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Abstract

Background: Understanding the time to hypertension occurrence after antiretroviral
treatment (ART] initiation in people living with HIV (PLHIV) and its determinants is important
for designing interventions for control.

Objective: This study sought to estimate the median time of ART use to hypertension onset
and its predictors in Nigerian PLHIV.

Design: A retrospective longitudinal study.

Methods: This retrospective review of 2503 normotensive adult PLHIV (=18years) from 2004
to 2020 in two HIV clinics in Nigeria. Incident hypertension was based on clinical diagnosis or
two consecutive blood pressure readings =140/90 mmHg, taken during the 8 months of data
collection. Survival event was defined as incident hypertension during follow-up or interview
day for observed patients unless they were right censored. The Kaplan-Meier survival curve
was used to estimate the survival probabilities of hypertension. The Cox proportional hazard
model was fitted to identify predictors of hypertension at p <0.05.

Results: A total of 2503 PLHIV was followed up. The majority were females (74.6%) and

on Dolutegravir-based therapy (93.0%). About 22 (0.9%) were diabetic. Median age at ART
initiation was 35 (interquartile range: 29-41) years. The median period of follow-up was

12.0 + 3.9years. The cumulative incidence of hypertension was 32.5% (381/2540), with an
incidence rate of 40.1/1000 person-years. The median time to incident hypertension was
17.0years (95% Cl: 12.5-21.5years). Shorter hypertension-free survival times were seen in
males, those aged 60+, with diabetes, unsuppressed viral load, history of tuberculosis, other
opportunistic infections, or co-trimoxazole use. Significant risk factors included male sex
(adjusted odds ratio (AOR)=1.3, 95% Cl=1.1-1.6), middle age (AOR=2.3, 95% Cl=1.7-3.2), old
age (AOR=5.6, 95% Cl=3.9-8.4), and unsuppressed viral load (AOR=1.9, 95% Cl=1.3-2.7).
Conclusion: Hypertension is commoner among PLHIV with unsuppressed viral load, males,
and persons older than 40years. Effective ART with viral suppression remains essential.
Incorporating regular hypertension screening and treatment into HIV care is necessary for
optimum health outcomes.
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Introduction

Globally, there has been an improvement in the
quality of life for people living with HIV (PLHIV),
with a reduction in HIV-related mortality since

2004.! This was attributed to the introduction of
a test and treat strategy in HIV care that ensures
that all newly identified HIV-positive clients are
initiated on HIV drugs and the advancement in
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HIV therapeutics.2#* The consequence of this
paradigm shift in HIV care was an improvement
in the life expectancy of PLHIV, thereby prolong-
ing their period of stay on highly active antiretro-
viral therapy.> A cohort study in the United States
comparing life expectancy among PLHIV and
non-PLHIV showed a steadily increasing life
expectancy for people with HIV between the
years 2000 and 2016.° At the end of the study in
the year 2016, the life expectancy among non-
PLHIV, and PLHIV with a CD4 count of 500
and above, was observed to be the same. However,
there was an early onset of comorbidities in
PLHIV compared to non-PLHIV. The onset of
diabetes, cancer, and cardiovascular diseases
occurred 8 to 9years earlier for PLHIV compared
to non-PLHIV.¢

Nigeria has the second largest population of
PLHIV in the world, with an estimated number
of 1.9 million persons living with HIV in 2020.7
Following the Nigeria national household survey
in 2018 that showed that only about half of the
PLHIV in the country were on antiretroviral
treatment (ART), the country launched an
aggressive antiretroviral therapy surge that dou-
bled the number of PLHIV on drugs.® This effort,
coupled with the roll-out of highly potent and
efficacious Dolutegravir-based therapy, gradually
shifted the HIV program focus in Nigeria from
HIV epidemic control to multi-disease surveil-
lance (including hypertension) for HIV-positive
clients who now live for a prolonged period on
antiretroviral therapy.

In Nigeria, there is a dearth of literature on the
median survival time for the development of
hypertension from antiretroviral drug initiation
among PLHIV. Most studies in Nigeria focused
on the prevalence of hypertension among PLHIV
by conducting a review of records or cross-sec-
tional studies.®!! However, few studies in Africa
that reported a median time to develop hyperten-
sion had varied estimates depending on the cate-
gories of the study population.!%13 In a 1-year
multicenter prospective follow-up study done in
Northwest Ethiopia among newly identified
PLHIV initiated on antiretroviral drugs, the
median time to hypertension development was
observed to be 7months with an interquartile
range (IQR) of 5.00-9.00 months, with 13.4% of
participants being diagnosed of hypertension
within the 1year of follow-up.12 A similar study in

South Africa reported a median time to develop
hypertension in the 5-10years range for different
covariates.!?

Previous studies showed a significantly higher
cumulative probability of developing hyperten-
sion over time among male patients, patients
whose age is =40 years, patients with body mass
index (BMI) >25kg/m?2, and patients with dia-
betes mellitus compared to their counterparts.
The most identified risk factors for early hyper-
tension occurrence among PLHIV were male
gender and high BMI.12-16 Across studies, males
living with HIV were two to three times more
likely to develop hypertension compared to the
female gender. Also, PLHIVs with higher
BMI=25kg/m? were two to six times more
likely to develop hypertension than the others.
Other documented risk factors were low CD4
count, severe CD4 count, patient current ART
regimen, old age, high viral load, antiretroviral
therapy use and presence of diabetes comorbid-
ity, high glomerular filtration rate, and family
history of hypertension.12-16

The understanding of the median duration to the
onset of comorbidities occurrence from the period
of antiretroviral initiation and the associated fac-
tors is vital for designing monitoring and surveil-
lance interventions for noncommunicable
diseases among PLHIV and also for shaping
comorbid therapeutics in PLHIV. This study
sought to estimate the median time to hyperten-
sion development from the date of antiretroviral
drug initiation among PLHIV and assess risk fac-
tors for hypertension development in the popula-
tion. This is essential as Nigeria strives to achieve
treatment saturation and epidemic control and
intensify efforts in noncommunicable disease sur-
veillance and service integration. This will help to
improve the quality of life among aging PLHIV in
the country.

Methodology

Study design

A retrospective longitudinal study of 2503 nor-
motensive adult PLHIV (=18years) enrolled in
HIV care between 2004 and 2020 in two HIV
clinics in Northern and Southern Nigeria, to
assess the occurrence of incident hypertension on
or before November 2022.
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Research setting

The study was conducted in Adeoyo Maternity
Hospital, Ibadan, Oyo State, Nigeria, and Our
Lady of Apostle (OLA) Hospital, Jos, Plateau
State, Nigeria. The two clinics are part of the
APIN Public Health Initiatives-supported facili-
ties for Improved HIV service delivery under the
Centers for Disease Control iCARES grant in
Nigeria. Adeoyo Maternity Hospital is a public
secondary health facility, while OLA hospital is a
private health facility. The facilities serve as refer-
ral centers for the provision of secondary care for
most primary health facilities in their senatorial
districts. The hospitals provide pediatric and
adult outpatient and inpatient care, gynecology
and obstetrics services, emergency care, general
and specialized surgical care, and have specialized
clinics for providing ART services for PLHIV.
Their HIV clinics provide ART services to pediat-
ric, nonpregnant adult clients and Prevention of
Mother to Child Transmision of HIV (PMTCT)
services to pregnant ART clients. They have differ-
ent sub-units including the adherence counseling
unit, consulting rooms, records, phlebotomy unit,
patient waiting room, ART dispensary units, and
data room for electronic medical record (EMR)
operations. They open every weekday and run
block appointments for the cohort of patients with
similar attributes. In both clinics, noncommunica-
ble disease management, including hypertension,
has not been integrated into ART
care. However, blood pressure measurements are
occasionally done at the nursing station using
an analog sphygmomanometer, and identified
patients with suspected high blood pressure are
referred to the outpatient or general medical clinics
for treatment and follow-up. Furthermore, there is
incomplete documentation of blood pressure
measurements in the EMRs of both clinics,
although a majority of the patients had baseline
blood pressure measurements at ART initiation.

Oyo State, where Adeoyo Maternity Hospital is
located is situated in the South-Western region of
the country. According to the 2006 National
Census, the State has a population of 5,580,894
with a population projection of 7,976,100 by the
end of the year 2021.17 The prevalence of HIV in
the State was 0.9%,!8 while hypertension preva-
lence ranges between 33% and 39% among
adults.19:20 Similarly, OLA hospital is situated in
Plateau state, one of the North Central states with
a population of 3,206,531 according to the 2006
census and a projected population of 4,717,300

by the end of 2021.2! According to the Nigeria
Indicator and Impact Survey 2018, the preva-
lence of HIV in Plateau State is 1.5%18 while the
prevalence of hypertension in the state ranges
from about 22.2%—-32% for adults.?2:23

Study participants recruitment

Study participants were adult PLHIV, 18years
and above, who were enrolled in HIV care
between 2004 and 2020 and were normotensive
(Blood pressure (BP) measurements of
<140/90mmHg) at ART enrollment. Patients
who were acutely ill, frail, or patients diagnosed
with hypertension during the study period but
whose hypertension diagnosis or care history
could not be confirmed or cross-referenced, were
excluded from the study.

Data collection was collected over a period of
8 months. We line-listed eligible participants from
the electronic monitoring records of the ART
clinics of both hospitals and booked appoint-
ments with them for physical interviews and
measurement of blood pressure. On the interview
day, verbal reports of previous hypertension diag-
noses were elicited. Patients who confirmed pre-
vious diagnoses were followed up at the clinics
where they are receiving hypertension care for
records cross-referencing, provided the clinic is
within the hospital premises or within a 5km
radius of the study site. Patients who were receiv-
ing hypertension care in hospitals outside a 5km
radius were also included, provided they had
home-based cards or exercise books for cross-ref-
erencing their verbal reports. Furthermore, we
also did two consecutive measurements of blood
pressure of each patient interviewed, for us to
identify previously un-diagnosed hypertension,
and those who had blood pressure =140/90 mmHg
at the first measurement, had repeated blood
pressure during the 8 months of data collection.

Study instrument and variables, and data
collection procedure

The study was conducted using a project-devel-
oped electronic questionnaire that elicited infor-
mation on patient demographic characteristics,
HIV care history, verbal reports of previous diag-
nosis of hypertension or diabetes, and also used
to extract records of hypertension and diabetes
care from the clinics where the patient received
care. The electronic tool was developed using a
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kobo-collect application ensuring end-to-end
encryption of transmitted data. BP was assessed
with the aid of an Accoson mercury sphygmoma-
nometer (https://www.accoson.com/) while the
patient was in a relaxed state. The systolic and
diastolic BP values were determined using the ini-
tial and fifth Korotkoff sounds, respectively. Two
consecutive measurements were taken for each
patient, using both the arms of the patient.
Reading from the arm with higher BP was used
for hypertension diagnosis. The measurements
were done by recruited nurses in the facilities,
who had demonstration training on appropriate
ways of measuring BP. Data collection in both
facilities was done by project-recruited data entry
clerks (DECs), one per facility. A day of training
was organized for the DECs on the study tools,
techniques, and procedures.

Incident hypertension in this study was defined as
confirmed clinically diagnosed hypertension dur-
ing the study period (2004-2020), or identified
two consecutive BP  measurements  of
=140/90mmHg done during clinic visits within
the 8 months of data collection (JNC 7 classifica-
tion). Exploratory variables assessed included
respondent’s demographic such as age and sex,
HIV care history, and hypertension care history.
Patient HIV viral count (VL) was classified into
suppressed (VL. < 20 copies/ml), low-level viremia
(VL, 20-999 copies/ml), and unsuppressed
(VL=1000copies/ml). Furthermore, respond-
ents’ age was classified into young age, <40 years,
middle age, 40-60years, and old age, >60years.

Data management and analysis

Data was collected by research assistants under
the supervision of site co-investigators using ques-
tionnaire forms that elicited information on par-
ticipants’ backgrounds, clinical history, and
Non-Communicable Diseases (NCD) occur-
rence. The research assistants also conducted ver-
bal interviews and record reviews of HIV and
chronic disease clinic records. End-to-end
encryption was done to secure electronic data
during transmission. Data cleaning and analysis
were done using Statistical Package for Social
Sciences (SPSS) IBM version 23. Descriptive
findings were presented using charts and tables.
Survival event was defined as the occurrence of
incident hypertension during the follow-up period
or interview day, which was observed for all
patients except they were right censored. The

Kaplan-Meier survival curve was used to estimate
the population’s median hypertension-free sur-
vival time. Factors associated with median hyper-
tension-free survival time were assessed at a
bivariate and multivariate level using log-rank sta-
tistical test and Cox proportional regression anal-
ysis at p less than 0.05. The reporting of this study
conforms to the Strengthening the Reporting of
Observational Studies in  Epidemiology
(STROBE) statement.24

Ethical consideration

Informed consent was obtained from all patients
who participated in the study, evidenced by
signed consent forms. Ethical approval for the
study was from the Nigeria Health Research and
Ethics Committee (NHREC) on January 11,
2022 with the ethical approval number of
NHREC/01/01/2007-18/01/2022 and renewed
on January 23, 2023 with ethical approval num-
ber NHREC/01/01/2007-27/01/2023B. In addi-
tion, the study complied with the Declaration of
Helsinki on conducting research among human
subjects.

Results

A total number of 2503 participants were followed
up. Median age and CD4 count at ART initiation
were 35 (IQR: 29-41) years and 251 (134.0-
406.5) cells/ml. (Table 1). Most were female, 1868
(74.6%), and on Dolutegravir (DTG)-based
antiretroviral therapy, 2372 (93.0%). About half
(52.1%) of the participants had unsuppressed
viral load at their first-ever viral load testing clos-
est to the ART initiation time. About 22 were dia-
betic (0.9%).The median period of follow-up was
12.0 = 3.9years. The cumulative incidence of
hypertension over the follow-up period was 32.5%
(381/2540), with an incidence rate of 40.1/1000
person-year (Table 2). The incident hypertension-
free survival time (median duration of ART use
to hypertension incident) was 17.0years (95%
CI: 12.5-21.5years) (Figures 1 and 2).

The hypertension-free survival times were shorter
in males (12.4years), old age participants
(10.9years), participants with diabetes mellitus
(10.7years), virally unsuppressed participants
(13.5years), those with a previous history of
tuberculosis (11.3years), with other opportunis-
tic infection (10.1years) or participants on co-
trimoxazole, compared to their counterparts who
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Table 1. Patients’ background characteristics.

Variables Frequency Percent Median duration Log-rank p Value
from ART initiation test value
to hypertension
occurrence (in Years)

Sex
Male 635 25.4 12.4 26.51 <0.01*
Female 1868 74.6 15.9
Total 2503 100.0
Age classification
Young age (<40years) 738 29.5 15.1 103.64 <0.01*
Middle age (40-59years) 1561 62.4 15.4
Old age (>60years) 204 8.2 10.9
Median (IQR); 35 (IQR: 29-41) years
Total 2503 100.0
Diabetes mellitus status
No 2481 99.1 15.5 9.55 0.02*
Yes 22 0.9 10.7
Total 2503 100
Current ART regimen
DTG-based ARV 2372 93.0
Second-line ARV 172 6.9
Others 2 0.1
Total 2501 100.0
First-ever viral load count (Closest to initiation)
Virally suppressed (<50 counts/ml) 753 30.1 15.2 26.14 <0.01*
Low-level viremia (50-999 counts/ml) 447 17.9 15.9
Virally unsuppressed (=1000 counts/ml) 1303 52.1 13.5
Total 2503 100.0
Baseline CD4 count
<200 cells/ml 888 39.3 13.1 0.61 0.44
=200 cells/ml 1373 60.7 14.0
Median (IQR); 251 (IQR:134.0-407.0) cells/ml
Total 2261 100.0
Previous hx of TB
No 2272 90.8 15.7 21.09 <0.01*
Yes 231 9.2 1.3
Total 2503 100.0
Previous hx of other opportunistic infections
No 2419 96.6 15.6 15.58 <0.01*
Yes 84 3.4 10.1
Total 2503 100.0
Is patient on co-trimoxazole therapy?
No 1527 61.0 16.1 56.71 <0.01*
Yes 976 39.0 12.4
Total 2503 100.0

*Others include EFV- and AZT-based ARV.
Bold is just to signify the significant estimates p<<0.05
ART, antiretroviral therapy; ARV, Antiretroviral drugs; AZT, Zidovudine; EFV, Efavirenz.
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Table 2. Cumulative incidence and incidence rate of hypertension.

Variable (s) Frequency %
Hypertension incidence
Not hypertensive 1689 67.5
Hypertensive 814 32.5
Total 2503 100.0

Hypertension incidence rate

40.1 per 1000 Person-Year

were female (15.9years) (p<<0.01), young
(15.1years) and middle age (15.4years)
(p<0.01), without diabetes mellitus (15.5years)
(p=0.02), those with viral suppression (15.2 years)
and low HIV viremia (15.9years) (»p<<0.01),
those without history of TB (15.7years)
(»p<0.01), without on other opportunistic infec-
tion (15.6years) (»p<<0.01) or not on co-trimoxa-
zole (16.1years) (p<<0.01), respectively (Table
1). Factors associated with incident hypertension
at a univariate level were male sex (Crude Hazard
Ratio (CHR) =1.7, 95% Cl=1.4-2.1), middle
age (CHR=2.6, 95% Cl=1.9-3.5) and old age
(CHR=6.0, 95% Cl1=4.1-8.7), unsuppressed

viral load (CHR=2.00, 95% Cl=1.5-2.7), pres-
ence of diabetes mellitus, (CHR=2.7, 95%
CI=1.4-5.2), previous history of TB (CHR=1.8,
95% CI=1.4-2.4), and use of co-trimoxazole
therapy, (CHR=2.2, 95% Cl=1.8-2.7). Only
male sex (adjusted Hazard ratio (AHR)=1.3,
95% CI=1.1-1.6), middle age (AHR=2.3, 95%
CI=1.7-3.2), old age (AHR=5.6, 95% CI=3.8—
8.4), and unsuppressed viral load (AHR=1.9,
95% CI=1.3-2.7) were found to be significant
after adjusting for covariates (Table 3).

Discussion

This study aimed to assess the incidence of hyper-
tension and its associated factors among PLHIV.
Our study observed a higher incidence rate of
hypertension among PLHIV compared to figures
reported in previous studies. Specifically, we
found an incidence rate of 40.1 per 1000 person-
year, which surpasses the rates reported by
Mulugeta et al.l? in Ethiopia (16.35 per 1000
months or 0.02 per person-year), Okello et al.?5
and Byonanebye2?® in Uganda (111.5 per 1000
person-years or 0.1 per person-year, and 24.8 per
1000 person-years or 0.025 per person-year,
respectively). Additionally, a study conducted in
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Figure 1. Kaplan-Meier plot comparing median survival time in male and female participants.
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Figure 2. Median duration of antiretroviral therapy use to occurrence of clinically diagnosed hypertension.

Ghana reported an incidence rate of 320.1 per
1000 or 0.3 per person-year among PLHIV
receiving ART care at a tertiary health facility.?”
One possible explanation for the higher incidence
rate observed in our study is the longer duration
of follow-up, which had a duration span of
17 years. In contrast, many previous studies had
comparatively shorter follow-up periods ranging
from 1 to 10years.

Furthermore, it has been well-documented that
PLHIV in Nigeria may have a higher prevalence
of risk factors for cardiovascular disease.?® For
instance, the cumulative incidence of hyperten-
sion (32.5%) that we observed in our study closely
aligns with the reported incidence of 31% among
a cohort of PLHIV in northern Nigeria.® This
underscores the elevated risk of hypertension
among PLHIV in Nigeria and highlights the
importance of screening for cardiovascular dis-
eases in this population.

In our study, males were more likely to develop
hypertension when compared to females. This
appears to be a common trend among PLHIV as
demonstrated in the past literature. For instance,
Tsuro et al.!> and Brennan et al.!> in separate
studies of PLHIV in South Africa, demonstrated

a higher risk of hypertension among males.
Similar findings were reported among PLHIV in
Ethiopia?® and in a multi-country study encom-
passing 11 cohorts of PLHIV in Europe, Australia,
and the USA.3? Only a few studies reported higher
risks of hypertension among females.!2:16 There
are some potential reasons for the higher burden
of hypertension among male PLHIV. One expla-
nation could be the protective effect of estrogen
on women, although this declines with age.??
Also, men may be more prone to engaging in life-
style factors that predispose them to hyperten-
sion, such as a sedentary lifestyle, smoking, and
excessive alcohol use.!? Additionally, innate bio-
logical differences between males and females
especially in genetics and body composition may
put men at higher risk of hypertension.3!

In our study, older PLHIV (>40years) have a
significantly higher risk of developing hyperten-
sion and this seems to be a common observation
from past studies.!?26:27:29 The risk of hyperten-
sion doubled for those older than 60years as
compared with those aged 40-59years. This
increased risk may be due to multiple factors
associated with aging and the interaction with
HIV infection. A plausible reason for the increased
risk among older PLHIV is the age-related
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Table 3. Predictors of incident hypertension among respondents.

Variable (s)

Unadjusted harzard

ratio (95% CI)

Adjusted hazard
ratio (95% ClI)

Age group
Young age (<40years)
Middle age (40-59 years])
Old age (=60years)
Gender
Male
Female
Diabetes status (Yes vs No)
Current ART regimen
DTG-based regimen
Second-line Regimen
Other regimen
CD4 count (= 200 cells/ml vs <200 cells/ml)
First-ever viral load count (Closest to initiation)
Virally suppressed (<50 counts/ml)
Low-level viremia (50-999 counts/ml)

Virally unsuppressed (=1000 counts/ml)

Previous history of TB diagnosis in the past? Yes, vs No

History of diagnosis of any other opportunistic infection in

the past? Yes, vs No

Is the patient on co-trimoxazole (Septrin) therapy?

1

2.57 (1.87-3.52)
5.99 (4.12-8.71)

1.72 (1.39-2.12)
1
2.69 (1.39-5.22)

1

0.94 (0.65-1.36)
0.00
0.92(0.75-1.14)

1
1.34 (0.92-1.96)
2.00 (1.49-2.69)

1.83 (1.41-2.39)
0.48 (0.33-0.70)

2.17 (1.76-2.68)

1

2.32(1.68-3.22)
5.63 (3.79-8.38)

1.31 (1.05-1.64)
1
1.77 (0.83-3.76)

1

0.75 (0.51-1.09)
0.00
1.10(0.88-1.36)

1

1.56 (1.01-2.40)
1.86 (1.28-2.70)
1.14(0.81-1.62)
0.81(0.50-1.32)

1.89 (1.49-2.40)

Yes vs No

reduction in arterial distension and a marked
increase in atherosclerosis. Furthermore, some
age-related comorbidities may be present and
predispose older PLHIV to hypertension, such as
diabetes mellitus, kidney diseases, and dyslipi-
demia.3233 Also, the persistent immune activation
and chronic inflammation associated with HIV
infection have huge implications for cardiovascu-
lar health and these effects are more prominent
with increasing age.3* We reported that patients
with low-level viremia and unsuppressed viral
load were more likely to develop hypertension,

suggesting that ongoing HIV replication may be a
significant contributor to hypertension risk.2° The
type of ART regimen was not a significant predic-
tor of incident hypertension among our study
participants. Of note is that the majority of the
participants in this study are currently on a
dolutegravir-based regimen. The interaction
between HIV infection, aging, gender, immune
activation, and chronic inflammation creates a
complex landscape for cardiovascular health
among PLHIV. Therefore, further research with
larger sample sizes and more robust study designs
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is needed to examine the effect of ART on inci-
dent hypertension among PLHIV in Nigeria.

This study stands out as one of the first to docu-
ment such findings within a relatively large cohort
of PLHIV attending ART clinics in both southern
and northern regions of Nigeria, observed over a
long period of time for the incidence of hyperten-
sion. Our study had certain limitations, including
the absence of data for important variables such
as BMI, family history, smoking and alcohol
intake, and physical activity status. These varia-
bles have been recognized as potential influential
factors in the development of hypertension among
PLHIV. Future research endeavors should con-
sider incorporating these variables to gain a more
comprehensive understanding of the factors con-
tributing to hypertension in this population.
Furthermore, the study did not examine the
association between ARV wuse and incident
hypertension.

Conclusion

Our study reported a high incidence of hyperten-
sion among PLHIV with early occurrence of
hypertension among males, older age, HIV virally
unsuppressed participants, and participants with
diabetes mellitus. There is a need to scale up
hypertension control interventions among PLHIV
to combat the high incidence of hypertension in
the sub-population, with prevention activities tai-
lored toward the identified risk factors for the
early occurrence. Effective management of hyper-
tension among PLHIV requires the integration of
ART services with the control of noncommunica-
ble diseases such as hypertension, diabetes melli-
tus, and cancers. By integrating these services,
healthcare providers can deliver comprehensive
care that addresses the unique needs and chal-
lenges faced by PLHIV. This integrated approach
will not only have significant health benefits for
PLHIV but also improve the overall effectiveness
and efficiency of health service delivery, especially
in resource-limited settings.
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Appendix
Abbreviations

AOR
ART
BMI
CHR
HIV
HIV
IQR
NHREC

PLHIV

Adjusted Odds Ratio

Anti-retroviral Therapy

Body Mass Index

Crude Hazards Ratio

Human Immunodeficiency Virus
Human Immunodeficiency Virus
Inter quartile range

Nigeria Health Research and Ethics
Committee

People Living with HIV
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