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Abstract

Background: Recent studies have linked HIV and antiretrovirals with cardiovascular conditions including hypertension
(HTN). HIV/HTN comorbidity may not only worsen prognosis of the diseases but may pose the challenge of non-
adherence due to increased pill burden and side effects.

Objectives: This study seeks to determine the prevalence and risk factors of hypertension among HIV patients.

Methods: The study was a retrospective cross-sectional research among 254 people living with HIV (PLWH) on
antiretroviral therapy (ART) at the Federal Medical Centre (FMC), Makurdi, Benue State, Nigeria, who were seen by a
physician between January and August 2022. A validated data collection sheet containing all required variables was
used.

Results: The prevalence of hypertension among the population of study was 15.4%. The final regression model showed
that occupational status, educational level, and difference in CD4 count were not significant predictors. Increasing age
(OR =1.066; CI =1.013 - 1.121; P = 0.014) and body mass index (BMI: OR = 1.274; CI = 1.149 - 1.413; P = 0.000) were
seen to be associated with increased odds of developing hypertension.

Conclusion: The prevalence of hypertension in this study population was high. Traditional risk variables (advanced
aged and increased BMI) were independently, significantly associated with hypertension but neither CD4 count, viral
load nor ART use were significantly associated with it. The findings support the development of guidelines for routine
blood pressure monitoring for PLWH receiving ART.
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1. Introduction

Human immunodeficiency virus (HIV) infection is a chronic viral infection that requires life-long treatment. In the same
vein, hypertension (HTN) is a chronic cardiovascular condition requiring life-long management. HIV infection and HTN
comorbidity may pose a serious challenge to treatment adherence and cause several other complexities including
cardiovascular events.

The estimated global prevalence of HIV among persons aged 15 -49 is 0.7% (0.6-0.9), although the epidermic’s toll
constantly fluctuates greatly between nations and areas. The African region is the most severely impacted, with
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approximately 1 in every 25 adults (3.6%) living with HIV, making up more than two-third of all HIV-positive people
worldwide [1].

HIV infection is a major public health challenge and Sub-Saharan Africa is severely affected by this epidermic. In Nigeria,
women were the foremost affected group, counting 960,000 individuals. Children up to 14 years who were HIV positive
equaled to 130, 000 [2]. Adult prevalence of HIV infection among persons aged 15 -49 years in Nigeria is 1.4% [3].

Antiretroviral drugs have turned the infection from almost always fatal to a manageable chronic condition. However,
there is a growing concern that the metabolic complications associated with HIV and ART may increase cardiovascular
risk and lead to cardiovascular disease [4]. A review by Alinda Vos et al. provided updates on cardiovascular toxicity of
contemporary ART. According to their review, cardiovascular risks, including heart failure were still increased in people
living with HIV (PLWH). Weight gain on newer antiretrovirals including integrase inhibitors was considered a concern
[5] as it is considered a risk factor for hypertension. Similarly, Sanusi et al showed that exposure to highly active
antiretroviral therapy (HAART) whilst improving the immune status of the patients predisposes them to development
of hypertension, dyslipidemia and metabolic syndrome [4]. According to Masenga at al., Antiretroviral Therapy (ART)
was developed to improve the survival of HIV-positive persons, but this achievement was accompanied by a high
prevalence of cardiovascular illnesses [6].

Aside antiretrovirals being linked to cardiovascular conditions, certain studies have proposed that HIV infection was a
risk factor for hypertension. The mechanisms for HTN in HIV infection and ART have been proposed by several authors.
HIV was reported to cause HIV-induced inflammation, hypercoagulability and platelet activation which contributed to
endothelial dysfunction and subsequent increased cardiovascular risks [7, 8, 9]. Peck et al opined that the high
prevalence of hypertension among HIV-infected adults on ART could be related to dysregulated inflammation due to
immune reconstitution [10]. According to Fahme et al, the novel pathophysiologic mechanisms for hypertension in HIV-
infected adults may include microbial translocation, chronic inflammation, immune suppression and reconstitution,
viral tropism, lipodystrophy, adipokines and HIV-related renal disease [11]. In the same vein, data from Manner et al
suggested that microbial translocation and immune activation might be linked to the development of hypertension in
HIV infection [12]. There is, therefore, need for continuous monitoring of patients not only for effective delivery of ART
in other to evaluate therapeutic response and identify side effects but for cardiovascular problems such as hypertension.

Hypertension is one of the major causes of death worldwide and is viewed as a developing issue in HIV-positive
individuals [10, 13]. Adults with HIV who are on ART have a higher prevalence of hypertension than those without the
virus [14]. A meta-analysis of data around the globe showed that 35% of all HIV-infected adults on ART had
hypertension compared to an estimated 30% of HIV-uninfected adults. The result of the meta-analysis observed that
more than 50% of ART-experienced individuals greater than 50years had hypertension [15]. Bloomfield et al. reviewed
the danger of hypertension in HIV infection. According to them, HIV-uninfected adults with hypertension or HIV-
infected adults without hypertension have a lower risk of cardiovascular events and an all-cause mortality than HIV-
infected adults with hypertension [16]. This makes the determination of hypertension prevalence in HIV-infected
persons very paramount.

It has been suggested that nations with a high HIV prevalence, such as Nigeria, may also have a high prevalence of non-
communicable illnesses (NCDs), such as hypertension [17]. Paula et al. in their study showed that CVD death is four
times higher in PLHIV than in HIV-negative people [18]. Despite this high prevalence, data suggests that hypertensive
PLHIV receive sub-optimal hypertension treatment [14]. Furthermore, despite the fact that PLHIV have regular and
routine access to health care, multiple studies have found that rates of blood pressure control are poor in those with
concomitant hypertension [17, 19], implying that HIV clinics may have a one-dimensional emphasis of care [14].

The objectives of this study was to determine the prevalence and risk factors of hypertension among HIV patients in
Federal Medical Center Makurdi, Benue State, Nigeria. The study also determined the relationship between

hypertension and immunologic (CD4 count) and virologic (Viral Load) outcomes of HIV treatment.

The findings of this study will make available data that will serve as a guide towards developing a more comprehensive
approach for HIV patient care.
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2. Material and methods

2.1. Study Setting

The study was carried out at the Federal Medical Centre (FMC), Makurdi. FMC Makurdi is a more than 400 bedded
tertiary care hospital located in Makurdi, Benue state, North-central region of Nigeria. While the hospital serves as a
referral center for tertiary care, it also renders both primary and secondary care. The hospital has antiretroviral
treatment center supported by AIDS Prevention Initiative, Nigeria (APIN). The center provides HIV Voluntary
Counseling and Testing (VCT), treatment and care for HIV/AIDS patients as well as Prevention of Mother-to-Child
Transmission (PMTCT).

2.2. Study Design

The study was a retrospective cross-sectional research that extracted data from case files of patients who accessed care
from January to August 2022.

2.3. Study Population

The study population included adults aged 18 years and older as at the time of this study, who had been diagnosed of
HIV, and were currently receiving ART in the facility. Patients who had been on ART for a minimum of two years and
who had been seen by the physician within the study period of January, 2022 to August, 2022. Pregnant women and
breast-feeding mothers, children below 18 years of age and participants with up to three missing data were exempted
from the study.

2.4. Sampling Method and Sample Size

Sample size for the study was calculated using Taro Yamane’s formula as shown by Rafael, 2014 [20]. With an estimated
population of 698, a sample size of 254 was arrived at. Simple random sampling technique was used to select
participants. Participants (case files) were assigned codes which were put together to form a pool. 254 participants
were then drawn from the pool.

Note: N = total number of patients that had seen a physician and met all the inclusion criteria within the study period
as obtained from the ICT unit of the facility. It is worthy to note also that patients who are stable on their medications
do not always see the Physician but the Pharmacist for refill and counselling.

2.5. Method of Data Collection

Based on the specified variables; a checklist was created. Variables obtained from PLWH records included hypertension
status, sex, age, height, weight, marital status, occupational status, educational level, CD4 count (before ART initiation
and at present), current blood pressure measurement, time since ART initiation, viral load (at the start of ART and at
present), specific ART being used.

2.6. Data Analysis

Data were analyzed using IBM SPSS version 22. The classical Quetelet index was used to compute body mass index
(BMI): weight divided by height squared (kg/m?2) [21]. Underweight (>18.5 kg/m?), normal weight (18.5-24.9 kg/m?),
overweight (25-29.9 kg/m?), and obese (30 kg/m?) were the four BMI categories. Hypertension diagnosis was defined
when the two readings obtained were equal to or above 140 or 90 mmHg, or current use of antihypertensive therapy.
Frequencies and percentages were used to summarize categorical data. Median (interquartile range, IQR) were used to
summarize continuous data. Binary logistic regression analyses were carried out to examine associations between each
patient variable and hypertension status. Finally, the significant variables were included in a multivariate logistic
regression model to determine the true predictors of hypertension. All analyses were considered significant at p < 0.05.
Tables were used to present all findings.

2.7. Ethical Issues

The ethical clearance addressed concerns about patient confidentiality, justice, rights, and respect for the patients and
their records. The study was approved by the Federal Medical Center Makurdi Research Ethics Committee. The patient
data in databases was de-linked using patient codes to avoid bias and ensure confidentiality.
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3. Results

Out of the 698 prospective participants, 254 participants were randomly sampled, out of whom 165 (65%) were
females. The median (IQR) age was 46 (14). Most of the participants were married (59.4%). Farmers represented
(31.5%) and skilled workers (28.7%) of the study participants. Secondary (37.5%) and tertiary (24.4%) educational
levels were more common. Majority of the participants were on Tenofovir disoproxil fumarate (TDF) based combination
(221 (87%). BMI of 18.5 -24.9kg/m2 had the highest occurrence (145) representing 57.1%. The prevalence of
hypertension among the population of study was 15.4%. See table 1 below. The mean change in CD4 count (cells/m3)
was 108.5 with IQR of 305 while that of change VL (copies/ml) was -37 with IQR of 191.8. From the binary logistic
regression analysis, it was observed that age, occupational status, educational level, difference in CD4 count and body
mass index were independent predictors of hypertension in the population being studied. However, in the final
regression model, occupational status, educational level, and difference in CD4 count were not significant predictors.
Increasing age (OR = 1.066; CI = 1.013 - 1.121; P = 0.014) and body mass index (OR = 1.274; CI = 1.149 - 1.413; P =
0.000) in the study population were significantly associated with increased odds of developing hypertension. See table
2.

Table 1 Socio-demographic Characteristics of Study Population

Socio-demographic Characteristics | Frequency (n) | Percentage (%)

Hypertension Status

Normotensive 215 84.6
Hypertensive 39 15.4
Gender

Male 89 35.0
Female 165 65.0
Marital Status

Single 39 15.4
Widowed 47 18.5
Married 151 59.4
Separated 17 6.7
Occupational Status

Student/Applicant 44 17.3
Civil Servant 56 22.0
Trader/Skilled Laborer/Self-employed | 73 28.7
Retired - -
Farmer 80 31.5
Missing 1 0.4

Educational Level

None 48 18.9
Primary 49 19.3
Secondary 95 37.5
Tertiary 62 24.4
Therapy Type

ABC based 1 0.4
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TDF based 221 87.0
AZT based 32 12.6
BMI (Kg/m?2)
<18.5 21 8.3
18.5 - 249 145 57.1
25.0-299 62 24.4
>30.0 26 10.2
Median IQR
SBP (mmHg) 110.0 20.0
DBP (mmHg) 70.0 15.0
Age (years) 46.0 14.0
Initial CD4 Count (cells/mm?3) 419.0 245.0
Current CD4 Count (cells/mm3) 540.5 334.0
Initial Viral Load (copies/mL) 48.5 180.0
Current Viral Load (copies/mL) 19.0 20.0
Change in CD4 count (cells/mm?3) 108.5 305.0
Change in Viral Load (copies/mL) -37.0 191.5
Duration on ART (year) 11.0 5.0

ABC - abacavir; ART - antiretroviral therapy

Table 2 Result of binary logistic regression to determine predictors of hypertension

Variable Unadjusted OR (CI) P Adjusted OR (CI) P
Age 1.078 (1.043 - 1.114) | 0.000 | 1.066 (1.013-1.121) | 0.014
Gender

Male 1.094 (0.531 - 2.251) 0.808

Marital Status

Single 0.67

Widowed 1.829 (0.189 - 17.695) | 0.602

Married 6.118 (0.735-50.914) | 0.94

Separated 2.585 (0.325-20.528) | 0.369

Occupational Status**

Student/Applicant 1.0 1.000
Civil Servant 1.043 (0.288-3.779) | 0.949 | 3.271 (0.646 - 16.558) | 0.152
Trader/Skilled Laborer/Self-employed | 3.815 (1.439 - 10.118) | 0.007 | 3.956 (0.573 - 27.321) | 0.163
Farmer 2.260 (0.848-6.022) | 0.103 | 4.432(1.144 -17.166) | 0.310

Educational Level

BMI - body mass index; SBP - systolic blood pressure; DBP - diastolic blood pressure; TDF - tenofovir; AZT - zidovudine;

322



International Journal of Science and Research Archive, 2023, 09(01), 318-327

None 0.024 0.098
Primary 4.326 (1.562-11.983) | 0.05 | 2.655(0.581-12.132) | 0.208
Secondary 2.894 (0.943-8.882) | 0.063 | 3.907 (0.933 - 16.368) | 0.062
Tertiary 4.410 (1.519-12.806) | 0.06 | 5.927 (1.213 -28.949) | 0.028
Therapy Type**

TDF based 0.150 (0.020 - 1.135) | 0.66

AZT based 6.402 (0.848 - 48.345) | 0.72

Current CD4 Count 1.0 (0.999 - 1.002) 0.647

Current Viral Load 1.0 (1.0-1.0) 0.196

Change in CD4 count 0.999 (0.997 - 1.000) | 0.046 | 0.999 (0.997 - 1.000) | 0.108
Change in Viral Load 1.0 (1.0-1.0) 0.352

BMI 1.277 (1.172-1.392) | 0.000 | 1.274 (1.149-1.413) | 0.000
Duration on ART 1.132 (0.975-1.315) | 0.103

**N = 253; N = 254; BMI - body mass index; ART - antiretroviral therapy; TDF - tenofovir; AZT - zidovudine; CI - confidence interval; OR - odds
ratio; p < 0.05

4. Discussion

The purpose of the current study was to determine the prevalence and risk factors of hypertension among PLWH
seeking medical care at FMC, Makurdi, Benue State, Nigeria. Using the JNC 7 criteria for the classification of
hypertension, the prevalence of hypertension in the study population was 15.4%. The prevalence is similar to those
reported by Deo Harimenshi et al. in Burundi (17.5%) [7] and by Okpa et al. in South-South region of Nigeria (13.3%)
[22]. However, Oluwakemi et al., llesanmi and Akpa both from South Western Nigeria and Jackson et al. from South-
South Nigeria, in their investigations, reported prevalence figures of 26.7%, 24.9% and 20.3% respectively which were
higher compared to the current study [23, 24, 25].

In general, variations in prevalence and incidence of hypertension are brought on by the differences in the
characteristics of the study population, the design of the study and methodology, cut-off points, and references for
definition of hypertension [26]. A high prevalence as obtained above could likely be associated with the continuous
immune activation and inflammatory processes which are common phenomena in HIV-infected persons, overweight
and older age. Other factors which were not tested but are thought to have been associated with high prevalence of
hypertension include: poor cardiovascular education, sedentary life style, smoking, alcohol consumption, poor diet e.t.c.
To lower the risks of cardiovascular diseases, which are increasingly linked to mortality in this patient population,
efforts to appropriately manage hypertension in HIV-positive individuals should be increased [27]. Also, the institution
of routing checks for hypertension among HIV patients should be given paramount consideration.

The multivariate logistic regression model revealed that the patients; age and BMI were important predictors of
hypertension in these patients. Patient age strongly predicting hypertension in this study is consistent with the findings
of other researches [24, 28, 29]. Aging related vascular changes that predispose one to hypertension include the
advanced decline in visco-elastic properties of vessels, the progression of atherosclerotic arterial disease, and the
hypertrophy/sclerosis of muscular arteries and arterioles, which cause the vessels’ walls to constrict and increase
resistance to pressure and flow [26]. These could be related to high blood pressure either directly or indirectly. It is,
therefore, important that as HIV-positive patients age, there should be routine screening, proper management and
adequate counseling on cardiovascular health.

The current study’s findings supported earlier research findings that BMI is predictor of hypertension in PLWH [22, 24,
30, 31, 32]. The result of this research reinforce the notion that BMI is a recognized risk factor for developing
hypertension in both the general population and HIV-infected people as stated by Okpa et al. [22]. The implication is
that increasing BMI increases the chances of developing hypertension. Although improving a healthy lifestyle to lower
BMI has not received top priority in lowering hypertension in many underdeveloped and developing countries, BMI is
an important modifiable risk factor [33]. To minimize overweight and obesity among PLWH, weight loss, exercise and
healthy nutrition are necessary [34].
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The duration on ART was not a significant predictor of hypertension in this research. This was in line with a previous
study that found no association between hypertension and ART duration in HIV-positive individuals who had been on
treatment for more than 2 years [10]. In another investigation also, Rodriguez-Arboli et al. discovered that among HIV-
positive people, the duration of ART exposure was not a significant predictor of new-onset hypertension [35]. The
duration of ART, nevertheless, was a highly independent predictor of hypertension in some other study [36]. Jackson et
al. also, in their final logistic model noted that among HIV patients, the duration of ART was a highly significant predictor
of hypertension [24]. The variation in the outcome of these investigations might be a subject for further research.

In our study, the common drug combination being used was Tenofovir-based (87%). Some other patients were on
Zidovudine-based combination (12.6%). These drugs were not found to be significant predictors of hypertension in
both models. Similar results were observed in a prior study [26, 30].

It has been observed recently that some antiretroviral drug combinations used to treat HIV infection can increase the
risks for co-morbidities like hypertension, hyperlipidemia and insulin resistance, which are known to increase vascular
atherosclerosis and overall CVD risk [27]. These are some known side effects. Nevertheless, according to Palellar and
Phair, the overall effect of ARV use on CVD risks like hypertension is beneficial, largely (but not necessarily completely)
mitigating the negative effect of HIV on vascular health and CVD risk by enabling profound and durable suppression of
HIV replicability. Palellar and Phair opined that with today’s modern ARV medications, which are stronger, less toxic,
and seem to have less of an unfavourable effect on classic CVD risks, this is probably even more the case [27]. Deducing
from this, the newer ARTs being prescribed may not be a significant predictor of hypertension in HIV-positive
individuals but their effects over time especially as the patients age and present with other conditions needs to be
further studied.

The current study showed no association between hypertension and immunologic and virologic outcomes of HIV
treatment (CD4 count and viral load). This is in line with a study by Rodriguez-Arboli et al. who reported that, baseline
CD4 count was not an independent predictor of new-onset hypertension among HIV-infected adults [35]. On the other
hand, a study found an interaction between the effect of detectable plasma viral load (pVL) on hypertension on both
multiplicative and additive scales. According to this, PLWH with detectable pVL should receive comprehensive
management and monitoring for the purpose of preventing and treating hypertension [37]. Another study observed an
inverse correlation between the risk for hypertension and the presence of severe HIV disease (indicated by a low CD4+
T-cell count and an advanced WHO clinical disease stage) [38]. Advanced and severe CD4 levels were, in different
studies, observed to be independently associated with hypertension [12, 39]. The hypothesized mechanism for the
correlation between low immunity and CVD risk is that chronic inflammation that comes along with uncontrolled or
more advanced HIV disease is linked to elevated levels of serum makers of inflammation, elevated levels of activated
CD4+ T-cells, and elevated levels of proinflammatory cytokines that destabilize atherosclerotic plaques and result in
CVD events [40].

It is very glaring that there are variations in the outcomes of the various studies. A possible cause for these variations
could be the different cut-off points used. A standardized, multi-centered study using same cut-off points would give a
better picture of the relationship between these variables.

5. Conclusion

The prevalence of hypertension in this study population was high. Known risk variables significantly associated with
hypertension in PLWH were age and BMI, but neither CD4 count, viral load nor ART regime as well as duration of
treatment were significantly associated with hypertension in HIV. This high prevalence is of clinical significance.
HIV/HTN comorbidity may result to increased drug therapy problems, increased pill burden, reduced adherence,
increased morbidity and mortality. These underscore the need for evidence-based non-communicable disease
management techniques to be incorporated into integrated HIV programs in Benue State, Nigeria and to support the
establishment of universal routine hypertension screening for HIV patients.

Limitations

Because the data collected was retrospective, we had no control over its quality and could not account for missing data
and, in some cases, outright loss of important information. Also, we could not forecast the onset of hypertension in the
future because there is no follow-up regarding changes in the status of hypertension among the group under study.
Despite these drawbacks, the study contributes important information about the significance of hypertension and
causal risk among high-risk HIV people taking ART in Benue State.
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Recommendation

e Itis essential to develop guidelines for routine blood pressure monitoring for PLWH receiving ART.

e The predictors of hypertension in HIV-positive patients should be taken into account by Clinicians in setting
priorities and in regular clinical practice for PLWH. This is because early detection can reduce morbidity
associated with the condition.
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