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Abstract

Understanding non-communicable diseases (NCDs) among young people living with HIV
(YLWRH) is critical given the potential for aging-associated comorbidities resulting from HIV,
especially in Cambodia where such data are limited. Therefore, we examined the preva-
lence and correlates of NCDs in YLWH and compared it to a nationally representative sam-
ple of young people not otherwise infected. We collected data from a sample of 370 YLWH
aged 18-29 years attending three HIV clinics in Cambodia between 2019 and 2020. Our
comparison group were 486 young people who participated in the Ministry of Health/WHO
2016 Noncommunicable Disease Risk Factor Surveillance (STEP survey). Both surveys
used a standardized questionnaire to collect information on lifestyle factors and World
Health Organization protocols for physical and biochemical measurements. We compared
the prevalence of diabetes, hypertension, and high cholesterolemia between the two groups
and examined the relationship between these conditions and HIV. We found 16 (4%), 22
(6%), and 72 (20%) had diabetes, hypertension, and high cholesterolemia, respectively,
among YLWH, compared to 4 (1%), 22 (4%), and 49 (11%) among the general population.
In logistic regression, YLWH were at higher odds of diabetes/prediabetes and high choles-
terolemia compared with the young general population, aOR = 6.64 (95% CIl 3.62—-12.19)
and aOR =7.95 (95% CI 3.98-15.87), respectively. Our findings demonstrate that YLWH in
Cambodia face multiple metabolic disorders and NCDs despite their young age and that
accessible screening measures and treatment for these conditions are needed in order to
combat NCDs in the future.
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Introduction

Cambodia is home to roughly 16 million people, with approximately 65,000 people estimated
to be living with HIV [1]. Since early 2000, the HIV infection rate in Cambodia continues to
decrease [2] and the estimated HIV prevalence is less than 1% as of 2016 [3]. Young people liv-
ing with Human Immunodeficiency Virus or HIV (YLWH) in Cambodia are, therefore,
mostly those who had been perinatally infected and under antiretroviral therapy (ART) for a
long period of time. Based on 2016 estimates, the ART coverage among PLWH is 80% [3].
Starting in 2000, the country underwent a demographic and epidemiological transition, with
mortality from non-communicable diseases or NCDs such as cardiovascular disease and dia-
betes, overtaking those from infectious diseases [4]. Despite this, the transition of public health
research focus from infections to NCDs has been slow, resulting in very few research studies
addressing NCDs over the years [4].

The increase in ART coverage is marked by an increase in life expectancy among people liv-
ing with HIV (PLWH) and, to various extent, in other age-related comorbidities and NCDs
[5-10]. Increasing evidence, mostly from studies conducted in the West, implicates HIV infec-
tion and ART in the increased risk of multiple chronic metabolic disorders including the glu-
cose [11] and lipid disorders for older PLWH [12, 13]. The infection, the virus and the
treatments might act independently and/or by influencing known traditional risk factors for
NCDs [14, 15]. As a result, NCD risk might be higher among PLWH and this had been
reported in a number of studies conducted in high-income countries (HICs) [16-19]. How-
ever, country-specific epidemiological data are still lacking in many low-middle-income coun-
tries (LMICs) [20-22]. Differences in the distribution of traditional and HIV-specific risk
factors for NCDs across country settings also suggest that findings from one LMIC may not be
applicable to other regions/LMICs [19-23], marking the need for country-specific data.

Because the risk profile and prevalence of NCDs among YLWH had not been comprehen-
sively assessed in Cambodia, we aimed to examine the differences in the distribution of NCDs,
as well as NCD risk factors, among YLWH and the young general population. We focus on
adolescents for multiple reasons. First, the period during adolescence and young adulthood is
considered one of the critical periods for targeting behavioural or medical interventions, as
these could maximize the late adulthood health benefits, i.e. preventing the development of
chronic diseases [24]. Second, many of NCD-related behaviours as well as their risk factors are
quite prevalent among this population group; according to the World Health Organization
(WHO), “over 150 million young people smoke, 81% adolescents don’t get enough physical
activity, and 11.7% of adolescents partake in heavy episodic drinking” [25]. Lastly, although
the overall HIV prevalence is low, it is high among certain subgroups of young population [3],
all of whom will be aging and living with HIV their whole life, so addressing NCDs among
young population today helps steer the future course of NCD morbidity and mortality.

Materials and methods
Study setting and design

We conducted a cross sectional study of 370 YLWH receiving care at three HIV clinics in
Phnom Penh (Cambodia). Participants of both sexes were considered eligible if they were
between the ages of 18 and 29 years, were HIV-positive, and had a medical check-up visit dur-
ing the study period (November 2019-February 2020). The three clinics which served as the
site for this study are designated “OI/ART” sites for Opportunistic Infections and Antiretrovi-
ral Therapy and serve an estimated 20,000 patient population. These clinics offer both HIV
testing and treatment services and receive patients mainly from Phnom Penh (capital city),
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although there are patients from the provinces as well. These clinics are only three among over
10 clinics in Phnom Penh (or three out of about 70 across Cambodia) which offer HIV
services.

Data for the general population comparison group used as part of this study were obtained
from those collected as part of the STEPwise Approach to Noncommunicable Disease Risk
Factor Surveillance or STEP survey in 2016. The STEP survey was first launched in 2010 by the
Cambodia’s Ministry of Health (MOH), in collaboration with the WHO as well as other local
and international partnering institutions as part of the attempt to describe the burden of
NCDs and their risk factors among the general Cambodian population [26, 27]. Details of the
STEP survey are described elsewhere, but briefly the 2016 STEPS was a multi-stage cluster
sampling survey, with the selection of villages across Cambodia using probability-propor-
tional-to-size (PPS) in the first stage, followed by the simple random sampling (SRS) of house-
holds and then participants in the next two stages, using standardized questionnaire and
measurement protocols. Those eligible for inclusion in this analysis were from the STEP
household survey and included both males and females between the age of 18-29 from all
provinces in Cambodia in 2016 (n = 486).

Data collection tools and process

We conducted a Computer-Assisted-Person-Interview (CAPI) using tablets for the 370
YLWH recruited. We used a comparable survey tool as the STEPs survey and included addi-
tional questions on HIV-specific factors, such as ART regimen and duration of ART use.
Questions on physical activity, alcohol drinking and smoking had been adapted to include
local activities, such as farming and household chores, local alcoholic drinks and tobacco prod-
ucts, respectively.

Prior to survey administration, we collected biometric information including blood pres-
sure as well as blood glucose and total cholesterol. We employed digital scales to measure
weight, OMRON™ Upper Arm Blood Pressure Monitor, measuring tapes and BeneCheck™
rapid testing devices. Of note, blood pressure was measured three times, five minutes apart,
and the average of the three was then calculated. The rapid blood tests (for glucose and total
cholesterol levels) took less than a minute and participants fasting status was recorded. After
these measurements, we provided snacks and drinks to each participant and the results of their
measurements were also given to them. In the end, the data collector would conduct a face-to-
face interview with each individual using a structured questionnaire which was administered
via tablet.

Ethics approval

The current study was approved by the Institutional Review Board of the University of Califor-
nia Los Angeles (UCLA IRB#19-000272) and the National Ethics Committee for Health
Research in Cambodia (NECHR #129) in 2019. No identifying information were collected and
all study participants provided verbal and written consent according to the approved study
protocols.

Analytic methods

We calculated mean, median, and frequency distributions for behavioural and clinical factors
and differences between YLWH and the general population group was evaluated using t-test,
chi-square tests, as appropriate. The primary outcomes of interest included diabetes/pre-dia-
betes, high and borderline cholesterolemia, and hypertension. Diabetes was defined as a fasting
glucose > 126 mg/dL or post-prandial glucose > 200mg/dL and/or on anti-diabetic
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medications. Prediabetes was defined as a fasting glucose between 101-125 mg/dL or post-
prandial glucose between 140-199 mg/dL. Those who had a mean systolic blood pressure
(SBP) > 140 mmHg and/or mean diastolic blood pressure (DBP) > 90 mmHg and/or on anti-
hypertensive drugs were defined as hypertensive, while prehypertension included participants
with a mean SBP between 120-139 mmHg and/or mean DBP between 80-89 mmHg. High
cholesterolemia was based on fasting (n = 659) and non-fasting blood (n = 135) samples and
was defined as a total cholesterol > 240 mg/dL and/or on cholesterol lowering drugs with
those with total cholesterol between 200-239 mg/dL being defined as having borderline hyper-
cholesterolemia. About 7% (n = 62) of the study volunteers had not been tested for glycemia
and cholesterolemia (fear of finger pricks and being late for work were among the most com-
mon reasons).

Independent variables of interest included demographic characteristics as well as smoking
and drinking status, physical activity and dietary habits. Smokers were defined as those who
were current users of tobacco products. Heavy drinkers were defined as those who during the
past week had four standard drinks or more on any one occasion or 14 standard drinks or
more in total (men), or three standard drinks or more on any one occasion or seven standard
drinks or more in total (women). Fruit and vegetable consumption was defined as any one-
day consumption on a typical week within the past year. Physical activity (recreation- or work-
related) included locally-adapted activities, such as farming and household chores. Low physi-
cal activity included those who reported less than 75 minutes of work or recreation activity of
vigorous intensity per week or less than 150 minutes of recreation activity of moderate inten-
sity per week. Body Mass Index (BMI) classification was based on Asian-specific cut-offs—
underweight refers to BMI < 18.5, normal weight refers to BMI between 18.5 and 23, over-
weight and obese refer to BMI > 23 and BMI > 25, respectively. The definitions and classifica-
tion used were based on multiple sources [28-32].

We fitted a separate logistic regression model to examine the association between each of
these conditions and HIV; we reported both the crude and adjusted odds ratios (ORs), the lat-
ter controlled for age, sex, residence location (Phnom Penh vs. provinces), behavioural risk
factors (smoking, heavy drinking, less than five servings of fruits and vegetables, low physical
activity) and BMI. These factors are considered confounders based on prior knowledge, litera-
ture review and findings from univariate analyses. All analyses used STATA version 14 (Stata-
Corp, College Station, TX).

Results
Socio-demographics characteristics of the study sample

Table 1 describes the socio-demographic and NCD risk factor characteristics of the study pop-
ulation. We found that 254 (70%) of participants who are living with HIV were male, whereas,
female participants accounted for 344 (70%) of the general population (p < 0.001). The aver-
age age was 23 years (SD 3.2) among YLWH and 24 years (SD 3.3) among the general popula-
tion (p < 0.001). In terms of education, more YLWH reported having had completed at least
high school, 210 (58%), while only 72 (15%) of the young general population reported so. We
also found a difference in terms of area of residence (location) between the two groups with
468 (95%) of those in the general population group reporting living in the provinces, com-
pared to only 58 (23%) of YLWH (p < 0.001).

NCD risk factor distribution

The prevalence of smoking was less than 10% in both groups (p = 0.26) and heavy alcohol con-
sumption differed only slightly among the two groups, 20% (n = 52) among YLWH vs. 23%
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Table 1. Key characteristics of study participants, STEPS, Cambodia, 2016 and 2019/2020.

YLWH (n=370)| Young General Population (n = 486) P
n % n %
Socio-demographics
Gender
Male 254 70.8 146 29.8 < 0.001
Female 105 29.2 344 70.2
Age
Mean, SD (23.1,3.2) (24.1,3.3) < 0.001
18-24 226 62.8 242 49.8 < 0.001
25-29 134 37.2 244 50.2
Education
None or less than primary 7 1.9 177 36.1 < 0.001
Completed primary 41 11.4 136 27.8 < 0.001
Completed secondary 101 28.1 105 21.4 0.002
Completed high school or higher 210 58.5 72 14.7 < 0.001
Occupation
Salary employed 211 58.8 64 13.1 < 0.001
Self-employed 70 19.5 312 63.7 < 0.001
Unemployed 78 21.7 114 23.3 0.60
Marital status
Single 315 87.7 149 30.4 < 0.001
Married+cohabiting 40 11.1 322 65.7 < 0.001
Other 4 1.1 19 3.4 0.01
Residence types
Province 85 23.5 468 95.5 < 0.001
Phnom Penh 277 76.5 22 4.5
NCD behavioural risk factors
Smokers 17 4.7 32 6.5 0.26
Heavy drinkers 52 19.6 37 233 0.37
< Five servings of fruits and vegetables 232 65.9 245 50.1 < 0.001
Low physical activity 81 38.9 44 20.4 <0.001
NCDs
Body Mass Index (BMI)
Normal weight 210 58.2 251 55.6 0.006
Underweight 94 26.0 91 20.2
Overweight and obese 57 15.8 109 24.2
Blood glucose
Prediabetes® 120 34.0 23 5.2 < 0.001
Diabetes® 16 4.5 4 0.9 0.001
Fasting blood glucoseb (mean, SD) (105.6, 26.3) (80.8, 19.6) < 0.001
Blood pressure
Prehypertension 114 31.6 111 23.0 0.008
Hypertension 22 6.1 22 4.5 0.32
SBP® (mean, SD) (113.4,12.0) (110.0, 11.3) < 0.001
DBP" (mean, SD) (75.2,8.1) (72.4,9.1) < 0.001
Total cholesterol
Borderline-high® 34 12.2 82 21.0 0.003
Borderline-high® 22 12.9 82 21.0 0.02
(Continued)
PLOS ONE | https://doi.org/10.1371/journal.pone.0269989  June 21, 2022 5/13


https://doi.org/10.1371/journal.pone.0269989

PLOS ONE

HIV and non-communicable diseases among young people

Table 1. (Continued)

Socio-demographics
High®
High®

Fasting total cholesterol® (mean, SD)

SD, Standard Deviation.
“Included ALL participants.

YLWH (n = 370) Young General Population (n = 486) p
n % n %
72 20.4 49 11.2 < 0.001
47 21.7 49 11.2 < 0.001
(189.4,63.1) (179.7, 49.4) 0.08

PExcluded those currently on treatment for each specified condition.

“Included ONLY fasting participants.

https://doi.org/10.1371/journal.pone.0269989.t001

(n = 37) among the general population (p = 0.37) (Table 1). Although low fruit and vegetable
consumption and low physical activity were more common among YLWH compared to the
general population, the number of young people who were overweight and obese was higher
in the young general population group, 24% (n = 109), compared to the group living with
HIV16% (n = 57) (p < 0.01).

While a smaller proportion of YLWH were overweight or obese, compared to young people
from the general population, the prevalence of NCDs and certain factors predisposing this
group to NCDs were higher among those who were HIV-positive (Table 1). The prevalence of
diabetes and hypertension was 4% (n = 16) and 6% (n = 22), respectively, among YLWH, com-
pared to 1% (n = 4) and 4% (n = 22), among the general population. Additionally, a substan-
tially higher proportion of YLWH had pre-diabetes, elevated blood pressure (i.e., pre-
hypertension), and high cholesterol when compared to young people from the general
population.

A subanalysis of HIV-infected individuals focusing on HIV-specific factors revealed that
high or borderline-high cholesterolemia was associated with longer duration of ART use (24
months or longer), combination Nucleoside Reverse Transcriptase Inhibitors (NRTI) and
Non-nucleoside Reverse Transcriptase Inhibitors (NNRTI) therapy, perinatal HIV infection
and longer duration of HIV infection (60 months or longer) (Fig 1). For instance, we found
that the prevalence of high or borderline-high cholesterolemia was 75% among those on ART
for more than 24 months compared to only 25% among those on ART for less than 24 months
(p <0.001). Other than cholesterolemia, no other conditions had been found to be marginally
associated with any of the HIV-specific parameters. It should be noted that the combination
therapy (NNRTI and NRTT) was the most common regimen among patients in Cambodia and
PI-based regimen is relatively less common.

Factors associated with NCDs

Outcome: Diabetes or prediabetes. We grouped diabetes or prediabetes in order to
ensure sufficient number of outcomes across exposure status and other adjusting variables (the
number of diabetic cases alone is low in both groups). In multivariable analyses we found that
young people who were HIV-infected had an increased odd of diabetes/prediabetes. In partic-
ular, we found YLWH had a nearly 7-fold increased odds of diabetes/prediabetes when com-
pared to young people from the general population even after adjusting for other factors
including sex, age, current residence location, behavioural risk factors and BMI, aOR = 6.64
(95% CI 3.62-12.19) (Table 2).
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Fig 1. Distribution of cholesterolemia status by HIV-specific factors. * P< 0.05 (Chi-square test of association)
Source: Data from the 2016 UHS (n = 486) and 2019/2020 (n = 370) STEP surveys, Cambodia.

https://doi.org/10.1371/journal.pone.0269989.9001

Boxplots depicting the relationship between fasting plasma glucose levels and HIV, are pre-
sented in Figs 2 and 3. Regardless of BMI and sex, YLWH appeared to have a higher fasting
plasma glucose level compared to the young general population.

Outcome: Hypertension and prehypertension. In crude analysis, the crude ORs
appeared to suggest a positive association between both hypertension and prehypertension
and HIV, cOR = 1.60 (95% CI 1.17-2.18) and cOR = 1.36 (95% CI 0.74-2.50), respectively.
However, after adjustment was made (Table 3), YLWH were no longer at higher odds of these
conditions compared with the young general population, aOR = 1.01 (95% CI 0.59-1.71) for
prehypertension and aOR = 0.41 (95% CI 0.13-1.27) for hypertension.

Table 2. Association between diabetes/prediabetes and HIV, STEPS, Cambodia, 2016 and 2019/2020.

Diabetes or Prediabetes

Crude OR (95% CI) Adjusted® OR (95% CI)

HIV+ (ref. young general population) 9.59 (6.15-14.95) 6.64 (3.62-12.19)

Female (ref. male) 0.29 (0.20-0.42) 0.67 (0.44-1.03)

Age 0.94 (0.90-1.00) 0.96 (0.91-1.03)

Current address in Phnom Penh (ref. in provinces) 5.44 (3.76-7.89) 1.33 (0.81-2.21)

2 or more behavioural risk factors® 1.78 (1.17-2.71) 1.17 (0.73-1.86)
BMI (ref. normal weight)

Underweight 0.62 (0.40-0.99) 0.49 (0.29-0.81)

Overweight and obese 0.92 (0.59-1.44) 1.19 (0.72-1.98)

CI, Confidence interval.

Diabetes: fasting glucose > 126 mg/dL or post-prandial glucose > 200mg/dL and/or on anti-diabetic drugs.
Prediabetes: fasting glucose between 101-125 mg/dL or post-prandial glucose between 140-199 mg/dL.

*Adjusted for sex, age, residence location, behavioural risk factors and BMI.

PBehavioural risk factors include smoking, heavy alcohol consumption, less than five servings of fruit and vegetable

consumption and low physical activity.

https://doi.org/10.1371/journal.pone.0269989.t002
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Fig 2. Plasma glucose levels among (fasting) study participants, stratified by BMI. Source: 2016 UHS (n = 486) and
2019/2020 (n = 370) STEP surveys, Cambodia.

https://doi.org/10.1371/journal.pone.0269989.g002

Outcome: High and borderline-high cholesterol. Among young people, HIV status was
independently associated with elevated cholesterol levels after adjusting for sociodemographic
and other risk characteristics. YLWH almost eight times (after adjustment) more likely than
the young general population participants to have high cholesterolemia, aOR = 7.95 (95% CI
3.98-15.87) (Table 4). The odds of borderline-high cholesterolemia did not appear to be differ-
ent among the two groups, aOR = 0.98 (95% CI 0.45-2.15). As noted in the methods section,
cholesterol testing was inclusive of those who fasted as well as those who did not fast prior to
testing. In subanalyses, the associations between total cholesterol and HIV remained largely

150
Dashed line represents sample average value
~125
-
3
g Study
73' Participants
§ 100 Status:
D) E General population
g I YLWH
(2]
=
& 75
50

Normal weight Underweight Overweight/obese

Fig 3. Plasma glucose levels among (fasting) study participants, stratified by sex. Source: 2016 UHS (n = 486) and
2019/2020 (n = 370) STEP surveys, Cambodia.

https://doi.org/10.1371/journal.pone.0269989.g003
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Table 3. Association between hypertension and prehypertension and HIV, STEPS, Cambodia, 2016 and 2019/2020.

Hypertension
Crude OR (95% CI) Adjusted® OR (95% CI) Crude OR (95% CI) Adjusted® OR (95% CI)

Prehypertension

HIV+ (ref. young general population) 1.36 (0.74-2.50)
Female (ref. male) 0.36 (0.18-0.70)
Age 1.12 (1.02-1.23)
1.91 (1.04-3.51)
2.12 (1.08-4.17)

Current address in Phnom Penh (ref. in provinces)
2 or more behavioural risk factors®
BMI (ref. normal weight)

0.66 (0.21-2.01)
5.27 (2.70-10.28)

Underweight

Overweight and obese

CI, Confidence interval.

0.41 (0.13-1.27)
0.38 (0.17-0.83)
1.09 (0.99-1.21)
3.54(1.21-10.41)
1.70 (0.82-3.56)

0.73 (0.24-2.28)
5.18 (2.58-10.38)

Hypertension: mean SBP > 140 mmHg and/or mean DBP > 90 mmHg and/or on anti-hypertensive drugs.

Prehypertension: mean SBP between 120-139 mmHg and/or mean DBP between 80-89 mmHg.

*Adjusted for sex, age, residence location, behavioural risk factors and BMI.

1.60 (1.17-2.18)
0.31 (0.22-0.43)
1.06 (1.01-1.12)
1.41 (1.02-1.94)
1.19 (0.79-1.78)

0.54 (0.35-0.84)
1.94 (1.31-2.86)

1.01 (0.59-1.71)
0.28 (0.19-0.42)
1.06 (1.01-1.12)
1.18 (0.70-1.97)
0.89 (0.57-1.40)

0.62 (0.39-0.97)
2.15 (1.41-3.28)

YBehavioural risk factors include smoking, heavy alcohol consumption, less than five servings of fruit and vegetable consumption and low physical activity.

https://doi.org/10.1371/journal.pone.0269989.t003

unaffected with or without inclusion of those who did not fast before rapid blood tests (results

not shown).

Discussion

Our findings demonstrate that young people living with HIV in Cambodia, mainly in the capi-
tal city, face multiple metabolic disorders and NCDs despite their young age and lower preva-
lence of traditional risk factors such as smoking and alcohol consumption compared with
general population of the same age group. The prevalence of glucose disorders (diabetes and
prediabetes) and high cholesterolemia were significantly higher among our YLWH compared
with the young general population. Additionally, our results suggest that HIV infection and

ART might have important roles in contributing to the early development of chronic diseases,

Table 4. Association between high and borderline-high cholesterolemia and HIV, STEPS, Cambodia, 2016 and 2019/2020.

High cholesterolemia

Crude OR (95% CI)

HIV+ (ref. young general population) 2.04 (1.37-3.02)

Female (ref. male) 2.52 (1.65-3.83)
Age 1.01 (0.95-1.07)
Current address in Phnom Penh (ref. in provinces) 1.53 (1.03-2.26)
2 or more behavioural risk factors® 1.12 (0.68-1.86)

BMI (ref. normal weight)
0.88 (0.52-1.49)
1.10 (0.65-1.87)

Underweight

Overweight and obese

CI, Confidence interval.

Adjusted® OR (95% CI)

7.95 (3.98-15.87)
5.10 (3.02-8.60)
1.05 (0.97-1.12)
0.78 (0.43-1.42)
1.38 (0.78-2.45)

0.69 (0.39-1.21)
1.32 (0.75-2.33)

High cholesterolemia: total cholesterol between > 240 g/dL and/or on cholesterol lowering drugs.

Borderline-high cholesterolemia: total cholesterol between 200-239 g/dL.
*Adjusted for sex, age, residence location, behavioural risk factors and BMIL

Borderline-high cholesterolemia

Crude OR (95% CI)

0.52 (0.34-0.81)
3.43 (2.20-5.35)
1.11 (1.04-1.19)
0.64 (0.41-1.01)
0.42 (0.21-0.84)

0.36 (0.19-0.68)
1.24 (0.75-2.20)

Adjusted® OR (95% CI)

0.98 (0.45-2.15)
3.59 (2.09-6.14)
1.09 (1.01-1.16)
1.29 (0.61-2.71)
0.72 (0.35-1.49)
0.32 (0.16-0.62)
1.03 (0.61-1.72)

PBehavioural risk factors include smoking, heavy alcohol consumption, less than five servings of fruit and vegetable consumption and low physical activity.

https://doi.org/10.1371/journal.pone.0269989.t004
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such as diabetes, prediabetes and high cholesterolemia, in addition to the conventional NCD
risk factors.

The prevalence of diabetes found in our study (4.6%) was comparable to that reported in
the study conducted in Lubowa which reported a prevalence of 4.7% [33]. However, the study
in Lubowa defined diabetes with a much higher threshold of fasting plasma glucose (140 mg/
dL or higher), resulting in a small number of diabetes cases [33]. Furthermore, the Lubowa
study was inclusive of a much older study population with only 11% of participants being
under the age of 30 year. Given that adults between the ages of 45 and 65 are the most common
age group for new diabetes diagnoses, at least in the US [34], our findings highlight the poten-
tial magnitude of the problem as this population ages.

We noted a relatively high prevalence of high cholesterolemia in our sample of YLWH both
when compared to participants from the general population as well as other studies conducted
among those living with HIV [5]. This could be partially explained by an increase in Protease-
Inhibitor-based regimen (PI) use among children (from only 5% in 2009 to 13% in 2016,
based on reports from the National Center for HIV/AIDS, Dermatology and STDs (NCHADS)
[3, 35]. Given that PIs have been linked with dyslipidaemia, regions such as Cambodia, with a
high prevalence of perinatally transmitted HIV-infection will have to give special consider-
ation, both from a clinical and public health perspective [36, 37].

The distribution of other factors, such as urban vs rural residence location and BMI might
also be contributing to some extent to the overall findings of the present study. We note that
with the exception of hypertension and prehypertension, the association between BMI and
NCDs appeared to be rather weak or null. The lack of obvious association between over-
weight/obese BMI with high blood sugar and cholesterol when HIV status was also accounted
for in the regression model is more likely due to relatively smaller number of overweight/obese
YLWH compared to the young general population in the same BMI category. This was rather
contradictory, because despite having higher prevalence of overweight/obese BMI, the major-
ity of our young general population lived in the provinces, where the exposure to fast food
chains and other unhealthy foods should have been less common (especially in Cambodia).
However, this might explain a higher prevalence of diabetes and prediabetes and high choles-
terolemia among YLWH compared to the young general population. Regardless, these second-
ary associations should be interpreted with care, the relationship structure we assumed when
running these models depicted the selected NCDs and HIV status as the outcome and expo-
sure of interest, interpreting the associations between covariates and outcome(s) implied a dif-
ferent relationship structure.

The study should be interpreted with consideration to a number of limitations. First, by
design, we understand that we have to be careful when interpreting the association between
HIV and NCDs in causal terminology. Nevertheless, these results were consistent with that of
multiple studies including those of longitudinal nature, such as the Multi-AIDS Cohort Study
(MACS) [38]. In addition, about half of YPLW in the study sample were perinatally-infected
and the average duration of HIV infection was about 9 years. Taking this as well as partici-
pant’s age into consideration, we can reasonably assume that metabolic disorders measured as
part of this study were likely to have occurred after the onset of HIV infection and ART. We
also saw that the NCD prevalence among those perinatally infected and behaviourally infected
did not differ, particularly in the case of diabetes/prediabetes and hypertension/prehyperten-
sion. Second, the general population was assumed to be HIV-negative, and given the low HIV
prevalence among the general population in Cambodia (< 1%), the amount of misclassifica-
tion (if any) should be negligible. Lastly, there were several covariates related to the NCDs that
were not measured in the original STEP survey conducted among the general population,
including oral contraceptive use (for women) and birth history (prematurity or low birth
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weight). As a result, we could not account for any of these factors in the analysis. Nevertheless,
the focus of the STEP survey is the modifiable lifestyle factors, many of which were indeed
included in logistic regression model. Moreover, the majority of our YLWH were males and
although we didn’t show in results, over 80% of our female participants reported no use of oral
contraceptives at the time of data collection.

Conclusions

While the impact of HIV-infection and its association with NCDs have been previously noted,
our findings confirm this in a much younger population and add to the limited data on NCDs
and HIV in low- and middle-income countries. Understanding the contributions of these
HIV-specific factors to an increase in chronic disease risk suggests putting in place early
proper screening as well as treatment measures for certain metabolic disorders (mainly predia-
betes, diabetes and high total cholesterolemia) targeted young people living with HIV may be
an effective strategy to combat NCD morbidity and mortality in Cambodia. Further investiga-
tions including detailed lipid profile assessment (including LDL Cholesterol, HDL Cholesterol
and triglycerides) might be necessary to fully comprehend the extent to which HIV-specific
factors affect various forms of fats. Furthermore, the Cambodian ART regimen guidelines
need further consideration; studies designed specifically to assess the effects of various ART
drugs on these metabolic chronic disorders are needed, especially that of glucose and
cholesterol.
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