They have no adverse conditions, current illnesses, or pregnancy,

and have a good understanding of lifelong adherence (Waldrop et al., 2016).

1.6 Outline of Chapters 2 To 6 of This Dissertation

Chapter 2 presents a review of literature on HAART, nutritional status, body weight perception,
physical activity, smoking and alcohol intake, and quality of life of PLWH. Chapter 3 begins with
a scoping review protocol titled “Diet quality, food insecurity and risk of cardiovascular diseases
among adults living with HIV/AIDS: a scoping review protocol”. This protocol had been published
(Oyetuniji et al., 2021). The protocol is then followed by the scoping review findings and
discussion, also in chapter 3. The topics discussed in the detail in the scoping review were not
repeated in the literature review. Chapter 4 contains the first article which covers the first main
aim of this study titled “Weight and Health Status of PLWH in Cape Town”. This chapter also
touched on the second aim by assessing the relationship obesity has with diet quality and other
variables. The second article titled “Association between Hypertension, Diet Quality, and Health
Variables among PLWH in Cape Town”, contained in chapter 5 covers the rest of the second
main aim. It explores the relationship between hypertension, diet quality, and other variables.
Chapter 6, which is the final, presents a summary of the results found in chapters 4 and 5 as

well as a general conclusion and recommendation. While chapters 4 and 5 are presented in a
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non-specific journal format, there is an inevitable overlap in their content and references as they

are both results from a single research project.

1.7 Candidate’s Contribution to The Dissertation

The Master’s candidate was responsible for:

o Conceptualizing the research study, developing the tools, and obtaining ethical approval
from relevant authorities with the guidance of the supervisors

e Conducting the collection of all study data and coordinating the activities of a fieldworker
who assisted with data collection

¢ Liaising with the facility staff at Heideveld Community Health Clinic (CHC) for successful
data collection

e Managing participants’ incentives, data collection equipment, and other university and
facility equipment used for the study

e Capturing, and cleaning of collected data and giving regular reports to the supervisors
and facility contact person

e Running statistical analyses, tests, and comparisons with consultations with
biostatistician

o Compiling tables and writing all chapters of the thesis while obtaining and addressing
feedback and comment from the supervisors

e Corresponding with the publisher for the publication of the scoping review protocol with

oversight from the supervisors
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2.1 Highly Active Antiretroviral Therapy

The Highly Active Antiretroviral Therapy (HAART) significantly changed the pattern of HIV
infection from a terminal disease to a manageable chronic disease (Pau and George, 2014).
Changes experienced include improved immune function, regression of opportunistic infection
(Ql), and reduced mortality (Cattelan et al., 2000, De Luca et al., 2000, Lederman et al., 1998,
Palella Jr et al., 1998).

Individual antiretroviral drugs are grouped under different classes of antiretroviral therapy (ART),
examples of these classes of ART available include (Dong and Imai, 2017, University of
Liverpool, 2019):

e Protease Inhibitors (Pls)

¢ Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)
¢ Nucleoside/tide Reverse Transcriptase Inhibitors (NRTIs)

e Integrase Inhibitors

e Fixed-Dose Combinations

Table 2.1 below itemizes some examples of individual drugs in the classes of ART listed above

as well as some side effects associated with them.
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Table 2. 1 Examples of ARVS

emtrivitabine),

Complera
(emtricitabine  +
rilpivirine
tenofovir
disoproxil
fumarate)

Stribild
(elvitegravir +
cobicistat +
emtricitabine +
tenofovir
disoproxil
fumarate)

Class of ARV | Examples Common Side Effects and Nutrition Food-ARYV interaction

complications

Pls amprenavir, Nausea, vomiting, diarrhea, Most ARVs in this class are advised to be
tipranavir, hyperlipidemia, fat maldistribution, taken with food except Amprenavir and
indinavir, anemia, hyperglycemia, liver toxicity, taste | the oral suspension of Fosamprenauvir.
lopinavir, alteration, hyperbilirubinemia, gas, Furthermore, tablets of Lopinavir,
fosamprenavir, mouth/esophageal ulcers Fosamprenavir, Ritonavir, and
ritonavir, Indinavir+Ritonavir may be taken with or
darunavir, without food. Indinavir alone should be
atazanauvir, taken with fluid.
fortovase,
nelfinavir

NNRTIs etravirine, Nausea, diarrhea, hyperlipidemia, Rilpivirine must be taken with a meal.
delavirdine, hyperglycemia, taste alteration, liver Etravirine should be taken following a
efavirenz, toxicity, dry mouth, flatus, fat meal. Efavirenz should be taken on an
nevirapine, maldistribution, constipation, loss of empty stomach. Delavirdine and
rilpivirine appetite, Nevirapine may be taken without regard to

food.

NRTIs emtricitabine, Nausea, vomiting, anemia, loss of Didanosine should be taken on an empty
lamivudine, appetite, vitamins or minerals deficiency, stomach at least two hours before or after
zidovudine, constipation, taste alterations, a meal. Others may be taken without
abacavir, pancreatitis, flatus, renal issues, regard to food.
didanosine, hyperlipidemia, lipoatrophy, pancreatitis,
tenofovir, mouth, and esophageal ulcers,
stavudine

Integrase dolutegravir, Nausea, diarrhea, liver toxicity Integrase inhibitors may be taken without

inhibitors raltegravir regard to food but cannot be taken with

antacids, laxatives, oral iron, or calcium
supplements.

Fixed-dose Atripla (efavirenz | Nausea, vomiting, diarrhea Atripla should be taken on an empty

combination + tenofovir + stomach while Complera and Stribild must

be taken with meals.

ARV: Antiretroviral, Pl: Protease Inhibitors, NNRTIs: Non-Nucleoside Reverse Transcriptase Inhibitors
NRTIs: Nucleoside Reverse Transcriptase Inhibitors

*: Please note that some of these medicines are no longer in routine use due to poor efficacy or side effect burden.

The Republic of South Africa started supplying ART to the public sector but has, nevertheless,

achieved a wide expansion of the treatment program since 2008. The Republic has the global

highest number of persons on ART and this has brought an increase in the life expectancy of
South Africans (Bekker et al., 2014). The 2019 clinical HIV guidelines in South Africa were
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revised in March 2020 to reflect some updates in ART use. The following are different ART
regimen options, guidelines, and conditions being used in South Africa (Republic of South Africa
National Department of Health, 2019):

Table 2. 2 First-Line Regimen in South Africa

Regimen option Example Conditions
Integrase Strand Transfer Inhibitor | Tenofovir disoproxil fumarate- e  Adult Men and Adolescent
(InSTI) based regimen: lamivudine-dolutegravir (TLD) Boys = 35 kg and 2= 10 years
of Age
e  Adult Women and

Adolescent Girls =2 35 kg1

>
TDF + 3TC/FTC + DTG. and 2 10 years of Age

Women of childbearing potential
(WOCP), including Pregnant, from 7
weeks  gestation  onwards, Not
pregnant, and not currently desiring to
become pregnant

NNRTI based regimen: Tenofovir disoproxil fumarate- | Pregnant, up to 6 completed weeks of
emtricitabine-efavirenz (TEE) gestation, or actively wanting to
conceive in the near future

TDF + 3TC/FTC + EFV/INVP

TDF: Tenofovir Disoproxil Fumarate, 3TC: Lamivudine, FTC: Emtricitabine, DTG: Dolutegravir, EFV: Efavirenz, NVP: Nevirapine

Second-line regimen

AZT/TDF + 3TC/FTC + (LPV/ror ATV/r or DTG)

The scale-up of HAART was not only followed by the desirable outcomes highlighted but also
some undesirable outcomes such as chronic diseases. People living with HIV (PLWH) in their
adult ages have been reported to have an increased risk of cardiovascular diseases, metabolic
syndrome, and type 2 diabetes (Alonso et al., 2019, Yang et al., 2019). However, these risks
have the potential to be reduced with optimal nutrition (Gutierrez et al., 2017, Islam et al., 2012,
Thuppal et al., 2017).

2.2 Nutritional Status of PLWH

A poor nutritional status has the potential to cause or worsen infections and inflammation
(Hughes and Kelly, 2006). Nutrition is an important factor in HIV treatment outcomes and poor
nutritional status has been proven to be a predictor of mortality among PLWH (Tang et al.,
2015). Optimal nutrition plays a vital role in the repair of worn-out tissues, immune
strengthening, and slowing down the progression of HIV infection (Muthamia et al., 2015, Osei
Akumiah et al., 2015).
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Due to the important role played by adequate nutrition in HIV management and the evolving
nature of the infection, the focus of nutritional management in HIV has shifted from merely
treating acute malnutrition to providing optimal nutrition which can enhance the good quality of
life and health of PLWH (Fields-Gardner, 2010). Nutritional assessment is a comprehensive and
objective process of defining the nutritional status of an individual. The common methods of
nutritional assessment include anthropometric, biochemical, clinical, and dietary assessments
(Lee, 2010, Minocha et al., 2018).

2.2.1 Anthropometry

Nutritional anthropometry is the measurement of different body parts and forms, as well as the
gross composition of the human body at different ages and stages to inform the degree of
nutrition (Lieberman, 2017). Anthropometric assessment is an important method of nutritional
assessment. It is useful for prognosis and to monitor the effect of nutrition in the progression of

diseases or during an intervention (Madden and Smith, 2016).
2.2.1.1 Obesity

Body weight is one of the cores of anthropometry (Casadei and Kiel, 2020). Obesity is the
accumulation of adipose fat and is a well-known cause of morbidity and mortality because of
several weight-related complications (Garvey, 2019). Excess central body fat is associated with
insulin resistance, worse still, obesity has been linked to several types of cancers and therefore
has the potential to greatly reduce life expectancy (Apovian, 2016). Body Mass Index (BMI) has
been generally accepted as a screening tool for obesity and overweight. However, because of
the several limitations of this tool such as its inability to distinguish the weight of the lean mass,
bone, and extracellular fluid from adipose as well as the distribution of adipose tissue, it must
be accompanied by an appropriate physical examination when used for diagnoses (Garvey,
2019). BMI has also been criticized even more strongly because body fat can be highly
determined by sex, age, and even ethnicity. Therefore, it has been argued to be unfit for some
ethnic groups (Nuttall, 2015). Generally, using the BMI, individuals with values less than
18.5kg/m? are classified as underweight while those with values between 18.5kg/m? to less than
25kg/m? are said to be “normal”. Those with BMI between 25kg/m? and less than 30kg/m? are
overweight, and those with values greater or equal to 30kg/m? are classified as obese (WHO,
2000). However, Caleyachetty et al (2021) found in their population-based cohort study using
electronic primary care health records in England that diabetic risks that corresponds to 30kg/m?
of BMI among White population was equivalent to 28.1kg/m?, 26.9kg/m?, 26.6kg/m?, and
23.9kg/m? among Black African, Chinese, Arab, and South Asian populations respectively. This

14



further emphasizes the need to use the BMI cautiously, especially in a multi-ethnic population

such as South Africa.

HIV infection has been associated with severe undernutrition during the earlier days of the
epidemic, however, this has greatly changed. Weight loss and wasting are no longer common
places among PLWH (Bailin et al., 2020). On the contrary, the prevalence of overweight and
obesity among PLWH has progressively increased, and even beyond the prevalence in the
general population in some countries (Crum-Cianflone et al., 2010, Tate et al., 2012, Wrottesley
etal., 2014).

In South Africa, researchers have reported an increase in the prevalence of obesity and a
gradual decline in the prevalence of undernutrition among PLWH, especially after ART initiation.
Hurley et al. (2011) in their study of anthropometric changes and perceptions of body weight
among Durban adults initiating ART reported a significant increase in anthropometric measures
of their study participants after 12 months on ART. In this study, 230 PLWH were recruited, and
data was collected on BMI, waist, and hip circumferences. In their report, the prevalence of
overweight and obesity after 12 months on ART was 36% and 22% respectively compared with
21% and 12% at initiation. This amounts to not less than a 10% increase in these indices.
Similarly, waist circumference increased significantly by means of 7.2cm and 7.8cm from
baseline to 12 months among male and female participants respectively. In another South
African study conducted by Biggs and Spooner (2018), a high prevalence of overweight and
obesity was reported among participants. In this cross-sectional study conducted at Lancers
Road Clinic, Durban, 84 asymptomatic ART-naive HIV-positive adults were recruited. The
authors reported 26.2% and 46.4% prevalence of overweight and obesity respectively (Biggs
and Spooner, 2018), the extremely high prevalence of obesity among these participants is
concerning. Furthermore, there was a striking gender difference in BMI with females being more
overweight and obese and males being more of normal weight and overweight. Relatively small
sample size in an observational study having mostly female participant may be some limitations
in the study of Biggs and Spooner; however, the results may just indicate the presence of obesity

even among ART-naive PLWH.

A more recent study by Mahlangu et al. (2020) had similar findings. This study revealed the
nutritional status of 480 adults on ART for at least 6 months in three primary health facilities in
Gauteng province. Anthropometric measures including weight, height, waist and hip
circumference were assessed to determine BMI, and waist-to-hip ratio (WHR). The prevalence
of overweight and obesity was 26% and 13% respectively. Abdominal obesity was also

prevalent in this population as indicated by waist circumference (WC) — 58% and WHR — 47%.

15



The duration of ART use among the participants of this study ranged from 6 months to more
than 2 years. The participants were dichotomized by the duration of ART use into two groups:
less than 2 years, and more than 2 years. Interestingly, 31% and 11% of those who have been
on ART for more than 2 years were overweight and underweight respectively. Among those on
ART for less than 2 years, this prevalence changed to 21% and 15% respectively. Mahlangu
and colleagues reported that these differences were statistically significant. They also reported
that obesity was associated with the duration of ART use (OR = 3.13; 95% CI: 1.72-5.71).

The finding of this study may not be generalized as it was conducted in one district with non-
randomly selected health facilities. However, these three South African studies highlighted

above strongly indicate the rising epidemic of obesity among PLWH in the republic.

Factors contributing to obesity among PLWH is both traditional and HIV/ART specific. Similar
to the general population, obesity among PLWH may be a response to several metabolic and
inflammatory processes (Lake, 2017). A recent review conducted by Bailin et al. (2020) brings
to the fore the factors related to obesity among PLWH. In this review, Bailin and colleagues
highlighted the risk factors of weight gain as well as the metabolic and other major complications

that follow.

As shown in figure 1 below, Bailin and colleagues mentioned antiretroviral therapy, which is
undoubtedly the major distinction between the risk factors for weight gain among PLWH and the
general population. This claim is also supported by the findings of a recent systematic review
and meta-analysis by Olawepo et al. (2021) which reviewed the changes in BMI of PLWH after
initiating ART and staying on it for at least 6 months. Olawepo and colleagues included 30
studies in their review of which 18 was eligible for meta-analysis. All included studies showed
an increase in BMI associated with HAART use with the highest BMI increase recorded in the

first 6-12 months of treatment and lesser gains subsequently.

Furthermore, Bailin and colleagues highlighted an obesogenic environment as another risk
factor, this includes increasing consumption of calorie-dense food and physical inactivity. Other
risk factors include shifting demographics and an aging population. Other HIV-related factors
that may drive weight gain not mentioned by Bailin et al. (2020) include perceptions around
bigger body weight being more attractive and healthy, and a smaller body weight easily
revealing one’s HIV status. These are primarily driven by the stigma around HIV infection

(Matoti-Mvalo and Puoane, 2011), and are explored deeper in subsequent sections.
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Antiretroviral Therapy Obesogenic Environment  Shifting Demographics  Aging Population

Obesity in PLWH

1 inflammation

Diabetes Mellitus  Neurocognitive Impairment  Hepatic Disease  Cardiovascular Disease

Figure 2. 1 Model of Obesity among PLWH adapted from Bailin et al. (2020)

Still from figure 2.1, Bailin and colleagues posit that this weight gain is marked by some other
changes. These include increased inflammation, altered lipid, and glucose metabolism, and
ectopic lipid deposition at which point the weight gain starts to become visible. This ultimately
leads to established disease conditions such as diabetes mellitus (DM), neurocognitive

impairment, hepatic disease, and cardiovascular diseases.

Only one study was found conducted in the Western Cape that addressed obesity among
PLWH, other studies were conducted among pregnant PLWH. This study by Nguyen et al.
(2016), however, described obesity phenotypes using cardio-metabolic profiles by combining
BMI with other measures such as blood glucose, blood pressure, and lipid profile. This, coupled
with the fact that the participants were pregnant made obesity very difficult to interpret from their

findings. More research is required in the province with the increasing obesity epidemic.

In conclusion, obesity contributes to an increasing global burden of disease among PLWH.
People with overweight or obesity have an increased risk of cardiovascular diseases even in
the absence of other metabolic risk factors (Opio et al., 2020). This warrants continuous

surveillance of all the factors that may contribute to weight gain among PLWH.
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2.2.1.2 Lipodystrophy

Another anthropometric manifestation of long-term use of ART among PLWH is lipodystrophy.
Lipodystrophy, sometimes called fat redistribution, is used to describe an array of metabolic
syndrome including fat loss, fat gain, or a combination of both (Finkelstein et al., 2015). The loss
of subcutaneous fat is called Lipoatrophy and it is usually seen around the face, buttocks, and
limbs. On the other hand, visceral fat may begin to build up around the abdomen, breast, or
dorsocervical region (also called buffalo hump). The buildup of visceral fat in these regions is

referred to as lipohypertrophy (Mercier et al., 2009, van Griensven et al., 2007).

In a systematic review, Finkelstein et al. (2015) reported the global prevalence of lipodystrophy
among PLWH using ART to be between less than 1 to 84% with a higher burden among low-
and-middle-income countries (LMIC). The findings of this review should be used with caution
as some included studies were case-control studies in which participants were recruited based
on the presence of lipodystrophy or other metabolic conditions. A study was conducted in Brazil
to determine the prevalence of self-reported HIV/HAART-associated lipodystrophy among a
total of 183 PLWH. Authors found a 52.5% prevalence and reported severe lipodystrophy in
more than half of the patients (Jardim et al., 2020). Interestingly, Jardim and colleagues reported
that self-reported lipodystrophy was not associated with modifiable CVD risks. This study,
however, failed to use any other method to diagnose the presence of lipodystrophy aside from
self-report which is not reliable. It is also a cross-sectional study with no control group for

comparison which is prone to the effect of confounding variables.

Bringing it close to home, a 24-month longitudinal study was conducted among a South African
cohort initiating ART. The authors of this study reported an increase in the proportion of
participants who developed lipoatrophy and lipohypertrophy over 24 months of ART.
Lipoatrophy was reported more in men than women (Abrahams et al., 2018). This is similar to
the finding of Hurley et al. (2011) in their South African cohort of 230 PLWH in Durban. Hurley
reported a 35% (62/177) incidence of lipodystrophy among 177 participants who had all
anthropometric data recorded. Interestingly, lipoatrophy has also been reported among
prepubertal children on ART in Cape Town (Innes et al., 2013). These studies have given a hint
into the presence of lipodystrophy among PLWH in South Africa. They are, however, not enough
to formulate interventions and policies. Furthermore, because Hurley et al. (2011) conducted
their study in a semi-private hospital which may potentially serve people from socio-economic
group not typical of the South African population, and the small sample size of pre-pubertal

children as well as concerns about precision of tools used by Innes et al. (2013), the finding of
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these studies may not be generalizable to the South African population. This calls for more

research.

Lipodystrophy is increasingly prevalent among PLWH and is correlated with some ART and the
length of time on them (Alikhani et al., 2019). HIV-associated lipodystrophy has several
complications including insulin resistance leading to hyperglycemia, and dyslipidemia. This
increases the risk of cardiovascular diseases and has been proven to increase the odds of
metabolic syndrome (Guzman and Vijayan, 2020, Berhane et al., 2012, Jantarapakde et al.,
2014).

The systematic review of Finkelstein and colleagues mentioned above suggested that
lipodystrophy is not well researched among PLWH in LMIC despite the high burden of HIV
relative to other regions. Since the management of lipodystrophy is important in HIV care, more
research needs to be done on it, especially in sub-Saharan Africa. Additionally, putting more
effort into having a clearer definition, such as methods that rely less on subjective clinical
procedures, and diagnosis of the sub-classes of lipodystrophy will allow more generalization of
results, as there are differing definitions in literature (Cournil et al., 2010, Finkelstein et al.,
2015).

2.2.2 Biochemical assessment

Biochemical assessment of nutritional status involves measuring the levels of nutritional
markers in body fluid and tissue samples. This method easily reveals covert nutritional
deficiencies, however, it can be expensive and invasive (Gibson, 2005, Ranjan and Nasser,
2015).

2.2.2.1 Blood lipids

Dyslipidemia is a term that refers to abnormal or excessive amounts of lipid or its derivatives
such as lipoproteins in the blood. This alteration to the plasma lipid profile is usually associated
with other underlying conditions such as obesity (Reiner et al., 2011). Dyslipidemia may include
an imbalance in the blood concentration of any of the following: total cholesterol TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides
(TG) (Stone et al., 2014). Dyslipidemia was reported as the leading global contributor to CVD
and mortality (Murphy et al., 2017). Noubiap et al. (2018) conducted a systematic review and

reported a high prevalence of dyslipidemia among the general adult population in Africa.
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HIV dyslipidemia is a common complication, just like in the general population, it is linked to an
increased incidence of CVD. HIV dyslipidemia is slightly different from in the uninfected
population; in addition to HIV increasing insulin resistance, ART may also predispose PLWH to
dyslipidemia as well as interfere with lipid-lowering medications (Husain and Ahmed, 2015). The
common manifestations of dyslipidemia associated with PLWH, or ART use include decreased
HDL-C, increased LDL-C, increased TC, and increased TG (Mallewa et al., 2009, Zou and
Berglund, 2007, Husain et al., 2017).

According to the National Cholesterol Education Program Adult Treatment Panel lll (NCEP
ATP-II) guidelines (Expert Panel on Detection, 2001), elevated TC, LDL-C, and TG are defined
as > 5.2 mmol/L, >2.5 mmol/L and > 1.7 mmol/L respectively. HDL-C < 1.0 mmol/L is defined

as low. These definitions apply to all genders (Dave et al., 2016).

Management of metabolic disorders including dyslipidemia and other CVD risks among PLWH
in Africa is said to be complex mainly due to limited resources (Husain et al., 2017). This is even
worse with the paucity of data on HIV dyslipidemia on the continent (Dave et al., 2016). In a
narrative review by Husain et al. (2017), the prevalence of dyslipidemia among PLWH in Africa
was reported to be between 13% to 70%. Their report also concludes that dyslipidemia among

PLWH may be because of the HIV infection itself or medications.

A cross-sectional study was conducted in Cape Town in which 406 ART-naive and 551 ART-
experienced participants with a median age of 34 (19-68) years were recruited. The study aimed
to describe lipid abnormalities among adults PLWH either on ART or not. In this study, Dave et
al. (2016) reported the prevalence of dyslipidemia to be 90% and 85% among ART-naive and
ART-experienced respectively. Low HDL-C was the most prevalent condition at 71% and 43%
among ART-naive and ART-experienced respectively, and this was thought to be suggestive of
return to baseline HDL-C level among ART-experienced participants as clinical outcomes
improve. Another South African study in even much younger participants (18-45 years) on ART
for more than one year by Julius et al. (2011) revealed high TC, low HDL-C, and elevated LDL-
C to be 32.2%, 45.7%, and 9.5% respectively among the participants of the study.

This increasing prevalence of dyslipidemia has also been reported in some other African
countries. This was reported as 63.1% in Kenya (Manuthu et al., 2008). Nigerian researchers
reported high TC, LDL-C, and TG at 28%, 24%, and 35% respectively (Lesi et al., 2009, Salami
et al., 2009). Interestingly, all of the authors of these studies associated their findings with the
use of ART (Husain et al., 2017), this places an urgent need to advance the study of CVD risks

among PLWH in the era of expanding ART coverage.
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2.2.2.2 Inflammation

Inflammation is an important part of the body’s defense mechanism. Inflammation is said to
occur usually when the body identifies a harmful or foreign agent, and the immune system
subsequently removes it to begin the healing process. However, unchecked inflammation can
lead to pathological conditions. Inflammation can be acute or chronic (Fritsch and Abreu, 2019,
Michels da Silva et al., 2019, Zhang et al., 2019). Acute inflammation occurs rapidly and can be
very severe but only lasts for a few days. Chronic inflammation, on the other hand, starts slowly

but is long-term and may last for several months or years (Pahwa et al., 2020).

As with most other infections, chronic inflammation is a distinct feature of HIV infection.
Continuous viral replication is a primary cause of inflammation in an untreated infection, among
several others (Pérez et al., 2019). Apart from low-level HIV cell replication that may occur even
in treated PLWH, other identified causes of inflammation in HIV infection include the synthesis
of HIV RNA in the absence of replication, inactive immunoregulatory responses, translocation
of microbes from the gastrointestinal tract (GIT) to the circulatory system, and other co-

infections (Brenchley et al., 2006).

It is important to note that chronic infection is central to some non-infectious complications in
PLWH such as CVD and some cancers. Several markers of inflammation have been identified
and linked to increased CVD risk (Esser et al., 2014). Although the initiation of ART usually
reduces or even totally stops HIV replication, levels of inflammatory markers have been seen to
remain elevated in a long term (Pérez et al., 2019). Some examples of these inflammatory
markers that have been identified among PLWH include C-reactive Proteins (CRP) especially
the high sensitive (hs)-CRP, Interleukin (IL)-6 (Neuhaus et al., 2010), Tumour Necrosis Factor-
alpha (TNF-a) (Wada et al., 2015).

A retrospective analysis of data from a multi-country cohort study (Wada et al., 2015) in Africa
including Kenya, Nigeria, South Africa, Uganda, and Zambia was conducted by Kroeze et al.
(2019) to investigate the bio-marker profile of HIV-related immune activation among PLWH
(HIV-1 infected) aged 18 years and above. This analysis recruited 398 participants with an
undetectable plasma viral load (<50 copies/mL) at the time of analysis. Selected plasma
biomarkers include soluble scavenger receptor CD14 (sCD14), soluble CD163 (sCD163), CRP,
IL-6, chemokine (C-C motif) ligand 2 (CCL2), C-X-C chemokine ligand 10 (CXCL10), C-X-C
chemokine ligand 9 (CXCL9), lipopolysaccharide-binding protein (LBP) (Kroeze et al., 2019).
Plasma from 90 uninfected individuals from Nigeria, South Africa, and Uganda was used as a

reference.
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In their findings, Kroeze and colleagues reported that all measured biomarkers have significantly
higher levels in PLWH before the initiation of ART than the uninfected reference group. Although
levels of all biomarkers decreased after ART initiation, CXCL10, LBP, CRP, sCD163, and
sCD14 remained significantly higher during ART among PLWH than in the reference group.
This is an indication of persistent immune activation, inflammation, and microbial translocation.
Interestingly, CCL2, LBP, CRP, and IL-6 were expressed differently between the five countries,
this could suggest the influence of geographical location and other environmental factors in the
expression of inflammation (Kroeze et al., 2019). This finding further amplifies that of Manion et
al. (2017) who reported that markers of inflammation vary by country of residence among their
Mexican and South African ART-naive participants. Manion and colleagues recommend further

research to study how this variation may determine HIV prognosis in different regions.

Since viral suppression does not necessarily stop monocyte activation and continued
inflammation among PLWH (Dirajlal-Fargo et al., 2020), there is a need for continuous
assessment of inflammatory markers among this group of people. Longitudinal studies may also

be important to further identify factors related to chronic inflammation among PLWH.
2.2.2.3 Nutrient levels

Vitamins and minerals (micronutrients) play an important role in the regulation of metabolism,
oxidative stress, and immunologic response (Carter et al., 2015, Nunnari et al., 2012).
Micronutrient deficiencies can adversely affect immune function and result in disease
progression (Mahan and Raymond, 2016, Mamede et al., 2011). Micronutrient deficiency has
been reported in PLWH before and even after the start of HAART use, especially in LMIC
(Brenchley et al., 2006, Drain et al., 2007). This has been associated with increased morbidity
and mortality, CD4+ T-cell count, and viral load (Bruno et al., 2017, Faintuch et al., 2006).

Shivakoti et al. (2016) conducted a study to determine the prevalence and risk factors of
micronutrient deficiency using serum concentration among ART-naive HIV-infected adults and
to assess changes after 48 weeks of ART initiation. This study was nested in the Prospective
Evaluation of Antiretrovirals in Resource-Limited Settings (PEARLS) study in 9 countries
(n=1571) including South Africa (n=210). A random cohort of 270 participants (30 from each
country) was selected for the analysis. The prevalence of having at least one micronutrient
deficiency was 29.2% and only 13.9% had no micronutrient deficiency. Multiple micronutrient
deficiencies (of any three or more micronutrients) were common among SA participants at 35%.
This study shows that micronutrient deficiencies, single or multiple, are common among PLWH
even on ART. The finding of the study is very important as it is a longitudinal study with

participants from several countries. A major limitation in this longitudinal study is the lack of HIV-
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uninfected controls and data on nutrient supplementation. However, authors hinted that the

possibility of micronutrient supplementation was low in most study sites.

Micronutrient deficiency in HIV infection may be due to drug-nutrient interaction caused by some
antiretroviral drugs, malabsorption, gut infection, chronic inflammation, and poor dietary intake
(Bruno etal., 2017, Mahan and Raymond, 2016, Tenforde et al., 2017). Important micronutrients
that have been reported deficient among PLWH include Vitamins B12, A, E, D, selenium, zinc,
and Iron (Shivakoti et al., 2016, Mahan and Raymond, 2016).

Vitamin D

Vitamin D often assessed using the serum 25-hydroxyvitamin D (25(OH)D) indicator is very
important in HIV infection (Norval et al., 2016). The biologically active form of this vitamin is
1,25(0OH)2D which is involved in the metabolism of calcium and phosphate, and the production
of the parathyroid hormone (Izzedine et al., 2009). Vitamin D is useful for several physiological
and immunological functions and its deficiency has been identified to be significantly associated
with disease progression, and mortality in HIV infection (Mehta et al., 2010, Giacomet et al.,
2013).

Some researchers have reported lower levels of serum vitamin D among PLWH when compared
with the general population attributing this to factors such as inadequate exposure to sunshine,
malabsorption, low dietary intake, or some HIV-related factors (Cervero et al., 2012, Meyzer et
al., 2013). Some authors have also reported an association between ART regimens, especially
those containing Tenofovir disoproxil fumarate (TDF), and altered vitamin D metabolism
(Klassen et al., 2012, Mueller et al., 2010). However, other authors have reported that there was
no evidence of a lower level among PLWH relative to the infected population (Orkin et al., 2014).
Orkin and colleagues recommended more data especially from a large, controlled longitudinal
study, a gap that would have been filled by Shivakoti et al. (2016) but for the lack of HIV-

uninfected control in their analysis.

Serum vitamin D levels have been extensively researched among PLWH in the South African
population. Overall, Hypovitaminosis D was found to be seasonal and higher during winter
months, highly correlated with ultraviolet B (UVB) exposure, higher among the black population
in Cape Town, and was associated with susceptibility to TB infection (Martineau et al., 2011,
Coussens et al., 2015, Havers et al., 2014). Vitamin D, however, remains a very important
micronutrient especially among PLWH because of its role in immunity and homeostasis and as

such should be closely monitored.
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Vitamin E

Just like Vitamin D, Vitamin E is another fat-soluble vitamin that is a potent antioxidant. Vitamin
E helps to prevent or reduce oxidative stress by destroying free radicals (Traber and Atkinson,
2007). Vitamin E is therefore very useful in the context of chronic inflammation and immune
activation common in HIV infection (Montine et al., 2004, Shishehbor et al., 2006). In a Ghanaian
study aimed to assess serum levels of Vitamin E among 103 PLWH on ART, the researchers
observed serum Vitamin E deficiency among 82.5% of their participants (Kpewou et al., 2021).
Studies assessing serum levels of Vitamin E among PLWH in the South African population are
limited. In the study of Shivakoti et al. (2016) earlier mentioned, Vitamin E deficiency is defined
as serum levels of a-tocopherol <9.3 ymol/L. The prevalence of Vitamin E deficiency among
their participants was 0% pre- and post-ART initiation. However, Shivakoti and colleagues posit
that Vitamin E concentration could be lower among their ART-naive participants with HIV when
compared with the uninfected population. This claim could not be proven as uninfected controls

were not enrolled in their study.

Assessing levels of fat-soluble vitamins have been reported to have issues which limit the
standardization, interpretation, and consequently generalization of results (Albahrani and
Greaves, 2016). These include stability of the metabolites which may be affected transport and
storage conditions such as light exposure, temperature, and time (Clark et al., 2004, Cuerq et
al., 2015). Furthermore, blood samples may be treated under different protocols depending on
the acceptable practices of different clinical laboratories (Albahrani and Greaves, 2016), this

necessitates and cautious and contextual interpretation of fat-soluble vitamin assays.
Minerals

Selenium and zinc are important minerals needed for antioxidative functions. They are
significant in the context of HIV infection by regulating oxidative stress and enzymes needed for
multiple immune functions. Some selenoproteins such as glutathione peroxidase (GPX) are the
potent regulator of HIV transcription (Hoffmann and Berry, 2008, Lu and Holmgren, 2009,
Prasad, 2014, Fufa et al., 2009).

Selenium

Before the wide scale-up of ART, researchers have reported low selenium concentration among
PLWH which further declines with disease progression and is associated with mortality (Stone
et al., 2010). However, more recent studies have shown that prolonged use of ART increases

selenium concentration (Stone et al., 2010). Shivakoti et al. (2014) in their case-cohort study
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reported that serum selenium deficiency was not associated with disease relapse in a
multivariable model among PLWH participating in their study. Therefore, selenium
supplementation should be done cautiously, especially when selenium levels are insufficient or
unknown. In the study of Shivakoti et al. (2016), pre-ART prevalence of micronutrient deficiency
was highest for selenium at 53.2% using a cut-off of selenium <85 pg/L to define deficiency.
The highest risk of selenium deficiency was observed in participants from South Africa, Brazil,
India, Malawi, Peru, and Thailand. It has been shown that the risk of selenium deficiency is

associated with soil type (Phiri et al., 2019).

Zinc

There have also been reports of low plasma zinc concentration among PLWH both ART-naive
and those on ART (Jones et al., 2006, Visser et al., 2003). A study was conducted in Southern
Nigeria to investigate the level of some trace minerals among PLWH and compare it with
uninfected controls (Asemota et al.,, 2018). A sample of 100 PLWH at a teaching hospital
comprising 70 ART-experienced and 30 ART naive participants. Additionally, 50 uninfected
controls were enrolled. Researchers in this study reported significantly reduced serum zinc
levels among PLWH compared to uninfected controls. ART did not improve zinc status in this
study sample. Similarly, Visser et al. (2003) conducted a cross-sectional study of 132 ART-
naive adults in Cape Town to determine predictors of low Vitamin A and zinc levels. Plasma
zinc levels were low in 20% (<10-7 ymol/l) of the participants. However, an association has also
been reported between increased zinc intake and increased risk of disease progression (Tang
et al., 1993) which brings caution to the idea of zinc supplementation among PLWH. This body
of evidence point to the fact that adequate attention must be given to the nutrient intake of
PLWH.

Calcium

There are several health benefits of optimal calcium intake (World Health Organization, 2004,
Cormick and Belizan, 2019). There is an inverse relationship between blood pressure and
calcium intake. Therefore, increasing calcium intake or supplementation could reduce the risks
of hypertension (Jayedi and Zargar, 2019), howbeit only significantly among people with prior
suboptimal calcium levels (Cormick et al., 2015, Hofmeyr et al., 2018, Reid et al., 2010).
Additionally, calcium supplementation may reduce LDL and increase HDL cholesterol (Chen et
al., 2017, Vinarova et al., 2016), improve bone health especially in children and adolescents
with low intakes (Moyer, 2013, Weaver et al., 2016), and reduce the risk of colorectal cancer

(Bonovas et al., 2016). Interestingly, there is an emerging body of evidence suggesting an
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inverse relationship between calcium and obesity, and consequently, other chronic diseases

linked to obesity. However, this suggestion needs further testing (Pannu et al., 2016).

Over the years, there have been reports of the strong relationship between calcium and vitamin
D and the overlap between their impact on health (Ross et al., 2011). This could be because
vitamin D is an important regulator in the homeostasis of calcium (Khundmiri et al., 2016). It is

therefore important to maintain optimum vitamin D levels alongside calcium.

Serum calcium accounts for only 1% of the total body calcium and is a tightly regulated indicator.
Since it is very important in cellular homeostasis, serum calcium levels are not easily affected
by fluctuations in the dietary intake but, bone reserves are usually mobilized to maintain it (Beto,
2015, Del Valle et al., 2011). Dietary reference intake values for calcium are high, for adults the
values are between 1000mg to 1300mg depending on the reference (Ross et al., 2011, World
Health Organization, 2004). Serum calcium levels are recommended not to be less than 8.8
mg/dl, below which is termed hypocalcemia. The South African National Health Laboratory
Services (NHLS) gives a range of 2.20 — 2.55 mmol/l as the normal range for calcium.
Hypocalcemia is, however, less common compared to hypercalcemia (Goyal et al., 2021).
Albumin-corrected calcium (ACCA) was sometimes suggested as a better indicator of calcium
level (Davies et al., 2016, Group, 2009), but Ridefelt and Helmersson-Karlqvist (2017) refuted

this notion, claiming that the ACCA is unlikely to add any additional information.

Since the use of TDF or TDF-containing medications may affect Vitamin D levels among PLWH
(Klassen et al., 2012, Mueller et al., 2010), it may also be an important consideration for calcium
levels in the context of HIV infection. This notion is corroborated by Noe et al. (2018) who
demonstrated that PLWH on TDF-containing medications may require a higher level of
parathyroid hormone to maintain serum calcium equilibrium. A major limitation, however, in the
Neo study is the retrospective study design which is prone to bias due to the unavailability of

data.

As much as calcium supplementation has been demonstrated to be beneficial, evidence
suggests that high levels may be associated with some cardiovascular and renal dysfunction

(Drozd et al., 2014, Li et al., 2018), and as such must be taken with caution and by prescription.

Studies showing serum calcium levels among PLWH in South Africa are limited. Pillay et al.

(2020) showed that electrolyte imbalance was common among their 96 black cohort of PLWH,

and DM cases compared with 192 black HIV-uninfected control with DM. In their findings, Pillay

and colleagues reported hypocalcemia as the most common electrolyte imbalance in both cases

and control at 31.25% and 22.91% respectively. Hypocalcemia was also the only imbalance
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significantly lower among PLWH compared to their uninfected control. However, it is important
to note that participants in this study had comorbidities that could have easily affected their

electrolyte levels.

There is a need for more research to be conducted on calcium levels among PLWH in South
Africa especially as the prevalence of comorbidity is increasing. Moreover, the South African
HIV and DM guidelines do not yet provide recommendations for the monitoring or
supplementation of this electrolyte (Meintjes et al., 2017). More research will provide adequate

information to develop guidelines for South Africa.

2.2.3 Clinical

Clinical assessment of nutritional status is focused on identifying the signs and symptoms of

malnutrition through physical means.

2.2.3.1 Blood Pressure/Hypertension

The force exerted by blood on the walls of the blood vessel is referred to as blood pressure
(American Heart Association, 2017). In a recent South African study (Jardim et al., 2017),
hypertension was defined as mean systolic blood pressure (SBP) of at least 140 mmHg or
diastolic blood pressure (DBP) of at least 90 mmHg. This is in line with the Seventh report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7) (Chobanian et al., 2003).

Hypertension is the leading preventable risk factor for CVD, cause of mortality, and premature
death globally (Mills et al., 2020, Lozano et al., 2012). In the US, hypertension is the leading
cause of death among women, and second after smoking in men when compared with lifestyle,
dietary, and metabolic risk factors (Danaei et al., 2009). Although the exact etiology of primary
hypertension is not clearly understood (Lenfant et al., 2003), some risk factors for hypertension
include age, obesity, family history, race, diet, and lifestyle factors such as alcohol intake and

insufficient physical activity have been identified (Basile and Bloch, 2015).

In 2010, an estimated 31.1% (1.39 billion people) of the global adult population had
hypertension and this estimate was higher in LMIC (Mills et al., 2020). This global prevalence
is estimated to likely exceed 1.6 billion people by 2025 (Mills et al., 2016). The South African
National Health and Nutrition Examination Survey-1 estimated hypertension prevalence at
30.4% with a distinct variation by geographical setting (Kandala et al., 2013, Shisana et al.,
2014).
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Hypertension is a growing source of concern also among PLWH, especially following the scale-
up of ART (Nduka et al., 2016, Peck et al., 2014). ART-experienced PLWH are being reported
to have a higher prevalence of hypertension when compared with the uninfected population
(Nguyen et al., 2015, van Zoest et al., 2016). A systematic review and meta-analysis of the
global prevalence of hypertension among PLWH was conducted by Xu et al. (2017). Xu and
colleagues reviewed a total of 49 studies published between 2011 and 2016 with 63,544
participants. Ten of these studies were from Africa, others are from America, Europe, and Asia.
The overall prevalence for all participants was 25.2%, and this was further distinguished into
34.7% among ART-experienced, and 12.7% among ART-naive participants (Xu et al., 2017).

Xu and colleagues also found that hypertension was associated with older age in their review.

This report shows an increased prevalence of hypertension among PLWH with the use of ART
and corroborates the conclusion of another systematic review published earlier on the effect of
ART exposure on blood pressure of PLWH by Nduka et al. (2016). Nduka and colleagues
reviewed 39 studies from 21 countries with a total of 44903 participants. These studies showed
the difference in the mean blood pressure and hypertension prevalence among ART-naive
PLWH and those exposed to ART. The mean ART duration was 37.5 months. Only 11% of
included studies in this review were from low- and middle-income countries including one from
South Africa. This may likely cause a gap in the sociodemographic characteristics between most
of the participants of this review and the South African context. However, Nduka et al. (2016)
found that increased systolic and diastolic blood pressure, as well as increased hypertension

risk, had a significant association with ART exposure.

The findings of these studies emphasized the increased risk of hypertension facing PLWH on
ART. However, some of them fail to explore the role of other HIV-specific factors such as
disease severity and duration. Some also included a few studies from Africa. Since the inclusion
of few studies in Africa may be caused by a paucity of evidence, more research is necessary in
this area. In conclusion, blood pressure is an important CVD risk factor and must be

continuously monitored especially among PLWH who have increased risk.

2.2.3.2 Hand Grip Strength

The Hand Grip Strength (HGS) is a measure of muscle endurance, strength, and overall muscle
fitness. It has been associated with the risk of mortality and is a simple way of predicting
cardiovascular risk in the general population (Burtin et al., 2016, Felipe et al., 2015, Leong et
al., 2015). In recent studies conducted among uninfected participants, low HGS is strongly
correlated with CVD and mortality (Celis-Morales et al., 2018, Park et al., 2019). The HGS is
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measured using the dynamometer and is defined as the average value for grip strength of the
dominant hand (Yoo et al., 2017, Yu et al., 2017).

Knowing that the loss of muscle strength is usually worsened by increased adiposity, it is
important to consider a relative measure of muscle strength such as the Relative HGS (RHGS)
(Ramirez-Vélez et al., 2020). The RHGS is recommended because it corrects the absolute
measure of strength (HGS) for the measure of body mass such as BML. It, therefore, eliminates
the confounding effect of strength by body mass, and the health risks that are associated with
increased body weight and low muscular strength (Choquette et al., 2010). The RHGS is
calculated as HGS divided by BMI (Lawman et al., 2016).

A national population-based cross-sectional study was conducted in South Africa in which
researchers recruited 3,840 participants aged 50 years or older. The study aimed to investigate
social and health differences in hand grip strength among the participants. In this study, the
mean overall HGS was 37.9kg and 31.5kg for men and women respectively. Grip strength is
significantly associated with greater height and lower functional disability among all participants.
Additionally, grip strength had a significant association with not being underweight and better
cognitive functioning among men and women respectively (Ramlagan et al., 2014). A major
limitation to the generalization of this study is the demographic of the participants; they were

aged 50 years and older and HGS would have been affected by this.

Muscle strength reduces with age, and findings of studies are showing that PLWH are more
prone to an earlier onset of frailty and increased vulnerability to morbidity (Bloch, 2018, Levett
et al., 2016, Thurn and Gustafson, 2017). A systematic review on the physical function, grip
strength, and frailty among PLWH in sub-Saharan Africa included three studies whose authors
reported grip strength (Bernard et al., 2017). Two of these studies showed lower grip strength
(up to 4 kg) among PLWH when compared with the uninfected population (Cournil et al., 2014,
Negin et al., 2012, Olsen et al., 2015). In the study of Olsen et al. (2015), grip strength differed
by age and educational status; grip strength was higher among men than women, and among
those with no education than those with secondary education. On the contrary, the prevalence
of frailty is similar among PLWH and the uninfected participants, although it is higher for women
than men, according to a study conducted in KwaZulu-Natal, South Africa(Edwards et al., 2020).
This study was conducted to compare the prevalence of frailty by HIV serostatus among older
individuals. However, this study included grip strength as a measure of frailty together with other
4 measures including physical activity, mobility, fatigue, and gait speed. These other measures

could have affected the results. Since more PLWH are aging and living longer with the infection,
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more investigation into the HGS may help identify early frailty and its association with chronic

diseases.

HGS has been measured in diverse ways and with several instruments including the Jamar
hydraulic dynamometer, Martin pneumatic vigorimeter, Harpenden mechanical dynamometer,
and isometric strength testing (Roberts et al., 2011). The type of equipment used, and the
protocol followed in measuring HGS will largely influence the results (Roberts et al., 2011). It
has therefore been difficult to agree on reference values, and researchers often treat HGS

reading as a continuous variable.

2.2.4 Dietary Assessment

Diet is recognized in most regions of the world as a leading modifiable risk factor for morbidity
and mortality (World Health Organization, 2015). Most chronic or non-communicable diseases
are directly or indirectly related to diet (Lim et al., 2012). Poor dietary quality has been
associated with an increased risk of CVD, some cancers, type 2 diabetes, and all-cause
mortality (Reedy et al., 2014, Baik et al., 2013).

Among PLWH, diet has been identified as one of the predictors of disease severity (Rawat et
al., 2013). Sadly, there have been reports of low diet quality among PLWH when compared with
the uninfected population (Weiss et al., 2019). Muhammad et al. (2019) have also suggested a
link between food insecurity and diet quality among PLWH. It is therefore important that dietary

intake is regularly assessed and guided.

Since results of the biochemical assessment of nutrient levels may be subject to several
homeostatic imbalances and may not provide recommendations for dietary modification, it is
important to conduct a direct assessment of dietary intake (Potischman, 2003). Several dietary
intake assessment methods have been used over the years, but none is without its challenge
(Shim et al., 2014). Such challenges include but are not limited to the inconsistencies that are
peculiar to self-reported data. (Rollo et al., 2016). Inaccurate dietary assessment may result in

misleading conclusions about the association that exists between dietary factors and diseases.

Examples of dietary assessment methods include food frequency questionnaire (FFQ), 24-hour
recall, dietary history, dietary record, food consumption record, duplicate diet approach, and
others (Shim et al., 2014). Some of these methods use objective observation methods, and
subjective measures in terms of open or close-ended questionnaires. The FFQ is arguably one
of the most widely used dietary assessment methods, especially for epidemiological studies

(Bhupathiraju et al., 2013, Méjean et al., 2013). It is simple, cost-effective, time-saving, has a
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low-respondent burden, and is suitable in studies where the participants may not be able to

complete self-reports for various reasons.

Several concepts have also been developed around diet adequacy which not only measure
dietary intakes but the quality of those intakes with reference to predetermined criteria (Asghari
et al., 2017, Drewnowski, 2014).

2.2.4.1 Dietary requirement

Optimum nutrient intake is important for PLWH. It helps to slow down disease progression,
reduce the chances of Ol, improve quality of life, and ensures adequate efficacy of medication
(Rawat et al., 2013). As in the uninfected population, diet is usually modified per individual
requirements based on several considerations. However, general dietary recommendations are

as follows:

Energy and Fluid

PLWH generally have a higher resting energy requirement than the uninfected population, this
has been estimated to be about 10%. Consequently, this may have several effects on
metabolism and the presence or absence of Ol (Chang et al., 2007, Mittelsteadt et al., 2013).
PLWH with an Ol are estimated to have about 20% - 50% increase in nutritional needs.
However, those with well-controlled infections are advised to follow the guidelines for the

general population (Dong and Imai, 2017).

Protein and Fat

As mentioned above, with an Ol, protein requirements should be increased by 10% over the
recommendation for the general population. However, protein recommendations should also be
tailored to meet the specific infections present alongside HIV. Otherwise, PLWH without an Ol

should follow the protein requirement of the general population.

Fat oxidation increases in the context of HIV infection (Sutinen and Yki-Jarvinen, 2007),
therefore fat requirements may be different. Presently, PLWH are advised to follow the heart-
healthy lipid guidelines with an emphasis placed on omega-3 fatty acids also because of their

role in immune function (Jaca et al., 2020, Dong and Imai, 2017).

Micronutrients and Supplementation

Micronutrients are very important in HIV infection. Adults living with HIV may be at risk of
micronutrient deficiency due to several reasons including inadequate intake worsened by food
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insecurity (Gebrehiwot and van der Veen, 2014). This may directly cause an imbalance in CD4

count among other useful indicators of HIV infection (Aibibula et al., 2016).

The use of multiple, dual, or single micronutrient supplements has been researched and
debated with conflicting results (Visser et al., 2017). An update to a previous Cochrane review
published by Visser et al. (2017) concluded that no consistent clinical benefits have yet been
identified with the body of research already conducted. Visser and colleagues further opined
that their findings should not be a basis to deny the use of supplements for those who are
nutritionally deficient. However, mega-dosing of micronutrients such as Vitamin A and Zinc have

been said to have adverse effects such as disease progression (Dong and Imai, 2017).

Overall, if micronutrient supplementation is indicated for any PLWH, it should be thoroughly
monitored and individualized to determine the optimal length of time for supplementation (Dong
and Imai, 2017). Furthermore, supplementation is advised to not exceed the levels of DRI for

each indicated nutrient (Kawai et al., 2010).

In the era of HAART, Dietary recommendations for persons with controlled HIV infection seem
to be similar to that of the general population. However, not much research has been conducted
in South Africa on the dietary intake of PLWH. The studies we found including Hattingh et al.
(2006), Hattingh et al. (2014), and (Wrottesley et al., 2014) were all conducted among ART
naive HIV-infected women and not in the Western Cape Province. It is, therefore, necessary to
assess the dietary intake of PLWH on ART, especially concerning the presence or absence of

comorbidity.

2.3 Body Weight Perception

Body image perception refers to an individual's thoughts about their body image, it also entails
what they perceive, or feel as an ideal body image and how this relates to their actual body
image (Martinez et al., 2005). This perception is, however, not solely influenced by factors

inherent within the person but by social experience and cultural inclinations (Grogan, 2016).

Body weight misperception is the discrepancy between an individual’s actual body weight and
what they perceive their weight to be. This may lead to such individuals holding negative feelings
or attitudes toward their body including their figure, shape, stomach, or hips (Corona et al., 2019,
Deschamps et al., 2015). Researchers have reported body weight misperception among PLWH
with a general tendency of people to underestimate their actual body weight (Bradbeer and
Bakar, 2008, Hurley et al., 2011, Matoti-Mvalo and Puoane, 2011, McCormick et al., 2014,
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Sharma et al., 2007). This trend shows that weight misperception may be a motivation for weight

gain and consequently increased risk of CVD among PLWH.

There is a strong association between body weight perception, desire to gain weight, and actual
weight gain among PLWH. Hurley et al. (2011) reported in their Durban study that the weight
perception of their sample of PLWH was not the same as their BMI. Hurley and colleagues
further estimated that participants who wanted to gain weight in their study had an average

weight gain of 7.8kg, which is about 2.8 times more than those who were satisfied.

Body weight misperception among PLWH may be driven by the stigma generally associated
with HIV. Matoti-Mvalo and Puoane (2011) conducted a mixed-method study to explore the
perception of attributing thin figures to PLWH among black South African women in Khayelitsha,
Cape Town. The authors reported that 69% of the participants associated a thin figure with
PLWH. Consequently, most people preferred to be overweight and at risk of CVD to being thin

and perceived as being infected with HIV.

Some researchers have also proven that body weight perception is subject to ethnic
considerations and norms. This may be an important consideration when planning weight
management interventions among PLWH (Capili et al., 2014, Matoti-Mvalo and Puoane, 2011).
It is equally necessary to research effective counseling methods applicable to different contexts
and settings. This will help identify and address prejudices and biases about the weight that are
present in those settings. Furthermore, because self-esteem have been seen to moderate the
relationship weight perception/satisfaction and depressive symptoms (Rawana, 2013), it may
be important to assess the self-esteem of PLWH as a predictor of depressive symptoms or

quality of life.

2.4 Risk Factors for NCDs

2.4.1 Physical Activity

Physical inactivity is one of the leading preventable causes of death due to non-communicable
diseases. An inverse linear relationship was observed between the volume of physical activity
(PA) and all-cause mortality (World Health Organization, 2015, Marcus et al., 2006). About 1.9
million death was attributed to PA globally every year and this causes a large economic burden
and healthcare spending (Carlson et al., 2015, Weintraub et al., 2011). The association between
the world’s greatest causes of death — CVD, obesity, and sedentary behaviour emphasizes the

need to discuss physical activity (Lau et al., 2017).
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It is recommended for adults to reach a target of at least 150 minutes of moderate-intensity
aerobic PA or 75 minutes of vigorous-intensity PA per week (World Health Organization, 2010).
The proportion of people meeting these recommendations is low worldwide. Although physical
inactivity seems to be highest among women, resource-rich societies, and older people, it is
also high among other population groups (Ozemek et al., 2019). A global PA surveillance report
was published by Hallal et al. (2012) reporting PA levels of adults (15 years and above) from
122 countries. Hallal and colleagues estimated that 31.1% of global adults are physically
inactive with a range of 17% - 43% in Southeast Asia and the Americas respectively. These
results were similar to those reported in a more recent and largest global physical activity
surveillance conducted by Guthold et al. (2018). Data from 358 surveys from 168 countries with
a total of 1.9 million participants was analyzed. Guthold and colleagues estimated the
prevalence of global inactivity at 27.5%. Prevalence was highest in high-income countries at
42.3% with Southeast Asia and sub-Saharan Africa at 17.6% and 17.9% respectively.

A systematic review and meta-analysis on the global physical activity level among PLWH by
Vancampfort et al. (2018) reported an insufficient physical activity level which is lower than in
most other population groups with chronic diseases. This review included 24 studies with 3780
participants and a mean age range of 37 - 58 years. Vancampfort and colleagues reported that
about half (50.7%) of the PLWH participating in their review met the WHO physical activity
requirements. They, however, indicated that half of the included studies assessed PA using

subjective rather than objective methods and this is a limitation of the systematic review.

South African studies on physical activity levels among PLWH have revealed a lower level of
activity among PLWH relative to the uninfected population (Godijk et al., 2020, Kinsey et al.,
2008, Roos et al., 2014, Wong et al., 2016). A study that specifically measured PA among PLWH
was conducted by Mabweazara et al. (2019) in healthcare facilities in Cape Town. Mabweazara
and colleagues reported gender as the greatest demographic predictor of PA among PLWH,
with a higher PA level in male participants. Our study will provide further information about the

differences in PA levels between PLWH with and without comorbidities.

With increasing levels of physical inactivity among all population groups including PLWH, the
risk of CVD is undoubtedly increasing at alarming rates. In response to this, the WHO is working
towards a target of reducing physical inactivity by 10% and 15% by 2025 and 2030 respectively
(World Health Organization, 2018). More research must be conducted to inform policies and
interventions which will be targeted toward achieving the aim of the WHO and will be adopted

by all relevant stakeholders.
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2.4.2 Alcohol Intake

According to the WHO, alcohol is the third most important avoidable cause of death and
disability globally, after smoking and obesity. Alcohol is an important aspect of cultural and social
events as it is perceived to pleasure the user (World Health Organization, 2019a). Alcohol is
usually measured in grams per day or drinks per day (Fernandez-Sola, 2015). The alcohol
content of a standard drink varies by country based on government regulations. Kalinowski and
Humphreys (2016) in their systematic review of alcohol standards in 37 countries including
South Africa reported 10 g of alcohol as the modal standard drink size which is in line with WHO

guidelines. WHO advises both men and women not to exceed two drinks per day.

The widespread socio-cultural and personal acceptance of alcohol and its ease of availability
has caused extensive organ damage (Shield et al., 2014). The main sites of organ damage
consequent from alcohol consumption are the liver, digestive, neurological, and cardiovascular
systems (Orman et al., 2013, Williams et al., 2014, Shield et al., 2014).

The relationship between alcohol consumption and health is, however, a complex one
(Roerecke and Rehm, 2012, Rehm et al., 2003). Moderate alcohol intake has been reported to
have benefits on cardiovascular health including reduced mortality and lower incidence of
coronary heart diseases (Sayed and French, 2016, Ronksley et al., 2011). Contrary to this
opinion, Stockwell et al. (2016) in their systematic review and meta-analysis of alcohol
consumption and all-cause mortality reported that studies that highlight the benefits of moderate
alcohol consumption over abstinence are prone to serious measurement error. Stockwell and
colleagues did not find any significant benefits of moderate alcohol consumption after adjusting
for abstainer biases and quality-related characteristics of studies. Due to these conflicting
findings, healthcare professionals are usually encouraged not to recommend alcohol to non-
drinkers (O’Keefe et al., 2014).

Alcohol use is associated with HIV in several ways (Baliunas et al., 2010, Lan et al., 2017,
Schensul et al.,, 2010, Probst et al., 2018). One of the numerous harmful effects of alcohol use
is its effect on HIV progression. Authors of a systematic review reported that 77% of studies
included in their review (n=53) show a negative association between alcohol use and one or
more stages in the HIV treatment cascade (Vagenas et al., 2015). Furthermore, alcohol use can
affect adherence to ART. In a Cape Town study of alcohol-related beliefs and non-adherence
to ART reported, 57% of current alcohol users reported forgoing ART for alcohol (Kalichman et
al., 2020). Alcohol use has also been observed to increase the incidence of HIV infection by

increasing the possibility of engaging in sexual risk behaviour such as unprotected sexual
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intercourse (Rehm et al., 2012, Scott-Sheldon et al., 2013, Scott-Sheldon et al., 2016, Letsela
et al., 2019).

Alcohol use may further worsen the already high risk of CVD among PLWH through chronic
inflammation and immune activation (Freiberg et al., 2010, Webel et al., 2017). This is a source
of concern with the high rate of alcohol consumption among PLWH in SA, even among pregnant
PLWH (Raggio et al., 2019). More than half (64%, n=187) of the participants in the Cape Town
study on alcohol-related beliefs and non-adherence to ART earlier mentioned reported current
alcohol use. In the quest to solve the increasing risk of CVD among PLWH, continued research
on the rate of alcohol consumption is needed among this population group. More importantly,

effective policies to regulate availability should be considered (Veld et al., 2017).

2.4.3 Smoking

Smoking is another important global health risk in the general population. It is ranked second
after high blood pressure among global risk factors causing death, especially in high-income
countries. It was reported that smoking is responsible for 5 million deaths annually since 1990
(Reitsma et al., 2017, Giles et al., 2018, Forouzanfar et al., 2016). Smoking is estimated to
reduce the expected life duration of its users by 10 years. Long-term smoking is associated with
increased morbidity and mortality, especially in cases of chronic obstructive pulmonary diseases
(COPD), lung cancer, and CVD (Jha and Peto, 2014). Patients who stop smoking usually have
a lower lung function decline, as well as morbidity and mortality than those who do not
(Anthonisen et al., 2005, Soriano et al., 2015). This makes smoking cessation one of the most
cost-effective interventions in medical practice, albeit not fully explored (Kwak et al., 2018,
Tettenborg et al., 2018).

In 2015, a systematic analysis of the global burden of disease with data from 195 countries
revealed that the global age-standardized daily prevalence of smoking was 25% for men and
5.4% for women (Reitsma et al., 2017). Whilst the prevalence of cigarette smoking seems to be
lower in sub-Saharan Africa compared with other countries, this prevalence is gradually
increasing in Africa but falling in other countries (World Health Organization, 2019b). A
systematic review of tobacco smoking in sub-Saharan Africa (SSA) showed that the prevalence
of smoking was high in Eastern and Southern African men than in other groups (Brathwaite et
al., 2015).

Tobacco use, both in form of smoking and smokeless tobacco (SLT), has been reported to be

higher among PLWH in high-income countries compared to uninfected populations (Helleberg

etal., 2015, Mdodo et al., 2015, Regan et al., 2016). A similar finding has been reported in SSA.
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An analysis of the demographic health survey data in 25 SSA countries including South Africa
showed that PLWH (both men and women) are more likely to smoke a cigarette as well as use
SLT than the uninfected population (Murphy et al., 2019). In their findings, Murphy and
colleagues reported that smoking prevalence was significantly higher among HIV-positive men
than uninfected men (25.90% vs 16.09%; p < .0001), as well as among HIV-positive women
than uninfected women (1.15% vs 0.73%; p < .001). This increased prevalence is also
supported by findings from a recent systematic review of globally available data on smoking
prevalence among PLWH. This finding was still prevalent after sub-group analysis for men,

women, and WHO regions with available data (Johnston et al., 2021).

Apart from the increased risk of CVD and other chronic diseases attributed to ART use and HIV
infection (Rawdanowicz et al., 2013), smoking predisposes PLWH to even great risk. Risks of
CVD (Anne-Lise et al., 2015, Freiberg et al., 2013), cancers (Farahani et al., 2017, Park et al.,
2016), and some respiratory illnesses (Bigna et al., 2018, Triplette et al., 2016) are higher
among PLWH who smoke. This is very concerning with the increased life expectancy of PLWH.
The findings of a recent study on the use of tobacco and quality of life among PLWH with
depression on ART in Cape Town show the prevalence of habitual tobacco use to be 23.9%
(48.1% in men, 15.5% in women), which is high (Stanton et al., 2021). Stanton and colleagues
further reported that habitual tobacco use was associated with decreased cognitive functioning
in their sample. This study is one of the few investigating smoking and its implications among
PLWH in the era of increased co-morbidity in Cape Town. However, it was conducted among
PLWH seeking to treat depression and may not be representative of all PLWH. It is important
to investigate further into the smoking patterns of PLWH in Cape Town and its association with
NCDs.

2.5 Quality of Life

The WHO defines health as “a state of complete physical, mental and social well-being and not
merely the absence of disease and infirmity” (WHO, 1985). This definition underscores the fact
that health is affected by physical, mental, and social factors. The health-related quality of life
(HRQolL) is a complex term which is usually overlapping with other concepts such as health
status, and quality of life (QoL). Karimi and colleagues compared and contrasted these terms
while critiquing existing definitions of each (Karimi and Brazier, 2016). We can, however, define
the HRQoL as an individual’'s perception of their wellbeing and functioning as impacted by their
health (Clayson et al., 2006).

HRQoL emphasizes the need to differentiate between the objective state of health (i.e., the

signs and symptoms of disease) and the subjective experience of the individual concerning that
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state of health. However, both objective and subjective evaluation is necessary to fully evaluate
the individual’s feelings and reality (Sosnowski et al., 2017). Although the majority of PLWH are
now living a virologically controlled and immunologically stable life with respect to HIV infection,
according to a UK study, they are prone to having a lower HRQoL than the general population
(Miners et al., 2014).

The reason for this is not far-fetched; aside from the underlying HIV infection, other important
life factors such as relationship issues, comorbidities, social circumstances, and stigma often
challenge PLWH (Drewes et al., 2013). A challenging social phenomenon faced by PLWH is
HIV-related stigma which consequently results in adverse health outcomes such as non-
adherence to medication use or visit schedules, depression, and overall low QoL. Furthermore,
the behaviour, cognition, and emotions of PLWH are adversely influenced by social stigma
(Helms et al., 2017, Katz et al., 2013, Sweeney and Vanable, 2016, Turan et al., 2017, Haines
et al., 2019). It has been reported that PLWH often internalizes this social stigma leading to
highly self-deprecating outcomes such as shame, low self-esteem or self-worth,
embarrassment, and self-blame (Kalichman, 2013, Person et al., 2009). In Addition, worsening
nutritional status among PLWH may also account for lower QoL in this population group (De
Carvalho et al., 2017). Fifty-one participants were enrolled in this study, De Carvalho and
colleagues reported lower QoL scores among individuals with inadequate energy intakes, high
waist circumference, and those who reported weight loss. This association was statistically

significant after adjusting for confounders.

A systematic review of reviews conducted to appraise measures of HRQoL that have been used
among PLWH in peer-reviewed literature revealed the need for more input from PLWH in the
design and validation of measures. It, however, concluded that the ultimate choice of a measure
above the other will be based on the purpose of the research and the specific domain relevant

to the context (Cooper et al., 2017).

South Africa leads in terms of research productivity in the aspect of HRQoL among PLWH after
the USA (Tran et al., 2020). Marsh and Truter (2020) published a systematic review to provide
insights into the status of HRQoL research in South Africa. They identified 104 studies since the
first article was published in 1996. Forty-six studies have been conducted in the Western Cape
and 24 among PLWH. Although there seems to be a range of studies in South Africa on the
HRQoL within the context of HIV infection, since PLWH tend to live longer due to the use of
effective ART, the need to ensure constant monitoring and improvement of their QoL through

more research and intervention is emphasized.
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2.6 Concluding Remarks

The changes brought to the HIV infection following the invention of HAART necessitate
continuous monitoring and modification of the health care provided to PLWH. There are reports
of increasing comorbidities that affect the quality of life of aging PLWH. Obesity is an increasing
epidemic not only among PLWH and is central to other chronic diseases, this raises a need for
thorough research to check and plan intervention. However, only one study was found in the
Western Cape province describing obesity among non-pregnant PLWH on ART. Similarly, only
one study investigating lipodystrophy among PLWH was found in Western Cape but was
conducted among children. More research is needed in the province to substantiate the findings

of past research and give more evidence to plan interventions.

Lipid profile has been continuously reported to be distorted among PLWH especially and as
often been attributed to ART. As the coverage of the therapy is expanding daily, especially in
South Africa, more research needs to be conducted to monitor how the lipid profile of aging
PLWH respond. Similarly, chronic inflammation is one of the hallmarks of HIV infection and is a
trigger of some chronic diseases such as CVD. Although HIV replication may be halted by ART,
studies have shown that some levels of inflammation continue to occur in PLWH. Moreover,
inflammatory markers have been reported to vary by geographical location. This calls for more
research in South Africa to strengthen the body evidence available on chronic inflammation

during HIV infection and provide a pedestal for planning intervention.

Micronutrients are very important in HIV infection due to their active roles in regulating
metabolism and oxidation among others. Studies have shown that several other factors apart
from HIV-related ones may affect the serum levels of some micronutrients. It is important to
continue to clinically screen for deficiency of micronutrients that are significant in HIV infection
such as calcium, selenium, and vitamins D and E among others, especially because routine

biochemical test in clinical setting is expensive and not feasible.

Blood pressure and HGS are important clinical measures. Hypertension is central to many other
chronic diseases while HGS can predict the risk of mortality and CVD. Hypertension is an ever-
growing concern, particularly among PLWH in South Africa and must continuously be measured

and researched to identify more factors associated with it.

Dietary intake among PLWH has not been well researched in South Africa, we only found
studies that were conducted among ART naive participants and not in the Western Cape
Province. It is important to assess the dietary intake of PLWH in the era of HAART to identify
any relationship it may have with the growing risk of chronic diseases.
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Lifestyle factors such as body weight perception, physical activity, smoking, and alcohol intake
all contribute to disease progression and directly affect the quality of life of PLWH. Body weight
perception may be driven by social norms. It is important to under the cultural norms of a group
of PLWH to correctly propose individualized intervention for weight management. Physical
activity is decreasing in sub-Saharan Africa and influencing the increased risk of CVD. PLWH
with whom the risk of CVD is higher needs to be monitored and sensitized on the benefits of
physical activity to their health. The rates of smoking and alcohol use are high in South Africa,
research has shown that PLWH may choose alcohol or smoking over their ART. This may be a

driver of increased CVD risks among PLWH and must be researched.

In this study, the factors listed above will be combined to assess the nutritional and health status
of adults living with HIV and stable on HAART in a healthcare facility in Cape Town. In addition,

the association between these variables and chronic disease risk will be explored.
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ABSTRACT

Introduction: Cardiovascular diseases (CVD) are the single greatest contributor to global
mortality. The successful introduction and scale-up of antiretroviral therapy (ART) delivered a
reduction in HIV mortality. Consequently, an association was found between the scale-up of
ART and an increased prevalence of comorbidities among People Living with HIV (PLWH) such
as hypertension, and dyslipidemia. A higher quality diet can delay the onset of comorbidities
related to HIV infection. Diet quality and its methods of assessment are not fully established
among PLWH. This review will identify the diet quality and food insecurity indices that have

been used among PLWH and how these constructs are associated with risk of developing CVD.

Methods and analysis: The frameworks recommended by Arksey and O’Malley and the
Joanna Briggs Institute’s (JBI) manual for conducting scoping reviews will be adopted. The
Preferred Reporting ltems for Systematic review and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) guidelines will be used for reporting. A search strategy was developed
using keywords related to the topic. A preliminary MEDLINE (via PubMed) search was
conducted on 11th November 2020 to develop a comprehensive search strategy. The final
search will be conducted on PubMed, EbscoHost, Scopus, Web of Science and COCHRANE
library databases. Titles and abstracts of retrieved records will be screened independently by
two reviewers. Data will be extracted from records that meet the inclusion criteria using a
predesigned charting tool. Discrepancies in decisions made by reviewers will be resolved by
consensus or the decision of a third reviewer. Extracted data will be presented in tables or chart.

A descriptive summary of the charts or tables will follow.

Ethics and dissemination: Ethical approval is not required for a scoping review. Findings will
inform other studies currently underway and will be presented at conferences and published in

peer-reviewed journals.

Registration number: https://osf.io/7k3ja

Keywords: HIV infections, diet quality, food insecurity, cardiovascular diseases

STRENGTHS AND LIMITATIONS OF THIS STUDY

e This will be the first scoping review to explore the diet quality and food security status
of PLWH with or at risk of CVD

e The Preferred Reporting ltems for Systematic Reviews and Meta-Analysis extension
for Scoping Reviews will be used, this will ensure transparent reporting of findings.

e The scoping review will be based on a comprehensive search strategy that was
designed in collaboration with a research librarian and includes sources from seven
databases and the grey literature.
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A major limitation of our review the inclusion of only studies published in English
language.

Only published articles in peer reviewed journals and databases of grey literature will
be included.
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INTRODUCTION

Globally, cardiovascular diseases (CVD) are the leading cause of death,(World Health
Organization, 2019, Naghavi et al., 2017) with hypertension, diabetes, and dyslipidemia
identified as principal risk factors for the development of CVD (World Health Organization,
2017). In people living with HIV (PLWH), a three-fold increase in the global burden of HIV-
related CVD has been reported over the last two decades. A systematic review concluded that
PLWH are twice as likely to develop CVD compared to their HIV-negative counterparts (Shah
et al.,, 2018). This finding could be explained by several contributing factors including the

infection itself and its treatment.

It is known that the successful introduction and scale-up of effective Highly Active Antiretroviral
Therapy (HAART) brought about a reduction in HIV mortality rates, and an ageing cohort of
PLWH (Mutevedzi and Newell, 2014). This, however, has been followed by a higher risk of
morbidity, and increased prevalence of comorbidities including obesity, hyperglycemia
dyslipidemia, hypertension, and other cardiovascular diseases among PLWH (Weiss et al.,
2019, Rasmussen et al., 2015). Furthermore, certain CVD risk factors such as lipodystrophy,
increased central adiposity, insulin resistance, and diabetes have also directly been linked with
the use of HAART (Bozkurt, 2004, Rawdanowicz et al., 2013). HIV infection and HAART use
have, therefore, been reported to significantly increase the risk for CVD (Nou et al., 2016, Nduka
et al., 2015). Cardiovascular risks are also affected by other lifestyle factors such as dietary

intake, smoking and physical activity (Dutra et al., 2012).

Similarly, to the general population, lifestyle modification is an essential first step in the
management of CVD among PLWH. Dietary interventions have been demonstrated to reduce
the risk of CVD among the HIV-uninfected population (Estruch et al., 2018, Grundy et al., 2019)
and PLWH (Lazzaretti et al., 2012, Stradling et al., 2021). However, there is an absence of HIV-
specific dietary recommendations for the reduction of CVD risks among PLWH (Feinstein et al.,
2019).

Diet Quality

Diet quality is a concept that is not clearly defined; no consensus has been reached to have a

specific meaning that can be applied in all contexts (Drewnowski et al., 1996). Diet quality

indices are generally developed to reflect how much an individual or population’s food

consumption conforms to dietary guidelines and recommendations within a context

(Drewnowski et al., 1996). Diet quality is being increasingly adopted in nutritional epidemiology

surveys to assess dietary patterns and evaluate the effectiveness of a specific dietary
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intervention. Since a relationship has been established and understood between food and
human physiological function, diet quality has also been used as a proxy to predict mortality and
risk of chronic diseases (Alkerwi, 2013, Miller et al., 2020).

Diet quality has been measured in diverse ways. Some studies have assessed and compared
the intake of a specific nutrient or food components with recommended dietary standards or
guidelines (Abioye et al., 2015, Aibana et al., 2019). However, it has been argued that overall
dietary pattern or the consumption of food groups is a better indication of diet quality compared
to the intake of a single nutrient(Coulston, 2001, Patterson et al., 1994). Diet quality indices
have been, therefore, designed as a tool to connect food and nutrient intake to the incidence of
chronic diseases, mortality, and morbidity (Coulston, 2001). Most epidemiological studies have,
since then, measured diet quality using scientifically robust indices enabling standardized

assessment (Drewnowski et al., 1996, Asghari et al., 2017, Fransen and Ocké, 2008).

Diet quality Indices

Several diet quality indices have been developed and used over the years. Some have been
used to evaluate adherence to dietary guidelines while others monitor changes in dietary
patterns over time (Fransen and Ocké, 2008). Diet quality indices have also been used to
identify unfavourable patterns of intake (Wirt and Collins). Components assessed in diet quality
indices include intake of specific macro or micronutrients, adherence to recommended serving
sizes of food groups, or inclusion of predefined healthy food items (Drewnowski et al., 1996,
Wirt and Collins, 2009). In summary, diet quality has been used to measure both inclusion of

specific foods and nutrients, and variety of diet.

Examples of diet quality indices include:

o Healthy Eating Index (HEI) which was designed based on the Dietary Guidelines for
Americans and other dietary patterns set by the United States Department of Agriculture
(USDA) (Reedy et al., 2018, Guenther et al., 2014, Krebs-Smith et al., 2018).

¢ Mediterranean Diet Score (MDS) assessing degree of adherence to Mediterranean
dietary guidelines among adults including the elderly (Trichopoulou et al., 1995).

e Diet Quality Index (DQIl) designed to reflect risk of common diet-related
diseases,(Patterson et al., 1994), further updated and renamed as Diet Quality Index-
International (DQI-I) (Kim et al., 2003).

¢ Recommended Food Score (RFS) which contains 23 food items and measures overall
food quality (Kant et al., 2000).
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e Dietary Diversity Score (DDS),(Jayawardena et al., 2013) and Food Variety Score
(FVS),(Hatlagy et al., 1998) which are the total count of food groups and food items
consumed respectively by a unit of population (household or individual) over a specified
period of time. This does not put into account the quantity of food or food groups.

o Dietary Approaches to Stop Hypertension (DASH) diet score which is based on eight
food and nutrient components and high in fruits and vegetables (Fung et al., 2008).

e Dietary Inflammatory Index (DIl) which predicts level of inflammatory markers and their

outcome on health (Shivappa et al., 2014).

Due to the complex and dynamic nature of diet quality, several reviews investigating
associations between diet quality indices and disease risks have been conducted in the general
population (Asghari et al., 2017, Fransen and Ocké, 2008, Wirt and Collins, 2009, Zaragoza-
Marti et al., 2018, Schwingshackl et al., 2018, Waijers et al., 2007). Poor diet quality increases
the risk of mortality and morbidity in the HIV-uninfected population (Olstad et al., 2019), Some
studies have also evaluated diet quality among PLWH (Weiss et al, 2019, Duran and Jaime,
2009, Henderson, 2013, Kadiyala and Rawat, 2013, Palermo et al, 2013, Sackey et al, 2019,
Sackey et al, 2018, Stanner et al, 2019). Researchers from Boston in the United States
conducted a cross-sectional study using the HEI tool, and reported that diet quality was lower
among PLWH and significantly lower among women living with HIV when compared to HIV-

negative controls (Weiss et al., 2019). This study did not link results with risk of CVD.

Food insecurity

Food insecurity is defined as limited availability of and access to sufficient, safe, and nutritious
food to support healthy living (Eaton et al., 2014, Goosen et al., 2016). The Food and Agriculture
Organization (FAQ), in the most recent report on the state of global food security and nutrition,
estimated that 690 million people are hungry, equivalent to 8.9 percent of the world population.
The FAO projects that the Covid-19 pandemic will exacerbate global food insecurity through
disrupting social and economic systems, potentially resulting in up to an additional 132 million

people experiencing undernutrition in 2020 (FAO et al., 2020).

Socioeconomic factors such as food insecurity can influence diet quality. Muhammad et al.
(Muhammad et al.) reported that 55% of their sample of PLWH in the USA (aged 50 years and
older) are food insecure, and that food insecurity was linked to lower diet quality, irrespective of
income (Muhammad et al.). This finding is supported by evidence in the general

population,(Hanson and Connor, 2014), and corroborated by the FAO report (Henderson).
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Given the current food security situation and the link with diet quality, we will include studies

that assess food security status in our review.

Measures of Food Security

Food security has been assessed by several indicators at national, household, and individual
levels. Some indicators measure food consumption adequacy while others gather additional
information on experiences and behavioural responses (Cafiero et al., 2014). There have been
several paradigms in the concept of food security which have influenced the formulation of new
indices. Focus has shifted from global and national food security measures alone to include

additional household and individual measures (Maxwell, 1996).

Food security indicators may include:

o Food Consumption Score (FCS) which is used to assess food security and vulnerability
by the World Food Program (Programme, 2008).

¢ Household Dietary Diversity Score (HDDS) which is seen as the simplest possible
measure at the household level (Swindale and Bilinsky, 2006).

e Household Food Security Survey Module (HFSSM) developed by the United States
Department of Agriculture (USDA) (Bickel et al., 2000).

¢ Household Food Insecurity Access Scale,(Eaton et al.) used by the Food and Nutrition
Technical Assistance-ll (FANTA-II) initiative (Cafiero et al., 2014).

e Food Insecurity Experience Scale (FIES) developed by FAO (Ahmadi and Melgar-
Quifionez, 2018).

The extent to which diet quality and food security status have been assessed in the context of
HIV is not known. This scoping review is necessary to aggregate information on the depth of

research on diet quality and HIV.
Aims

The aims of this review include:
e To determine the diet quality and food security status of PLWH with or at risk of CVD.
e To identify the range and utility of diet quality and food security indices among PLWH
with or at risk of CVD.
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METHODS AND ANALYSIS

The use of scoping reviews to synthesize evidence has increased over the years. As with other
forms of literature reviews, they serve general functions of collection, evaluation, and
presentation of available research evidence (Arksey and O'Malley, 2005). Scoping reviews can
also be termed “scoping studies” and “mapping reviews” (Anderson et al., 2008, Ehrich et al.,
2002).

There are several reasons why conducting a scoping review is appropriate to answer our
research aims. The scoping review could be a step leading to a full systematic review (Munn et
al., 2018). In this case, it will identify the feasibility of a systematic review and meta-analysis,
the availability of sources of evidence, and previous systematic reviews that have been
conducted (Arksey and O'Malley, 2005). In line with suggestions made by several authors about
the value of scoping reviews, this scoping review will inform us about the current state of
knowledge and types of evidence available on our topic of interest, (Arksey and O'Malley, 2005),
as well as illuminate knowledge gaps (CHRASTINA, 2019, Munn et al., 2018). Furthermore the
review will also summarize how research is conducted in the field of interest,(Munn et al., 2018);
appropriate study populations, research designs, and tools can be identified (CHRASTINA,
2019). Finally, key concepts and their definitions will be identified (Munn et al., 2018). These
concepts can be classified based on how they relate; their similarities and differences can be
identified and yield a “concept map” (CHRASTINA, 2019). An example of a recent scoping
review explained the concept of formative peer assessment in a healthcare education

programme (Stenberg et al., 2018).

Scoping reviews are useful when the field of study is broadly heterogeneous, (Stenberg et al.,
2018); diet quality has different indices that are broadly used to appraise various components
of dietary intake. Similarly, food security has been measured using a variety of indices. This
review will specifically provide a summary of the extent to which diet quality and food security
have been explored among PLWH while identifying tools that have been used to evaluate these
constructs. Given the emerging concerns of risks of CVD among PLWH, we will identify how
much of this concept has been explored within the context of diet quality and food security. This
could identify grey areas among these concepts of diet quality, food insecurity, and risks of CVD
among PLWH, and potentially inform areas for future research. All the above reasons justify the
use of scoping review methodology for this study (Anderson et al., 2008, Arksey and O'Malley,
2005, CHRASTINA, 2019, Ehrich et al., 2002, Munn et al., 2018, Tricco et al., 2016).

The methodology proposed by Arksey and O’Malley,(Arksey and O'Malley, 2005) will form the

bedrock for this scoping review. Input from Levac et al. (2010), Peters et al. (2017) will also be
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incorporated. The Joanna Briggs Institute (JBI) manual recommends that a protocol stating a
stepwise approach to the scoping review be designed and that a set of criteria for including or
excluding studies should be determined a priori. These criteria must reflect the aim as well as

the questions of the review (Oduwole et al., 2019).

The framework proposed by Arksey and O’Malley consists of six stages of which five are
mandatory. The stages are:
1. Identifying a research question;
Identifying relevant studies;
Study selection;
Charting the data;

Collating, summarizing and reporting the results;

2

Consultation exercise (optional).

Stage six will be omitted as this scoping review is not intended to provide evidence to inform
clinical decisions. It will however provide an overview of the literature on dietary components
related to risks of CVD in PLWH and give an indication whether the type of data is appropriate
for meta-analyses. Given the increased risk of CVD in PLWH, this review will also inform how

best to assess dietary intake in this cohort.
Stage 1: Identifying the review question

Common to all review methodologies, scoping reviews start with the formulation of a well-
defined research topic that helps to clarify the search strategy (Khan et al., 2001). Guidelines
recommend a broad approach to develop a scoping review question, enabling generation of the
required depth (Arksey and O'Malley, 2005). A review question should identify the population,
concept, and context (PCC) of the study, as recommended by the JBI (Peters et al., 2017).

This review will be carried out to map the breadth of research on diet quality, food security, and
risk of CVD among PLWH. The primary review question is:
e What is the current diet quality and food insecurity status of PLWH with or at risk of CVD?

The introduction of highly active antiretroviral therapy (HAART) in the late 1990s,(Pau and
George, 2014) brought a significant change to the health outcomes of PLWH (Weldehaweria et
al., 2017). The word “current” has been included as studies published since 1998 will be
considered for the purpose of this scoping review. This time-period has been selected based on
the recorded time for the global scale-up of HAART.
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In addition to the main question this scoping review also seeks to answer the following
secondary questions:
e What methodologies have been used to assess the dietary quality and food security of
PLWH with or at risk of CVD?

Stage 2: Identifying relevant studies

It is recommended that a scoping review should exhaustively include all sources of evidence,
published, or unpublished that can provide insights into the research question (Arksey and
O'Malley, 2005). A three-stage systematic approach will be adopted for this scoping review.
This ensures all peer-reviewed published sources of evidence as well as grey literature are
captured (Peters et al., 2017). The first stage is a preliminary search of at least two databases
to identify and analyze keywords, text words, index terms and Medical Subject Headings
(MeSH) terms related to the search. This was completed on MEDLINE (PubMed) and CINAHL
(EBSCOhost) as recommended (Peters et al., 2017). During this stage, key search components
and other words that relate to them were identified. The MeSH terms obtained from databases
will enable linking other terms related to our search components which have not been identified.
Abbreviations of key search terms such as “PLWH” and “PLWHIV” were identified during the
preliminary search of articles. Search terms and abbreviations related to various diet quality

indices were also identified from published articles.

In the second stage, a full and comprehensive search strategy was developed from the
information retrieved and modified to suit each database. The databases that will be searched
include, PubMed, Africa wide, CINAHL, APA Psyc info (via EBSCOhost), Scopus, Web of
Science, COCHRANE library, and databases for grey literature such as ProQuest and AHRQ
Agency for Healthcare Research and Quality. Table 3.1 contains an example of a preliminary
full search strategy for MEDLINE.
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Table 3. 1 Full search strategy for MEDLINE conducted on 11/11/2020

# Searches Records retrieved
1 (((HIV positive OR Human Immuno Deficiency Virus OR People Living with HIV | 595,201
OR PLWH OR PLWHA OR PLWHIV OR PLHIV OR AIDS OR HAART OR Highly
Active Antiretroviral OR ART OR Antiretrovirals OR Antiretroviral Therapy) OR
(HIV infections[MeSH Terms])) OR (HIV[MeSH Terms])) OR (antiretroviral
therapy, highly active[MeSH Terms])
2 (Diet quality OR Mediterranean Diet Score OR MDS OR Healthy Eating Index | 365,364
score OR HEI OR DASH diet score OR Diet Quality Index score OR DQI OR Diet
Diversity Score OR Dietary Diversity OR DDS OR Food Insecurity) OR
(Diet[MeSH Terms])
3 ((((Blood pressure OR High blood pressure OR Lipid Profile OR Hyperlipidemia | 3,208,278
OR Dyslipidemia OR Hypercholesterolemia OR Hyperglyceridemia OR Low HDL
Cholesterol OR Low High-Density Lipoprotein OR Elevated LDL Cholesterol OR
Elevated Low-Density Lipoprotein OR Cardiovascular disease OR Hypertension)
OR (Blood Pressure[MeSH Terms])) OR (Hypertension[MeSH Terms])) OR
(Dyslipidemia[MeSH Terms])) OR (Cardiovascular disease[MeSH Terms])
4 (Adults OR Adult) OR (adultfMeSH Terms]) 7,941,617
5 (Pregnancy[MeSH Terms]) OR (pregnant women[MeSH Terms]) 901,700
6 #1 AND #2 AND #3 AND #4 162
7 #6 NOT #5 159
8 Animals[MeSH Terms] 23,585,166
9 Humans[MeSH Terms] 18,829,206
10 #38 NOT #9 4,755,960
11 #7 NOT #10 156
12 #11 (Filters: from 1998 — 2020) 145

The first two steps of the search were conducted with the assistance of a research librarian. The

final step is a manual search of the reference list of all identified sources of evidence that meet

the inclusion criteria to locate additional studies.

Inclusion criteria

JBI recommends an agreement between the title, review questions and inclusion criteria, and
further points out the PCC guidelines for topic and review questions. JBI recommends that the
participants, concepts, context and types of evidence sources be clearly defined a priori and

considered when designing the inclusion criteria (Peters et al., 2017). In contrast, Arksey and
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O’Malley designed their inclusion criteria post hoc using “type of study, type of intervention care
recipient group and caregiver group” based on their review objective. The JBI recommendation
is adopted here because stating the inclusion criteria from the start will give clarity to the process

of screening articles.

Participants

Studies involving adults living with HIV, non-pregnant, and who are either on HAART or

treatment naive will be considered.

Concept

This review is designed to identify the risk of CVD among adults living with HIV using dietary
quality estimates. Dietary quality has been defined above as the degree of adherence to specific
dietary guidelines (in this case, guidelines to reduce the risk of CVD) (Drewnowski et al., 1996).
Therefore, all studies that assess diet quality using either diet quality scores or through the
intake of a specific nutrient or food component that relate to the risk of CVD will be included. All
diet quality indices will be included in the search strategy. Since it has been established that
food insecurity is related to diet quality,(Muhammad et al., 2019), studies that assess food

insecurity will also be included.

Food insecurity has been measured using the indices enumerated above. For this review, we
will make use of the food insecurity/hunger score or results given by the included sources of

evidence.

The risks of CVD that will be considered as the main outcome are hypertension and
dyslipidemia. Since the main exposure we are interested in is diet quality, studies that

investigate the risk of CVD without assessing diet quality will not be included.

Context

Research on dietary recommendations and how they affect health and diseases have expanded
over the years. The use of HAART has also changed the narratives of HIV infection. It is
therefore ideal to include only recent studies in this review. As stated above, studies published

earlier than 1998 will be excluded.
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Types of Sources

All primary studies and reviews conducted on human subjects will be included. Laboratory
studies, research conducted on biochemical substances and studies that are not published in

English will be excluded.

Stage 3: Study selection

After the search has been conducted, the identified and collated citations will be exported into
EndNote X9 (Clarivate, Analytics, PA, USA) to remove duplicates. The new citations will be
uploaded to Rayyan QCRI (Copenhagen: The Nordic Cochrane Centre, Cochrane),(Ouzzani et
al., 2016) where titles and abstracts will be assessed independently against the inclusion criteria
by two members of the research team. Disagreements on screened citations will be discussed
and resolved by consensus or the intervention of a third reviewer when necessary. This
approach is consistent with methodology previously developed and used (Arksey and O'Malley,
2005, Armstrong et al., 2011, Peters et al., 2017).

Full text reports of studies that passed the initial stage of screening will be retrieved and
screened to verify their conformance with the inclusion criteria. Articles that fail to meet the

inclusion criteria here will be excluded and reasons will be included in the final report.

A full report of the search will be presented in a Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Review (PRISMA-ScR) flow chart and
included in the final report. Details of excluded studies and reasons for their exclusion will be
compiled from a predefined list, those suggested and agreed on by the reviewers during the
process of review will also be included. This list of exclusion criteria will be classified and

included in the final report.

Stage 4: Charting the data

Following recommendations, a pre-designed tabulated data extraction tool template will be
piloted on ten included studies (Peters et al., 2017). JBI identified that there usually is a need to
chart additional data unforeseen from the time of study design, therefore any modification made
to the tool will be detailed in the full report of this review (Peters et al., 2017). This chart helps
the reviewers to easily keep track of each source of evidence and gives the reader a quick and
logical overview of the results that answer the review questions (Arksey and O'Malley, 2005,
Ouzzani et al., 2016).
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Data extracted will be tabulated as follows: first author/year of publication, country, aim of the
study, population/sample size, study design, participant recruitment, duration of study, diet
quality index used and/or food insecurity measure used, outcome, risk of the CVD reported and
prevalence, key findings that relate to the review questions, author’s conclusion, interpretation,

and recommendations.

Stage 5: Collating, summarizing and reporting the results

Quantitative data extracted will be presented in tables or charts (as appropriate) in line with the
review questions. An integrated descriptive summary and interpretation of the charts or tables
will follow. Qualitative data will be presented thematically, pre-identified themes that may be
reported include types of diet quality index, risk of CVD reported, diet quality status by gender,
diet quality status by geographical location. Other themes identified while collating data will also
be included. Meta-analysis of data or qualitative evaluation of included studies will not be
conducted for this review. This review is intended to give a descriptive overview of diet quality,

food insecurity status and risk of CVD of adults living with HIV.

Stage 6: Consultation

This stage is optional and is not planned to be conducted for this scoping review.

Patient and Public Involvement

No patient involved

ETHICS AND DISSEMINATION

The review will not require any generation of primary data; all documents will be retrieved from
the public domain. This review, therefore, does not require ethical approval. It forms part of
dissertation towards a Master of Medical Science in Nutrition (MMedSci Nutrition) which is
underway. Results will be presented at conferences and published in a peer-reviewed journal.
This protocol is registered on Open Science Framework (OSF) with registration number:
https://osf.io/7k3ja
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3.2 SCOPING REVIEW FINDINGS

RESULTS

Search results

As shown in figure 3.1 below, a total of 761 studies were retrieved using the search strategy
defined. These include 693 peer-reviewed articles and 68 from the grey literature. A search for
duplicates, conducted on Endnote, identified 155 duplicate articles, which were subsequently
removed. Screening of title and abstract was conducted on Rayyan by two independent
reviewers — 10 and JH, 564 articles were excluded based on the defined criteria yielding 42
articles eligible for full-text review. A total of 31 studies passed the full-text screening. Reasons
for excluding nine studies at the level of full-text screening are a non-dietary method of
accessing nutrient levels (five studies), a prospective study design that compared dietary
changes over time (three studies), foreign language (one study), unpublished (one study), and

unavailable full texts (one study).
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(n = 31 studies)
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Figure 3. 1 PRISMA flow chart for study selection
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Characteristics of included studies as shown in Table 3.2 below

Study design: Studies included were cross-sectional except for one with a prospective cohort
design (Joy et al., 2007). This study was however included because the diet was assessed as
cross-sectional data. Four studies included uninfected controls (Capili and Anastasi, 2008,
Policarpo et al., 2017, Silva et al., 2010, Turcinov et al., 2009), other articles included only
PLWH.

Country of origin: Eleven of these were from the USA (Capili and Anastasi, 2008, Gavrila et al.,
2003, Hadigan et al., 2001, Hendricks et al., 2006, Joy et al., 2007, Noble, 2019, Shah et al.,
2005, Sirotin et al., 2014, Tsiodras et al., 2009, Webel et al., 2020, Wright and Epps, 2014); four
from Brazil (da Cunha et al., 2020, da Silva et al., 2014, Leite and Sampaio, 2010, Silva et al.,
2010); three from Croatia (Turcinov and Begovac, 2011, Turcinov et al., 2009, Viskovi¢ et al.,
2013); two from each of Cambodia (Chhoun et al., 2017, ChhounPheak et al., 2017), Nepal
(Poudel-T and ukar, 2016, Upreti, 2014), and Thailand (Jantarapakde et al., 2014,
Pongthananikorn et al., 2018); and one from each of Australia (Samaras et al., 2009), Canada
(Arendt et al., 2008), Malawi (Muronya et al., 2011), Malaysia (Hejazi et al., 2013), Poland
(Jackiewicz et al., 2019), Portugal (Policarpo et al., 2017), and Uganda (Kazooba et al., 2017).

Sample

ART: Twelve studies included both ART-naive and ART-experienced participants (Arendt et al.,
2008, Chhoun et al., 2017, ChhounPheak et al., 2017, Hendricks et al., 2006, Jantarapakde et
al., 2014, Joy et al., 2007, Leite and Sampaio, 2010, Policarpo et al., 2017, Poudel-T and ukar,
2016, Upreti, 2014, Hadigan et al., 2001, Silva et al., 2010). The authors of two studies did not
indicate ART usage among the participants (Sirotin et al., 2014, Wright and Epps, 2014). The

remaining 17 studies included only ART-experienced participants.

Age range: The authors of 26 studies reported age range either as part of the inclusion criteria
or results. While some provided only lower limits, generally the reported age ranges were
between 15 to 70 years. Five studies did not have an age range, but only the mean (SD) of age
was shown in their results (Arendt et al., 2008, Hendricks et al., 2006, Noble, 2019, Shah et al.,
2005, Sirotin et al., 2014).
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Quality

Scoping reviews do not require a quality appraisal; thus, we did not appraise the quality of

included studies. However, the following points may be important to note.

Research Ethics: The authors of the three studies did not mention obtaining ethical approval

from an ethics committee. However, two studies referred to a parent study (Hendricks et al.,
2006, Turcinov et al., 2009), while the authors of the third study mentioned obtaining informed
consent from the participants (Jackiewicz et al., 2019). All 28 other studies were approved by

an ethics review committee.
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Table 3. 2 Table of included studies with selected characteristics

Authors/year Country of | Aim Sample Study design ART Control Dietary assessment Main result Conclusion
origin use: group
Yes, No
or both
Arendt et al. Canada e To assess dietary e 65 PLWH men Cross- Both No 7-day Food protocol e Lowenergy and |e Patients follow a
(2008) intake and physical | e atleast one sectional Validated Food Portion Visual fiber typical western diet.
activity in a MetSyn 2.0 Chart. e adequate e This could be
population of male e OnART Dietary data were analyzed protein associated with the
PLWH and e Mean age: using a software. * high fat intake development of
metabolic 47years Intakes were compared to DRI | e Dietary intake of metabolic disorders
abnormalities most and HIV disease
e Tocompare the micronutrients progression.
data to Canadian was low.
recommendations
Capili and USA e To examine the e 75 ambulatory Cross- Yes No 7-day food diaries including e High mean The NCEP guidelines
Anastasi (2008) differences in PLWH sectional portions, quantity, and method intakes of fat, regarding intakes of
nutritional intake e ONART of preparation. SFA, and Chol fiber, saturated fat,
and BMl in PLWH o Age 218 years The food diary was analyzed e Low mean sugar, and cholesterol
with chronic o Experienced a using a software to yield intakes of were not met.
diarrhea via minimum of nutrient intakes. MUFAs, PUFAs
secondary analysis three episodes Intake of food groups was
of patients’ of loose, watery, computed.
nutritional diaries or liquid stools in Nutrient intakes were
e To evaluate the a 24-h period for compared with NCEP
quality of diets > 3 weeks. guidelines, 2000 DGA, and the
against national Food Guide Pyramid.
dietary guidelines
Chhoun et al. Cambodia | To determine the e 510 PLWH for at | Cross- Both No Servings of F&V, type of ol e Eating fewer e The prevalence of
(2017) prevalence of DM, least 12 months | sectional used fruits, and using NCDs reported was
HTN, and e And/or on ART Questionnaire modified from lard for cooking high
hypercholesterolemia for = 6 months WHO STEPS increased the « Screening should be
and associated risk e 21 years or risk of HTN integrated into routine
factors in PLWH in older e Eating fewer HIV care
Cambodia fruits increased
DM
ChhounPheak et | Cambodia | To explore the e 510 PLWH for at | Cross- Both No Dietary behaviours/habits e PLWH e Consumption of F&V
al. (2017) prevalence of DM, least 12 months | sectional WHO STEP-Wise Approach to consumed on remained low
HTN, hyperlipidemia, e And/or on ART Surveillance average 1.8 e The prevalence of

and related risk factors
in PLWH in Cambodia

for 2 6 months
21 years or older

servings/day of
fruits for 2.5
days/week, and
2.0 servings/day
of vegs for 5.6
days/week.

NCDs was high
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e The majority

(92.4%)
prepared meals
at home.
o The majority
(95.3%) used
veg oil.
da Cunha et al. Brazil e To estimate the e 168 PLWH e Cross- Yes No o Daily food consumption o No fruit Inadequate diet was a
(2020) prevalence of DMin | e =18 years old sectional o The dietary data collection tool consumption - risk factor for diabetes.
PLWH e On ART 23 « Descriptive was not adequately described 29.8%
e To assess the months but was part of the data e No vegetable
associated risk collection form consumption -
factors ¢ “the form already validated in 28.0%
previous research had three o 452% ate fats
parts... daily food and fried foods
consumption” e 51.8% ate
sweets and
sugary foods
da Silva et al. Brazil To assess the e 50 PLWH e Descriptive Yes No e Non-quantified FFQ from Food | ¢ “Good” food e “Good” food
(2014) relationship between e On ART for=2 e Cross- and Nutrition Surveillance consumption — consumption group
dietary intake and use months sectional System of the Brazilian 37% obtained better levels
of protease inhibitors o > 18 years old Ministry of Health. e “Regular” food of HDL-C than the
(Pls) with e 10 food groups over the last 7 consumption - “poor” group
anthropometric and days 28% e Use of Pl ARVs was
biochemical o Data was split into terciles for | e “Poor” food associated with higher
parameters in PLWH classification consumption - VLDL-C and TG levels
35%
e The greatest
inadequacies
were
represented by
groups of vegs
& dairy
products.
Gavrila et al. USA To investigate the e 120 PLWH Cross- Yes No o A previously validated self- o Generally high Vitamin E intake is
(2003) relationship among e 216 years of age | sectional administered quantified FFQ. fat, low carbs inversely associated with

habitual exercise, diet,
and the presence of
metabolic
abnormalities (FR,
dyslipidemia, IR)

e 26 months of
ART.

—no further description
Consumption of food groups,
and nutrients in the preceding
year

intakes.
Subjects with
Fat wasting
consumed the
highest kcal
Subjects with fat
accumulation
consumed the
lowest fat

diastolic blood pressure
in PLWH
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Hadigan et al. USA To assess the e 85 PLWH with Cross- Both No * Modified Burke diet history o Low fiber, high e PUFAs, fiber, and
(2001) relationship between fat redistribution | sectional technique cholesterol, high alcohol are strongly
dietary intake, body e 18-60 years o Intake within the past month kcal/kgBw associated with IR and
composition, and e On ART for = 6 « Used food models, cups, and | e Dietary habits, hyperlipidemia
metabolic parameters weeks measuring tools to estimate energy, and e |t may be an important
portion sizes. macronutrient target for dietary
e Energy and macronutrient intake did not modification
consumption was reported differ among
those with or
without FR
Hejazi et al. Malaysia To determine the e 340 PLWH Cross- Yes No e Two 24-hour dietary recalls. e HTN had an o More efforts are
(2013) prevalence of HTN & e on ARV for = 3 sectional o Weekday and weekend days. association with needed to assist
associated risk factors months o Average was used for 1 % energy from PLWH to embrace a
among PLWH > 18years old analysis. protein intake healthy practice.
e Classification of macronutrient | ® Normal BP had o Essential information
requirements were adapted an association on diet, PA, and
from the Technical with 1 % energy weight management
Subcommittee (TSC) on from should be provided.
energy and macronutrients carbohydrate
intake
Hendricks et al. USA o To describe the 321 PLWH Cross- both No e 3-day food records including 1 e Total kcal and e Obesity and diet in
(2006) prevalence of sectional weekend day. fiber reduced PLWH need to be
obesity among a o Afood scale and a ruler were with increasing addressed
cohort of PLWH given to participants to BMI o Diet quality may affect
e To determine estimate portion sizes o Mean total fat MetSyn, CVD and
differences in ¢ Food records were analyzed and SFA were other weight-related
dietary intake using a software above health risks.
among those * Intakes were compared with recommendatio
subjects who are DRI n
normal weight, e Micronutrients
overweight, and were below DRI
obese e Obese women
had higher Kcal
from SFA than
RDA, lower fiber
Jackiewicz et al. | Poland To determine if e 80 PLWH Cross- Yes No e Three 24-hour dietary recalls. o Intakes showed o Diet modification may
(2019) e The amount and e 18-70 years old sectional o Two weekdays and one high fat, high affect HIV treatment
quality of dietary fats | e on stable ART weekend day. meat vs fish o Adietitian is

consumed had an
effect on total, LDL
and HDL cholesterol
and TG
e GL had an effect on
TG concentration
The quality of
consumed fats had

for = 12 months.

This was analyzed using a
software, and the data were
compared with WHO
guidelines

(high SFA), high
sweet drinks,
snacks, and
added sugar.
LDL levels
correlated:
o Positively with
dietary SFA

necessary in HIV care
The ratio of n6/n3 fatty
acids was significantly
and postively
associated with CVD
risk
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an impact on CVD
risk

o Negatively with
dietary PUFA

TC levels

correlated:

o Positively with
n6/n3 FA

* Negatively with
GL of diet

10-year risk of

CVD:

e High - 3.75%

e Medium - 12.5%

e Low - 83.75%

Jantarapakde et | Thailand To examine the e 580 PLWH Cross- Both No o 24-h recall ¢ Median energy e MetSyn was common
al. (2014) prevalence of MetSyn e Aged > 18 years | sectional e The number of times is not intake: 1301kcal among HIV+ adults in
and its related factors indicated. e 1 energy intake - Thailand
among ART-naive and « Nutrient intakes were 15.3% * Early screening and
ART-experienced compared with DRI for Thais e 1 carbs intake - ART modification
PLWH in Thailand in 2003. 34.7% among aging PLWH
e | protein intake - on long term treatment
28.8% may | reduce MetSyn
° T fat intake - and other CVD
13.3%
e Diet of PLWH
on ART was not
significantly
different from
ART-naive
e 22.2% had
MetSyn
e Those on ART
had 1 MetSyn
than ART-naive
Joy et al. (2007) | USA To evaluate dietary e 356 HIV PLWH Prospective Both Yes e 4-day food record (3 o Intakes of total o 1 dietary SFA is
intake and its and 162 cohort weekdays, 1 weekend) or one Kcal, carbs, associated with
relationship to lipid community- (included 24hr-recall. protein, MUFA hypertriglyceridemia
parameters in PLWH derived HIV- because the o Nutrient intake was then and PUFA were among PLWH with
with metabolic negative diet was computed using a software. not significantly metabolic
abnormalities controls 18-60 reported o Intakes were compared with different abnormalities.
years old Cross- the 2005 USDA recommended between the two | e Dietary modification
e For subjects on | sectionally). dietary guidelines. groups should target | SFA in
ART, must not ¢ ltems used to estimate portion | ® Fiber intake was this population
be less than 6 size include food models, significantly
weeks before cups, and household lower among
evaluation measures PLWH
e PLWH had

higher intakes of
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total fat, SFA,
Chol, and %
kcal from SFA
and Trans fat
SFA intake was
positively
associated, and
Total fat was
negatively
associated with
TG level among
PLWH.

PLWH had
higher chol, TG,
WHR, and lower
HDL than
controls.

No significant
associations
between dietary
SFA, total fat,
trans fat, or chol
intake and total

chol or HDL
o MetSyn was
significantly
higher among
PLWH than in
controls
Kazooba et al. Uganda To investigate the e 1024 PLWH Cross- Yes No Consumption of animal protein e Animal protein e ART use=1
(2017) prevalence, predictors e On ART sectional >3 days a week intake >3 cardiometabolic risk.
of, and effect of ART « 18 years old and days/week - e Cardiometabolic risk
regimen on above 27.8% should be regularly
cardiometabolic risk e Animal protein assessed
among PLWH in intake >3 e HIV care should

Uganda at enrolment
into a prospective
cohort to study the
Complications of
Long-Term ART
(CoLTART).

days/week was
1 among men
than women
PLWH who
consumed
animal proteins
2 3 days/week
had a higher
mean TC, LDL,
FBG, FHS, TC:
HDL ratio, and
AlP

include intervention
programs especially in
settings with limited
resources
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Leite and Brazil to assess the e 100 PLWH Cross- Both No e One 24-h dietary recall and a e Mean (SD) o 1 intake of Calcium
Sampaio (2010) relationship between e 22-65 years of sectional validated semi-quantified FFQ Calcium intake = and F&V may = |
dietary calcium, dairy age e FFQ was used to differentiate 559.25 (298.84) abdominal obesity and
food intake, and between dairy and non-dairy mg/day HTN among PLWH.
metabolic parameters calcium intake o Dairy o Calcium or dairy
in PLWH e Calcium intakes were consumption = product intake was |
compared with the guidelines 1.73 for most participants
of the Institute of Medicine, servings/day
1997 e | calcium intake
o Dietary fiber intakes were -92 % of
compared with the guidelines participants
of the Brazilian Society of o Dietary fat goals
Cardiology, 2007 for prevention of
CVD were not
met by high %
of PLWH
o Milk was the
most important
dairy food
e 1 intake dairy
foods (= 2
servings/day)
was associated
with | BMI, WC,
and BP levels.
e | calcium intake
was associated
with 2-fold
chances of
MetSyn and
HTN.
Muronya et al. Malawi To obtain initial data e 174 PLWH Cross- Yes No e F&V consumption (WHO An insufficient diet | CVD risk factors were
(2011) on multiple NCD and e Aged 18-69 sectional STEPS) with regards to common among PLWH
CVD risk factors in years o Insufficient consumption: <5 F&V was reported on long-term ART in
adult Malawian ART ¢ On long-term servings/day of F&V by 67.6% of the Malawi
patients in an urban ART (>1 year) patients
setting
Noble (2019) USA to examine the e Cross- Yes - e USDA Household Food Food Security:
experiences of people sectional Security Scale Module e Low-19%
in terms of their food e Mixed e 24-hour dietary recall (no o Very low -35%
insecurity, methods further info)
diet quality, adherence
to antiretroviral
therapy (ART), and
mental health
Policarpo et al. Portugal to assess PLWH's e 571 PLWH Cross- Both No e MD using the MDS e Overall e The MD was
(2017) adherence to the sectional questionnaire adherence to moderately adhered
MedDiet and its the MD was to.
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relationship with

nutritional status and

CVR

e 18- 65 years
old,

e Scores ranged from 0 to 55
e 1 scores indicated 1

adherence

Individuals were grouped into
tertiles of MDS as there are no
cut-offs

How the authors arrived at the
MDS was not further
explained.

moderate with a
27.5 mean
score.
e 40.3% were
overweight or
obese
33.9% had
MetSyn
41.9% had WC
1 than cut-off
point, and had
an association
with being
female
CVR:
e 53.2% low
e 30.1% moderate
e 16.6% high

Having a BMI =2 25
kg/m2, MetSyn, and
moderate to high CVR
was associated with 1
adherence.

Findings suggest that
the MD pattern may
have been adopted in
the presence of
comorbidities

Pongthananikor Thailand To evaluate the e 135 PLWH Cross- Yes No e One 24-hour recall (no further | o Mean total kcal e MetSyn could be
n et al. (2018) prevalence and risk e > 18 years of sectional info) was 1454.2 found in PLWH on
factors of MetSyn in age e Total dietary energy and kcal/day HAART
PLWH on ART e on HAART for = energy distribution from o MetSyn group o Dietary modification
12 months carbohydrate, protein, and fat consumed more should be included in
were estimated carbohydrates patient care for the
e Compared to DRIs than the non- management of
MetSyn group. metabolic problems
e 30.3%
dyslipidemia,
16.3% HTN,
6.0% DM,
18.5% MetSyn
* Hypertriglycerid
emia was the
most frequent
metabolic
abnormality
found
e Participants had
hypertriglyceride
mia with normal
HDL-C levels
Poudel-T and Nepal To assess the e 314 PLWH Cross- Both No e Two 24-h dietary recalls (1 ¢ B vitamin intake | e Itis possible that the
ukar (2016) association between e Aged 18-60 sectional week apart, on different was not different ranges of B-vitamin
dietary B vitamin years weekdays). by gender intake were too small
intake and depressive « Portion sizes were estimated o Intake of B- to show an
symptoms in a cohort using standard household vitamins was association with
items. lower than EAR depression
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of HIV-infected
persons

Indian food tables were used
to calculate daily intake of B
vitamins

Intake of B-vitamins was
adjusted for energy, classified
into tertiles, and compared
with EARs

for the majority
of participants
Energy intake
was higher in
men

The risks of
depression 1
with | intake of
riboflavin in all
participants
No association
was seen
between
depression and
other B
vitamins.

e Future studies or trials
should verify the
association between
B-vitamins and
depression among
PLWH

Samaras et al. Australia To determine whether e 106 male PLWH | Cross- Yes No ¢ Semi-quantified FFQ. o Diet composition | ¢ SFA intake was
(2009) dietary intake with sectional e Serving sizes were specified was not weakly associated
influences total body lipodystrophy as pints, teaspoons, slices or associated with with adiposity in
fat, visceral fat, insulin | o on HAART simply defined as portions %body fat, BMI PLWH with
resistance, glucose e aged >17 years « FFQ validation info not stated and visceral lipodystrophy
metabolism, lipid o After analyzing the dietary adiposity o Nutrient intake was
metabolism, and data, energy under-reporters e SFA related to not associated with
circulating were excluded from further % total body fat visceral adiposity,
inflammatory markers analysis. e PUFA had a glucose metabolism,
in PLWH with significant IR, or adipokines.
lipodystrophy positive o Interventional,
relationship with prospective studies
BMI may show if nutrition
o Dietary fat can ameliorate
intake was not metabolic
associated with complications related
fasting insulin, to HIV lipodystrophy
adiponectin, TC, | e Nutritional studies in
leptin, HOMA- PLWH should utilize
IR, HDL-C, precise measures of
glucose, or TG. adiposity if possible.
o No association
between fat
subtype and
fasting insulin,
IR, TC, HDL,
TG, glucose,
adiponectin
Shah et al. USA To investigate the role | 45 male and 6 Cross- Yes No  3-day food record o Diet was highin | 1 intake of trans-fat,
(2005) of dietary female PLWH with | sectional e Two week days, and one chol and % total, and animal protein,
macronutrients, Lipodystrophy on weekend day. energy from trans-fat, as well as |
exercise and smoking Pls were recruited SFA and trans soluble fiber contribute
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in contributing to
dyslipidaemia in

LDHIV individuals on

PI

o Nutrient intake was analyzed
using a software.

fats, and low in
soluble fiber
compared with
guidelines.

% Energy from
total and animal
protein intakes
was positively
associated with
TC and non-
HDL-C

% Energy from
trans-fat had
positive
association with
TG

Soluble fiber
had negative
association with

to dyslipidaemia among
LDHIV participants using
Pl ARVs

non-HDL-C
Silva et al. Brazil To describe the e 314 PLWH Cross- Both No e Semi-Quantitative FFQ was e High chol, sat o Risks of CVD was
(2010) nutritional and clinical e Aged 20 - 70 sectional used to assess consumption and trans-fat, higher among PLWH
status and the quality years in the past 12 months. sodium, and on HAART
of diet of PLHA. ¢ FFQ contains 47 food items simple carbs ¢ Health interventions is
categorized into 2 groups: intakes. important for PLWH to
“protective” and “not e Serum TC, TG, control CV risk factors
protective” food based on the and glycemia before the outcome
nutritional composition of the were 1 in the
food item Basic ingredients group on
were considered in the case of HAART
mixed preparations. e WHR was 1
e FFQ validation info not stated among men on
HAART than
those not on it
Sirotin et al. USA To determine the e 231 PLWH and Cross- - Yes e The USDA Food Security e 31% Food Food insecurity with
(2014) relationship between 119 HIV- sectional Survey Module. insecurity hunger was related to

food insecurity and

obesity in this cohort
of urban, PLWH and —
uninfected but at risk

women

negative
e Mean age:
48.9years

It has 18 and 10 questions for
a household with children and
without children respectively.
Classifies household into Food
secure, food insecure without
hunger, and food insecure
with hunger.

13% were food
insecure with
hunger

Odds of obesity
was 1 among
women suffering
from food
insecurity with
hunger

PLWH had
lower odds of

obesity among PLWH
and —uninfected women
in this population.

98




obesity as
compared to

HIV-negative
women
Tsiodras et al. USA To investigate whether | ¢ 227 PLWH Cross- Yes No o MDS e Intakes of Adherence to a MD
(2009) closer adherence to e >6 months of sectional o Dietary intake for the poultry, and red pattern favoured |
an MD pattern is cumulative preceding year was assessed meat/red meat cardiovascular risk
associated with exposure ART using a validated FFQ and to products were 1 | factors among PLWH
metabolic aspects of e age 216 years compute the MDS among subjects | with FR
the HAART-induced e Scores ranged from 0 to 55 in the FR group.
MetSyn (FR, IR, 1 scores indicate closer compared to the
dyslipidemia) in adherence to the MD pattern. non-FR group
PLWH. e MDS had a
weak inverse
association with
IR
e MDS had
positive
correlation with
HDL-c and
negative
association with
circulating TG
levels
Turcinov et al. Croatia To investigate the e 117 participants | Cross- Yes No e MDS e Moderate or e MD was not related to
(2009) association of e On HAART for> | sectional o A 150-item semi-quantified high adherence plasma lipid changes
adherence to the 1 year FFQ was used to the MD: 67% during the 1st year of
Mediterranean diet » 218 years of age ¢ The FFQ yielded an average e The values of HAART
and other risk factors monthly intake which was then TC, HDL-C, o The protective effects
for dyslipidemia in converted into daily portions. LDL-C, and TG of the MD are not
Croatian PLWH during « FFQ was adapted from a increased in the related to serum TC,
the first year of previously published study. first 3to 6 LDL-C, or HDL-C but
(HAART)  Food items were classified months after to plasma fatty acid
into 12 food groups. |n|t|at|ng HAART changes
e The ratio of MUFA to PUFA * Baseline TC,
was calculated. HDL-C, LDL-C,
 The MDS was also computed. or TG did not
Scores below the median (4) differ among
were classified as low participants with
adherence, the median score or without
was classified as moderate, adherence to
and scores above the median the MD
were classified as high
adherence to the MDS
Turcinov and Croatia e To estimate the e 130 PLWH Cross- Yes No o MDS e MS was found Although the MD is
Begovac (2011) prevalence and risk ¢ With no major sectional more frequently related to longevity, no
factors associated past CV event association was found
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with the predicted
10-year CHD in
participants without
an established CV
event.

To examine the
association of HIV
disease parameters
(CD4+ T-cell counts,
HIV viral load, and
AIDS diagnosis),
antiretroviral
medications,
lipodystrophy,
adherence to the
Mediterranean diet,
and the presence of
the MetSyn to the
Framingham risk
score

e On cART for = 1
year
o Age: >18 years

A 150-item semi-quantified
FFQ was used to estimate the
MDS

FFQ was adapted from a
previously published study
The MDS with a scale of 0 -9
was dichotomized. Scores
below the median (4) were
classified as low adherence,
the median score was
classified as moderate, and
scores above the median were
classified as high adherence
tothe MDS

in females than
in males
Abdominal
obesity was
more common
in females than
males
Dichotomized
CHD risk score
did not relate to
adherence to
the MD,
consumption of
olive oil, family
history of CHD,
energy
expenditure =
8.6 MET-h/days,
and current
smoking.
10-year CHD
risk of2 10%
was more likely
among those
aged 243
years, with
alcohol
consumption =
10 g/day, as
well as with a
CD4 count of <
50/microliter +
history of AIDS
diagnosis.

between adherence to
the MD and | CHD risk
using the Framingham
equation.

Upreti (2014) Nepal To survey the e 601 PLWH e Cross- both No o A validated 45-item semi- o Participants ate Food and nutrient
nutritional status, e Aged 15-49 sectional quantified FFQ was used. a typical plant- intakes by PLWH in
habitual diet, dietary years e Mixed- e Energy and nutrient intakes based diet Nepal were not
knowledge, and « diagnosed methods were calculated o Low animal adequate and did not
demographic positive for > 6 « Intakes were compared to products intake | meet dietary
characteristics of months DRIs o Low recommendations
PLWH in Nepal. micronutrient

intake than DRI
e Vit C intake was
satisfactory

Viskovic et al. Croatia ¢ To evaluate the e 110 PLWH on Cross- Yes Yes ¢ MDS Patients with e | adherence to the

(2013) influence of food ART and 131 sectional o A previously validated 14-point | subclinical MD was associated

habits, specifically non-HIV- food item questionnaire was atherosclerosis with 1 risk of

adherence to the

used to compute MDS.
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MD, on CIMT and
the presence of
plaques in HIV-
infected patients
taking ART and non-
HIV-infected

e To determine if HIV
infection contributes
independently to
subclinical
atherosclerosis

infected
participants

e > 18 years of
age

The composite dietary score
was dichotomized at the
median. Low adherence to the
MDS was defined as a score
of <4.

had lower median
MDS

subclinical
atherosclerosis

A risk factor for
subclinical
atherosclerosis in
older individuals was
treated HIV infection

Webel et al. USA To examine how HIV e 105 PLWH and e Observation | Yes Yes e Three standardized 24-hour e Mean (SD) HEI o Perceptions of
(2020) status influences 86 al dietary score = 45.4 ASCVD risk influence
knowledge, beliefs, demographically | ¢ Mixed o A trained dietitian conducted (11.1) some behaviours
and perception of risk similar HIV- methods recall interviews on 2 o Diet composition | ¢ Some additional
for ASCVD and uninfected weekdays and 1 weekend day did not differ barriers and
ASCVD prevention adults e The HEI was computed with a between groups insufficient cues to
behaviors e Age: 30 years or score ranging from 0 to 100 o Perceived lack action resultin | PA,
more of ASCVD diet, and rates of
prevention smoking.
benefits was
inversely related
to HEI score
e 0.57 | HEl score
per 1 unit 1 in
perceived lack
of ASCVD
prevention
benefits
Wright and Epps | USA To describe the e 107 PLWH  Descriptive | - No  Food insecurity is assessed e Food insecurity: | ¢ PLWH face risk of
(2014) nutritional status and e Aged 19-70 e Cross- using 1 question—‘Do you 46% complex nutritional
complications of sectional have adequate access to o At nutritional complications.

PLWH

food?”

Not validated but commonly
used in HIV clinics across the
country.

risk: 42%
Malnourished:
12%

e Food insecurity
accounted for
an additional
3.8% of unique
variance in risk
status

e Food insecurity
was a significant
predictor of
nutrition risk
even after a
myriad of other

It is important to
continue nutritional
screening and
intervention

The complications
most predictive of
nutritional risk were
food insecurity, weight
loss, lipoatrophy, poor
appetite, diarrhea,
nausea, and diabetes
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predictors were
taken into
account

AIP= Atherogenic Index for Plasma, ART= Antiretroviral Therapy, ASCVD= Atherosclerotic Cardiovascular Disease, BP= Blood Pressure, CHD= Coronary Heart Disease, Chol= Cholesterol, CIMT=
Carotid Intima-Media Thickness, CVD= Cardiovascular Disease, CVR= Cardiovascular Risk, DGA= Dietary Guidelines for Americans, DM= Diabetes Mellitus, DRI= Dietary Reference Intakes, EAR=
Estimated Average Requirements, F&V= Fruits and Vegetables, FA= Fatty acid, FFQ= Food Frequency Questionnaire, FGB= Fasting Blood Glucose, FHS= Framingham Risk Score, FR= Fat
Redistribution, GL= Glycemic Load, HAART= Highly Active Antiretroviral Therapy, HDL-C= High Density Lipoprotein Cholesterol, HEI= Healthy Eating Index, HOMA-IR= Homeostatic Model
Assessment of Insulin Resistance, HTN= Hypertension, Kcal/KgBw= Kilocalories per Kilogram Body Weight, LDHIV= Lipodystrophy in HIV Infected, LDL-C= Low Density Lipoprotein Cholesterol, MD=
Mediterranean Diet, MDS= Mediterranean Diet Score, MetSyn= Metabolic Syndrome, MUFA= Monounsaturated Fatty Acid, NCD= Non-communicable Disease, NCEP= National Cholesterol Education
Program, PA= Physical Activity, Pl= Protease Inhibitors, PLWH= People Living With HIV, PUFA= Polyunsaturated Fatty Acid, RDA= Recommended Dietary Allowance, SFA= Saturated Fatty Acid,
TG= Triglyceride, USDA= United States Department of Agriculture, VLDL-C= Very Low-Density Lipoprotein Cholesterol, WC= Waist Circumference.
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Findings

Diet Quality / Food Security methods used:

As shown in Table 3.2 only three studies included a measure of food security (Noble, 2019,
Sirotin et al., 2014, Wright and Epps, 2014), of these, only one has both diet adequacy and food

security, while the other two only assessed food security in the context of HIV and NCDs.

Food Security: The measures used to assess food security status included the USDA household
food security scale module (Noble, 2019), USDA household food security survey module (Sirotin

et al., 2014), and a one-item questionnaire that is not validated (Wright and Epps, 2014).

Dietary Intake Assessment Methods:

Dietary intake was measured using a 24-hour recall in nine studies (Hejazi et al., 2013,
Jackiewicz et al., 2019, Jantarapakde et al., 2014, Joy et al., 2007, Leite and Sampaio, 2010,
Noble, 2019, Pongthananikorn et al., 2018, Poudel-T and ukar, 2016, Webel et al., 2020), FFQ
in nine studies (da Silva et al., 2014, Gavrila et al., 2003, Leite and Sampaio, 2010, Samaras et
al., 2009, Silva et al., 2010, Tsiodras et al., 2009, Turcinov and Begovac, 2011, Turcinov et al.,
2009, Upreti, 2014), food records/nutritional diaries/food protocol in five studies (Hendricks et
al., 2006, Joy et al., 2007, Shah et al., 2005, Arendt et al., 2008, Capili and Anastasi, 2008),
and diet history in one study (Hadigan et al., 2001). The 24-hour recall was repeated three times
in two studies, two times in two studies, and was done only once in three studies, while the
remaining two studies did not provide this information. Seven out of nine studies that used FFQ
indicated that their FFQs were previously validated, the remaining two did not provide this
information. The FFQs consisted of a list of food items ranging from 10 to 150. Food
records/nutritional diaries/food protocol were recorded for three days in two studies, four days
in one study, and seven days in two studies. Diet history was recorded for the past month. The
data from the dietary intake methods were then used to calculate diet quality indices in six

studies or compared to standards to report adequacy of dietary intake in 11 studies.

Diet Quality Index: One study assessed diet quality using the Healthy Eating Index (HEI) score
(Webel et al., 2020), and five studies used the Mediterranean Diet Score (MDS) (Policarpo et
al., 2017, Tsiodras et al., 2009, Turcinov and Begovac, 2011, Turcinov et al., 2009, Viskovi¢ et
al., 2013).

Dietary Adequacy: Macro- and micronutrient intakes were compared with various dietary

guidelines in different studies. Two studies included questions that assessed intakes of fruits
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and vegetables (Chhoun et al.,, 2017, Muronya et al., 2011), one study assessed dietary
behaviour/ habits (ChhounPheak et al., 2017), and one study assessed animal protein
consumption>3 days a week (Kazooba et al., 2017), one study assessed the type of cooking oil

used (Chhoun et al., 2017), and compared them with the standard.

Outcome

Food security: The three studies included assessing food security status were conducted in the
USA (two in Florida, and one in New York). These studies all indicated a high level of food
insecurity among the participants within similar proportions, including 31% (Sirotin et al., 2014),
46% (Wright and Epps, 2014), and 54% (Noble, 2019). One of these studies was retrieved as
part of a doctoral thesis (Noble, 2019). This study showed that 19% of the participants have low
food security while 35% have very low food security accounting for over half (54%) of 131
participants of this study suffering a varying degree of food insecurity. Although three out of
every four participants of this study relied on the Supplemental Nutrition Assistance Program
(SNAP) to meet their needs, 60% reported that it was not enough to meet their household need.
Another included study with similar finding (Sirotin et al., 2014) surveyed 231 HIV-infected and
119 uninfected women. This study showed that 31% of all women who participated in the study
were food insecure over the past six months, and 13% of these women reporting food insecurity
with hunger. The study showed no significant difference in food insecurity with hunger status

among HIV-infected (14.3%) and uninfected (11.8%) women in this study.

Wright et al., 2014 assessed 107 PLWH, and reported 46% as food insecure based on the

results of a one-item question that asks: “Do you have adequate access to food”.

Diet quality: Policarpo et al. (2017) assessed diet quality using the MDS among 571 PLWH in
Portugal. The authors used tertiles of the score to group participants into low adherence (<25
points), medium adherence (25-30 points), and high adherence (>30 points) out of a total of 55
points. Although the mean score indicated moderate adherence (27.5 = 5.5 points), most of the
recommendation for the individual food items that make up the score was followed very small
percentage of the participants. The authors, however, did not report the adherence by the

percentage of participants in each tertile.

Three studies in Croatia also used the MDS to assess the diet quality of 117 PLWH Turcinov

and Begovac (2011), Turcinov et al. (2009), and 110 PLWH and 131 un-infected adults (Viskovi¢

et al., 2013). The scores were dichotomized to give a range of 0-9 and classified as low

adherence if scores <4 or scores 4 and above as moderate to high adherence. Turcinov et al.

(2009) reported that 67% of the participants had moderate to high adherence to the
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Mediterranean diet while Viskovic et al. (2013) found that PLWH had higher adherence to MDS
than the uninfected population with median (range) scores of 5 (3 — 7) and 3 (2 -5) respectively.
No further information concerning adherence to the diet score was reported. Tsiodras et al.

(2009) who also used the MDS did not report a direct result of the score.

Webel et al. (2020) assessed 105 PLWH and 86 uninfected individuals in the US. They
assessed diet quality using the HEI which has a maximum score of 100. The overall HEI score
for all participants was 45.4 (11), this score and the individual diet component score did not

significantly differ between groups (p-value >0.05)

Others: Studies that either did not use a pre-defined diet quality index or assess food security
status compared intakes of the participants with standards such as Dietary Reference Intakes
(DRIs) and NCEP guidelines, while some did not specify this. Most of these studies have similar
findings. The most prominent themes emerging from the finding of these studies are high fat
and energy intake, low consumption of fruits, vegetables, dietary fiber, and sources of
micronutrients. The authors of one of the studies described this as “...a typical high fat, low fiber
Western diet with suboptimal intake of many micronutrients...” (Arendt et al., 2008). Joy et al.
(2007) compared intakes of PLWH with uninfected controls, this study equally showed that fat
consumption was higher, and fiber lower among PLWH compared to the controls. Some studies
also compared intakes by gender; the authors of two studies reported that energy intake was

higher among men than women.

Fat: Generally, high consumption of total fat, energy from fat, cholesterol, saturated, and trans-
fat was reported (Arendt et al., 2008, Capili and Anastasi, 2008, Gavrila et al., 2003, Hendricks
et al., 2006, Jackiewicz et al., 2019, Shah et al., 2005, Silva et al., 2010). While consumption of
essential fat was reported low. Overall, almost all the studies assessing dietary intake showed

that fat recommendations were not met by the participants.

Proteins: Four studies had protein intake in their results. Jackiewicz et al. (2019) reported that
PLWH in Poland consumed more meat than fish which consequently increased their saturated
fat intake. Leite and Sampaio (2010) assessed dietary calcium and dairy food intake among
PLWH in Brazil. Although, they reported that milk was the most important dairy product
consumed, only 56% consumed up to 1-2 servings per day. Tsiodras et al. (2009) compared
protein intakes of PLWH and fat redistribution (FR) with PLWH without FR. They reported that
the group with FR consumed more protein and red meat products than the group without. They,
however, did not report the quantity of intake for any group. Upreti (2014) reported a contrary
report in their Nepali study; they reported that the participants typically eat a plant-based diet

and have low intakes of animal products.
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Micronutrients: Authors of all studies with micronutrient intake information reported low
intakes, except for Sodium (Silva et al., 2010) and vitamin C (Upreti, 2014). Specific nutrients
mentioned having low intake levels were Calcium (Leite and Sampaio, 2010), B-vitamins
(Poudel-T and ukar, 2016), Iron (Upreti, 2014), Magnesium, Vitamins A and E (Arendt et al.,
2008). A study showed that Vitamin C intake was satisfactory (Upreti, 2014), while two studies
revealed a high intake of sodium among the participants (Arendt et al., 2008, Silva et al., 2010).
Arendt et al. (2008) specifically reported that diet alone did not meet the micronutrient

requirement of PLWH.

Others: Other dietary components mentioned are fiber; fruits and vegetables; alcohol; sweet
drinks, snacks, and added sugars. All the studies that assessed fiber (Arendt et al., 2008, Capili
and Anastasi, 2008, Hadigan et al., 2001, Shah et al., 2005), fruits, and vegetables
(ChhounPheak et al., 2017, Muronya et al., 2011) recorded a low intake among the participants.
One study showed a lower intake of alcohol by PLWH than in control but did not quantify the
intake (Joy et al., 2007). Finally, two studies included the intake of sweet drinks, snacks, and
added sugars (da Cunha et al., 2020, Jackiewicz et al., 2019). Jackiewicz and colleagues

reported a high intake of this among their study participants.

Risk of CVD reported

Twenty-eight studies included one or more risks of CVD in their report, only three studies did
not. As shown in Table 3.3 below, the risks of CVD reported are lipodystrophy/fat redistribution
(eight studies), obesity/overweight (11 studies), central obesity (six studies), hypertension (11
studies), dyslipidemia (nine studies), insulin resistance/hyperglycemia/diabetes (nine studies),
metabolic syndrome (seven studies), 10-year risk estimation using the Framingham scale (three
studies), and subclinical atherosclerosis using the Carotid Intima-Media Thickness (CIMT) (one

study).

Muronya et al. (2011) highlighted that CVD risks were more common among PLWH on long-
term ART while Turcinov and Begovac (2011) showed that metabolic syndrome was more

frequent in females than in males.

It is important to note that six studies recruited the participants based on the presence of the

risk of CVD of their interest (Arendt et al., 2008, Capili and Anastasi, 2008, Hadigan et al., 2001,

Joy et al., 2007, Samaras et al., 2009, Shah et al., 2005). The findings of these studies might

not be representative; they were, however, included in our review because of our primary

outcome of interest — diet quality. Similarly, as mentioned above, some studies recruited some

HIV uninfected participants (Joy et al., 2007, Sirotin et al., 2014, Viskovic et al., 2013, Webel et
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al., 2020). Table 3.3 shows the ranges of the prevalence of each risk and the number of studies

from which the ranges were generated:
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Table 3. 3 Risks of CVD reported and their association with diet

Risk References References with CVD data Range of prevalence Association of risk with diet
with CVD
data
Lipodystrophy 5 . Gavrila et al. (2003) . 57.0% Only vitamin E intake had an inverse relationship (Gavrila et al., 2003).
e  Tsiodras et al. (2009) e 257% Inverse relationship with MDS (Tsiodras et al., 2009).
. Policarpo et al. (2017) . 44 4% No association with MDS (Policarpo et al., 2017).
e Jantarapakde et al. | e 452% Energy intake (kcal/kg) was significantly higher among participants
(2014) with I_ipoatrophy than those with lipohypertrophy or mixed lipodystrophy
e Wright and Epps (2014) | ¢ 31.0% (Hadigan et al., 2001).
Obesity/overweight 6 e  Hendricks etal. (2006) | ¢  12.5% Ob Obese women had higher Kcal from SFA and fat than RDA, and lower
. Turcinov and Begovac | e 8.0% Ob fiber and micronutrients than DRI (Hendricks et al., 2006).
(2011) Adherence to the MD was not associated with the dichotomized CHD
. da Cunha et al. (2020) . 63.7% Ov risk score (Turcinov and Begovac, 2011).
e daSilvaetal. (2014) No statistically significant difference in the dietary intake of normal
e Jackiewicz et al. (2019) 0 weight and overweight/obese participants (Arendt et al., 2008).
R Muronya et al. (2011) ° 20.0% Ob Fiber intake was lower among obese participants, but not statistically
e 75%0Db significant (Capili and Anastasi, 2008).
e 23%0Db Food insecurity with hunger had an association with obesity among
PLWH and uninfected participants (Sirotin et al., 2014).
Central Obesity 5 e daCunhaetal (2020) | e 48.2%AC
e daSilvaetal (2014) e 66.9%WC
e Kazooba et al. (2017) e 52.6%
e  Muronya et al. (2011) e 454%WHR
. Turcinov and Begovac | e 32%
(2011)
Hypertension 10 e  Chhoun et al. (2017) . 15.1% Eating fewer fruits and using lard for cooking increased the risk of HTN
e Hejazi et al. (2013) o 45.6% (Chhoun et al., 2017).
. ChhounPheak et al. | o 15.1% Greater % energy from protein intake was associated with HTN. Higher
(2017) % energy from carbohydrate intake was associated with normal BP
e daCunhaetal (2020) | e 20.2% (Hejazi et al., 2013).
. Jantarapakde et al.
(2014) )
«  Kazoobaetal (2017) |° 2862%
. Muronya et al. (2011) . 0
e  Pongthananikorn et al. 22.6%
(2018)
e Silva et al. (2010) e 459%
e  Turcinov and Begovac | ¢ 16.3%
(2011)
¢« 18.3%
o  43.0%
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5 Insulin 8 . Chhoun et al. (2017) . 8.8% DM Eating fewer fruits was associated with DM (Chhoun et al., 2017).
resistance/Diabetes/Hyperglycaemia e daCunha et al. (2020) . 7.1% DM DM in PLWH was associated with inadequate diet and drinking
e ChhounPheak et al. | e 94%DM alcoholic beverages (da Cunha et al., 2020).
(2017)
. Jantarapakde et al. | o 20.7% IR
(2014)
. Kazooba et al. (2017)
. Muronya et al. (2011)
. Pongthananikorn et al. | o 3.5% HG
(2018)
. 2’2u0r$|1n)ov and Begovac R 1.2% HG
° 6.0% DM
e 9.0%HG
6 Metabolic Syndrome 6 . Leite and Sampaio | e 52.0% Those with a dietary calcium intake lower were two-fold more likely to
(2010) have MetSyn and HTN than those who consumed higher (Leite and
o Policarpo etal. (2017) | o  33.9% Sampaio, 2010).
. Pongthananikorn et al. | o 18.5% Higher adherence to the MD was associated with individuals with a BMI
(2018) > 25 kg/m2, those with MS, and patients with moderate to high
e Turcinov and Begovac | ¢  21% cardiovascular risk, suggesting the adoption of this food pattern in
(2011) the presence of comorbidities (Policarpo et al., 2017).
. Jantarapakde et al. | o 22,29, A higher carbohydrate intake was reported in the group with MetSyn
(2014) compared to the grOL;p without (Pongthananikorn et al., 2018).
o No association was found between adherence to the Mediterranean
* Muronya et al. (2011) * 13.2% diet and lower CHD risk calculated by the Framingham equation
(Turcinov and Begovac, 2011).
7 | Subclinical atherosclerosis 1 e  Viskovi¢ et al. (2013) 33.6% Patients with subclinical atherosclerosis had lower median MDS
Viskovi¢ et al. (2013).
8 At least 1 risk (unnamed) 1 e  Silva et al. (2010) 88%
9 Established CVD 1 . da Cunha et al. (2020) 53.7%
10 | Dyslipidemia 6 e  Chhoun et al. (2017) e 347%HC The saturated fat intake had a significant positive association, and total
. ChhounPheak et al. | e 33.7% HL fat had a significant inverse association with triglyceride level (Joy et
(2017) o 76% al., 2007).
e daSilvaetal (2014) e 31%HC Dietary fat intake (% energy) had no association with TC, HDL-c, and
e Muronya et al. (2011) e Multiple TG (Samaras et al., 2009). _ _ _
o Jantarapakde et al. | e  Multiple ‘Increased intake of total protein, animal protein and trans-fat, and
(2014) reduced soluble fiber consumption contribute to dyslipidaemia in
. Kazooba et al. (2017) PLWH with lipodystrophy on PIs” (Shah et al., 2005).

AC= Abdominal Circumference, BP= Blood Pressure, CHD= Coronary Heart Disease, CVD= Cardiovascular Disease, DM= Diabetes Mellitus, HC= Hypercholesterolemia, HDL-c= High Density
Lipoprotein Cholesterol, HG= Hyperglycemia, HL= Hyperlipidemia, HTN= Hypertension, IR= Insulin Resistance, kcal’kg= Kilocalorie per kilograms, LIMD= Mediterranean Diet, MDS= Mediterranean
Diet Score, MetSyn= Metabolic Syndrome, Ob= Obesity, Ov= Overweight, PLWH= People Living With HIV, RDA= Recommended Dietary Allowance, SFA= Saturated Fatty Acid, TC= Total cholesterol,
TG= Triglyceride, WC= Waist Circumference, WHR= Waist-to-Hip Ratio.
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Lipodystrophy: Studies reporting all forms of fat redistribution among PLWH were included.

Obesity/overweight: Studies estimating BMI categories were included. One study reported a

prevalence of underweight at 29% (Upreti, 2014).

Central obesity: Studies estimating Waist or abdominal circumference, as well as waist-to-hip

ratio, were included

Hypertension: Studies reporting high values of systolic, diastolic, or both pressures.

Discussion

This scoping review aimed to determine the diet quality and food security status of PLWH with
or at risk of CVD and to identify the range and utility of diet quality and food security indices
among PLWH with or at risk of CVD. With just two studies from Africa, and none reporting dietary
adequacy using a diet quality index, this scoping review shows the dearth of nutrition-focused
research among PLWH in Africa. The higher risk of CVD among PLWH (Shah et al., 2018), and
the possibility of dietary intervention reducing this risk (Stradling et al., 2021) emphasize the

need for research evidence among PLWH in Africa.

The use of a wide range of methodologies to assess dietary adequacy and food insecurity made
it very difficult to aggregate the findings of the included studies. Dietary intake was assessed
using several methods and compared with different quality standards based on the objectives
of each study. Despite the high level of heterogeneity in the included studies, similar themes
regarding food insecurity and dietary intake were reported. Food insecurity level was high and
dietary quality ranged from low to medium adherence to quality standards. Even when diet
quality had overall medium adherence to quality standards, adherence to the recommendation
of individual food items was generally low. Overall, results from included study reflect poor food
security, moderate adherence to diet quality indices recommendations (MDS and HEI), and poor
adherence to DRIs and other guidelines. This finding underscores the importance of continued
nutritional screening and intervention among PLWH. We recommend that this be integrated into

primary health care systems that are in contact with PLWH.

Diet quality assessment using a predefined diet quality index, which is the primary outcome of

this review, was reported in six studies. Overall dietary pattern or consumption of food groups

better reflects the dietary quality and is a more efficient way of assessing the association that

may exist between diet and chronic diseases (Coulston, 2001, Patterson et al., 1994). This is

often assessed using predefined diet quality indices. The HEI and MDS were used in one and
110



five studies respectively, however, other available indices that could also be used include
Recommended Food Score, Dietary Diversity Score, Diet Quality Index, and Dietary
Inflammatory Index (Oyetuniji et al., 2021). We recommend that researchers employ the use of
these diet quality indices to assess the dietary adequacy of PLWH when possible. This will also
facilitate easy comparison between studies and highlight the need for nutritional intervention in

a specific population.

Globally, CVD has been identified as the leading cause of mortality (Naghavi et al., 2017). The
most-reported risks of CVD in the included studies were obesity and hypertension, followed by
diabetes and dyslipidemia. This is good because the global prevalence of hypertension has
been projected to rise above 1.6 billion people in 2025 (Mills et al., 2016). This calls for a
continued screening and monitoring of CVD risks especially among PLWH as they face a higher
risk (Gutierrez et al., 2017).

The association between diet and the risks of CVD reported in the included studies is complex.
Most studies had findings suggesting that a diet that adheres to the quality standard used in the
study may reduce the risk of CVD (Chhoun et al., 2017, da Cunha et al., 2020, Gavrila et al.,
2003, Hejazi et al., 2013, Hendricks et al., 2006, Leite and Sampaio, 2010, Pongthananikorn et
al., 2018, Viskovic et al., 2013, Tsiodras et al., 2009). While a few had findings that suggested
no association between diet and risk of CVD (Policarpo et al., 2017, Turcinov and Begovac,
2011), others did not report any association between diet and the risk of CVD. We opine that
this variation in the association between the risk of CVD and diet may be largely due to the
heterogeneity in the methodology and possibly in the study population. Additionally, this may be
because the articles included in this scoping review were cross-sectional, observational study
which is prone to confounding. This is especially true as previous dietary interventions have
been shown to reduce the risk of CVD among PLWH (Lazzaretti et al., 2012, Stradling et al.,
2021). Again, we recommend that researchers use a standardized method of dietary
assessment within their context, and report overall dietary patterns with reference to the risk of

CVD when possible.

Conclusions

PLWH continue to be at nutritional risk and complication which necessitates nutritional
screening and intervention (Wright and Epps, 2014). While being affected by food insecurity,
the diet quality of PLWH has medium adherence to recommendations. More standardized
methods of dietary assessment should be employed by researchers to facilitate easy

comparison.
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The treatment outcome of PLWH may be strongly affected by the dietary intervention
(Jackiewicz et al., 2019). Therefore, it is important to include a dietitian in the treatment

continuum of PLWH, especially at the PHC level.
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CHAPTER 4: NUTRITONAL AND HEALTH STATUS OF PLWH IN CAPE TOWN
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INTRODUCTION

There has been a change in the treatment narratives and an improvement in the nutritional
status of PLWH over the years. This is evident in the increase in BMI and other anthropometric
indices being reported by researchers among PLWH (Ekali et al., 2013, Myezwa et al., 2018).
Unlike before, there have been reports of low prevalence of underweight, and higher prevalence
of overweight/obesity among PLWH on HAART (Mahlangu et al., 2020, Rebick et al., 2016).

Several factors have been associated with these changes, the most reported one being the use
of HAART (Tshikuka et al., 2020). In their findings, it is important to note that Tshikuka et al.
(2020) reported that no specific ART regimen nor the length of time on the program was a better
predictor of weight gain among PLWH. However, Hurley et al. (2011) reported an increased
prevalence of overweight and obesity among the participants after 12 months of ART initiation.

Undoubtedly, HAART use is associated with weight gain among PLWH.

Although not specific to HIV infection, other factors that may contribute to weight gain among
PLWH include shifting demographics, an obesogenic environment including an increasingly
sedentary lifestyle, and consumption of calorie-dense food (Bailin et al., 2020). Additionally,
weight perception, weight satisfaction, and the notion that being “big” indicates good health has
been identified as a driver of weight gain among PLWH (Matoti-Mvalo and Puoane, 2011). This

may be a result of fears surrounding HIV stigma and the psychological effect surrounding it.

Nutritional and health status are directly affected by dietary intake, and dietary information has
often been used in the prediction of CVD risk (Baik et al., 2013). Traditionally, studies often
assess the adequacy of dietary intake by comparing the intake of a nutrient or food component
of interest to reference standards (Abioye et al., 2015, Aibana et al., 2019). However, scientists
have argued that an overall measure of dietary patterns or consumption of food groups may be
a better indication of the relationship between diet and chronic diseases, mortality, as well as
morbidity. Hence the introduction of the diet quality concept (Coulston, 2001, Patterson et al.,
1994).

Diet quality of PLWH using the Healthy Eating Index (HEI) score (Krebs-Smith et al., 2018) has
been reported in Brazil (Duran et al., 2008). The researchers reported that the diet of the majority
of the participants needed improvement. Similarly in the US, the diet quality of PLWH was
reported to be lower than that of the uninfected population (Weiss et al., 2019). Unfortunately,
dietary reports among PLWH in SA are few, not in the Western Cape province, were among
ART-naive participants, and no diet quality index has been used (Hattingh et al., 2014, Hattingh
et al., 2006, Wrottesley et al., 2014). It is therefore important to assess the diet quality of PLWH
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in SA using an appropriate diet quality index. Since food insecurity has been found to be
associated with diet quality (Muhammad et al., 2019), it is also important to assess food security

status of PLWH as it may increase the health risk posed by poor diet quality.

Remarkably, the improvement in the anthropometric indices recorded was also followed by a
tremendous increase in the life expectancy and the quality of life of PLWH. PLWH could now
live a life with reduced mortality, free from opportunistic infections, and which is virologically
controlled (May et al., 2014, Trickey et al., 2017). However, the increasing prevalence of obesity

may be posing a new risk to the health and well-being of PLWH.

The compounding problem of obesity among asymptomatic, apparently well PLWH may be
silently increasing the risk of morbidity among this population group (Biggs and Spooner, 2018).
The new face of increasing obesity among PLWH is marked by altered lipid or glucose
metabolism, increased inflammation, and increased ectopic lipid deposition. This often leads to
conditions such as cardiovascular diseases, diabetes mellitus, hepatic diseases, or
neurocognitive impairment (Bailin et al., 2020). Even in the absence of other metabolic risk
factors, obesity increases the risk of cardiovascular diseases in the general population (Opio et
al., 2020). Given increasing BMI and other anthropometric indices among PLWH, it is important

to continue to monitor the situation and research what factors may be responsible for this.

This paper aims to describe the nutritional and health status of adults living with HIV on stable
HAART attending a primary health facility in Cape Town. This paper will also explore the

association that exists between BMI and diet quality and other important variables.
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METHODS
Study Design

This paper is based on a descriptive and cross-sectional study. Data was collected once, and
we describe the nutritional and health status of our respondence and its association with risk
factors of NCDs.

Study Population and Recruitment

The study population was all adults with HIV that are stable on HAART, enrolled, and attending
the adherence clubs at the Heideveld Community Health Clinic (CHC). To be classified as stable
on HAART, participants must have been receiving HAART successfully with controlled viral load
for at least 1 year. This health care facility was selected because it has a well-established
HIV adherence club structure and serves a diverse population of both locals and people
from outside the community. Heideveld is a Cape Flats community. The study
population is representative of the population that attends the CHC and not a reflection

of the SA population and we interpreted the results accordingly.

The maijority of the participants were recruited on the day they were scheduled to collect
their medication or attend the facility for their annual blood sample collection. A trained
fieldworker approached patients in the waiting area to provide an overview of the study
and invite them to participate. Patients who showed their interest to learn more about
the study procedures were attended to in a private room. They were informed about the
study in more detail and asked to volunteer to participate. Patients were eligible to
participate if they were HIV positive on stable HAART for at least 1 year, aged 18 years
or older, and able to communicate in Afrikaans, English language, or isiXhosa.
Participants were excluded if they were pregnant, are not physically or psychologically

fit to answer questions, or did not give consent.

The study of Muhammad et al. (2019) who investigated the associations of food insecurity and
psychosocial measures with diet quality in adults aging with HIV was used to determine the
sample size using G*Power (version 3.1.9.7). Muhammad et al. (2019) reported a diet quality
score of 46.78+11.73 using the Alternate Healthy Index score that was initially designed by
McCullough et al. (2002). This was used together with a 95% confidence level and a power of
90%.
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The required sample size calculated was 234 participants. We recruited a total of 247
participants, and 1 participant was excluded during data cleaning due to extensive missing

clinical data. Participants were recruited between December 2021 and January 2022.

Permission and Ethical considerations

Ethical approval was granted by the Human Research Ethics Committee of the Faculty of Health
Sciences, University of Cape Town (Ref: 413/2021) (Appendix D). Approval was also obtained
from the Western Cape Province Department of Health (Ref: WC_202110_011) (Appendix E).
Participants’ recruitment commenced only after ethical clearance was obtained and continued
until the required sample size was reached. Participants signed an informed consent form
before any assessment was conducted. There was a low probability of risk for participants in
this study. They understood that they could exit the study at any point without giving any reason.
The Declaration of Helsinki (Goodyear et al., 2007), Good Clinical Practice, and the laws of

South Africa were the guiding principles of this study.

Measures

An interviewer-administered questionnaire (Addendum1), developed for this study, as well as
the patients’ folder, were used to collect data for this study. Data was collected on socio-
demographic variables, HIV infection-related information, anthropometry, biochemical, and
clinical measures, as well as weight perception, satisfaction, and management goals. Other

measures include diet, food security, physical activity, self-esteem, smoking, and alcohol intake.

Socio-demographic assessments

Socio-demographic characteristics were obtained during an interview with the participants using
the questionnaire. We obtained information on participants’ highest level of education as seen
in addendum 1 which was reclassified into “no high school” (below grade 8 in South Africa),
“some high school” (between grade 8 to 11 in South Africa), and “high school completed” (grade
12). As a very small percentage of the participants had post-high school (tertiary) education,
they were included in the “high school completed” category. Other variables include marital
status (unmarried or married), employment status (employed or unemployed), social grant (yes
or no), and pregnancy history. Date of birth and gender (male or female) were obtained from
the folder.
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HIV infection-related information

We obtained data on the year of HIV diagnosis and ART initiation from the folder and calculated
the duration of infection and ART use from this data. Information on previous ART, current ART,

and the number of comorbidities (if any) was also obtained from the folder.

Anthropometric measurements

Anthropometric characteristics including weight, height, MUAC, waist circumference, and hip
circumference were measured according to (Lee, 2013) using a calibrated scale, stadiometer,
and non-stretchable measuring tape where applicable. Weight was recorded to the nearest

0.01kg while others were recorded to the nearest 0.1cm.

Weight and height were measured with participants wearing light clothing with no shoes, hat, or
headdress. Weight was taken on an evenly flat and hard surface, and height was taken with
participants in anatomical position with the head in a Frankfort plane. Body Mass Index (BMI)
was calculated as weight (kg)/ height (m?). BMI classification was done according to World
Health Organization (2006). We classified those with BMI <18.5, between 18.5-24.9, 25-29.9,

and 30 and above as underweight, normal, overweight, and obese respectively.

Waist and hip circumference were measured while participants stood in a relaxed position with
arms folded across the thorax. Waist circumference was measured at the narrowest or midpoint
between the 10th rib and the iliac crest. Hip circumference was measured at the largest posterior

protuberance of the buttocks (Lee, 2013).

Waist to Hip Ratio (WHR) was calculated as waist (cm)/ hip (cm). Waist circumference above
94cm and 80cm for males and females respectively were classified as indicating an increased
risk of metabolic complications, while values above 102cm and 88cm indicate a substantially
increased risk of metabolic complications for males and females respectively. WHR values
above 0.90 and 0.85 indicated a higher risk of metabolic complications for male and female
participants respectively. Waist circumference and WHR were classified according to World
Health Organization (2008).

Biochemical and clinical measures

The most recent viral load (copied/ml), total cholesterol (mmol/L), and creatinine measures were
obtained from the folder. At the clinic, total cholesterol is tested only for individuals diagnosed

with hypertension, therefore, we only have this result for this subset of the study population.
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Total cholesterol values below 5.17 mmol/L, from 5.17 — 6.18, and above 6.18 were classified

as desirable, borderline high, and high respectively.

Blood pressure history for the past 5years (if available), from 2017 to 2021 was obtained from
the medical folder. A systolic pressure between 120-129 mmHg or diastolic pressure between
80-84 mmHg was classified as normal, systolic pressure between 130-139 mmHg or diastolic
pressure between 85-89 mmHg was classified as high normal while systolic pressure from 140
mmHg or a diastolic pressure from 90 mmHg was classified as hypertension. Blood pressure

was classified according to the Hypertension guideline working group (2014).

Hand grip strength (HGS) was measured according to Santos et al. (2019) using a Smedley |l
digital dynamometer. Participants stood upright and held the device parallel to the body with
their non-dominant hand or the hand free from pain, arthritis, or surgery in the past three months.
Participants who have undergone surgery or have had any form of pain in both hands in the
past three months were excluded from this measurement. Relative hand grip strength (RHGS)
was calculated by dividing hand grip strength (kg) by BMI (kg/m?). RHGS has an association

with cardiovascular risk profile (Lawman et al., 2016, Lee et al., 2016, Li et al., 2018).

Dietary Assessment

The dietary intake of respondents over the past month was assessed using a quantified food
frequency questionnaire (FFQ). A list of 44 food items from different groups including
grains/starch, dairy and drinks, fruits and vegetables, proteins/meat, and others was included in
the FFQ. The food list was compiled by an expert panel of registered dietitians using existing
FFQs that assessed the dietary intake of educators from low socio-economic areas in the
Western Cape (Seme, 2013), HIV patients attending an outpatient clinic in Groote Schuur
Hospital, Western Cape (unpublished data, Harbron J) and pregnant women from low socio-
economic areas in Western Cape (unpublished data, PASS study). The FFQ proposed in the
Dietary Assessment and Education Kit (DAEK) (Steyn and Senekal, 2004) was adapted for this
study. We employed the use of food cards which contained the photos of food items on the FFQ
list to ensure easy identification of food consumed and accuracy by our respondents.
Participants were asked to identify the food items they have consumed in the past month by
selecting the food cards containing these food items. Items consumed were separated from
food items never consumed or not during the past month by placing the former on one pile, and

the latter on another pile.

The field worker obtained information from each respondent on the frequency of consumption
and the portion sized consumed for the food items in the “consumed” photo pile. Household
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utensils and measures, as well as food models, were used to assist participants to estimate
portion sizes easily. Participants could indicate whether they consumed one, half, twice, or more
than twice the portion for each item on the FFQ. The portion sizes consumed by participants
were converted to the gram amount of the food item using the MRC food quantities manual. The
daily gram amount of each line item consumed was calculated by multiplying the portion size
with the selected frequency. The data was analyzed using the FoodFinder software which is

linked to the latest MRC food quantities manual and South African Food composition tables.

To assess diet quality, the Alternate Healthy Eating Index (aHEI) score was calculated
according to Chiuve et al. (2012). The aHEI is strongly associated with chronic disease risk. The
index compiles and calculates scores from the following food groups and components:
vegetables, fruits, sugar-sweetened beverages, nuts and legumes, red/processed meat, trans
fat, polyunsaturated fatty acids, sodium, and alcohol. An average score of 5 was given to all
participants for trans fat because of the unavailability of trans fat data in the South African

nutrient database. Details on how this score was calculated are shown in Table 4.1 below.

Weight Management

Data were obtained on participants’ weight perception, satisfaction, and management history in
the past 12 months using our questionnaire. Questions were asked about how happy they were
with their weight (happy, somewhat happy, or unhappy), their perceived BMI (underweight,
normal weight, or overweight), their weight intention (to weigh more, less, or the same), weight
compared to the previous year (more, less or the same), any previous attempt at weight loss or
gain, their willingness to be included in a weight-management program and the type of program
they would prefer program (group or individual counseling). We also included questions asking

if they skip meals or not and the meal they skip most often.
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Table 4. 1 Criteria for Scoring the Alternate Healthy Eating Index Score (aHEI)

participants with 210% of total
energy intake from PUFA.

GROUP DESCRIPTION FOOD ITEMS CRITERIA FOR CRITERIA FOR
FROM FFQ MINIMUM SCORE MAXIMUM SCORE
(0) (10)
Vegetables « All vegetables, except 17 0 25
(servings/day) potatoes.
e 5 servings/day is ideal 20
e 1 serving is 2 cups of vegs or
1cup of green leafy vegs 21
e 1cup =236.59¢g
22
Fruits (servings/day) | e No fruit juices 16 0 24
e 1 serving is 1 medium piece
of fruit or ¥ cups of berries
e 1cup=236.59¢g
Whole Grains e 5 servings/day is ideal for 1 0 5 servings/day (for
(servings/day) women women), 6
e 6 servings/day is ideal for 6 servings/day (for
men men)
8
Sugar-Sweetened 1 serving is 200ml 12 21 0
Beverages and Fruit 13
juice (servings/day) 14
15
Nuts and Legumes 1 serving is 1 tablespoon (15g) | 7 0 21
(servings/day) of peanut or peanut butter.
36
Red/processed meat | e <1 serving/month was 25 21.5 0
(servings/day) considered ideal
e an upper limit of 21.5 27
servings/day was set
e 1 serving is 90g unprocessed
meat or 1 piece processed 28
meat
29
Trans fat (% of An average score was given to 24 <0.5
energy) all participants due to missing
data on trans-fat in the South
African database
PUFA (% of energy) Highest score was given to <2 210

Sodium (mg/day)

Sodium cut-offs were based on
deciles of intake distribution in
the population

Highest decile

Lowest decile

Alcohol (drinks/d)

¢ Highest score was given to
moderate drinker
o Worst score to heavy drinkers
A score of 2.5 was given to
non-drinkers received
Gender-specific cut-offs were
used because the health
effects of alcohol
consumptions are seen in
lquantities in women than in
men.
One drink is 1 tot of spirits, 1
small glass of liqueur, 1 can
of beer, or 1 glass of wine

From the alcohol
intake
questionnaire

22.5 for women 23.5
for men

0.5-1.5 for women
and 0.5-2.0 for men

TOTAL
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Food Security

Food security was assessed using a validated 2-item Food Security Questionnaire (Young et
al., 2009). This tool was extracted from an original 6-item questionnaire (Blumberg et al., 1999).
The score ranges from 0 — 2. Participants with scores of 0 were classified as “food secure” while

others were classified as “food insecure”.

Physical Activity

Physical activity was assessed using the Baecke physical activity questionnaire developed by
Baecke et al. (1982) with a predefined scoring. This is a closed-ended questionnaire that elicits
responses on habitual physical activity in the previous 12 months. It comprises 16 questions: 8
on the work activity index; 4 on the sports activity index; and 4 on leisure (and locomotive)
activity indices. The Baecke questionnaire was validated to be used for PLWH by Florindo et al.
(2006). Responses on the frequency of activities are mostly rated on a 5point Likert scale with
lowest (1) for never and highest (5) for always or very often. Responses on the intensity of
physical activity are also rated on a 5-point Likert scale ranging from 1 (much lighter) and 5

(much heavier).

Self-esteem

Self-esteem was assessed with the Rosenberg self-esteem Scale (RSES). The RSES
measures global feelings of self-worth or self-acceptance and was originally developed by
Rosenberg (1965). The self-report questionnaire consists of 10 items for which participants can
choose one of four possible responses that best describes their present and recent feelings.
Responses are based on a 4-point Likert scale as follows: Strongly disagree, agree, disagree,
and strongly disagree. Questions 1, 2, 4, 6, and 7 attract a score of 3, 2, 1, and 0 if a participant
responds Strongly disagree, agree, disagree, and strongly disagree respectively. This scoring
is reversed for questions 3, 5, 8, 9, and 10. A total score between 0 and 30 can be obtained and
higher scores reflect higher self-esteem. This score was further classified into three categories:
scores between 0-15, 15-25, and 25-30 were classified as low, normal, and high self-esteem

respectively.

According to Silber and Tippett (1965), the scale has a good reliability with test-retest
correlations of 0.85 after a 2-week interval. The RSES also was found to have good validity with

a coefficient alpha of 0.88 (Fleming and Courtney, 1984).

126



Smoking and Alcohol Intake

The study questionnaire included questions on the smoking status of the participants.
Participants were asked if they had previously smoked a cigarette (Yes or no), if they currently
smoke (daily, less than daily, or no), how long they have been smoking regularly (number of
months/years), and the average number of cigarette they smoke each day. Smoking pack-
years, defined as the number of years an individual has smoked one packet of cigarette (10
cigarettes) per day, was calculated by dividing participants’ average cigarette smoked per day

by their duration of smoking (years) (Klug et al., 2018).

Alcohol intake was assessed using questions extracted from the South African National Health
and Nutrition Examination Survey — SANHANES (Shisana, 2009). Participants were asked how
often they took a drink containing alcohol in the past 12 months, how many of these drinks they
take on a typical day, and how often they took beyond the recommendation of 5 and 4 drinks
per day for men and women respectively. They were shown pictures of standard alcoholic

drinks.
Statistical methods

Data were captured into a Microsoft Excel (version 2180) spreadsheet daily during data
collection. Data were checked, cleaned, and analyzed using RStudio Version 1.2.5033. The
distribution of numerical variables was explored for normality using box and whisker plots, and
Shapiro-Wilk’s test.

Numerical variables with parametric distribution were summarized using mean and standard
deviation while those with a non-parametric distribution were summarized using the median and

interquartile range. Categorical variables were summarized using count and proportions.

Participants were categorized into three groups by BMI: normal (<25kg/m?), overweight
(25kg/m?- 29.9kg/m?), and obese (30kg/m? and above). Those with BMI within the underweight
category were merged with those in the normal group for descriptive analysis. Analysis of
variance (ANOVA) was used to test for differences in numerical variables with a parametric
distribution between the three groups while the Kruskal-Wallis test was used for numeric
variables with a non-parametric distribution. Chi-squared test was used to test differences in

categorical variables between the three groups.

A multivariate linear regression model was fitted to identify the predictors of BMI among the

participants. All results with a p-value <0.05 were described as statistically significant.
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RESULTS

Sociodemographic and Socioeconomic Information

The maijority of participants were female (69.9%) and above 40 years old (74.8%) with a median
age of 46 years (Table 4.2). A smaller proportion of the participants did not have high school
education (15.9%) compared with those who had some high school education (41.5%) and
those who completed high school education (42.7%). More than half of the participants claimed
to be unmarried (61.8%), unemployed (56.1%), and did not receive any form of social grant
(62.6%). We recruited 172 female participants of which 94.2% reported to have been previously
pregnant. Among the 162 female participants who had been previously pregnant, 28.4% had
one live birth, 36.4% had two live births, and 31.5% had three or more (Table 4.2).

A hundred (40.7%) participants were classified as obese while 68 (27.6%) were overweight and
31.7% were normal weight. There were no significant differences between normal weight,
overweight and obese participants for their median age (p=0.771), age categories (p=0.761),
marital status (p=0.951), employment status (p=0.495), or whether they were social grant
recipients (p=0.853) (Table 4.2). There were significant differences between the three BMI
categories for gender, level of education and ever being pregnant. More than half (56%) of
participants who were in the normal BMI category were male while the maijority of participants
classified as overweight (69%) or obese (91%) were females (p<0.001). A higher proportion of
those who were in the normal BMI category had no high school education (28.2%), while 52.9%
of those who were overweight and 46.0% of those who were obese completed their high school
education (p<0.001). The proportion of those who had been pregnant increased from 85.3% to
95.7% and 96.7% among those in the normal, overweight, and obese BMI categories

respectively (p=0.046).
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Table 4. 2 Sociodemographic and Socioeconomic Information

Total Normal Overweight Obese P-value
(N=246) N (%) = 78 (32%) N (%) = 68 (28%) N (%) = 100 (41%)
Age (years) 0.771"
Median [IQR] 46.0[39.0, 53.0] 46.0[39.0, 56.8] 46.0[40.0, 51.0] 46.0[39.8, 53.0]
Age categories, years [n (%)] 0.7612
<40 62 (25.2) 21(26.9) 16 (23.5) 25 (25.0)
40 — 49 98 (39.8) 27 (34.6) 31 (45.6) 40 (40.0)
50 and above 86 (35.0) 30 (38.5) 21 (30.9) 35 (35.0)
Sex [n (%)] <0.0012
Male 74 (30.1) 44 (56.4) 21 (30.9) 9(9.0)
Female 172 (69.9) 34 (43.6) 47 (69.1) 91 (91.0)
Level of Education [n (%)] <0.001?2
No High School 39 (15.9) 22 (28.2) 3(4.4) 14 (14.0)
Some high school 102 (41.5) 33 (42.3) 29 (42.6) 40 (40.0)
High school completed 105 (42.7) 23 (29.5) 36 (52.9) 46 (46.0)
Marital Status [n (%) 0.9512
Unmarried 152 (61.8) 49 (62.8) 41 (60.3) 62 (62.0
Married 94 (38.2) 29 (37.2) 27 (39.7) 38(38.0
Employment Status [n (%)] 0.4952
Employed 108 (43.9) 30 (38.5) 31 (45.6) 47 (47.0
Unemployed 138 (56.1) 48 (61.5) 37 (54.4) 53 (53.0
Social Grant [n (%)] 0.8532
Yes 92 (37.4) 31(39.7) 24 (35.3) 37 (37.0
No 154 (62.6) 47 (60.3) 44 (64.7) 63 (63.0
Have you ever been pregnant? [n (%)] n=172 0.0462
Yes 162 (94.2) 29 (85.3) 45 (95.7) 88 (96.7)
No 10 (5.8) 5(14.7) 2(4.3) 3(3.3)
Gravidity [n (%)] n= 172 0.4252
0 10 (5.8) 5(14.7) 2(4.3) 3(3.3)
1 37 (21.5) 6 (17.6) 11 (23.4) 20 (22.0)
2 58 (33.7) 12 (35.3) 18 (38.3) 28 (30.8)
3 39 (22.7) 7 (20.6) 9 (19.1) 23 (25.3)
4 or more 28 (16.3) 4(11.8) 7 (14.9) 17 (18.7)
Live births [n (%)] n=162 0.9212
0 6(3.7) 1(3.4) 2 (4.4) 3(3.4)
1 46 (28.4) 7 (24.1) 11 (24.4) 28 (31.8)
2 59 (36.4) 13 (44.8) 16 (35.6) 30 (34.1)
3 or more 51(31.5) 8 (27.6) 16 (35.6) 27 (30.7)

' Kruskal-Wallis Test, % Pearson’s Chi-squared Test, IQR = Interquartile Range
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Disease-related Information

The median duration of HIV infection among the participants was 12 years, and they had been
treated with ART for a median duration of 10 years. In terms of ART, 171 participants had data
indicating that their regimen was changed at least once. The majority of these were previously
on Tenofovir-Emtricitabine-Efavirenz (TEE) (75.4%), while the rest were on other regimens
including those containing Nevirapine, Lamivudine, Zidovudine, or Alluvia. Among 245
participants whose current ART treatment data were available, 144 (58.8%) were on Tenofovir-
Lamivudine-Dolutegravir (TLD), and 68 (27.8%) were on TEE and the rest were on other

regimens.

The presence of comorbidity was reported among 87 (35.4%) participants. Among these
participants, 19.5% had two or more comorbidities. Hypertension was the most prevalent
comorbidity which was reported among 81.6% of the 87 participants with comorbidity and 38.6%
of the total sample. Other comorbidities reported were dyslipidemia (13.8%), diabetes (10.4%),

cardiovascular disease (8.1%), and others including renal problems and cancer (8.1%)

There were no statistically significant differences between any of these disease-related

variables and the BMI categories (Table 4.3).

130



Table 4. 3 Disease-related Information

Total Normal Overweight Obese P-value
(N=246) N (%) = 78 (32%) N (%) = 68 (28%) N (%) = 100 (41%)
Duration of HIV infection (years) n=237
Median [IQR] 12.0[8.0, 15.0] 11.5[9.0, 13.0] 11.0[8.0, 15.0] 13.0[9.0, 16.0] 0.247"
Duration of ART use (years) n=243
Median [IQR] 10.0[7.0, 13.0] 10.0[6.0, 12.0] 10.0[7.0, 13.0] 10.0[7.0, 14.0] 0.556"
Previous ART [n (%)] n=171
TEE 129 (75.4) 42 (72.4) 38 (76.0) 49 (77.8) 0.7862
Others 42 (24.6) 16 (27.6) 12 (24.0) 14 (22.2)
Current ART [n (%)] n=245
TLD 144 (58.8) 47 (60.3) 41 (60.3) 56 (56.6) 0.7912
TEE 68 (27.8) 19 (24.4) 17 (25.0) 32(32.3)
Others 33 (13.5) 12 (15.4) 10 (14.7) 11 (11.1)
Number of Comorbidities [n (%)] n=87
1 70 (80.5) 18 (75.0) 19 (76.0) 33 (86.8) 0.4162
2 or more 17 (19.5) 6 (25.0) 6 (24.0) 5(13.2)
Hypertension [n (%)] n=233
No 143 (61.4) 48 (66.7) 36 (53.7) 59 (62.8) 0.275?
Yes 90 (38.6) 24 (33.3) 31 (46.3) 35(37.2)

' Kruskal-Wallis Test, %: Pearson’s Chi-squared Test

TEE = Tenofovir/Emtricitabine/Efavirenz, TLD =Tenofovir/Lamivudine/Dolutegravir, IQR = Interquartile Range

Anthropometry, Biochemical and Clinical Assessment

The median mid-upper arm circumference (MUAC) was 32.5cm. MUAC of normal weight,
overweight, and obese participants differed significantly (p<0.001) with median values being
28.0cm, 32.5cm, and 36.5cm respectively (Table 4.4).

More than half (56.1%) had a waist circumference that falls within the groups with a substantially
increased metabolic risk (>102cm for men, and >88cm for women). About 27% had low
metabolic risk as shown by their waist circumference while the rest (17%) had an increased
metabolic risk. The majority of those in the normal BMI group had low metabolic risk as shown
by their waist circumference (71.8%) while about 7.7% had a substantially increased risk. Half
of those in the overweight BMI category had a substantially increased metabolic risk as shown
by their waist circumference. This proportion took a huge jump to 98.0% among those in the
obese BMI category. None of the obese participants had a waist circumference that could be
classified as indicating a low metabolic risk. The difference between the waist circumference of

the BMI categories was statistically significant (p<0.001).

Similarly, more than half (59.8%) had a waist-to-hip ratio (WHR) which indicates a high risk of

metabolic complications while the rest had a low risk. The majority of those in the normal BMI
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category had WHR indicating low metabolic risk (64.1%) while about 35.9% had high risk. The
proportion of those with high metabolic risk shown by WHR increased to 60.3% and 78.0%
among the overweight and obese participants respectively. Only about a fifth (2.02%) of those
in the obese BMI category had a low risk of metabolic complications as shown by WHR. The

difference in the WHR between the three BMI groups was statistically significant (p<0.001).

Overall median hand grip strength (HGS) was 23.9 kg. The median HGS among those in the
normal BMI category was higher than the overall median at 27.9 kg. This reduced to 24.6 kg
and 22.2 kg among overweight and obese participants respectively. There was a statistically
significant difference in the HGS between the BMI groups (p-value of 0.018. Similarly, the overall
median relative hand grip strength (RHGS) was 0.81. Median RHGS among those in the normal,
overweight, and obese BMI categories was 1.30, 0.88, and 0.59 respectively. There was a
statistically significant difference in the RHGS between the BMI groups (p<0.001).

The majority (94.7%) of participants had suppressed viral load (<50 copies/ml), while 66.5%
(155) of these had a viral load lower than Detectable Limits (LDL). Total cholesterol tests are
only carried out annually on HIV adherence club members being treated for confirmed
hypertension comorbidity at the facility. Seventy-one of the participants were being treated for
hypertension but only 80.3% (57 participants) of these had a total cholesterol result in 2021.
More than half (61.4%) of these 57 participants had a desirable total cholesterol level (<5.17
mmol/L). Borderline high level (5.17 mmol/L — 6.18 mmol/L) was recorded among 28.1%, and
10.5% had high levels (>6.18 mmol/L). Viral load and serum cholesterol were not significantly

different between BMI categories (Table 4.4).

The median systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 133 mmHg
and 77 mmHg respectively. The lowest and highest SBP (125 mmHg and 136 mmHg) were
recorded among participants in the normal and overweight BMI groups respectively. Obese
participants had a median SBP of 132 mmHg. There was a statistically significant difference in
the SBP (p=0.010), but not DBP (p=0.136), between the three BMI groups. Post-hoc analyses
indicated that overweight participants had a significantly higher SBP compared to normal-weight

participants.
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Table 4. 4 Anthropometry, Biochemical and Clinical Assessment

Total Normal Overweight Obese P-value
(N=246) N (%) = 78 (32%) N (%) = 68 (28%) N (%) = 100 (41%)

ANTHROPOMETRY
MUAC (cm)

Median [IQR] 32.5[29.4, 36.0] 28.0[26.0, 29.9] 32.5[30.5, 33.4]° 36.5[33.9, 39.0]° <0.001"
Waist Circumference (cm)
Low metabolic risk 67 (27.2) 56 (71.8) 11(16.2) 0(0) <0.0012
Increased metabolic risk 41 (16.7) 16 (20.5) 23 (33.8) 2(2.0)
Substantially increased risk 138 (56.1) 6 (7.7) 34 (50.0%) 98 (98.0)
WHR Categories [n (%)]

High metabolic risk 147 (59.8) 28 (35.9) 41 (60.3) 78 (78.0) <0.0012

Low metabolic risk 99 (40.2) 50 (64.1) 27 (39.7) 22 (22.0)
Hand Grip Strength (kg)

Median [IQR] 23.9[17.9, 29.7] 27.9[17.8,37.27  24.6[18.8,29.4]*®  22.2[17.6,30.0°  0.018'
Relative Hand Grip Strength (HGS/BMI)

Median [IQR] 0.81[0.59, 1.15] 1.30[0.82, 1.76] 0.88[0.67, 1.07] 0.59[0.47,0.78] <0.001"
BIOCHEMICAL
Viral Load, copies/ml [n (%)]

Suppressed (<50) 233 (94.7) 71(91.0) 65 (95.6) 97 (97.0) 0.195?
Unsuppressed (=50) 13 (5.3) 7 (9.0) 3(4.4) 3(3.0)
Total cholesterol categories, mmol/L [n (%)] n=57
Desirable (<5.17) 35(61.4) 10 (58.8) 11 (57.9) 14 (66.7) 0.765?
Borderline high (5.17 — 6.18) 16 (28.1) 4 (23.5) 6 (31.6) 6 (28.6)
High (>6.18) 6 (10.5) 3(17.6) 2(10.5) 1(4.8)
CLINICAL
Systolic Blood Pressure (mmHg) n=233

Median [IQR] 133.0 [120.0, 125.0[116.8, 136.0 [127.0, 132.0[121.0, 0.010'

144.0] 140.0].0° 149.01° 146.8]*°

Diastolic Blood Pressure (mmHg) n=232

Median [IQR] 77.0[70.0, 86.0] 77.0[71.0, 84.0] 81.0[72.0, 90.5] 75.0 [67.0, 86.0] 0.136'

' Kruskal-Wallis Test, 2 Pearson’s Chi-squared Test, MUAC= Mid Upper Arm Circumference, WHR= W aist-to-Hip Ratio,
HGS=Hand Grip Strength, IQR= Interquartile Range. Medians with the same alphabet do not differ significantly in the pairwise test.
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Weight Perception and Satisfaction

Almost 57.7% of the participants were happy with their present weight while 32.5% were
unhappy. There was a statistically significant difference among those who were happy and
unhappy with their present weight between the BMI categories (p=0.015). The percentage of
participants who were happy with their current weight was highest amongst those in the
overweight BMI category (70.6%), followed by those in the normal weight (61.5%) and obese
(46.0%) BMI categories. Almost half of those in the obese BMI category were unhappy with their
present weight (44.0%), while the percentage for participants in the normal and overweight BMI

categories were 26.9% and 22.1% respectively.

About a half (53.3%) of the participants thought their weight was normal, 29.7% thought they
were overweight while 17.1% thought they were underweight (Table 4.5). There was a
statistically significant difference between the three BMI categories as far as the perception of
their weight is concerned (p<0.001). Just more than half (53.8%) of the participants with an
actual normal weight perceived their weight correctly as normal, while 38.5% thought they were
underweight. Two-thirds (66.2%) of participants who were overweight thought they had a normal
weight. Almost half of those who were obese, incorrectly perceived their weight to be normal
(44.0%) or underweight (4.0%).

Among the participants, 43.1% said they would like their weight to stay the same, 29.7% would
like to weigh more and 27.2% would like to weigh less. There was a statistically significant
difference in the weight intention of the participants between the three BMI categories (p<0.001).
More than half (55%) of those who were obese would like to weigh less, while 17.6% among
the overweight and no participant in the normal weight category reported an intention to weigh
less. Conversely, 64.1% of those with a normal weight and 26.5% of those who were overweight
would like to weigh more. More participants from the overweight than those in the obese and
normal BMI categories would like their weight to stay the same as reported by 55.9%, 40.0%,

and 35.9% respectively.

Half (50.8%) of the participants said they now weigh more than last year, 25.2% said they weigh
less while 24% said they weigh the same. There was no statistically significant difference in this

variable between the BMI categories (p=0.495).

The majority (71.1%) of the participants had never tried to lose weight. The normal BMI group

had the highest proportion of participants who had never tried losing weight followed by the

overweight and obese BMI categories with 88.5%, 75.0%, and 55.0% respectively. The obese

BMI group had the highest proportion of participants who had tried losing weight followed by the
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overweight and normal BMI categories with 45.0%, 25.0%, and 11.5% respectively. These

observed differences were statistically significant (p<0.001).

Almost eighty percent (79.7%) of the participants did not try to lose weight in the previous 12
months. Almost all the participants (93.6%) in the normal weight category did not try to lose
weight in the previous 12 months, this was higher than 82.4% and 67% reported among the
overweight and obese participants respectively. Thirty-three percent of those in the obese
category tried to lose weight in the past 12 months, this was higher than 17.6% and 6.4% of
those in the overweight and normal BMI categories respectively. These differences were

statistically significant (p<0.001).

The majority (80.1%) of the participants did not try to gain weight in the previous 12 months
while 19.9% reported having tried to gain weight in the same period. Forty-one percent of those
in the normal BMI category tried to gain weight in the past 12 months, this was higher than
17.6% and 5% of those in the overweight and obese categories respectively. These differences

between the BMI categories for these variables were statistically significant (p<0.001).

The majority (86.2%) of the participants showed interest in a program on healthy lifestyle and
how to best manage weight if it was available at the clinic while 13.8% were not interested. More
than half (62.7%) of the 212 participants who were interested in an intervention program chose

the group option while the remaining 37.3% would prefer individual sessions.
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Table 4. 5 Weight Perception and Satisfaction

Total Normal Overweight Obese P-value
(N=246) N (%) = 78 (32%) N (%) = 68 (28%) N (%) = 100 (41%)

How happy are you with your present weight [n (%)]
Happy 142 (57.7) 48 (61.5) 48 (70.6) 46 (46.0) 0.015?
Somewhat Happy 24 (9.8) 9(11.5) 5(7.4) 10 (10.0)
Unhappy 80 (32.5) 21(26.9) 15 (22.1) 44 (44.0)

Do you think you are...? [n (%)]
Normal 131 (53.3) 42 (53.8) 45 (66.2) 44 (44.0) <0.0012
Overweight 73 (29.7) 6(7.7) 15 (22.1) 52 (52.0)
Underweight 42 (17.1) 30 (38.5) 8(11.8) 4(4.0)

Would you like to weigh...? [n (%)]
Less 67 (27.2) 0(0) 12 (17.6) 55 (55.0) <0.0012
More 73(29.7) 50 (64.1) 18 (26.5) 5(5.0)
Same 106 (43.1) 28 (35.9) 38 (55.9) 40 (40.0)

Compared with last year do you weigh...? [n (%)]) n=242
Less 61(25.2) 22 (28.9) 16 (24.2) 23 (23.0) 0.4952
More 123 (50.8) 33 (434) 33 (50.0) 57 (57.0)
Same 58 (24.0) 21(27.6) 17 (25.8) 20 (20.0)

Have you ever tried to lose weight? [n (%)]
No 175 (71.1) 69 (88.5) 51(75.0 55 (55.0) <0.0012
Yes 71 (28.9) 9 (11.5) 17 (25.0 45 (45.0

During the past 12 months have you tried to lose weight [n (%)]
No 196 (79.7) 73 (93.6) 56 (82.4 67 (67.0) <0.0012
Yes 50 (20.3) 5(6.4) 12(17.6 33(33.0

During the past 12 months have you tried to gain weight? [n (%)]
No 197 (80.1) 46 (59.0) 56 (82.4) 95 (95.0) <0.0012
Yes 49 (19.9) 32 (41.0) 12 (17.6) 5(5.0)

Would you be interested to take part in a program about a healthy lifestyle and how to best manage weight

available here at the clinic? [n (%)]

No 34 (13.8) 15(19.2)

Yes 212 (86.2) 63 (80.8)
Type of program you would prefer [n (%)] n=212

Group 133 (62.7) 34 (54.0)

Individual 79 (37.3) 29 (46.0)

7 (10.3)
61(89.7)

if it was

0.2342

0.109?

2: Pearson’s Chi-squared Test

Food Security

The majority of the participants answered sometimes or always true to the first question (The

food you/your household members bought just did not last, and you didn’t have money to get

more) in the food security questionnaire (82.5%), while only 17.5% said it was never true. The

second question (You/your household members couldn’t afford to eat balanced meals) had

76.0% answering sometimes or always true, and 24.0% answering never true for them in the
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previous 12 months. The calculated food security score indicated that 89.0% of the participants
were food insecure while only 11.0% had food security. Responses to the food security
questions, and the food security score were not significantly different between BMI categories
(Table 4.6).

Physical Activity and Self-esteem

About half (50.8%) of the participants did not engage in sports or exercise while 49.2% did. This
was not significantly different between BMI groups (p=0.497). About half (43.1) reported
watching television, using a computer (not for work), or phones very often during their leisure
time. Others said they do this often (29.3%), sometimes (24%), seldom (2%), and said (1.6%).
This shows that a higher percentage of the participants engaged in these sedentary activities
than those who did not (Table 4.6). Comparing the three BMI groups, those in the obese group
seemed to have engaged in these activities more than other groups while those in the normal
BMI group seemed to have engaged less often. The difference in the frequency of engaging in
these sedentary activities between BMI categories was statistically significant (p=0.045). The
median total physical activity score of the participants was 7.9. The median total physical activity

score between the BMI groups was not significantly different (p=0.062).

Overall median physical activity scores for work and sport indices among the participants were
3.1 and 2.0. Work and sport index scores were not significantly different between BMI categories
(Table 4.6). The overall median physical activity score for the leisure index recorded was 2.5.
The scores recorded among the overweight and obese participants were 2.5 which was lower
than the 2.8 recorded among those in the normal category. The difference observed in this score

between BMI groups was statistically significant (p<0.001).

The overall median self-esteem score among the participants was 19. When the self-esteem
score was categorized, the majority (74.8%) of the participants had normal self-esteem, 17.5%
had high and 7.7% had low self-esteem. Median self-esteem scores and categories were not

significantly different between the BMI groups (Table 4.6).
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Table 4. 6 Food Security, Physical Activity, and Self-esteem

Total Normal Overweight Obese P-value
(N=246) N (%) = 78 (32%) N (%) = 68 (28%) N (%) = 100 (41%)
FOOD SECURITY (in the last 12 months)
The food you/your household members bought just did not last, and you didn’t have money to get more. [n (%)]
Never true 43 (17.5) 14 (17.9) 11(16.2) 18 (18.0) 0.9462
Sometimes/always true 203 (82.5) 64 (82.8) 57 (83.8) 82 (82.0)
You/your household members couldn’t afford to eat balanced meals. [n (%)]
Never true 59 (24.0) 23 (29.5) 12 (17.6) 24 (24.0) 0.2472
Sometimes/always true 187 (76.0) 55 (70.5) 56 (82.4) 76 (76.0)
FS Score [n (%)]
Secure 27 (11.0) 10 (12.8) 6 (8.8) 11 (11.0) 0.8042
Insecure 219 (89.0) 68 (87.2) 62 (91.2) 89 (89.0)
PHYSICAL ACTIVITY
Do you engage in sports or exercise? [n (%)]
No 125 (50.8) 36 (46.2) 34 (50.0) 55 (55.0) 0.4972
Yes 121 (49.2) 42 (53.8) 34 (50.0) 45 (45.0)
During leisure time | watch television, | use my computer (not for work) or phone (screen time). [n (%)]
Never 4 (1.6) 3(3.8) 1(1.5) 0(0) 0.0452
Seldom 5 (2.0) 1(1.3) 2(2.9) 2(2.0)
Sometimes 59 (24.0) 18 (23.1) 18 (26.5) 23 (23.0)
Often 72 (29.3) 32 (41.0) 12 (17.6) 28 (28.0)
Very often 106 (43.1) 24 (30.8) 35 (51.5) 47 (47.0)
Physical Activity Score — Total
Mean (SD) 7.9 (1.28) 8.1 (1.28) 8.0 (1.37) 7.6 (1.19) 0.062"
Median [IQR] 7.9[7.0, 8.6] 8.0[7.3, 8.8] 8.0[7.1, 8.6] 7.5[6.9, 8.5]
Physical Activity Score — Work
Mean (SD) 3.1(0.73) 3.04 (0.80) 3.1 (0.73) 3.1 (0.66) 0.977"
Median [IQR] 3.1[2.8, 3.6] 3.1[2.7, 3.6] 3.0[2.7, 3.6] 3.1[2.8, 3.5]
Physical Activity Score — Sport
Mean (SD) 2.2(0.72) 2.2(0.72) 2.2 (0.80) 2.1 (0.66) 0.510'
Median [IQR] 2.0[1.8, 2.5] 2.0[1.8,2.7] 2.0[1.8,2.6] 2.0[1.5, 2.5]
Physical Activity Score — Leisure
Mean (SD) 2.6 (0.57) 2.8 (0.57) 2.7 (0.47) 2.5 (0.57) <0.001"
Median [IQR] 2.5[2.3, 3.0] 2.8[2.5, 3.2 2.5[2.3, 3.0]*° 2.5[2.2,2.8°
SELF-ESTEEM
Self-esteem Score
Mean (SD) 19.9 (4.25) 19.2 (3.78) 20.0 (4.19) 20.5 (4.57) 0.227"
Median [IQR] 19.0[17.0, 23.0] 19.0[16.0, 22.0] 19.0[17.0, 23.0] 20.0[17.0, 24.0]
Self-esteem Categories [n (%)]
Low 19(7.7) 7 (9.0) 2(2.9) 10 (10.0) 0.0522
Normal 184 (74.8) 64 (82.1) 53 (77.9) 67 (67.0)
High 43 (17.5) 7(9.0) 13 (19.1) 23 (23.0)

': Kruskal-Wallis Test, % Pearson’s Chi-squared Test, FS = Food Security.
Medians with the same alphabet do not differ significantly in the pairwise test.
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Smoking and Alcohol intake

More than half (63.4%) of the participants had never smoked (Table 4.7). Twenty-four percent
of the obese participants previously smoked, compared to those who are overweight (30.9%)
and normal weight (57.7%). The obese group had the highest proportion of those who had never
smoked while the normal BMI group had the highest proportion of those who previously smoked.
This difference in the proportion of those who had previously smoked or not between the BMI

groups was statistically significant (p<0.001).

The maijority (75.2%) of the participants do not currently smoke, 21.5% reported currently
smoking daily while only 3.3% said they currently smoke but less than daily. About half (57.7%)
of participants in the normal BMI category do not currently smoke, this proportion was lower
than 77.9% and 87.0% recorded among overweight and obese participants respectively. Only
10.0% of those in the obese group currently smoke daily, this increased to 17.6% and 39.7%
among the participants in the overweight and normal BMI groups respectively. The normal BMI
group had a higher proportion of people who currently smoke, and the obese group had a higher
proportion of those who currently do not smoke than other groups. This difference in proportions

of those who currently smoke between the BMI groups was statistically significant (p<0.001).

The overall mean smoking duration among 61 of the participants who currently smoke was
269.7 months. Among the 61 participants who currently smoke, the median number of cigarettes
smoked on a typical day was 7 sticks. The median smoking pack-year among the 61 participants
who currently smoke was 6. There was no statistically significant difference in these variables

between the BMI categories (Table 4.7).

More than half (63.8%) of the participants did not consume alcohol in the previous 12 months,
19.9% of them took alcohol either monthly or less than monthly while 16.3 took alcohol more
than monthly in the same period. Eighty-nine (36.2%) participants took alcohol in the previous
12 months, of these, 31.5%, 33.7%, and 34.8% took 1-2, 3-4, and 5 or more drinks of alcohol
respectively on a typical day. Almost half (44.9%) of the participants reported having never
taken, on one occasion, 5 and 4 drinks or more for men and women respectively. Thirty-seven
percent took this monthly or less while only 18% took it weekly or more. There was no

statistically significant difference in these variables between the BMI categories (Table 4.7).
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Table 4. 7 Smoking and Alcohol intake

Total Normal Overweight Obese P-value
(N=246) N (%) =78 (32%) N (%) =68(28%) N (%) = 100 (41%)

SMOKING
Previously smoked cigarette? [n (%)]
Yes 90 (36.6) 45 (57.7) 21(30.9) 24 (24) <0.0012
No 156 (63.4) 33 (42.3) 47 (69.1) 76 (76.0)
Currently smoke cigarette? [n (%)]
Daily 53 (21.5) 31(39.7) 12 (17.6) 10 (10.0) <0.0012
Less than daily 8(3.3) 2 (2.6) 3(4.4) 3(3.0)
No 185 (75.2) 45 (57.7) 53 (77.9) 87 (87.0)
Smoking duration (month) n=61

Mean (SD) 269.7 (168.74) 301.1 (176.96) 279.2 (165.00) 179.1 (123.98) 0.083°
Number of cigarettes smoked on a typical day n=61

Median [IQR] 7.00[4, 10] 5.00 [4, 10] 9.00 [4, 11] 8.00 [4, 10] 0.529"
Smoking pack-year n=61
Median [IQR] 6.0 [2.4, 14.5] 46[2.4,15.0] 7.7 [4.2,12.5] 6.4 [1.0, 14.0] 0.795'
ALCOHOL INTAKE
Alcohol consumption in the past 12 months [n (%)]
Never 157 (63.8) 43 (55.1) 46 (67.6) 68 (68.0) 0.1622
Monthly or less 49 (19.9) 16 (20.5) 12 (17.6) 21(21.0)
More than Monthly 40 (16.3) 19 (24.4) 10 (14.7) 11 (11.0)
Drinks of alcohol on atypical day [n (%)] n=89
lto2 28 (31.5) 7 (20.0) 8(36.4) 13 (40.6) 0.3782
3to4 30 (33.7) 15 (42.9) 7 (31.8) 8 (25.0)
5 or more 31(34.8) 13 (37.1) 7 (31.8) 11 (34.4)
Alcohol overconsumption* [n (%)] n=89
Never 40 (44.9) 16 (45.7) 10 (45.5) 14 (43.8) 0.2082
Monthly or less 33(37.1) 9(25.7) 9 (40.9) 15 (46.9)
Weekly or more 16 (18.0) 10 (28.6) 3(13.6) 3(9.4)

': Kruskal-Wallis Test, % Pearson’s Chi-squared Test, 3: ANOVA
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Diet quality — aHEI score

Table 4.8 above shows the median (IQR) intake of the different food components of the aHEI
score by the participants. The median (IQR) intake was presented for all the participants.
Results were presented in servings per day except for PUFA and sodium which were presented

in percentage of total energy, as well as for sodium, which was presented in grams per day.

The median intakes for vegetables, fruits, and whole grains were 1.68 servings/day, 0.86
servings/day, and 2.07 servings/day respectively. The median intake of SSB and fruit juices was
1.01 servings/day, for nuts and legumes was 0.43 servings/day, and for red and processed meat
was 1.01 servings/day. The median intake of PUFA was 7.57% of total energy. The median

intake of sodium was 1.70 g/day and for alcohol was 0 drinks/day.

Table 4. 8 Median intake of aHEI score components

Component Total Median (IQR) Intake
Vegetables (serving/day) 1.68 (0.86, 2.70)
Fruits (serving/day) 0.86 (0.29, 2.00)
Whole grains (serving/day) 2.07 (0.57, 3.07)
Sweetened beverages and fruit juices (serving/day) 1.01 (0.50, 2.52)
Nuts and legumes (serving/day) 0.43 (0.14, 0.86)
Red and processed meat (serving/day) 1.01(0.34, 1.72
PUFA (% of energy) 7.57 (6.27,9.01)
Sodium (g/day) 1.70 (1.10, 2.33)
Alcohol (drinks/day) 0.00 (0.00, 0.12)
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Table 4. 9 aHEI Score

Component Median (IQR) aHEI Score Mean (SD) aHEI Score
Fruits 2.50 (0.00, 5.00) 3.30 (1.9)
Vegetables 2.00 (0.00, 4.00) 3.58 (2.5)
Nuts and legumes 4.00 (0.00, 8.00) 4.53 (3.8)
Whole grains 3.00 (0.00, 6.00) 3.37 (2.8)
SSB 0.00 (0.00, 4.00) 2.63 (3.5)
Sodium 4.95 (0.00, 7.70) 4.96 (3.2)
Red and processed meat 3.00 (0.00, 7.00) 3.73 (3.7)
Trans fat 5.00 (5.00, 5.00) 5.00 (0)
PUFA 7.50 (0.00, 8.75) 7.25(2.1)
Alcohol 2.50 (2.50, 4.00) 3.60 (2.0)
TOTAL 40.92 (17.00, 48.42) 41.94 (9.8)

Table 4.9 shows the average score for each component of the aHEI index, and the total score
of the participants. The minimum score for each category is 0 and the maximum is 10. This
score had 10 categories, thus, the total minimum and maximum score obtainable is 0 and 100
respectively. The mean scores show that SSB contributed the least while PUFA contributed the
most to the total aHEI score. The total mean (SD) aHEI score of the participants was 41.94
(9.8). The mean (SD) aHEI Score of those in the normal weight category was higher than that
of the overweight and obese participants [43.76 (10.3), 42.22 (9.2), and 40.32 (9.5)

respectively]. However, this difference was not statistically significant (p=0.063).

Predictors of Increased BMI

A multivariate linear regression model was fitted to identify the predictors of increased BMI
among the participants. Many variables were initially added to this model based on our
knowledge of the field, some were then removed due to multicollinearity with other variables.
The final model fitted to identify the predictors of increased BMI included the following
independent variables: Sex (Male or female), “Do you receive social grant?” (Yes or No), “Do
you want to weigh...?” (Same, Less, or More), current smoking frequency (No, Daily, or Less

than daily), Total physical activity score, ART duration, Creatinine, Hand grip strength, and
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MUAC. For categorical independent variables, the first categories in the list above for each

variable were made the reference category.

Table 4. 10 Predictors of BMI

Coefficients Estimate (95% CI) (kg/m?) p-value
Sex — Female 4.60 (2.58 - 6.62) <0.001
Social Grant — No -0.11 (-1.39 - 1.18) 0.872
Do you want to weigh...?
e Less 4.17 (2.54 — 5.79) <0.001
. More
-3.46 (-4.96 - -1.95) <0.001
Current Smoking Frequency
e  Daily -0.62 (-2.23 — 0.987) 0.447
e Less than daily
2.74 (-0.66 — 6.13) 0.113
Total Physical Activity Score -0.79 (-1.28 - -0.30) <0.001
ART Duration 0.03 (-0.12 - 0.17) 0.707
Creatinine -0.004 (-0.04 — 0.03) 0.815
Hand Grip Strength 0.06 (-0.03 — 0.14) 0.199
Mid-Upper Arm Circumference (MUAC) 0.45 (0.34 — 0.56) <0.001

Cl = Confidence Interval

As shown in Table 4.10, in the multivariate model, only sex, weight intention, total physical
activity score, and MUAC had a significant association with BMI, holding other variables
constant. When controlling for other variables, sex is significantly associated with obesity;
women weigh 4.60 units of BMI heavier than men (p<0.001). On average, participants who said
they want to weigh less than they currently weigh 4.17 units of BMI heavier than those who
expressed the desire to remain weight stable (p<0.001). Similarly, those who wanted to weigh
more weighed 3.46 units of BMI lighter than those who expressed the desire to remain weight
stable (p<0.001). Each unit increase in total physical activity score was associated with a
decrease in BMI of 0.79 units (p=0.002). Each centimeter increase in MUAC was independently
associated with an increase in BMI of 0.45 units (p=0.001). The overall p-value of the model
was < 0.001, and the adjusted R2 was 0.624. This indicates a moderate accuracy of the

regression model.
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DISCUSSION

This study aimed to assess the nutritional and health status of PLWH on stable HAART in a
primary health facility in Cape Town while identifying factors that may increase the risk of obesity
among the participants. The prevalence of obesity among the participants was 40.7% while
overweight was 27.6%. A similar prevalence has been reported among ART-naive PLWH in
KwaZulu-Natal (46.4%) (Biggs and Spooner, 2018), and among those on ART in the Western
Cape (33.7%) (Nguyen et al., 2016), but a lower prevalence (13.0%) was reported among those
on ART in Gauteng province (Mahlangu et al., 2020). Similar to the findings of Biggs and
colleagues, the prevalence of obesity and overweight was disproportionately higher among
female participants than males in the current study. Female participants had more than double
the prevalence of both indicators found among males. This is also supported by the findings of
Mahlangu et al. (2020). In our study, the association between gender and BMI remained
statistically significant in the multivariate linear regression model. The increasing trends of BMI
had also been reported among the general South African population, and this increase was
greater among females (Cois and Day, 2015, Sartorius et al., 2015). The association between
obesity and the female gender is complex and multifactorial, several possible reasons for a
higher prevalence of obesity especially among African women have been suggested. These
include a preference for a larger body size (Puoane et al., 2005), which is driven by culture and
societal values (Matoti-Mvalo and Puoane, 2011). Childhood malnutrition, as well as having a
high socioeconomic status have also been identified (Case and Menendez, 2009). However,
the appropriateness of BMI among the non-European population within which it was developed

and tested has been questioned (Razak et al., 2007).

In recent South African studies among PLWH (Biggs and Spooner, 2018, Mahlangu et al.,
2020), the proportion of female participants was higher than males. This was further
corroborated by the findings of our research with 70% females and 30% males. UNAIDS
reported the number of new HIV infections to be 63% among women and girls in sub-Saharan
Africa (UNAIDS, 2021). The burden of obesity among women living with HIV is a compounding
problem with the increased prevalence of HIV among them. Adequate interventions specific to

this population group are needed.

The median age of the participants was 46 years, and this was similar across all BMI categories.
This is higher than the average age of PLWH in recent studies conducted in Cape Town which
was 36 years (Kalichman et al., 2020), and 38.2 years (Stanton et al., 2021). These studies
randomly sampled participants who were on ART and aged 18 years and above, with the data
being collected in 2018 (Kalichman et al., 2020, Stanton et al., 2021). This discrepancy in the
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average age of the participants and those of other recent studies in Cape Town may be
attributed to the unique demographics of those who receive treatment from our study site. It may
also be supporting the evidence that PLWH are aging and consequently face an increased risk
of chronic diseases partly due to changing demographics (Hontelez et al., 2011, Mahy et al.,
2014).

The majority of the participants had some high school education or had completed high school.
This figure is higher than reported by OECD (2019) which showed that 59% of South Africans
between the ages of 25-64 years had an upper high school education as the highest level of
education attained. We believe that this difference among our population is because of the
inclusion of younger adults from 18 years in our study. Furthermore, our finding was consistent
with the findings of Mabweazara et al. (2019) whose study participants’ educational attainment
was grade 11-12 on average. Furthermore, 8.5% of the participants had any form of post-
secondary education (data not shown). Similarly, Barnabas et al. (2020) reported that 3% of
their PLWH included in their South African and Ugandan participants had tertiary education.
This confirms the finding of Mabaso et al. (2019) who reported an association between lower

HIV prevalence and tertiary education.

About half of the participants were unemployed, and about a third received some form of social
grant. This is similar to the expanded uemployement rate in South Africa for Q2:2022 which is
reported as 44.1% (Stats sa, 2022). On the other hand, Mahlangu et al. (2020) reported that
63% of their participants were unemployed and 77% received some form of social grant.
However, the Mahlangu study was conducted in Gauteng province. In Cape Town, Stanton et
al. (2021) reported that 77.9% of their participants were unemployed which is higher than in this
study. It is important to note that the Stanton study was conducted in Khayelitsha and among
PLWH who had been positively screened for current major depressive disorder. These
differences in demographic may explain the higher level of unemployment observed in the
study. Mabweazara et al. (2019) in their secondary analysis of data from Dave et al. (2011)

collected among PLWH in Cape Town reported that most of their participants were employed.

Apart from the difference in the demography of our study location from other studies, the
discrepancy in unemployment data reported in studies conducted in Cape Town may be one of
the challenges with the definition of being employed. It is important to encourage higher
educational attainment and increase employment opportunities among the population (Shisana
et al., 2014). This will help to reduce poverty, relieve the effect of the rising cost of living and

improve the overall quality of life of PLWH.
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The majority (94.2%) of the 172 female participants in our study had been pregnant before. This
may be an indication of the high proportion of PLWH who may potentially be pregnant. Although
the successful implementation of the prevention of mother-to-child transmission (PMTCT)
guidelines in South Africa had been reported (Tait et al., 2020), there is a need for continued
advocacy and awareness of ART adherence among PLWH at all levels. Obesity was higher
(96.7%) among female participants who had been pregnant than those who had not. Prevalence
of obesity at baseline was high (44%) among a cohort of HIV-infected and uninfected pregnant
women in Gugulethu (Madlala et al., 2020), and was higher among HIV-infected women (46%
vs 42%). BMI increased in the cohort during pregnancy, obesity was also associated with an
increased risk of adverse birth outcomes in the cohort. Adequate attention should be given to
pre and post-natal weight changes among women living with HIV. Furthermore, they should be

encouraged to maintain a healthy weight, while being informed about the benefits.

The median duration of HIV infection among the participants was 12 years, and the median
duration of ART use was 10 years. Duration of HIV infection and ART use did not have any
association with BMI among the participants. This is in contrast to the findings of most other
studies that had found an association between BMI or obesity and ART duration or use
(Mahlangu et al., 2020, Malaza et al., 2012). Mahlangu et al. (2020) studied participants aged
18-49, compared to the age range of 18-80 years in this study. It is known that the effect of ART
on body weight is highest usually around 12 months post ART initiation (Hurley et al., 2011).
The participants in the Mahlangu study had a highest ART duration of 4 years which was less
than half of the median ART duration in our study. The association reported by Mahlangu and
colleagues may be due to the younger age of their participants who were in their earlier years

of ART use compared to participants in this study.

Although we would have expected the opposite, Malaza et al. (2012) reported a lower BMI
among HIV-infected participants on ART when compared to those, not on ART. It was noted,
however, that one of the inclusion criteria in the Malaza study was a CD4 count < 200 cells/uL,
whereas we recruited PLWH stable on ART. The association between ART use and BMI may
be a complex one, it may be influenced by other factors such as the health status of the

participants.

Most of the participants were previously on TEE, and more than half were presently on TLD.
This reflects a gradual shift to the most recent revision of the HIV clinical guidelines in South
Africa which allows the use of TLD for eligible individuals (Republic of South Africa National
Department of Health, 2019). This is not surprising as the participants were PLWH who were
stable on HAART.
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Eighty-seven (35.4%) of the participants were being treated for at least one comorbidity. The
majority had only one comorbidity, and the most prevalent comorbidity was hypertension
followed by dyslipidemia and dysglycemia. A trend analysis conducted by Gallant et al. (2017)
among PLWH in the US supports this finding. This is also reported in a study conducted in Cape
Town by George et al. (2019) who reported diabetes and hypertension as the most prevalent
comorbidity among their participant. These findings emphasize the need for actions targeted at

reducing the risk of chronic diseases among PLWH.

Waist circumference, WHR, and MUAC were all associated with BMI. Central obesity was
prevalent among the participants with more than half of the participants at high metabolic risk
using both waist circumference and WHR measures. Mahlangu et al. (2020) similarly reported
a high prevalence of central obesity in their study. This is another important finding that confirms
the increased risk of chronic diseases among PLWH, as central obesity is closely associated
with metabolic syndrome (Bailin et al., 2020). This is a public health concern and calls for urgent

action.

PLWH who are being successfully treated with ART can live a virologically controlled life (May
etal., 2014). Our finding reflects this as about 95% of the participants had suppressed viral load.
Only 5.3% had a viral load of 50 copies/mL or above which is defined as not suppressed. This
may be an indication of adherence to treatment (Ford et al., 2019), and may suggest a road to
achieving the treatment target set for eradicating the HIV epidemic (UNAIDS, 2014). It is

important to continue the awareness of the importance of adherence to ART among PLWH.

Hypercholesterolemia is usually observed with hypertension, pointing to an association that
exists between them (lvanovic and Tadic, 2015). Fifty-seven (23%) of the participants were
being treated for hypertension. More than half of these had a desirable level of total cholesterol,
while 10.5% had a high cholesterol level. This may indicate a good control of the comorbidity
among the participants. Regular screening of PLWH for comorbidity, as well monitoring of those

who are already diagnosed is needed.

Median systolic blood pressure (SBP) was significantly higher in overweight participants.
However, diastolic blood pressure (DBP) was not associated with BMI. Alana et al. (2018)
reported a lower SBP and DBP among their South African cohort. However, this cohort was
comprised of PLWH who were at ART initiation. This may be supporting the finding of Nduka et
al. (2016a) who found an association between ART use and increased blood pressure, as well
as the risk of hypertension. Mbuthia et al. (2021), on the other hand, did not find an association

between hypertension and ART use, but with obesity/overweight. The association between
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hypertension and BMI raises the need for adequate weight management among PLWH,

especially those at risk of hypertension.

HGS is a measure of strength and may be used to predict the risk of cardiovascular disease
and mortality (Burtin et al., 2016). HGS and RHGS had a significant inverse relationship with
BMI, with significantly higher values recorded among participants in the normal BMI category.
The association between lower grip strength and increased adiposity among the participants is

expected and agrees with the finding of Kim et al. (2017).

Furthermore, the median HGS among the participants was lower than that reported among
males and females in a South African population-based cross-sectional study despite the study
recruiting only participants who were aged 50 years and above (Ramlagan et al., 2014). It is
important to note that grip strength measurement is affected by the specific instrument and
protocol used for assessment which limits the ability to compare results between studies
(Roberts et al., 2011). However, this finding may confirm reports of grip strength being lower
among PLWH when compared with uninfected individuals (Kitilya et al., 2022). The increased
risk of cardiovascular disease facing PLWH is exacerbated by a possibly lower grip strength,
which is affected by increased adiposity. There is a need for consensus on the measurement of

HGS to allow ease of comparison between studies.

While people may perceive their actual body weight incorrectly according to BMI, there is a
strong association between weight perception, desire to gain weight, and actual weight gain
among PLWH (Hurley et al., 2011). Among the participants, the overweight category had the
highest percentage of those who were happy with their weight, those who thought their weight
was normal, and those who wanted their weight to stay the same. This was higher than the
proportion among those in the normal BMI category and reveals that overweight participants
thought their weight was normal. This concurs with the findings of Matoti-Mvalo and Puoane
(2011) who reported that black South African women in their study preferred to be overweight
than being thin and perceived to be living with HIV. The desire to gain weight may therefore be
driven by stigma and may raise concerns of poor mental health among PLWH (Martins et al.,
2020). The desire to gain/lose weight was significantly associated with BMI in the multivariate
regression model. On average, participants that expressed interest in weighing less actually
had a higher BMI, and those who wanted to weigh more had a lower BMI compared with those

who wanted to remain weight stable.

Although only about a fifth of the participants tried to gain weight in the past 12 months, more
than half gained weight within the same period. Moreso, the percentage of those who gained

weight in the past 12 months was not statistically different among the three BMI categories. This
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shows that weight has increased among the participants without a deliberate attempt to gain
weight. Furthermore, while over two-thirds of the participants were classified as overweight or
obese, less than 30% reported having ever tried to lose weight. Nduka et al. (2016b) had earlier
suggested that routine HIV care should include weight management and obesity prevention
programs. Our findings further underscore a need for education on the importance of continuous

and deliberate weight management interventions among PLWH on HAART.

The maijority (86%) of the participants expressed a desire to participate in a weight management
program if it was available at the clinic, and most of them would prefer a group program. This
was consistent across all BMI categories. Group intervention programs, such as the adherence
clubs in South Africa, have been identified to be able to keep participants motivated and retained
in care (Mukumbang et al., 2019). Kwon et al. (2021), suggested that group-based models of
medication delivery may be applicable for the management of CVD due to the past success of
such models. The success of group programs underscores the importance of social support as
reported by (Munro et al., 2017) in the US cohort of veterans living with HIV. We suggest the

adoption of a group-based weight management program aimed at the reduction of CVD risks.

Food insecurity was highly prevalent (89%) among the participants, and was similar across all
BMI categories. This was significantly higher than the prevalence reported by Sirotin et al.
(2014) and Wright and Epps (2014) among PLWH in the US. Although 45.6% of the general
South African population was reportedly food secure (Shisana et al., 2014) amounting to about
54% food insecurity, a higher food insecurity prevalence (65-71%) was recorded among
university students in Eastern Cape (Goosen et al., 2016). Association between food insecurity
with sexual risk behaviours and increased incidence of new HIV infection has been reported
among PLWH (Eaton et al., 2014, Weiser et al., 2011). Our findings emphasize the high
prevalence of food insecurity, especially among PLWH, and the need for a public health

approach to increase access to food among them.

PLWH were less physically active compared with uninfected individuals in a South African study
(Godijk et al., 2020). Seeing that 50% of the participants engaged in sports or exercise, and the
majority engaged in sedentary behaviours during leisure, our findings may support the report of
Godijk and colleagues. We noted that the PA score during leisure was significantly different
among those in normal and obese BMI categories. Furthermore, those in the normal BMI
category were less likely to engage in sedentary activities during leisure than those who were
overweight and obese. Total physical activity score had a significant inverse relationship with
BMI in the multivariate regression model. There are other complex biological and demographic

factors affecting the level of PA among PLWH (Vancampfort et al., 2018).
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The levels of PA related to sport and leisure were lower than that related to work. This may
reflect a lack of adequate knowledge regarding sport, or exercise during leisure time. Malambo
et al. (2017) reported a significant association between some neighbourhood attributes with
domains of physical activity in some rural and urban settings in South Africa, with significant
rural vs urban differences in these attributes. Considering the demographics of the participants,
we posit that the low level of PA could be influenced by a possible inequitable distribution of
infrastructure or access to the built environment that encourages PA. The way the built
environment may affect PA among PLWH in South Africa needs to be further explored to inform

policy development.

Most of the participants had normal to high self-esteem. This may reflect a successful HIV
treatment among the participants as it had been reported that low self-esteem was associated
with viral non-suppression in a South African setting (Filiatreau et al., 2021). High self-esteem
may be an indication of a lower risk of anxiety, depressive symptoms, and other mental health
challenges among the participants (Small et al., 2022). This seemingly less challenging social
phenomenon among the participants may also translate to a higher quality of life. There had
also been an association reported between low self-esteem and transactional sex among young
women in rural South Africa (Giovenco et al., 2020). The provision of support for improving the

self-esteem of PLWH will result in significant public health benefits.

The prevalence of tobacco smoking among South African adults had been reported to be 17.6%
(95% CI = 6.3-18.9). The Western Cape accounts for about a third of the nation’s current
smokers with a 32.9% prevalence (Reddy et al., 2015). The percentage of those who had
previously smoked and currently smoked among the participants was 36.6% and 24.8%
respectively. Those who currently smoke were significantly less likely to be obese. This is similar
to the prevalence reported among PLWH in the study of Stanton et al. (2021) in Cape Town,
and Murphy et al. (2019) in sub-Saharan Africa. Median smoking pack-year was not associated
with BMI among current smokers in our study and was double the value reported in the South
African study of Gupte et al. (2017). This may be explained by the difference in the age range
between our study and that of Gupte and colleagues. Furthermore, the latter only recruited black

South Africans living with HIV while our study included eligible PLWH from all ethnicity.

Although our study confirms that smoking is more likely among those who are in the normal BMI
category, smoking continues to increase the risk of other chronic diseases such as cancers
(Park et al., 2016), respiratory ilinesses (Bigna et al., 2018), and CVD (Anne-Lise et al., 2015).
The relatively higher proportions of previous smokers than current smokers among the

participants may indicate a good number of people who are quitting smoking. The majority of
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the current smokers reported by Reddy et al. (2015) said they noticed the health warning on
their cigarette packs, and half reported that they are considering quitting. Furthermore, Hillyer
et al. (2020) in their South African study among HIV-uninfected men, reported that 78.9% of the
participants wanted to quit smoking and more than almost 60% had tried to quit at least once.
Therefore there is a need to support advocacy and legislation that will encourage smoking

cessation, especially among PLWH.

Contrary to previous studies (Kalichman et al., 2020, Raggio et al., 2019), the percentage of the
participants who currently use alcohol was less than 30%. This result should be interpreted with
caution as we could not verify if this was a case of under-reporting. However, it could also be
an indication of increasing health awareness among PLWH, especially with ART use. This,
indeed, may be true, as 71% of PWLH who do not currently drink alcohol reported quitting
alcohol use at the initiation of ART (Kalichman et al., 2020). Furthermore, only about a fifth of
those who currently take alcohol use more than four drinks (for women) or five drinks (for men)
on an occasion in our study. Alcohol use did not have any association with BMI, this may be
due to a small number of current alcohol users among the participants and should be further

explored with a larger sample.

Alcohol is one of the factors that interfere with adherence to ART (Ammon et al., 2018). Some
PLWH, while believing and telling others that it is harmful to take alcohol with ART, tend to forgo
ART for alcohol use (Kalichman et al., 2020). Alcohol use also had an association with increased
inflammation, and consequently an increased risk of CVD (Webel et al., 2017). We support the
opinion of O’'Keefe et al. (2014) discouraging healthcare practitioners from recommending
alcohol to non-drinkers. Alcohol regulations should be enforced to prevent excessive drinking

of alcohol among users.

The mean (SD) aHEI score of the participants was 41.94 (9.8). We could not identify a study
that has assessed diet quality using the aHEI among PLWH. However, Webel et al. (2020),
using the similar Healthy Eating Index (HEI) reported a similar mean (SD) score of 45.4 (11)
among their US cohort of HIV-infected and uninfected participants. Furthermore, Webel and
colleagues reported that the HEI score, although lower among PLWH, was not significantly
different from the uninfected participants. The paucity of data on diet quality in South Africa, and
the unavailability of a reference cut-off for diet quality scores make it difficult to interpret this
finding with a specific context. However, since the total score obtained on the aHEI used is 100,
we could conclude that a score of 41.94 reflects that the diet quality of the participants was

below medium adherence to the aHEI recommendation.

151



The aHEI (Chiuve et al., 2012) as a measure of diet quality was reported to have a stronger
association with chronic disease risk especially diabetes and coronary heart disease than the
original Healthy Eating Index designed by McCullough et al. (2002). Although we saw that a
lower aHEI score was associated with a higher BMI among the participants, this association
was not statistically significant. This may indeed suggest that the diet quality of PLWH in our
study does not differ between BMI categories. The findings of this study will provide more
evidence on the changing face of health risks facing PLWH, especially in South Africa. It will
also provide insights for healthcare professionals on how to mitigate these risks among PLWH

attending primary healthcare facilities.

STRENGTHS AND LIMITATIONS

While some studies would have a maximum age limit, an important strength of our study is the
inclusion of non-pregnant adults of all ages living with HIV stable on HAART. This enabled us
to explore the correlations between age and some important factors related to HIV infection.
Some data were obtained from the medical folder, although this may indicate the validity and
thus contribute to the strength of our study, the data may also not reflect the current state of the
participants. This is indeed true as some patrticipants do not have recent data because they had
missed some visits before our study. This is the first study to assess the diet quality of PLWH

using a diet quality index in South Africa.

A maijor limitation of this paper is the categorization of the participants using the BMI tool alone.
The BMI has several limitations that may also affect our study including not accounting for the
amount and distribution of body fat (Kok et al.,, 2004). Furthermore, we only recruited
participants from a clinic which makes the sample not representative. Although some
demography information such as employment and educational level reported in this study were
relatively similar to the South African population, the diversity of people who attend the clinic
may not be a good reflection of the country. Unfortunately we do not have any justifiable
motivation to allow the Human Research Ethics Committee to permit the collection of

information on ethnicity which is also another limitation to this study.

Comprehensive assessment of biochemical indicator was limited to what was already available
in the medical folder partly due to cost and the COVID-19 restriction on data collection. This, for
example, limited us to have data only for participants who were being treated for specific
conditions and not all. The use of self-reported data including diet, physical activity, smoking,
and alcohol intake patterns is subject to recall bias and may affect accuracy of findings.
Furthermore, we did not include uninfected control for comparison in this study, it is therefore

important that the finding of this study be confirmed in further case-control or intervention
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studies. Finally, another limitation that require cautious interpretation of our finding is the
likelihood of false positive with multiple variable testing (Groenwold et al., 2021). This along with
the fact that statistical significance does not imply clinical significance (Wasserstein and Lazar,

2016) should be borne in mind while using the finding of this study.

CONCLUSION

The findings of our study revealed that PLWH who receive HAART from the Heideveld CHC are
mostly overweight/obese middle-aged women, the majority of whom attained the level of high
school education. Less than half were married, employed, and received a social grant.
Participants have been infected with HIV for an average of 12 years, and have been on HAART
for an average of 10 years, with just above a half currently on TLD. Furthermore, the majority
were virologically controlled with a viral load lower than the detectable limit. Our study also
revealed that hypertension was the most prevalent comorbidity among those who were being

treated for one.

Although more than half had abdominal obesity, the majority were happy with their present
weight, and almost all participants had normal to high self-esteem. We also found that while the
majority has never tried to gain weight in the previous 12 months, about half gained weight.
Over four-fifths of this sample were interested in an intervention program, and most of them
preferred a group type. Food insecurity was high, about half did not engage in sports or exercise,
and most of the participants engaged in sedentary behaviour during their leisure. Less than a
third of the participants currently smoke, and the median smoking pack-year was 6. Most of
them had not consumed alcohol in the previous 12 months. Among those who consumed
alcohol, about half drank beyond the daily recommendation. The diet quality of PLWH in this
study was below medium adherence and did not have a significant association with the BMI

category.

Factors that were significantly different between BMI categories include gender, level of
education, previous pregnancy, anthropometric characteristics, serum creatinine, systolic blood
pressure, hand grip strength, physical activity, smoking status, and weight perception. People
who were overweight/obese were more likely to be females who had completed high school
education and had previously been pregnant. They were also more likely to have a higher
MUAC, WHR, WC, and SBP, as well as lower serum creatinine, and grip strength. Obese
participants were more likely to be unhappy with their weight, less likely to engage in PA during
their leisure, and less likely to be smokers. Since most of them were interested in a group weight
management program, we could argue that the role of peer and social support is vital in the

lifestyle management of obesity.
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CHAPTER 5: ASSOCIATION BETWEEN HYPERTENSION, DIET QUALITY AND HEALTH
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INTRODUCTION

The risk of CVD among PLWH is higher than among the uninfected population and is
independent of the geographical region (Gutierrez et al., 2017). Several factors have been
attributed to this increased CVD risk among PLWH including persistent immune activation and
chronic inflammation due to HIV infection (Subramanian et al., 2012), and the use of HAART
(Nduka et al., 2016). Other lifestyle factors which may exacerbate this association include

alcohol use (Webel et al., 2017), smoking (Anne-Lise et al., 2015), central obesity, and diet.

Hypertension is an important modifiable risk factor for CVD, morbidity, and death globally (Mills
et al., 2020). The global prevalence of hypertension has been predicted to rise above 1.6 billion
people by 2025 (Mills et al., 2016), with a higher prevalence already being recorded in LMIC
(Mills et al., 2020). The national prevalence of hypertension in South Africa was estimated at
30.4% by the National Health and Nutrition Examination Survey -1, with a distinct geographical
variation (Shisana et al., 2014). The North West, Free State, and Northern Cape provinces had
the highest, while Limpopo had the lowest prevalence (Kandala et al., 2013).

Hypertension has been identified as a leading risk factor for adverse outcomes among PLWH,
especially in the era of the wide use of HAART (Peck et al., 2014). In their systematic review
and meta-analysis of globally available studies published between 2011 and 2016, Xu et al.
(2017) estimated the prevalence of hypertension among PLWH at 25.2%. This prevalence was
higher among participants using ART (34.7%) than those who are ART-naive (12.7%). A cross-
sectional study was conducted between 2014 and 2015 in 17 randomly selected healthcare
facilities in the Western Cape province providing ART to at least 325 PLWH monthly (Mutemwa
et al., 2018). The prevalence of hypertension among the 827 adults recruited was 38.6% which

is higher than the national estimate reported by Shisana et al. (2014).

The risk of CVD and mortality has been reported to be higher among PLWH with hypertension
than those without hypertension or HIV-uninfected population with hypertension (Armah et al.,
2014). This higher risk of CVD and higher prevalence of hypertension among PLWH require

targeted efforts to mitigate adverse cardiovascular outcomes among PLWH.

Although the exact causes of primary hypertension have not been clearly understood and

defined (Lenfant et al., 2003), some identified risk factors for hypertension among the general

population may include age, family history, ethnicity, obesity, sedentary lifestyle, diet and

alcohol intake (Basile and Bloch, 2015). These traditional risk factors for hypertension do not

fully explain the increased risk seen among PLWH (Fahme et al., 2018). Some HIV-specific risk

factors for hypertension include disease severity, duration of disease, and type of ART (Nguyen
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et al., 2015). Others are immunodeficiency, immune activation, and inflammation (van Zoest et
al., 2017). Most of the ART-related and virologic mechanisms that have been identified in the
pathophysiology of hypertension among PLWH are associated with common pathways such as

the renin-angiotensin-aldosterone system (Fahme et al., 2018).

Diet is related to most chronic or non-communicable diseases (Lim et al., 2012), and has been
identified as a leading modifiable risk factor for morbidity and mortality (World Health
Organization, 2015). We know that poor diet quality increases the risk of CVD (Reedy et al.,
2014), and there have been reports of PLWH having a lower diet quality than the uninfected
population (Weiss et al., 2019a). Given these two factors, close monitoring of dietary quality diet

quality of PLWH should be central to clinical practice.

Sodium intake has been identified as a predictor of hypertension among PLWH (Magande et
al., 2017). Similarly, PLWH with hypertension have a higher salt sensitivity than HIV-uninfected
hypertensives. Higher salt sensitivity is also associated with hypertension and non-dipping blood
pressure among PLWH and uninfected individuals in a cohort of adult Zambian population
(Masenga et al., 2021). In 2016, the estimated salt intake in most countries around the world
stood at about 9-12g per day which significantly exceeds the WHO recommendation of less
than 5¢g per day (Rust and Ekmekcioglu, 2016). This high salt intake may be due to adding salt
to dishes regularly (Magande et al., 2017), or habitual consumption of fast foods. Salt intake
exceeded 6g per day among all ethnic groups in South Africa (Charlton et al., 2005), and the
mandatory sodium legislation was followed by a reduction in this level (Charlton et al., 2021).
However, this has not been reported specifically for PLWH. Therefore, it is important to assess
the salt intake of PLWH in South Africa.

The Dietary Approaches to Stop Hypertension (DASH) diet has been found to reduce both
systolic and diastolic blood pressure among HIV-uninfected adults with or without hypertension
(Filippou et al., 2020). The DASH diet score was developed to assess adherence to the DASH
diet recommendation (Fung et al., 2008). We have not identified any study evaluating the
adherence of dietary intake of PLWH to the DASH diet recommendations, or its association with
hypertension. To reduce the risk of CVD posed by the increasing prevalence of hypertension
among PLWH, it is important to assess the dietary intake and its association with increased

blood pressure in this population group.

This paper aims to describe the dietary intake of adults living with HIV on stable HAART
attending a primary health facility in Cape Town. This paper will also explore the association
that exists between increased blood pressure and diet quality and other health variables among

PLWH.
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METHODS

Study Design, Population, and Recruitment

This paper is based on a descriptive and cross-sectional study. The study population was all
eligible adults with HIV that are stable on HAART, enrolled, and attending the adherence clubs
at the Heideveld Community Health Clinic (CHC). To be classified as stable on HAART,
participants must have been receiving HAART successfully for at least 1 year. This health care
facility was selected because it has a well-established HIV adherence club structure and serves
a diverse population of both locals and people from outside the community. Heideveld is in
Athlone, a suburb in the Cape Town metropolitan area (Statssa, 2011). According to the 2011
census, 70% of adults are employed, but 58% of households have a monthly income of R3,200
or less. The study population is representative of the population that attends the CHC and not

a reflection of the SA population and we interpreted the results accordingly.

The maijority of the participants were recruited on the day they were scheduled to collect their
medication or attend the facility for their annual blood sample collection. A trained fieldworker
approached patients in the waiting area to provide an overview of the study and invite them to
participate. An opportunistic sample of patients who showed their interest to learn more about
the study procedures were attended to in a private room. They were informed about the study
in more detail and asked to volunteer to participate. Patients were eligible to participate if they
were HIV positive on stable HAART for at least 1 year, aged 18 years or older, and able to
communicate in Afrikaans, English language, or isiXhosa. Participants were excluded if they
were pregnant, are not physically or psychologically fit to answer questions, or did not give

consent

The study of Muhammad et al. (2019) who investigated the associations of food insecurity and
psychosocial measures with diet quality in adults aging with HIV was used to determine the
sample size using G*Power (version 3.1.9.7). Muhammad et al. (2019) reported a diet quality
score of 46.78+11.73 using the Alternate Healthy Index score that was initially designed by
McCullough et al. (2002). This was used together with a 95% confidence level and a power of
90%.

The required sample size calculated was 234 participants. We recruited a total of 247
participants, and 1 participant was excluded during data cleaning due to extensive missing

clinical data. Participants were recruited between December 2021 and January 2022.
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Permission and Ethical considerations

Ethical approval was granted by the Human Research Ethics Committee of the Faculty of Health
Sciences, University of Cape Town (Ref: 413/2021) (Appendix D). Approval was also obtained
from the Western Cape Province Department of Health (Ref: WC_202110_011) (Appendix E).
Participants’ recruitment commenced only after ethical clearance was obtained and continued
until the required sample size was reached. Participants signed an informed consent form
before any assessment was conducted. There was a low probability of risk for participants in
this study. It was emphasized that they could exit the study at any point without giving any
reason. The Declaration of Helsinki (Goodyear et al., 2007), Good Clinical Practice, and the

laws of South Africa were the guiding principles of this study.

Measures

An interviewer-administered questionnaire (Addendum1), developed for this study, as well as
the patients’ folder, were used to collect data for this study. Data was collected on socio-

demographic variables, clinical information (blood pressure), and diet.

Socio-demographic assessments

Socio-demographic characteristics were obtained during an interview with the participants using
the questionnaire. We obtained information on participants’ highest level of education as seen
in addendum 1 which was reclassified into “no high school” (below grade 8 in South Africa),
“some high school” (between grade 8 to 11 in South Africa), and “high school completed” (grade
12). As a very small percentage of the participants had post-high school (tertiary) education,
they were included in the “high school completed” category. Other variables include marital
status (married or unmarried), employment status (employed or unemployed), social grant (yes
or no), and pregnancy history. Date of birth and gender (male or female) were obtained from
the folder.

Clinical measures

Blood pressure history for the past Syears (if available), from 2017 to 2021 was obtained from
the medical folder. Hypertension was defined as systolic pressure from 140 mmHg, diastolic
pressure from 90 mmHg, or being treated with antihypertensive medicines in the facility, others
were classified as non-hypertensive. Blood pressure was classified according to the

Hypertension guideline working group (2014).
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Dietary Intake Assessment

The dietary intake of respondents over the past month was assessed using a quantified food
frequency questionnaire (FFQ). The FFQ included 44 food items from different groups including
grains/starch, dairy and drinks, fruits and vegetables, proteins/meat, and others. It was compiled
by an expert panel of registered dietitians using existing FFQs that assessed the dietary intake
of educators from low socio-economic areas in the Western Cape (Seme, 2013), HIV patients
attending an outpatient clinic in Groote Schuur Hospital, Western Cape (unpublished data,
Harbron J) and pregnant women from low socio-economic areas in Western Cape (unpublished
data, PASS study). Cues were also taken from the FFQ proposed in the Dietary Assessment
and Education Kit (DAEK) (Steyn and Senekal, 2004).

We employed the use of food cards which contained the photos of food items on the FFQ list to
ensure easy identification of food consumed and accuracy by our respondents. Participants
were asked to identify the food items they have consumed in the past month by selecting the
food cards containing these food items. ltems consumed were separated from food items never
consumed or not during the past month by placing the former on one pile, and the latter on

another pile.

The fieldworker obtained information from each respondent on the frequency of consumption
and the portion size consumed for the food items in the “consumed” photo pile. The frequency
of consumption was estimated as “Never’, “1-3 times/month”, “1-3 times/week”, “4-6
times/week”, or “Every day”. Household utensils and measures, as well as food models, were
used to assist participants to estimate portion sizes. Standard portion sizes were included for
each item on the FFQ. Participants could indicate whether they consumed one, half, twice, or
more than twice the portion for each item on the FFQ. The portion sizes consumed by
participants were converted to the gram amount of the food item using the MRC food quantities
manual. The daily gram amount of each line item consumed was calculated by multiplying the
portion size with the selected frequency. The data was analyzed using the FoodFinder software
which is linked to the latest MRC food quantities manual and South African Food composition
tables. Participants with implausible energy intakes, defined as less than 3,000 kj/d
(kilojoules/day) or more than 20,000 kj/d (Ambrosini et al., 2018) were excluded from further

dietary analyses.

To assess diet quality, the Dietary Approaches to Stop Hypertension (DASH) diet score was
calculated according to Fung et al. (2008). The scoring of (Fung et al., 2008) was adopted
because it has been previously used to assess the risk of CVD. The DASH has been

recommended as an effective way of controlling high blood pressure, and compliance with the
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recommendation has been assessed using several methods (Chobanian et al., 2003, Kwan et
al., 2013), some focused on feeding trial while some focused on dietary counselling. Fung et al,
(2008) scoring method was selected because it was developed based on a large sample of a
prospective cohort study. The DASH diet emphasizes intakes of high fruits and vegetables,
moderate low-fat dairy products, low animal protein, and a substantial amount of plant protein

from legumes and nuts (Appel et al., 1997).

The score developed by Fung et al. (2008) focused on 8 components including high intakes of
fruits, vegetables, nuts and legumes, low-fat dairy products, and whole grains alongside low
intakes of sodium, sweetened beverages, and red or processed meats. Intakes of each food
component were presented in servings per day except for sodium which was presented in grams
per day. Intake was categorized into quintiles, for the first 5 categories, high intake was
desirable, thus participants with intakes in quintile 1 obtained 1 point while those in quintile 5
obtained 5 points. This scoring was reversed for the last 3 groups, where a low intake was
desirable. This indicates that the highest obtainable score from each category is 5, giving a
minimum and maximum total score of 8 and 40 respectively. Quintiles were calculated for female
and male participants separately. A higher DASH score represents better diet quality and

adherence to the DASH dietary guidelines

Dietary Habits

We included questions to elicit responses on the dietary habits of the participants. Discretionary
salt intake was assessed by asking if participants added salt to their food while cooking (always,
sometimes, never, or don’t know), if they added salt to their food on the table or before eating
(yes, or no), the quantity of table salt they usually add to their food, if they added aromat or any
other similar spice to their food (yes, or no), and the quantity of aromat they usually add to their
food.

Furthermore, we also asked the participants how many times on average in a month they visited
some listed street or fast-food outlets. Participants could estimate how many times in a week or
month they ate each fast food. They could also indicate if they rarely or never ate them. The
responses obtained were converted to an average frequency per month. A total fast food score
was then calculated from the average frequency per month by adding the frequency of

consumption of all the individual fast food for each participant.
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Table 5. 1 Scoring criteria for the DASH diet index (Fung et al., 2008).

Component Serving Size Foods Scoring
Criteria
Fruits One serving is 1 medium piece of fruit or | All fruits Q1 =1 point
0.5 cups of berries (1 cup = 236.59 g)
Vegetables One serving is 0.5 cups of vegetables or 1 | All vegetables except potatoes and | Q2 =2 points
cup of green leafy vegetables (1 cup = | legumes
236.59 g) Q3 = 3 points
Nuts and legumes | One serving is 28.35 g of nuts or 1 | Nuts and peanut butter, beans, peas,
tablespoon (15 mL) of peanut butter lentils Q4 = 4 points
Whole grains One slice of whole-grain bread or %2 cup | Brown rice, barley wheat, brown bread or
cooked whole-grain cereal rolls, whole grain cereals, bran Q5 = 5 points
Low-fat diary One serving is 125 ml of low-fat milk Skim milk
Sodium - Sum of sodium contents of all foods in FFQ Reverse
scoring:
Red and | One serving is 90 g of cooked meat. Beef, pork, lamb, deli meats, organ meats, 9
processed meat hot dogs, bacon, and other processed
meats Q1=5 pOintS
Sweetened One serving is 1 small glass (200 ml) of | Carbonated and non-carbonated _ )
beverages drink sweetened beverages Q2 = 4 points
Q3 = 3 points
Q4 = 2 points
Q5 =1 point

Other measures

HIV and ART duration were obtained from the medical folder, smoking status and physical
activity were asked and recorded; waist circumference was measured. The methods for these

variables were described in detail in chapter 4.

Statistical methods

Data was captured into a Microsoft Excel (version 2180) spreadsheet daily during data
collection. Data were checked, cleaned, and analyzed using RStudio Version 1.2.5033. The
distribution of numerical variables was explored for normality using box and whisker plots, and
Shapiro-Wilk’s test.

Numerical variables with parametric distribution were summarized using mean and standard
deviation while those with a non-parametric distribution were summarized using the median and

interquartile range. Categorical variables were summarized using count and proportions.

Participants were categorized into two groups using their most recent BP: non-hypertensive
(non-HTN) and hypertensive (HTN). The hypertensive group also included those who were on

anti-hypertensive medication but had normal B.P. Two-sample t-test was used to test for
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differences in numerical variables with a parametric distribution between the two groups while
Wilcoxon rank-sum test was used for numeric variables with a non-parametric distribution. Z-
test for the difference in proportions was used to test differences in categorical variables

between the two groups.

A multivariate logistic regression model was fitted to identify the odds of being hypertensive
among the participants. All results with a p-value <0.05 were described as statistically

significant.

171



RESULTS

We classified the participants into two groups; hypertensive (HTN) and non-hypertensive (non-
HTN). Based on the defined protocol, the prevalence of hypertension among the participants
was 50.0%. It is important to note that 57.7% of those with hypertension were being treated with

medications. The two groups were merged for analysis.

Sociodemographic and Socioeconomic Information

The maijority (69.9%) of participants were female and above 40 years old with a median age of
46 years (Table 5.2). A smaller proportion (15.9%) of the participants did not have high school
education compared with those who had some high school education (41.5%) or those who
completed high school (42.7%). More than half of the participants reported that they were
unmarried (61.8%), unemployed (56.1%), and did not receive any form of social grant (62.6%).
We recruited 172 female participants of which 94.2% reported to have been previously
pregnant. A hundred (40.7%) participants were classified as obese while 68 (27.6%) were

overweight and 31.7% were normal weight.

There were statistically significant differences in the median age, level of education, and being
previously pregnant between those classified as hypertensive and those without hypertension.
Participants with hypertension were on average 6 years older (p<0.001), and a higher proportion
had previously been pregnant (p=0.008) compared with those without hypertension. The
proportion of participants with no high school education was higher among the hypertensive
group when compared with those without hypertension (p=0.019). There were no statistically
significant differences between hypertensive participants and those without hypertension for sex
(p=0.781), marital status (p=0.793), employment status (p=0.607), BMI category (p=0.499), and

whether they were social grant recipients (Table 5.2).

172



Table 5. 2 Sociodemographic and Socioeconomic Information

Total Non-HTN HTN P-value
(N=246) N (%) = 123 (50%) N (%) = 123 (50%)
Age (years) <0.001"
Median [IQR] 46.0[39.0, 53.0] 43.0[38.0, 49.0] 49.0 [42.5, 57.0]
Sex [n (%)] 0.7812
Male 74 (30.1) 38 (30.9) 36 (29.3)
Female 172 (69.9) 85 (69.1) 89 (70.7
Level of Education [n (%)] 0.019?
No High School 39 (15.9) 12 (9.8) 27 (22.0)
Some high school 102 (41.5) 51 (41.5) 51 (41.5)
High school completed 105 (42.7) 60 (48.8) 45 (36.6)
Marital Status [n (%)] 0.7932
Unmarried 152 (61.8) 77 (62.6) 75 (61.0
Married 94 (38.2) 46 (37.4) 48 (39.0)
Employment Status [n (%)] 0.6072
Employed 108 (43.9) 56 (45.5) 52 (42.3
Unemployed 138 (56.1) 67 (54.5) 71 (57.7
Social Grant [n (%)] 0.7922
Yes 92 (37.4) 47 (38.2) 45 (36.6)
No 154 (62.6) 76 (61.8) 78 (63.4
Have you ever been pregnant? [n (%)] n=172 0.008?
Yes 162 (94.2) 76 (89.4) 86 (98.9)
No 10 (5.8) 9(10.6) 1(1.1)
BMI Category [n (%)] 0.4992
Normal 78 (31.7) 43 (35.0) 35 (28.5)
Overweight 68 (27.6) 31(25.2) 37 (30.1)
Obese 100 (40.7) 49 (39.8) 51 (41.5)

": Wilcoxon’s Rank Sum Test, 2: Z-Test for Proportions, IQR = Interquartile Range

Other Health-related Information

Waist circumference has a significant association with hypertension status. PLWH who had
hypertension had a higher median waist circumference compared with those without
hypertension (p=0.042). There was no significant difference among those with or without

hypertension for total physical activity score (p=0.838), HIV duration (p=0.147), ART duration

(p=0.223), and smoking pack-year (0.607).
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Table 5. 3 Other Health-related Information

Total Non-HTN HTN P-value
(N=246) N (%) = 123 (50%) N (%) = 123 (50%)
Waist circumference (cm) <0.042'
Median [IQR] 94.1[83.3, 105.6] 92.5[82.5, 103.6] 95.8 [85.6, 107.6]
Physical Activity Score 0.8382
Mean (SD) 7.9 (1.3) 7.9 (1.4) 7.9 (1.1)
HIV Duration (years) n=237 0.147"
Median [IQR] 12.0[8.0, 15.0] 12.0[7.0, 15.0] 12.5[9.0, 15.3]
ART Duration (years) n=243 0.223'
Median [IQR] 10.0[7.0, 13.0] 9.0 [7.0, 12.8] 10.0[8.0, 13.0]
Smoking pack-year) n=61 0.6072
Median [IQR] 6.0 [2.4, 14.5] 5.3 [1.7, 10.0] 7.7 [2.5, 15.0]

': Wilcoxon’s Rank Sum Test, 2: ANOVA, IQR = Interquartile Range

Diet quality

Table 5.4 below shows the median (IQR) intake of the different food components of the DASH
diet score. The median (IQR) intake is presented for all the participants, as well as for those in
the lowest quintile (Q1) and the highest quintile (Q5).

The median intake of fruits among the participants was 0.86 servings/day while for vegetables
was 1.63 servings/day. The median intake of nuts and legumes was 0.43 servings/day, whole
grains was 2.11 servings/day, and low-fat dairy was 0 servings/day. The median intake of
sodium was 1.68 g/day, red and processed meat was 1.01 servings/day, and sugar-sweetened

beverages were 1.01 servings/day.

The median intakes of these DASH components were compared between those with and
without hypertension. Only the intake of Nuts and legumes was significantly different. Those
with hypertension had a higher median (IQR) intake of nuts and legumes than those without
hypertension [0.57 (0.14, 1.00) vs 0.29 (0.07, 0.61), p=0.003]. The intakes were also compared
between male and female participants but there was no significant difference (data shown in
Appendix C).
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Table 5. 4 Median intakes of DASH Score components

Component?!

Total Median (IQR) Intake

Median (IQR) Intake —

Lowest Quintile

Median (IQR) Intake —

Highest Quintile

Fruits (serving/day) 0.86 (0.29, 2.00) 0.25 (0.00, 0.29) 3.00 (3.00, 3.00)
Vegetables (serving/day) 1.63(0.86, 2.57) 0.36 (0.07, 0.61) 4.03 (3.57, 5.00)
Nuts and legumes (serving/day) 0.43 (0.14, 0.86) 0.00 (0.00, 0.04) 1.93 (1.25, 2.29)
Whole grains (serving/day) 2.11(0.57, 3.02) 0.07 (0.00, 0.29) 3.86 (3.36, 4.15)
Low-fat dairy (serving/day) 0(0,0) 0(0,0) 3(3,3)

Sodium (g/day) 1.69 (1.12, 2.31) 0.89 (0.69, 0.97) 2.93 (2.64, 3.15)

Red and processed meat (serving/day) 1.01(0.34, 1.72) 0.11(0.00, 0.21) 3.46 (2.73, 3.81)

Sweetened beverages (serving/day) 1.01 (0.50, 2.52) 0.19 (0.00, 0.25) 3.62 (3.02, 5.17)

IQR: Interquartile Range, ': See Table 5.1 for serving size

Table 5.5 shows the average score for each component of the DASH index, and the total DASH
score for female, male, and all participants. The DASH score has a minimum and maximum
score of 8 and 40 respectively. The total mean (SD) DASH score of the participants was 21.58
(4.5). Although the mean (SD) DASH Score of those without hypertension was 0.91 units higher
than those with hypertension [22.10 (5.0) vs 21.19 (5.1), p=0.171], this difference was not
statistically significant. The DASH score was divided into quintiles, the frequency of those with
and without hypertension in each quintile was compared, and no significant difference was
found (p=0.062). Similarly, systolic and diastolic blood pressure was compared between
quintiles of the total DASH score. Although the highest quintile had the lowest systolic pressure
(128.79 mmHg), and the third quintile had the highest (136.67mmHg), there was no statistically
significant difference (p=0.126). Furthermore, the third quintile had the lowest diastolic pressure
(77.07 mmHg), and the second quintile had the highest (78.6 mmHg), diastolic pressure was
not significantly different between the groups (p=0.914). There was no significant difference in

the DASH score between male and female participants.

175



Table 5. 5 DASH Score?

All Participants

Female Participants

Male Participants

Component Median (IQR) Mean (SD) Median Mean (SD) Median Mean (SD)
DASH Score DASH (IQR) DASH (IQR) DASH
Score DASH Score DASH Score
Score Score
Fruits 3.00 (2.00, 2.78(1.41) 3.00(1.00, 2.81(1.39) 2.00(1.00, 2.72(1.45)
4.00) 4.00) 4.00)
Vegetables 3.00 (2.00, 2.98 (1.43) 3.00(2.00, 2.99(1.43) 3.00(2.00, 2.96(1.42)
4.00) 4.00) 4.00)
Nuts and 3.00 (2.00, 2.96(1.43) 3.00(2.00, 2.96(1.43) 3.00(2.00, 2.96(1.43)
legumes 4.00) 4.00) 4.00)
Whole grains 3.00 (2.00, 2.91(1.45) 3.00(1.00, 2.90(1.47) 3.00(2.00, 2.92(1.41)
4.00) 4.00) 4.00)
Low-fat dairy 1.00 (2.00, 1.01(0.24) 1.00(1.00, 1.02(0.17) 1.00(1.00, 1.04 (0.36)
1.00) 1.00) 1.00)
Sodium 3.00 (2.00, 2.99(1.42) 3.00(2.00, 3.00(1.42) 3.00(2.00, 2.97 (1.43)
4.00) 4.00) 4.00)
Red and 3.00 (2.00, 2.99(1.42) 3.00(2.00, 3.00(1.42) 3.00(2.00, 2.96(1.43)
processed 4.00) 4.00) 4.00)
meat
Sweetened 3.00 (2.00, 2.95(1.43) 3.00(2.00, 2.98(1.41) 3.00(1.00, 2.89(1.49)
beverages 4.00) 4.00) 4.00)
TOTAL 22.00 (18.00, 21.58 22.00 21.65 22.00 21.41
25.00) (5.07) (18.00, (5.03) (17.00, (5.21)
26.00) 26.00)

IQR: Interquartile Range, SD: Standard Deviation

. Mean and median scores are reported here and in some other tables below because the otherwise
appropriate measure (median) based on normality does not provide enough meaningful summary of the
variables concerned
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Consumption of Foods High in Salt Content

The maijority (79.3%) of the participants added salt to their food while cooking, 11.8% sometimes
add, while only 8.9% never add salt to their food (Table 5.6).

About 81.7% of the participants reported not adding salt to their food on the table, while the
remaining 18.3% said they did. Among those who added salt to their food on the table, 73.3%
estimated adding about 4 teaspoon of salt to their food each day, while 26.7% estimated more
than V4 teaspoon. More than half (55.3%) of the participants added aromat or other similar spice
to their food before eating, while 44.7% reported not doing so. Among those who added aromat
or other similar spice to their food before eating, 48.5% estimated adding about % teaspoon to

their food each day, while 51.5% estimated more than %4 teaspoon.

Table 5. 6 Consumption of Foods High in Salt Content

Total Non-HTN HTN P-value

(N=246) N (%) = 123 (50%) N (%) = 123 (50%)

Is salt added to your food while it is being cooked? [n (%)]

Always 195 (79.3) 100 (81.3) 95 (77.2) 0.188"
Never 22 (8.9) 7 (5.7) 15(12.2)
Sometimes 29 (11.8) 16 (13.0) 13 (10.6)

Do you add salt to your food before you eat it? [n (%)]
No 201 (81.7) 100 (81.3) 101 (82.1) 0.869'
Yes 45 (18.3) 23 (18.7) 22 (17.9)

How much salt do you add to your food each day? [n (%)] n=45
Ya teaspoon 33(73.3) 19 (82.6) 14 (63.6) 0.150'
> Y, teaspoon 12 (26.7) 4(17.4) 8 (36.4)

Do you add Aromat or other similar spice to your food before you eat it? [n (%)]
No 110 (44.7) 54 (43.9) 56 (45.5) 0.798'
Yes 136 (55.3) 69 (56.1) 67 (54.5)

How much Aromat/other spice with Aromat do you add to your food each day? [n (%)] n=136
Ya teaspoon 66 (48.5) 31 (44.9) 35(52.2) 0.394'
> Y, teaspoon 70 (51.5) 38 (55.1) 32 (47.8)

1. Z-test

There was no statistically significant difference between the dietary habit of those with and

without hypertension (Table 5.6).

Consumption of fast foods

The most consumed fast food among the participants was fried fish (and chips) takeaway with
67.5% while the least consumed was Chinese takeaway with 2.9%. While about 67.5% of the
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participants reported frequent consumption, the median time of consumption for fried fish (and
chips) takeaway was 2 times per month. Quarters from tuck shops had the highest median time
of consumption (3 times per month), however, only 13.8% of the participants reported usual
consumption (Table 5.7). In all, 88.2% of the participants reported frequent consumption of at

least one fast food.

Table 5. 7 Consumption of Fast Foods

Fast Food Percentage of those who Mean (SD) frequency of Median (IQR) frequency
consumed n(%)* consumption / month of consumption/month

Fried fish (and chips) takeaway 166 (67.5) 3.7 (5.3) 2.0(1,4)

KFC 161 (65.5) 3.1(4.6) 1.0 (1, 3)

Pizza 117 (47.6) 1.7 (1.1) 1.0(1,2)

Gatsby/ bunny chow 85 (34.6) 2.9 (4.8) 1.0 (1, 4)

Hamburger restaurants 75 (30.5) 2.2 (3.8) 1.0 (1, 2)

Others 48 (19.5) 2.4 (2.3) 1.5(1, 2)

Spur 45 (18.3) 1.2 (0.6) 1.0 (1, 1)

Chicken Licken 42 (17.1) 2.2 (4.5) 1.0(1,1)

Nandos 39 (15.9) 1.4 (1.3) 1.0 (1, 1)

Quarters from tuck shop 34 (13.8) 5.7 (7.7) 3.0(1,7)

Mexican takeaway 10 (4.1) 2.0 (2.3) 1.0(1,1)

Chinese takeaway 7(2.9) 2.3(1.4) 20(1,4)

TOTAL 217 (88.2) 9.2 (11.6) 5.0 (2, 11)

' Percentage of those who reported that they usually consumed each of the fast food recently.

The mean fast food score of those with and without hypertension (8.63 and 9.73 respectively)

was not significantly different (p=0.456).

Predictors of Hypertension

A multivariate logistic regression model was constructed to identify the odds of being
hypertensive among the participants. Variables that had a significant p-value from Tables 5.2
and 5.3 and the DASH score were added to this model. For the categorical independent variable

“level of education”, the “No high school” category was made the reference category.

As shown in Table 5.8, on average, a unit increase in DASH score is associated with 0.98 odds
(95% Cl: 0.92, 1.03) of being hypertensive. However, the relationship between DASH score and

hypertension remained insignificant as it was in the univariate model. Although age, waist
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circumference, and level of education had a significant association with being hypertensive in

the univariate model, only age remained significant in the multivariate model. On average, a

year increase in age is associated with 1.06 (95% CI: 1.02, 1.09) odds of being hypertensive,

this association was statistically significant.

Table 5. 8 Predictors of Hypertension

Coefficients OR (95% Cl) p-value
Age 1.06 (1.02 - 1.09) <0.001
DASH score 0.98 (0.92 — 1.03) 0.906
Waist circumference 1.02 (1.00 — 1.04) 0.095
Level of Education

e Some high school 0.69 (0.28 — 1.67) 0.422

e High School completed 0.61 (0.24 - 1.51) 0.289

OR = Odds Ratio, Cl = Confidence Interval
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DISCUSSION

The prevalence of hypertension in this study was 50.0%. This supports the idea that the global
burden of hypertension is high among PLWH (van Zoest et al., 2017). This prevalence is higher
than the prevalence (38.6%) reported by Mutemwa et al. (2018) in their cross-sectional study of
PLWH in the Western Cape. Similarly, it is higher than the prevalence of 35.1% reported by
Berry et al. (2017) in their South African population-wide study of hypertension among people
aged 15 and above. This may be because we classified participants based on using anti-
hypertensive medications or a single BP which may not be conventional, but may potentially
identify undiagnosed participants. Additionaly the difference may also be because Berry et al.
(2017) included participants from age 15 while we included adults aged 18 and above. This
underscores the need to identify factors associated with being hypertensive among this

population.

In their findings, Berry et al. (2017) reported that 91.1% of those with hypertension were either
unscreened, undiagnosed, untreated, or uncontrolled. In our study, 42.0% of those classified as
hypertensive among the participants were not on anti-hypertensive medications. The higher
prevalence in the Berry study may be because they included participants who were unscreened
— defind as never had their blood pressure measured. The difference in the prevalence reported
by Mutemwa et al (2018) could be attributed to the difference in the methodologies used, for
instance the Mutemwa study included larger sample size, used random sampling, and included
17 facilities. Hyle et al. (2019) reported that hypertension was prevalent among PLWH on ART
in their South African study with less than half diagnosed, and fewer being treated. Focused
attention should be given to chronic diseases within the primary healthcare system (Day et al.,
2014), including among PLWH.

The median age of the participants was 46 years, and age had a significant association with
being hypertensive. On average, people with hypertension were 6 years older than those
without hypertension. This finding corroborates the findings of the SANHANES which showed
that SBP and DBP increased with increasing age (Shisana et al., 2014). Similarly, Hyle et al.
(2019) found that age was the only significant predictor of hypertension in their South African
study among PLWH. The association between age and hypertension remained statistically
significant in the multivariate analysis with results indicating a 6% increase in odds of being
hypertensive for every one year increase in age. This suggests that the association between

age and hypertension may not different with or without hypertension in South Africa.

Participants with hypertension were significantly less formally educated than those without

hypertension (p=0.019). This corroborates the findings of Malaza et al. (2012) who reported that
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educational attainment was significantly associated with hypertension in both univariate and
multivariate analysis in their study of adults living with HIV. In our study, however, this
association was not statistically significant after controlling for age and DASH score in the
multivariate analysis. Cois and Ehrlich (2014) in their analysis of the South African National
Income Dynamics study data also reported a similar association. Cois and Ehrlich (2014)
reported that higher educational attainment was associated with lower blood pressure among
women but higher blood pressure among men. Overall, our findings suggest that educational

status as a measure of socioeconomic status may have an association with blood pressure.

Furthermore, among female participants, being previously pregnant was significantly associated
with hypertension (p=0.008), with the hypertensive group having a higher proportion of those
who had been previously pregnant. We could not trace any literature indicating an increased
risk in women with a history of pregnancy. However, we suggest that this increased risk of
hypertension may be related to a history of hypertension during previous pregnancies.

Unfortunately, we do not have data to explore this association.

No other sociodemographic or socioeconomic characteristic of the participants had a significant
association with being hypertensive or not. However, we believe that this may be affected by
the peculiarity of our sample. For example, a national cross-sectional study showed that
hypertension was significantly less likely among South African women than men (Peer et al.,
2018). Higher blood pressure among men compared to women has also been reported among
PLWH (Kent et al., 2017). On the other hand, our study shows no significant gender difference
in the proportion of those who were hypertensive compared to those who were not. This may

be due to the smaller proportion of males compared to females in our sample.

Having the largest foodservice market in sub-Saharan Africa and very competitive hospitality
industry, South Africa’s fast-food market size is projected to reach $4.9 billion by 2026 (Allied
Market Research, 2019). A national survey by Steyn et al. (2011) showed that street food or
fast food was consumed by a large proportion of the South African population. Fried fish (and
chips) takeaway was the most commonly consumed fast food among the participants in our
study and was consumed by over two-thirds of the sample. Similar findings were reported in an
exploratory survey conducted in rural South Africa by Feeley et al. (2011). Feeley and
colleagues reported that two-thirds of the participants consumed fried chips or vetkoek which is

high in calories and fat.

There is a paucity of data on fast food consumption among PLWH. However, we found the study
of Wrottesley et al. (2014) who reported that the consumption of fat, sugar and refined foods

was common among their sample of HIV-infected and uninfected women in Soweto. Supporting
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this, our findings show that at least a third of the participants consumed street or fast food
including fried fish (and chips), KFC, pizza, and Gatsby at least once a month. This is an issue
of public health concern due to the fat, sugar, and salt composition of these food items
(Ronquest-Ross et al., 2015). Consumption of fast or street food may be affected by some
sociodemographic factors including the possession of basic home appliances (Steyn et al.,
2011). Nutrition education on cheap and healthy food choices is needed among PLWH

attending primary healthcare facilities in South Africa.

Discretionary salt consumption was commonly reported among the participants of a study by
(Charlton et al., 2021) with 79.3% always cooking with salt. Furthermore, 55.3% reported adding
aromat or other similar spices to their food. Aromat is a flavour enhancer containing
monosodium glutamate (Charlton et al., 2008), thus may potentially increase the sodium content
of food. The median sodium intake per day among the participants was 1.70g, this complies
with the WHO recommendation of less than 2g per day (WHO, 2020). This may be a reflection
of the reduction in salt intake followed by national regulation (Charlton et al., 2021). As
legislation is being enforced to reduce the sodium content of processed food, PLWH, and the
general population should be educated on hidden and discretionary sources of sodium in the
diet. However, the measure of sodium intake using the quantified FFQ with nutritional databases
was not triangulated with other measure of sodium intake, this may be the reason for this result.
We recommened cautious interpretation and the use of other objective measure of sodium
intake in further studies. Furthermore, the participants consumed on average 1 serving of
sweetened beverages, and red and processed meat daily. There are no studies reporting
intakes of these dietary components among PLWH in South Africa. Due to the role of diet in the
management of chronic diseases, more research is needed to inform possible nutrition

interventions among PLWH in South Africa.

Adherence to the DASH diet encouraging a high intake of fruits, vegetables, and a moderate
intake of low-fat dairy is associated with low CVD risk (Appel et al., 1997). The median servings
of fruits and vegetables consumed by the participants per day were 0.86 and 1.63 respectively.
This falls short of the WHO recommendation of at least five portions of fruits and vegetables per
day (WHO, 2020). The low intake of fruits and vegetables has been reported in a national cross-
sectional study by Labadarios et al. (2011), and among PLWH in Cape Town by Hyle et al.
(2021). However, studies reporting fruit and vegetable intake among PLWH are limited across
South Africa. Low intakes of fruits and vegetables contribute significantly to the global burden
of diseases especially CVD and cancers (Lock et al., 2005). Therefore, it is important to engage

in further research to assess current levels of intake across the nation.

182



The mean (SD) DASH score of the participants was 21.58 (5.1). DASH diet score has not been
reported among PLWH in South Africa, similarly, we could not identify any study among the
uninfected population reporting DASH diet score. None of the DASH score components nor the
total DASH score was significantly different by gender. This is contrary to the report of (Weiss
et al., 2019b) who found a significantly lower HEI score among female PLWH than males in the
US. However, this may be because of the higher percentage of females in the current study.
Weiss et al. (2019b) recruited similar proportions of female and male participants. We propose
further research recruiting equal proportions of females and males to be conducted to explore

this possible difference in the diet quality.

Although the DASH score of participants without hypertension was higher, the difference was
not statistically significant from the score of participants with hypertension both in the univariate
and multivariate analysis. Similarly, systolic and diastolic blood pressure was not significantly
different between quintiles of DASH. This non-significant relationship of DASH score with
hypertension and blood pressure is contrary to the findings of Fung et al. (2008) who reported
a significant association between adherence to DASH recommendations and a lower risk of

Coronary Heart Disease (CHD) among women enrolled in the Nurses’ Health Study in the US.

However, among PLWH, Policarpo et al. (2017) and Turcinov and Begovac (2011) reported that
adherence to the Mediterranean diet recommendation was not associated with lipodystrophy
and dichotomized CHD risk scores respectively. Although these studies, like the current one,
were cross-sectional and Turcinov and Begovac (2011) had a relatively small sample size which
may all introduce bias, the findings agree and may suggest that the increased risk of CVD
among PLWH is not related to diet quality. It is important to note, however, that the measure of
risk of CVD or CVD used in all the studies are not the same. While Policarpo et al. (2017)
assessed lipodystrophy, Turcinov and Begovac (2011) assessed CHD risk scores, and we
assessed hypertension. This makes the studies very heterogenous, we highly recommend
cautious generalization. As this is the first South African study assessing the diet quality of
PLWH with a predefined index, we suggest further studies across South Africa to provide more
evidence. We conclude that the diet quality of hypertensive and non-hypertensive participants

in our study was not significantly different.

STRENGTHS AND LIMITATION

It is also the first to assess dietary adequacy using a diet quality index in South Africa. This will
lay a foundation for further research and form a basis for nutrition intervention among PLWH.
Another strength of this study is the inclusion of all eligible non-pregnant adults with no

maximum age limit.
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A major limitation of this study is the use of a single blood pressure value to categorize
participants into groups, in addition to those who are on anti-hypertensive medication. However,
since Berry et al. (2017) reported that several people with hypertension are undiagnosed in
South Africa, this might have enabled us to identify participants who may be potentially
hypertensive but not yet diagnosed by the clinic. This was reported to the physician daily to
ensure proper follow up. Recruiting participants from one clinic and having no uninfected control
limits the extent to which the findings of this study may be generalized. It is therefore important
that the finding of this study be confirmed in further case-control or intervention studies. The use
of self-reported dietary data is subject to recall bias and may affect accuracy of findings.
Furthermore, the measure of sodium intake using the quantified FFQ with nutritional databases
as mentioned earlier could be a another limitation of the study. Finally, another limitation that
require cautious interpretation of our finding is the likelihood of false positive with multiple
variable testing (Groenwold et al., 2021). This along with the fact that statistical significance
does not imply clinical significance (Wasserstein and Lazar, 2016) should be borne in mind

while using the finding of this study.

CONCLUSION

In conclusion, the findings of this study confirm that the burden of hypertension among PLWH
is high and a fifth of our sample had untreated hypertension. Blood pressure was significantly
associated with age, level of education, and previous pregnancy. Discretionary salt intake was
commonly reported among the participants, specifically cooking with salt and adding aromat to
their food. However, median sodium intake was within WHO recommendations. We recommend
that other means of assessing sodium levels, such as urinary sodium concentration, should be
adopted with the dietary assessment to confirm whether there may be inconsistencies with the

use of nutritional databases.

The maijority of the participants used full-cream milk and cooked it with sunflower or other similar
oil. The most commonly consumed fast foods were fried fish (and chips), KFC, pizza, and
gatsby; and they were consumed on average at least once a month. Intakes of fruits and
vegetables fell short of recommendation, and an average daily intake of 1 serving of sweetened

beverages, and red and processed meat were reported among the participants.

The diet quality of participants in this study had medium adherence to the DASH regulation and
was not significantly different by the presence or absence of hypertension. Further research
specifically reporting nutrient intakes of PLWH in South Africa is needed especially because this
was not fully explored in the current study. We also suggest the adoption of diet quality indices

for the assessment of diet adequacy among PLWH in further studies in South Africa. This will
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provide evidence and form a basis for nutritional intervention which will consequently yield great

public health benefits.
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OVERVIEW OF FINDINGS

A growing population of PLWH are being diagnosed with non-communicable diseases (NCDs).
Shah et al. (2018) reported that PLWH have twice the risk of developing a CVD when compared
to the uninfected population. CVD is an important cause of non-AlDS-related mortality among
PLWH, and its prevalence may increase as PLWH continue to age (McGettrick et al., 2020).
Findings from other studies have also suggested the increased risk of CVD among PLWH
(Anne-Lise et al., 2015, Freiberg et al., 2013), including in South Africa (Hyle et al., 2019,
Mashinya et al., 2015). Hyle et al. (2019) indicated that 23.0% of their sample had hypertension,
while Mashinya et al. (2015) reported a prevalence of 48.3% and 33.2% for low HDL-C and

hypercholesterolemia respectively among their South African cohort.

Factors that may are associated with the increased risk of CVD among PLWH have been
identified including the use of HAART (Nsagha et al., 2015), and systemic inflammation (Duprez
et al., 2012). Other non-HIV-specific factors associated with CVD among PLWH include male
gender and aging. Bailin et al. (2020) suggested that diet and sedentary lifestyle which may

contribute to excess adiposity may also increase the risk of CVD among PLWH.

The relationship between higher diet quality and a lower risk of CVD has been reported among
PLWH (Muhammad et al., 2019) in the US, and the uninfected population (Xu et al., 2020).
Furthermore, dietary interventions have reduced the risk of CVD among PLWH (Estruch et al.,
2018, Lazzaretti et al., 2012, Stradling et al., 2012). However, studies reporting dietary intake
among PLWH in South Africa are not recent and were conducted among ART-naive participants
(Hattingh et al., 2014, Hattingh et al., 2006, Wrottesley et al., 2014). Nonetheless, Wrottesley et
al. (2014) reported that the diet of women in their study was obesogenic. The diet was high in
refined carbohydrates, added sugar, and processed foods, and low in fruits, vegetables, and
fish (Wrottesley et al., 2014). This prompted us to investigate the nutritional and health status
of adults living with HIV stable on HAART attending the Heideveld CHC in Cape Town.

This study assessed the nutritional and health status of PLWH and investigated the association
that may exist between this and the risks of CVD. We collected anthropometric data such as
height and weight and compile indices such as BMI and WHR. Biochemical data were obtained
from the medical folder. Dietary intake was assessed using a quantified FFQ, and diet quality
indices including the aHEI and DASH scores were calculated from the FFQ data. Other
parameters measured included food security status, smoking and alcohol intake, self-esteem,
weight goals and perception, and the preferred weight management interventions of

respondents.
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The prevalence of obesity was 40.7% while 27.6% were overweight. Most of the participants in
this study were middle-aged women with a median age of 46 years. The majority were
unmarried, unemployed, did not receive any form of social grant, and only about half had
completed high school education. The median duration of infection was 12 years, and the
participants had been on ART for a median time of 10 years with the majority previously on the
ARV regimen TEE and currently on TLD. The majority (94.7%) of participants had suppressed
viral load (<50 copies/ml), while 66.5% (155) of these had a viral load Lower than Detectable
Limits (LDL). About a third of the participants had comorbidities with hypertension being the
most prevalent comorbidity reported, followed by dyslipidemia and diabetes. Other
comorbidities reported were CVD, renal problems, and cancer. Using the most recent blood
pressure, 37.4% of the participants had high blood pressure. Hypertension had a significant
positive association with age. Median SBP and DBP were 133 mmHg and 77 mmHg

respectively.

Obesity prevalence was significantly higher among females, those who had completed high
school education, and women who had been previously pregnant. Central obesity was
prevalent, with more than half of the participants at a high risk of metabolic complications based
on their waist circumference and WHR. BMI category had a statistically significant positive

relationship with waist circumference, WHR, and SBP.

The majority of the participants were happy with their current weight, about half thought their
weight was normal, and there was a trend of underestimating their actual body weight.
Participants in the overweight BMI category had the highest proportion of those who were
satisfied with their present weight, while the obese category had the highest proportion of those
who would like to lose weight. A half acknowledged that their weight had increased compared
to the previous year, and the majority had never tried to lose nor gain weight. The majority
indicated their interest in a nutrition intervention program and more than half of these preferred
a group program. The interest of the participants in an intervention program opens a window of

opportunity to be explored for stemming the tide of CVDs among PLWH.

Food insecurity was reported by 89.0% of the participants. About half did not engage in sports
and exercise, as well as engaged in sedentary activities. Physical activity score had a significant
negative association with BMI. Obese participants were more likely to engage in sedentary
activities. The majority had high self-esteem scores. More than half had never smoked, and
about a third were previous smokers. Obese participants were less likely to be previous or
current smokers. Among the 21.5% who were current smokers, the mean smoking duration was

270 months, the median number of cigarettes smoked on a typical day was 7 sticks, and the
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median smoking pack-year was 6. Alcohol consumption in the previous 12 months was reported

among 36.2% of the participants.

The majority of the participants always cooked with salt and added aromat to their food. The
most consumed fast food was fried fish (and chips), it was consumed on average two times a
month by 67.5% of the participants. Other commonly consumed fast foods were KFC and pizza.
Consumption of fruits and vegetables falls short of recommendation. Furthermore, habitual
consumption of SSB and processed meat on average of 1 serving/day was reported among the
participants. The consumption of these high-calorie foods coupled with the low consumption of
fruits and vegetables in this population raises public health concerns and requires prompt and

decisive actions.

Diet quality was assessed using the aHEI and DASH scores. The mean aHEI of the participants
was below average score. The diet quality scores were not significantly associated with the
presence or absence of comorbidity. This may suggest a non-significant association between
diet and the risk of CVD among PLWH and this confirms the null hypothesis stated in the chapter
one. However, more nutrition-focused research among PLWH is needed in South Africa to give

more evidence to this finding.

PLWH with hypertension were older, less likely to have completed high school education, more
likely to have been previously pregnant, and had higher waist circumference than those without
hypertension. No associations were found for other variables including sex, BMI, diet quality,

and patterns.

It is important to bear in mind the following limitations while interpreting the findings of this

research:

e Biochemical data were obtained from the medical folder. These tests were conducted
by the National Health Laboratory Services (NHLS) in the public section, and although
this may indicate validity, the data may not reflect the current state of the participants

e The use of BMI alone with all its inherent limitations for grouping participants makes it
important to apply the implications of this study with caution.

¢ The sample may not be representative of PLWH in the South African diverse population
since we recruited participants from one clinic.

e Participants were not compared with uninfected control.

e The use of a single blood pressure reading to diagnose hypertension is not conventional.

e Incomplete biochemical data including creatinine and total cholesterol might have

reduced the power of the study to detect associations and differences.
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o The use of self-reported data especially for smoking, alcohol intake, physical activity,
and dietary assessments may not be reliable. This is subject to recall bias, or participants

intentionally providing false information to align with social norms.

FINAL CONCLUSIONS

The nutritional and health assessment of the participants indicated that, the prevalence of
obesity and hypertension was high among the participants, and hypertension was the most
prevalent comorbidity reported. The participants were mostly middle-aged females, they were

on long-term ART and most of them had an undetectable viral load.

The dietary habits and consumption of participants did not conform to recommendations. This
is evidenced by lower consumption of fruits and vegetables and higher consumption of SSBs,
processed meat, and fast foods. Furthermore, diet quality of PLWH in this study was not
significantly associated with hypertension and BMI category. Physical activity score was low, a

few participated in physical activity while more engaged in sedentary behaviours.

The maijority were satisfied with their weight and had a high self-esteem score. Nevertheless,
about half of the participants acknowledged that their weight had increased over the past year
without a deliberate intention to do so. Furthermore, the majority were interested in a group
intervention program targeting health and wellness. People who were obese were more likely
to be females, had completed secondary education, and had previously been pregnant. They
were also less likely to be physically active during leisure, smokers, and satisfied with their

weight. Hypertension was more likely among the older participants.

RECOMMENDATION

PLWH that are currently treated in the public sector at Heideveld clinic attend the clinic for
routine medical checks and monitoring, as well as the collection of their ARVs. Those who may

require dietary counseling are referred to a registered dietitian as determined by the doctor.

Based on the findings of this study, we make the following recommendations:

o We recommend that group nutrition education programs targeting weight management,
physical activity, dietary intake, and smoking cessation be incorporated into routine HIV
care at the PHC level.

e The dietary component of this nutrition education should focus on adequate intake of

fruits and vegetables, lower intake of SSBs, and red and processed meat.

195



We further recommend that an enabling environment that facilitates adequate PA should
be made equitably available both in rural and urban areas.

Due to the population of women of childbearing age in our sample, we recommend
continued awareness of the importance of PMTCT.

Regular screening for comorbidities especially hypertension among PLWH will reduce
the possibility of undiagnosed cases.

Higher educational attainment should be encouraged among PLWH. In addition, more
employment opportunities should be made available to them. This may go a long way to
reduce the level of food insecurity among PLWH.

More nutrition-focused research among PLWH in SA should be encouraged. We
recommend multi-level research covering multiple facilities and provinces for easy
comparison.

It is necessary to monitor the renal function of PLWH, therefore, we recommend that

further studies should assess the glomerular filtration rate to assess this.
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APPENDIX A — PARTICIPANTS’ INFORMATION SHEET AND CONSENT FORM

Research on the Nutritional and Health Status of HIV+ Adults on Stable HAART
Attending a Healthcare Facility in Cape Town, South Africa (2021)
Investigators: Janetta Harbron, Alastair Duncan, Tasneem Adams, lyanuoluwa Oyetunji
Division of Physiological Sciences, Department of Human Biology, Faculty of Health
Sciences, University of Cape Town (UCT)

Dear Study Participant,

You are invited to take part in a research study. We know that people living with HIV may have
a risk of developing heart diseases and high sugar levels. We want to find out why this may
be happening. We will ask questions about your physical activity levels, food you eat, and
about your general health. The information will help us to propose recommendations to

prevent the development of heart diseases and other long-term illnesses.

You may take part in this study if you attend this adherence club and have been taking
medication for 1 year or more. You may not take part if you are currently below 18years, or

currently pregnant. There will be about 250 participants in this study.

What will be expected of you?

If you agree to take part, we would like to:

e Measure how tall you are and how much you weigh.

e Measure your waist circumference, hip circumference and upper arm circumference
using a tape measure.

s Ask you some questions and fill in a questionnaire about your usual pattern of
consumption of certain foods, smoking, physical activity and how you feel about your
health status.

e Obtain certain information from your medical file including your date of birth, age,
height, weight at previous visits to this adherence club, medication history, as well as
results of blood tests previously done in this clinic including your blood sugar, blood
lipids, blood pressure, viral load and CD4 count history (if available).

This will be done by our research staff and will take about 45 minutes of your time.

Are there any benefits or risks for you if you take part in this study?

We want you to know that it is safe to take part in this study. After this study, we will give you
a copy of the healthy eating pamphlet from the department of health, and a cash gift of
R50.00. The information you give us will help us to understand your usual food intake pattern

and how this and other factors affect your health status. It will also help us to develop possible
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future treatment or intervention programs. A report of our findings from your assessment will

be provided to the clinic staff for further follow-up if required.

How will your confidentiality be protected?

All information we get from this study will be coded and will be stored in a computer database
that can only be assessed by the researchers with an assurance of confidentiality. Results

published from this survey will not include any names.

Other important ethical considerations:

e This study was approved by the Faculty of Health Sciences, Human Research Ethics
Committee of UCT (Reference number: 413-2021)

e The research will be done to international standards.

o Participation in this study is by your own free choice.

e You may withdraw from the study at any time without stating a reason. It will not count
against you in any way and will not affect your current or future treatment in this
adherence club or any other place.

e If any concerns arise from the non-routine assessment that will be done as part of the
research, it will be brought to the attention of the clinic staff for further follow up.

Contact Information

If you have any questions or concerns regarding the ethics of this study or your rights as a
research participant, you may contact the UCT Human Research Ethics Committee on 021
406 6338.

For any other questions regarding this study, please feel free to contact the following people:
Dr. Janetta Harbron on 021 406 6769 (supervisor); or lyanuoluwa Oyetunji on 0792407222.
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Informed Consent form

Research on the Nutritional and Health Status of HIV+ Adults on Stable HAART
Attending a Healthcare Facility in Cape Town, South Africa (HREC Ref nr 413-2021)

Investigators: Janetta Harbron, Alastair Duncan, Tasneem Adams, lyanuoluwa Oyetunji
Declaration by participant:

By signing below, L........cccvviiiiiiiiiiiiieeeieeeeeeeeee e (Write in your name and surname)
voluntarily agree to take part in this research study. | confirm that the exact procedures and
nature of the study detailed in the Information sheet have been explained to me. | have had
the opportunity to ask questions about it and my questions have been answered to my
satisfaction. The decision to take part in this study is my own. | understand that | am free to

withdraw from the study at any time without giving a reason.

..................................................................... Your signature

Declaration by investigator:

| declare that | did not force the participant to take part in this study and that | will do no harm
to the patrticipant. | have fully informed the person above of the study procedures. | will ensure

that their personal information is kept confidential and that their privacy will be protected.
......................................................................... Investigator name (print)

......................................................................... Investigator signature
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APPENDIX B — QUESTIONNAIRE

Section A — From File

Interviewer: Participant name (1):

(2): Code (3):
A SOCIODEMOGRAPHIC INFORMATION
1 Date of Birth 4.

2 Gender?
1. Male

2. Female

B BIOCHEMICAL DATA

Dates

Blood Glucose

Total Chol

CD4 count

Viral load

Creatinine

C MEDICAL DATA

Weight History Dates

Blood Pressure Dates
History
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Co-morbidities Yes Date of Diagnosis

1. Diabetes/ insulin resistance

CvD

2
3. Hypertension
4. Dyslipidemia

5. Lipodystrophy

Is participant on Medical nutrition therapy for any of these or other co-morbidities?
If yes, specify which condition(s):

Year participant tested positive for HIV:

Date started on ART:

HIV stage:
Current ART (circle correct medication)
Pls NRTIs
Lopinavir Tenofovir
Atazanavir Abacavir
Ritonavir Lamivudine
Darunavir Zidovudine
NNRTIs Emtricitabine
Efavirenz Integrase Inhibitors
Nevirapine Raltegravir
Dolutegravir

Other medication:
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ART history
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Section B: From Participant

ANTHROPOMETRIC MEASUREMENTS:

Measures

Average

Height (cm)

Weight (kg)

MUAC (cm) Right arm

Waist (cm)

Hip (cm)

Hand grip strength (kg)

Use the hand free from surgery,
arthritis or pain for the past 3

months

SOCIODEMOGRAPHIC INFORMATION:

1. | What is your highest
level of education
attained?

No formal education

Primary school

Some high school

High school completed

After school qualification
Diploma, Certificate

Degree

Post-graduate

Other: (specCify)....ccocvveieinnnn...

2. | Matrital status

Single

Married

Divorced

Widowed

Living with partner

Other: (specify).....cocovieinnnn...

3. | How would you describe

Employed: Full time/ Part time

your present Unemployed
employment status? Student
(underline correct Retired
option) Other: (speCify).....cocviiiiinnnenn.

4. | Do you receive a social | Yes
grant No

S Have you ever been Yes; Nr of pregnancies.... Nr of live births.....
pregnant? No
SMOKING

1. | Have you ever smoked Yes,daily.....ccooooviiiii, 1
cigarettes (tobacco)? Yes, less than daily......................... 2
(circle the correct Yes, butnotnow...............oooil 3
answer) No,notatall..........cooceiiiiiiiin.. 4
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2. | Do you currently smoke | Yes, daily........c.cooviiiiiiiiiiiiii 1
cigarettes (Tobacco) Yes, lessthandaily......................... 2
No,notatall...............oooiiiiiiiiil. 3
3. | For how long have you
been smoking cigarettes | Number of years:.........................
(tobacco) regularly?
Number of months:.......................
If less than one month,
enter “00” for years and
months
4. | On average, how many
manufactured cigarettes | Perday:......................
do you smoke each
day/week (not number of | Per months:........................
packs)
ALCOHOL INTAKE

A single tot of spirits (whisky, gin, vodka)
(e.g. 25ml at 43%)

A small glass of liqueur or aperitif
(e.g. 25ml at 30%)

1 can of ordinary beer

,l, 1 glass of wine

% Carton of ordinary commercial

(e.g. 340ml at 5%) ; (e.g. 120ml at 12%) g sorghum beer (e.g. 500ml at 3%)
1. | Howoftendoyou have a | Never..........ccooiviiiiiiiiiieee, 0
drink containing alcohol | Monthly orless............cocooviiiiiiiinne. 1
in the past 12 months? 2-4 timesamonth....................... 2
2-3timesaweek...........oooeiiiiiiinis 3
4 ormore times aweekK...........coueeenn. 4
2. | How many drinks TOr 2 i, 0
containing alcohol do BOr 4. 1
you have on a typical S OrB. e 2
day when you are 7,80r9. i, 3
drinking? T0OrMOre.. i, 4
3. | How often do you have NEVET. ... 0
(for men) five or more Less than monthly........................... 1
and (for women) fouror | Monthly............ooooiiiiiiii 2
more drinks on one WeeKIy. ..o 3
occasion? Daily or almost daily................coeuen... 4
WEIGHT
MANAGEMENT
1 | How happy are you with | HappY......cooviiiiiii e 1
your present weight? Somewhat happy...........ccccviviinnnn. 2
10 0] 0 =T o] o) 3
Other (specCify)....ccoiiiiiiiiiiiiiiiennn. 4
2 | Do you think you Underweight.........cccooiiiiiiiiinnens 1
are......... ? Normal weight...........cooiiiiiints 2
Overweight...........cooiiii 3
Other (specCify)....ccoieiieiiiiiiiiiaennn. 4
3 | Would you like to MOre. ..., 1
weigh....... ? LSS it 2
The same weight as you are now......... 3
Other (specCify)......ccooeviiiiiiiiiiiinn, 4
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4 | Compared with lastyear | More...........cooooiiiiiiiiiiii i 1
do you weigh....... ? LSS, et 2
Same weight (Kg)......cvvveviiiiiiiinns 3
Dont KNOW...evueieieieeieiiiiieeeeeae 4
5 | Have you ever tried to Y S, 1
lose weight? N O e 2
9 | During the past 12 Y S 1
months have you tried to | NO.........oooiiiiiii 2
lose weight?
10 | During the past 12 Y S i 1
months have you tried t0 | NO.......ooviiiiiiii e, 2
gain weight?
11 | Would you be interested
: Y S 1
to take part in a program No >
about a healthy lifestyle | 1O rrmse s
and how to best manage
weight if it was available
here at the clinic?
12 wgﬁgtygﬁ o:;;orgram Group SESSIONS. ... 1
youp Individual SeSSIONS ......cooviiiiiiiiiiaennns, 2
13 | What type of cell phone I do not have access to a cell phone............... 1
do you have access to?
Cell phone with no internet feature................. 2
Internet-enabled cell phone.......................... 3
14 | If you have access to a Restricted access........cooovvviiiiiiiiiic i, 1
cell phone, how much
access do you have? Full access..........ccooviiiiiiiiiiiiiiiiii, 2
15 WOU.Id you like to Y S 1
receive messages on
how to manage your NO. .o 2
weight, eat healthy foods
and do exercise via your
cell phone?
F. | FOOD INTAKE
1. | Which meals d_o you .Sk'p Breakfast................. 1
almost on a daily basis?
Lunch............ooeee. 2
Evening meal........... 3
None of these........... 4
2. | Is salt added to your
food while it is being Always..........cocevenee 1
cooked? Sometimes............... 2
Never.........ooooeeet. 3
Don’t know.............. 4
3. | Do you add salt to your
food before you eat it? YES. .o 1
NO. ..o 0
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If yes, how much salt do

1
you add to your food /4 teaspoon.............. 1
each day? Y teaspoon.............. 2
Y teaspoon.............. 3
1 teaspoon............... 4
Other specify:.......... 5
Doyou add Aromator | ygg 1
other similar to your food
before you eat it? NO.......cooviiiiin 0
If yes, how much 1
Aromat/other spice with /4 teaspoon.............. 1
Aromat do you add to Y teaspoon.............. 2
your food each day? Ya teaspoon.............. 3
1 teaspoon............... 4
Other specify:.......... 5
In an average month -
how often do you eat at Frequency of visits (select 1)
the following places? Times/week | Times/month | Rarely/never
Nandos
Spur

Macdonalds/Burger
King/Steers/ Wimpy

KFC

Chicken Licken

Pizza e.g. Debonaire’s
Romans etc.

Fried fish (and Chips)
takeaway

Chinese takeaway

Mexican takeaway

Gatsby/ bunny chow

Other
restaurants/takeaways

Quarters from tuck
shop
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Food intake over the past month

| will now ask you some questions about your usual intake of some foods and drinks over the PAST

MONTH.

Please look through these food cards and divide them into 2 piles:

e 1 pileis for foods you ate in the past month and
e the other pile for foods you never eat or did not eat in the past month.

Give the participant a while to go through the cards, while you look for information in file.

We will now look at the food cards in the pile “ate in the past month”, please tell me:

1. HOW OFTEN do you usually eat/drink the item on the food card? Please select one of these
options (show A4 laminated options) — mark one block with a cross (X) to indicate frequency

2. HOW MUCH EACH TIME (PORTION SIZE): The standard portion for this item is
usually eat this amount, or % this amount, or twice this amount or more than 2 times this

amount? — mark one block with (X)

HOW OFTEN HOW MUCH EACH TIME (PORTION SIZE)
Never |[1-3 1-3 4-6 Every |Portion 1 times % the 2 times >2 times
times/ |times/ |times/ |day size portion portion portion portion
month [week | week
GRAINS/STARCH
1. Oats porridge 1 cup
2. Maize meal porridge, Y2 cup
crumbly or soft, other
cooked cereal
3. Cereals, like Weet-Bix, 1 cup
Corn flakes, Pronutro,
All Bran flakes, Coco
Pops, Rice Krispies
4.  Sugar or honey on 1tsp
cereal/porridge
5. Pasta or spaghetti, 1 cup
white rice, including in
akni, biryani, or salad
6. Brown rice, wild rice, Y% cup
samp (stampmielies),
barley, pearled wheat
(stampkoring)
7. Beans, lentils, split % cup
peas, toppers,
including in curry,
biryani, stews or soups
8. Whole wheat or 1 slice
Brown bread or rolls
9.  White bread, burger or 1 slice
hot dog buns, rolls.
DAIRY & DRINKS
10. Cheese, cheesein 1 slice
sandwiches, sauces & 309
dishes matchbox
11. Milk: glass, on cereal, 125ml
in coffee, tea
12. Dairy and fruit juice 1 small glass
mix like Tropika, 200ml
Fiesta.
13. Fruit juice, such as 1 small glass
Ceres or Liqui-Fruit. 200ml
14. Soft drinks like Coke, 1 small glass
Cream soda, 200ml

Sparletta, iced tea,
Red Bull, Eleven-in-
One. DO NOT include
diet drinks.

205




HOW OFTEN HOW MUCH EACH TIME (PORTION SIZE)

Never |[1-3 1-3 4-6 Every |Portion 1 times Y% the 2 times >2 times
times/ |times/ |[times/ |day size portion portion portion portion
month | week | week

15. Cordials (regular): 1 small glass
200ml

Oros, Drink O-pop,
Hall’s, Nectar, Frutal,
Dalys, Wild-island.

FRUIT

16. Any kind of fruit, fresh

1 medium fruit

including berries ¥ cup fruit
salad

VEGETABLES

17. Green salad and any 1 cup raw
vegetables you put in
salad

18. Roasted or fried 1 potato
potatoes or chips 1 cup

19. Potatoes, boiled, Y% cup or %2
mashed, or in potato potato

salad or stews (not
fried)

20. Dark green
vegetables: broccoli,
spinach, including in
mixed dishes

% cup cooked

21. Yellow vegetables:
pumpkin, butternut,
carrots, sweet potato,
mealies/corn on cob,
sweetcorn, including in
mixed dishes

1 cup cooked

22. ALL other vegetables: % cup
mixed vegetables, 1 mealie
gem squash, cabbage,
cauliflower, onion,
green beans, green
pepper, peas,
including in mixed
dishes

23. Sugar or syrup added 1tsp
to vegetables

PROTEINS/MEATSs

24. Eggs: fried, boiled, 1 egg
scrambled, omelettes.

25. Polony, Vienna 1 slice
Russian sausage,
sliced ham, (corned)
bully beef

26. Pies, sausage rolls, 2 small
samosas, vetkoek

27. Mince meat, patty, 60-90g
meat balls, bobotie, 2-3
boerewors, meat in matchboxes
lasagne or bolognaise

28. Roast, steaks or chops 90g
like beef, lamb, mutton 3 matchboxes

29. Neck/knuckle meat 90g

(beef, lamb,mutton) or
organ meats (liver,
tripe) in mixed dishes,
like bredie, potjiekos,
curry, biryani, akni

3 matchboxes

30. Chicken fried, snitzel, 90g piece
patties, strips
31. Chicken roast or 90g piece
pieces or in bredie,
stews/curries
32. Chicken feet, organ 2-3 feet
meat 1 cup dish
33. Fish or fish cakes Medium piece
90g
2 fish cakes
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HOW OFTEN HOW MUCH EACH TIME (PORTION SIZE)
Never |[1-3 1-3 4-6 Every |Portion 1 times Y the 2 times >2 times
times/ |times/ |[times/ |day size portion portion portion portion
month [week | week

OTHER

34. Crisps/snack chips like Small packet
Simba, Lays, Fritos, 30g — 409
NikNaks, Ghost Pops

35. Crackers, like cream 3-4 small
crackers, saltycrax, crackers
Marie biscuits or other
snack crackers

36. Peanuts, peanut 2 Tbsp
butter, other nuts or
seeds

37. Frozen yogurt, ice Y2 cup
cream, custard,
pudding

38. Doughnuts, cake, 1 or small
cookies, shortbread, piece
koeksister, sweet or
cream pastry,
cupcakes, milk tart.

39. Sweets, any type, or 3 sweets
chocolates 2 small choc

40. Jam, marmalade, 1tsp
syrup, honey.

41. Salad dressing, 1 Thsp
mayonnaise

42. Margarine or butter on 1 Thsp
bread or vegetables

43. Instant soups, 2-min 1 packet
noodles

44. Sugarin 2 tsp
coffee/tea/other hot
drinks

FREQUENCY

Rarely | 1-2/ |3-4/ |5-6/ |1/ |1% |2/ 3/ 4+/
week | week | week | day | day |day |day | day

45. How often did you use fat or oil for
cooking?

46. What type of milk or powdered

Full-cream milk

Soy milk

milk did you usually drink?

Low- fat 2% milk

Don't know

MARK ONE.

Nonfat or skim milk

| don't drink milk or soy milk

47. What kind of cereal did you

Weet-Bix, Nutrific, All Bran, Puffed wheat, Muesli, plain Oats, Maltabella,

Right Start Fibre plus

usually eat?
Choose the 2 that you eat

O-tees, Oatso easy, Instant oats, Jungle b-fast, Nestle Cheerios or Milo,
Funkydz strawberry or frosted crunches, Right Start Oat Flakes

most often.

Other sweet cereals, like Frosted Flakes, Special K, Frosties, Coco Pops,
Right Start Bran flakes or Raisin Bran flakes

Pronutro, whole wheat and whole wheat flavours

Pronutro, traditional maize and flavours; FutureLife

Any other like Corn Flakes, Rice Krispies, Rice Crunchies, Kreemymeel

48. What kind of fat or oil did you

None

Sunflower oil, "fish oil" or other oil

Hard margarine, Marvelo or butter

Beef or mutton tallow

usually use in cooking? MARK
ONLY 1 or 2.

Soft tub margarine

Chicken fat

Canola oll, olive oil

Don't know, don’t cook
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G FOOD SECURITY:

Please tell me whether the following statements were OFTEN, SOMETIMES or NEVER true for you or

other members of your household in the last 12 months

1. | The food you/your household Nevertrue..............oevee 1
members bought just did not last, Sometimes true.............. 2
and you didn’t have money to get Oftentrue..................... 3
more
2. | Youlyour household members Nevertrue.................... 1
couldn’t afford to eat balanced meals | Sometimes true.............. 2
Oftentrue..................... 3
H
PHYSICAL ACTIVITY (BAECKE QUESTIONNAIRE)
1.| Work Index
Question Response Points
1 What is your main occupation? Low activity 1
(1) low activity including clerical work, driving, shop keeping, | Moderate activity 3
teaching, studying, housework, medical practice, and High activity 5
occupations requiring a university education; (2) middle
activity including factory work, plumbing, carpentry, and
farming; (3) high activity includes dock work, construction
work, and professional sport
2 At work | sit Never 1
Seldom 2
Sometimes 3
Often 4
Always 5
3 At work | stand Never 1
Seldom 2
Sometimes 3
Often 4
Always 5
4 At work | walk Never 1
Seldom 2
Sometimes 3
Often 4
Always 5
5 At work | lift heavy loads Never 1
Seldom 2
Sometimes 3
Often 4
Always 5
6 After working | am tired Very often 5
Often 4
Sometimes 3
Seldom 2
Never 1
7 At work | sweat Very often 5
Often 4
Sometimes 3
Seldom 2
Never 1
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8 In comparison of others of my own age | think my Much heavier 5
work is physically Heavier 4
As heavy 3
Lighter 2
Much lighter 1
Sport Index
Question Response Points
9 Do you engage in sports or exercise? Yes (proceed)
No (go to guestion 10)
9a Data on Most Frequently Played Sport Findings Value
What sport do you play/practice most frequently? Low intensity 0.76
(1) low level (billiards sailing bowling golf etc) with an Medium intensity 1.26
average energy expenditure of 0.76 MK/h; (2) middle High intensity 1.76
level (badminton cycling dancing swimming tennis) with
an average energy expenditure of 1.26 MJ/h; (3) high
level (boxing basketball soccor rugby rowing) with an
average energy expenditure of 1.76 MJ/h
How many hours do you play in a week? <1 hour 0.5
1-2 hours 1.5
2-3 hours 2.5
3-4 hours 3.5
> 4 hours 4.5
How many months do you play in a year? < 1 month 0.04
1-3 months 0.17
4-6 months 0.42
7-9 months 0.67
> 9 months 0.92
9% Data on Second Most Frequently Played Sport Findings Value
What is your second most frequently played sport? Low intensity 0.76
(1) low level (billiards sailing bowling golf etc) with an Medium intensity 1.26
average energy expenditure of 0.76 MK/h; (2) middle High intensity 1.76
level (badminton cycling dancing swimming tennis) with
an average energy expenditure of 1.26 MJ/h; (3) high
level (boxing basketball football rugby rowing) with an
average energy expenditure of 1.76 MJ/h
How many hours do you play in a week? < 1 hour 0.5
1-2 hours 15
2-3 hours 2.5
3-4 hours 3.5
> 4 hours 4.5
How many months do you play in a year? <1 month 0.04
1-3 months 0.17
4-6 months 0.42
7-9 months 0.67
> 9 months 0.92
Question Response Points
10 In comparison with others of my own age | think my | Much more 5
physical activity during leisure time is More 4
The same 3
Less 2
Much less 1
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11

During my leisure time | sweat

Very often

Often

Sometimes

Seldom

Never

12

During leisure time | engage in sporting activity or
exercise

Never

Seldom

Sometimes

Often

Very often

QR WINFRIRPINW(~|O

Leisure Index

Question

Response

'U
e
=)
=
7

13

During leisure time | watch television, | use my
computer (not for work) or phone (screen time)

Never

Seldom

Sometimes

Often

Very often

14

During leisure time | walk

Never

Seldom

Sometimes

Often

Very often

15

During leisure time | cycle

Never

Seldom

Sometimes

Often

Very often

16

How many minutes do you walk and/or cycle per day
to and from work, school and shopping?

< 5 minutes

5-15 minutes

15-30 minutes

30-45 minutes

> 45 minutes

QAR WINFRPORWINRFP|IORWINFRO|RWIN|EFP
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Rosenberg Self-Esteem Scale (RSE

Instructions

Q | am going to read 10 statements, you must please tell me if you strongly agree, agree,
disagree or strongly disagree with each statements

O When | read the statements think about your present and recent feelings, not those you
had in the past.

Strongly
Disagree

Strongly

Agree Agree Disagree

1. Ifeel that | am a person of worth, at least on an
equal plane with others.

2. |feel that | have a number of good qualities.

All'in all, I am inclined to feel that | am a failure.

4. | am able to do things as well as most other
people.

5. | feel I do not have much to be proud of.

6. |take a positive attitude toward myself.

7. On the whole, | am satisfied with myself.

8. l'wish | could have more respect for myself.

9. Icertainly feel useless at times.

10.  Attimes | think | am no good at all.

211



APPENDIX C — DASH Score Components for Male and Female Participants

Male Participants

Component?

Total Median (IQR) Intake

Median (IQR) Intake —

Lowest Quintile

Median (IQR) Intake —

Highest Quintile

Fruits (serving/day)

Vegetables (serving/day)

Nuts and legumes (serving/day)
Whole grains (serving/day)
Low-fat dairy (serving/day)
Sodium (g/day)

Red and
(serving/day)

processed meat

Sweetened beverages (serving/day)

0.57 (0.29, 1.43)
1.35 (0.86, 2.54)
0.50 (0.14, 1.00)
2.86 (0.79, 3.14)
0 (0, 0)

1.87 (1.23, 2.31)

1.00 (0.36, 1.59)

0.95 (0.25, 2.58)

IQR: Interquartile Range, *: See Table 5.1 for serving size

Female Participants

Component?

Total Median (IQR) Intake

0.25 (0.05, 0.29)
0.29 (0.02, 0.64)
0.00 (0.00, 0.04)
0.00 (0.00, 0.25)
0(0, 0)

1.00 (0.89, 1.04)

0.06 (0.00, 0.23)

0.06 (0.00, 0.25)

Median (IQR) Intake —

Lowest Quintile

3.00 (3.00, 3.00)
4.00 (3.57, 4.14)
2.14 (1.93, 2.21)
4.04 (3.75, 4.36)
3(3,3)

3.09 (2.94, 3.15)

3.21 (2.49, 3.68)

4.41 (3.37, 5.29)

Median (IQR) Intake —

Highest Quintile

Fruits (serving/day)

Vegetables (serving/day)

Nuts and legumes (serving/day)
Whole grains (serving/day)
Low-fat dairy (serving/day)
Sodium (g/day)

Red and processed meat

(serving/day)

Sweetened beverages (serving/day)

1.00 (0.29, 2.00)
1.71 (0.86, 2.64)
0.39 (0.14, 0.79)
2.00 (0.57, 3.00)
0 (0, 0)

1.64 (1.10, 2.29)

1.00 (0.34, 1.76)

1.13 (0.50, 2.39)

IQR: Interquartile Range, *: See Table 5.1 for serving size
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0.21 (0.00, 0.29)
0.36 (0.11, 0.60)
0.00 (0.00, 0.04)
0.07 (0.00, 0.43)
0(0, 0)

0.80 (0.63, 0.93)

0.11 (0.00, 0.21)

0.22 (0.00, 0.25)

3.00 (2.57, 3.00)
4.29 (3.57, 5.29)
1.57 (1.07, 2.29)
3.57 (3.29, 4.00)
2(2,2)

2.97 (2.55, 3.13)

3.38 (2.74, 3.81)

3.46 (2.90, 4.57)



APPENDIX D - Ethics Approval Letter (UCT)

UNIVERSITY OF CAPE TOWN
Faculty of Health Sciences i
Human Research Ethics Committee

Room GSO0- Old Main Building
Groote Schuur Hospital
Observatory 7925
Telephone [021] 406 6492
Email: hrec-enguiries@uct.ac.za

Website: www.health.uct.ac.za/fhs/r rch/humanethics/form

30 September 2021

HREC REF: 413/2021

DrJ Harbron

Department of Human Biology
Room 3.09, Anatomy Building-FHS
Email: Janette.harbron@uct.ac.za

Student: Qvtiva00l@myvuct.ac.za

Dear Dr Harbron

PROJECT TITLE: NUTRITIONAL AND HEALTH STATUS OF HIV+ ADULTS ON STABLE HAART
ATTENDING A PRIMARY HEALTH CARE FACILITY IN CAPE TOWN (MMED DEGREE - MR
IYANUOLUWA OYETUNJI)

Thank you for your response letter, addressing the issues raised by the Faculty of Health Sciences
Human Research Ethics Committee (HREC).

It is a pleasure to inform you that the HREC has formally approved the above-mentioned study.

This approval is subject to strict adherence to the HREC recommendations regarding
research involving human participants during COVID -19, dated 17 March 2020: 06 July 2020
& 01 July 2021.

Approval is granted for one year until the 30 September 2022.
Please submit a progress form, using the standardised Annual Report Form if the study continues

beyond the approval period. Please submit a Standard Closure form if the study is completed within the
approval period.

(Forms can be found on our website: www.health.uct.ac.za/fhs/research/humanethics/forms)

The HREC acknowledge that the student: Mr lyanuoluwa Oyetunji will also be involved in
this study.

Please quote the HREC REF 413/2021 inallyour correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator.

Please note that for all studies approved by the HREC, the principal investigator must obtain appropriate
institutional approval, where necessary, before the research may occur.

HREC/REF 413/2021sa
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Yours sincerely

PROFESSOR M BLOCKMAN

CHAIRPERSON FACULTY OF HEALTH SCIENCES HUMAN S COMMITTEE
Federal Wide Assurance Number: FWA00001637.

Institutional Review Board (IRB) number: IRB00001938

NHREC-registration number: REC-210208-007

This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use: Good Clinical Practice
(ICH GCP), South African Good Clinical Practice Guidelines (DoH 2006), based on the Association of
the British Pharmaceutical Industry Guidelines (ABPI), and Declaration of Helsinki (2013) guidelines.
The Human Research Ethics Committee granting this approval is in compliance with the ICH
Harmonised Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Regulation Part 50, 56 and 312.

HREC/REF 413/2021sa
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STRATEGY & HEALTH SUPPORT

Health.Research@westerncape.gov.za

tel: +27 21 483 0866: fax: +27 21 483 6058

5™ Floor, Norton Rose House,, 8 Riebeek Street, Cape Town, 8001
www.capegateway.gov.za)

Western Cape
i Governpnent

Health

University of Cape Town

Anzio Road
e e S S e S |
Observatory

Cape Town
7925

For attention: Dr Janetta Harbron, Mr lyanuoluwa Oyetunji

Re: NUTRITIONAL AND HEALTH STATUS OF HIV+ ADULTS ON STABLE HAART ATTENDING A PRIMARY
HEALTH CARE FACILITY IN CAPE TOWN

Thank you for submitting your proposal to undertake the above -mentioned study. We are pleased
to inform you that the department has granted you approval for your research.

Please contact the following people to assist you with any further enquiries in aassing the following
sites:

Heideveld CDC Sr Gercia Human 021 638 1690

Kindly ensure that the following are adhered to:

1. Arrangements can be made with managers, providing that normal activities at requested

facilities are not interruptedand the constraints caused by the Covid19 epidemic above are
respected and adhered tfo.

2. Researchers, in accessing provincial health facilities, are expressing consent to provide the
department with an electronic copy of the final feedback (Annexure 9) within six months of
completion of research. This can be submitted to the provincial Research Co -ordinator
(Health.Research@westerncape.gov.zq).

3. Inthe event where the research project goes beyond the estimated completion date
which was submitted, researchers are expected to complete and submit a progress report
(Annexure 8) to the provincial Research Co-ordinator
(Health.Research@westerncape.gov.zq).

4. The reference number above should be quoted in all future correspondence.

Yours sincerely

DR M MOODLEY

DIRECTOR: HEALTH INTELLIGENCE
DATE: 15/11/2021

CcC
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