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Abstract 

Aim: To evaluate C-reactive protein levels in stable HIV positive children and adolescents on anti-retroviral 
therapy overtime in our health facility, and relate the findings to their CD4, viral-load, and blood pressure.  

Study design: A cross-sectional hospital-based survey. 

Place and Duration of Study: At Paediatric Out-patient Special Treatment Clinic of University of Abuja 

Teaching Hospital, Gwagwalada over a six-month period. 
Methodology: The subjects were consecutively enrolled until the required sample size was met. Data entry 

and analysis was with SPSS version 23 computer software. 

Sample: We included 126 (66 males and 60 females) subjects. Their biodata, weight, length/height, body-
mass-index, blood pressure, CD4 cell count, viral-load, and cC-reactive proteins were measured. 

Results: Their mean age was 14.1±3.1 [7, 18] years, and most 69(54.8%) were 15-18 years. Majority 

73(57.9%) had body-mass-index of <18 kg/m, many 99(78.6%) had vertical transmission, 82(65.1%) were 

from low socio-economic background, while most 104(82.5%) were on 2nd line medications. Their mean 
duration on anti-retroviral-therapy, CD4-cell-count, viral-load, and C-reactive-protein at enrollment were 

7.2±2.9 [1, 16] years, 792.11±37.8 cells/mm3, 1203.5±155.4 copies/ml, and 9.9±2.7mg/l respectively. One-

hundred-and-one101 (88.1%) of the recruited subjects had normal/minor elevation of CRP of <10mg/ml, 
while 15(11.9%) had moderate elevation of 10-100mg/ml. None had marked or severe elevation. The 

prevalence of hypertension was 10(7.9%) with diastolic form 7(5.6%) being commoner than systolic 

3(2.4%). Multivariate analysis showed significant association between C-reactive-protein with CD4-cell-
count [OR, 0.11 (CI, 0.008-1.029, P=.006)], systolic-blood-pressure [OR, 0.26 (CI, 0.81-2.97, P=.026)], 

and diastolic-blood-pressure [OR, 0.10, (CI, 0.14 (0.35-3.59), P=.013)]. 

Conclusion: There is high prevalence of hypertension among stable HIV positive children and adolescent 

on highly active antiretroviral therapy overtime in our center. C-reactive protein can be used to monitor risk 
of development of hypertension in these subjects. 

Key words: HIV infected, children, adolescentspositive children and adolescents, highly active anti-

retroviral therapy, C-reactive protein, blood pressure.  
  

 

Introduction 

With increasing access to highly active anti-retroviral therapy (HAART), many vertically infected 

HIV children and adolescents are predisposed to developing cardiovascular disease (CVD) of 

which hypertension (HTN) remain a very well-established risk factor from chronic HIV infection, 

and prolonged use of antiretroviral therapy (ART), [Cruse et al, 2012; Masenga et al, 2019]. HTN 

prevalence continue to be higher in people living with HIV (PLHIV) despite viral suppression by 

anti-retroviral therapy (ART), [Freiberg et al, 2013]. A heightened systemic inflammatory process 

with activation of both innate and adaptive immune systems contributes to the development of 

HTN in the general population, and animal studies [Donati et al, 2003; Van et al 2014; McMaster 

et al, 2015]. Inflammation with complex immune interaction in HIV infection is associated with 

endothelial dysfunction and increases the risk of HTN in both treated and untreated infected 



 

individual [Donati et al, 2003]. Viral proteins and/or ART activates antigen presenting and T cells 

which infiltrate the vasculature and the kidneys and release cytokines IL-6, IL-17A, and IFN-γ 

(Fig 1) which promote vascular dysfunction, alteration in sympathetic nervous outflow, retention 

of sodium, and water, leading to HTN), [Masenga et al, 2019]. Blood pressure (BP), the product 

of cardiac output and total peripheral vascular resistance is regulated by circulating blood volume, 

vascular caliber, elasticity, reactivity [Van et al, 2014], humoral mediators, and neural stimulation. 

HTN defined as systolic blood pressure (SBP) of ≥130 mmHg, and/or diastolic blood pressure 

(DBP) of ≥80 mmHg is emerging as a growing concern in HIV population [Wilson et al, 2009; 

Fahme et al, 2018]. This particularly worrisome in sub-Saharan African countries that bears the 

highest global burden of both HIV and HTN among adult population [WHO, 2022; Ferdinand, 

2020]. Information of such is also required in children and adolescents in our sub-region where 

HIV is also endemic. The prevalence of HTN among PLHIV in adult population has surged from 

increased life expectancy from use of ART. A study conducted in Kenya, Uganda, Burundi and 

Zambia reported prevalence of 50% [Dillon et al, 2013], 27% [Migisha et al, 2021], 17.4% 

[Harimenshi] et al, 2022], and 18.4% [Musekwa et al, 2021] in such population. Its prevalence in 

children and adolescents living with HIV (CALHIV) ranges from 19.6% by [Chatterton-

Kirchmeier et al, 2015] from USA, to 10.9% by [David et al, 2021] from Nigeria, and 2.7% by 

[Sainz et al, 2014] from Spain. 

Research into CVD risk factors in general population has identified C reactive protein (CRP) as 

one of the predictive biomarkers [Ross et al, 2009].  CRP is a homo-pentameric acute-phase 

inflammatory protein synthesized primarily in liver hepatocytes in response to infection or 

inflammation [Gabay and Kushner, 1999]. Because CRP levels often go up before appearance of 

symptoms, and drops at recovery, is especially useful for tracking infections. Studies have also 

shown that despite the control of HIV replication below the assay threshold (20 to 50 copies/ml), 

HIV replication persists along with immune activation [Ostrowski et al, 2008]. The ongoing 

inflammation in spite of treatment with HARRT probably arises from evolving HIV production, 

co-pathogen load especially of cytomegalovirus (CMV) and herpes viruses, loss of immune-

regulatory T cells, translocation of lipopolysaccharide across a damaged gut mucosa, and 

irreversible fibrosis of the lymphoid infrastructure [Lichtner et al, 2015; Feldman et al, 2003]. HIV 

is a lifelong infection which requires constant monitoring for ongoing inflammation that can 

predispose to HTN. We therefore conducted this study to evaluated the CRP concentration in stable 

CALHIV on HARRT overtime for ongoing inflammatory and HTN. 

 

Material and methods 

Study design: A cross-sectional hospital-based survey was carried out at the Paediatric Out-

patient Special Treatment Clinic (POSTC) of the University of Abuja Teaching Hospital (UATH) 

between the months of August to December 2023 to evaluate the level(s) of CRP in stable HIV 

positive children and adolescents on anti-retroviral-therapy overtime in the facility, and relate the 

findings to their CD4 cell count, viral load, and blood pressure.  

Study setting and population: POSTC is an out-patient clinic service area of the health institution 

where HIV infected children, adolescents and exposed babies were followed up for treatment and 

monitoring. It has consulting rooms for the doctors, nurses, and adherence counsellors. Record 

clerks, pharmacists, nutritionists, and home base-care providers are also at their disposal on week 

days (Monday-Friday, from 7.30 am to 4 pm.). UATH is a 500-bed capacity referral hospital, sub-

serving the people of Federal Capital Territory (FCT) Abuja, and five neighbouring states. It is Is 



 

one of the first centres in the country to start offering free HIV/AIDS services through the President 

Emergency Plan for AIDs Relief (PEPFAR) since 2005, and Federal Government of Nigeria 

(FGN). The subjects were clinically stable paediatric HIV infected patients ≤18 years, with no 

clinical evidence of infection such as fever, cough, painful urination, painful swallowing, etc, not 

having any chronic illness such as diabetics, asthma, heart diseases, and must have been on 

HARRT for >6 months. Excluded were those unwilling to participate in the study, those with 

chronic illnesses, and those who has been on HAART for <6months. Consecutive eligible children 

were enrolled after caregivers has provided written informed consent and children ≥7 years provide 

inform assent.  

Variables: Variables collected included body weight, height, body mass index (BMI), blood 

pressure, CRP, viral load (VL), and CD4 cell count, 

 Data collection tool: A structured questionnaire was used to collect their bio-data which included 

their age, sex, educational status, socio-economic class (SEC) of the parents using Olusanya 

classification [Olusanya et al, 1985], mode of transmission of HIV, durations of HAART, type of 

HAART, and parents’ survival status.  

Data collection: Weight, height was measured, body-mass-index calculated and classified 

according to WHO (underweight <18.0, normal is 18.5-24.9, overweight is ≥25.0, obesity is 

≥30.0). BP was measured twice using (Accosson Sphygomanometer, Accoson Works, Parkway, 

CM19 5QP England) with appropriate cuff for age, and average measurement of the two taken. It 

was also categorized according to the updated American Academy of Pediatrics definitions of BP 

for individuals ≥10 years [Flynn et al, 2017]. Accordingly, BP was defined as normal when BP is 

<120/< 80 mmHg), elevated BP (120/ 80 to 129/>80 mmHg), stage 1 HTN (130/80 to 139/89 

mmHg), and stage 2 HTN (≥140/90 mmHg). Subjects with elevated BP (systolic BP ≥ 120 mmHg 

or diastolic BP ≥ 80 mmHg) were considered to have high BP (HBP), while those with BP (systolic 

BP <90 mmHg or diastolic BP <60 mmHg) were considered to have low PB (LBP) [Flynn et al, 

2017]. Measurement of CD4 cell and VL were done at enrolment, or retrieve from medical record 

if not recently done. While CD4 cell count was measured using automated Partec Cyflow easy 

count kit (Partec code no. 05-8401 Western Germany), VL was done with (Roche Smp /prep /cobs 

Taqman 96, USA). Weight and height were measured using Seca weighing scale accurate to 0.1kg, 

and Seca stadiometer.  

 CRP was measured using quantitative rapid Fine care test kit catalogue number W201 that 

employs the sandwich immune detection method. Level <3 mg/l is normal value; 3 to <10 mg/l 

indicates normal/minor elevation; 10 to <100 mg/l is moderate elevation; >100-<500mg/l mg/dl is 

marked elevation; while >500 mg/dl represents severe elevation [Nehring et al, 2024]. Or HsCRP 

levels <1.0 mg/l, 1.0–3.0 mg/l and >3.0 mg/l indicate low, average and high CVD risk, respectively 

[Pearson et al, 2003]. 

Sample size: Sample size was calculated using [Kish, 1968] sampling method for cross-sectional 

study with formula, n= Z2pq/d2, where n=desired sample size (when population is greater than 

10,000), Z=standard normal deviate usually set at 1.96, which correspond to 95% confidence 

interval, p= prevalence of hypertension in Nigerian children and adolescent by [David et al, 2021], 

q= proportion unknown 1-p, and d=degree of accuracy set at 0.02 for a higher accuracy. 

Data analysis: Was carried out using SPSS version 23.0 computer software. This provided 

frequency tables, mean, standard deviation and ranges. Student t test was used to compare group 



 

means, while chi-square was used to analyze categorical data. Logistic regression was used for the 

covariates that were significant, and p<0.05 was considered statistically significant.   

Ethics clearance: Was obtained from the ethics committee of the health institution before 

commencement of the study already given in the end 

 

Results 

Socio-demographic analysis: The characteristics of the study population was shown in table 1. 

Of a total of 126 participants recruited, 66 were males, and 60 females given a male to female ratio 

of 1.1:1. Their mean age was 14.1±3.1 [7, 18] years with majority 69(54.8%) being between 15-

18 years, and least 15(11.9) <10 years. Many 81(64.3%), 91(72.2%), and 82(65.1%) had secondary 

level of education, were Christians, and from low socio-economic class. They had a mean BMI of 

17.6± 3.5 [8.2, 29.6] kg/m2, with majority 73(57.9%) being <18 kg/m2, and least 3(2.4%) between 

25-<30kg/m. While majority 99(78.6%) had their HIV infection through vertical transmission, 

27(21.4%) had through blood transfusion, sexual, barbering, etc. Most of the participants in this 

study 90(71.4%) also had both parents alive, however 7(5.6%) and 29(23.0%) has lost both or one 

parent respectively. Majority of the recruited subjects 104(82.5%) were already on 2nd line 

HAART, while 22(17.4%) were still on 1st line medication with their mean duration on HARRT 

being 7.2±2.9[1, 16] years. Their mean CD4 cell count, and VL at enrollment, and CRP into the 

study were 792.11±37.8 cells/mm3, 1203.5±155.4 copies/ml, and 9.9±2.7mg/l respectively. The 

prevalence of HTN was 10(7.9%) with diastolic HTN 7(5.6%) being commoner than systolic 

3(2.4%) form. Majority 108(85.7%) had normal SBP with mean of 102.87±11.99 [70, 130] mmHg, while 

104(82.5%) had normal DBP with mean of 68.41± 9.6 [50, 90] mmHg. Fifteen (11.9%) had low SBP, and 

16(12.7%) had low DBP. There was no statistically significant difference in all the variables studied 

for the male and the female subjects, their P=0.05. 

Descriptive analysis: The levels of CRP of the study population were depicted in Fig 2. It showed 

that 80 (63.5%) of the subjects had normal CRP of <3mg/ml, 31(24.6%) had normal/slight 

elevation of 3 to <10mg/l, while 4(3.2%) had 10-<20mg/l, 7(5.6%) had 20-<50mg/l, and 4(3.2%) 

had >50mg/l ie 15(11.9%) showing moderate elevation of CRP. None had marked or severe 

elevation.  

Bivariate analysis: Table 2 showed the CRP levels of the study participants. More of the subjects 

with moderate elevation of CRP were females 8(53.3%), those at the age range of 15 to 18 years 

7(46.7%), those with BMI of <18kg/m2 11(73.3%), those from low SEC 10(66.7%), and those 

with vertical transmission 11(73.3%). Others were those who has lost one 7(53.3%), or both 

parents 7(46.7%), those with low CD4 count of <200cell/mm3 8(53.3%), and those with VL >1,000 

copies/ml 14(93.3%). Variables with statistically significant relationships with CRP were parental 

survival status, P=0.001, CD4, P=0.035, and VL, P=0.001, systolic BP, P=.022, and diastolic BP, P=.017. 

No association was seen with other variables, P >.05. 

Multivariate analysis: Table 3 depicts the multivariate analysis of significant variables with bivariate 

model. Significant relationship was seen between CRP with CD4, [OR 0.11, CI (0.008-1.029, P=0.006)], 

SBP [OR, 0.26 (0.81-2.97, P=.026)], and DBP [OR, 0.10, CI (0.008-1.029, P=.013)]. No association was 

seen with the other variables; P >.05. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Characteristics of the Study Population based on Gender 

Variables Male (%),  

n=66 

Mean ± SD 

Female (%), 

n=60 

Mean ± SD 

Total (%) [Range], 

n=126 

Mean ± SD 

P 

value 

Age (years) *14.5±2.9 *13.7±3.3 *14.1±3.1 [7, 18] .150 

<10 10(16.7) 5(7.6) 15(11.9)  

10-<15 19(31.7) 23(34.9) 42(33.3) .290 

15-18 31(51.7) 38(57.6) 69(54.8)  

Socio-economic Status     

Upper 6(9.1) 7(11.7) 13(10.3)  

Middle 18(27.3) 13(21.7) 31(24.6) .723 

Low 42(63.3) 40(66.7) 82(65.1)  

Body Mass Index (kg/m
2
)     

Mean BMI *17.3±3.4 *17.9±38 *17.6± 3.5 [8.2,   29.6] .351 

<18 40(60.6) 33(55.0) 73(57.9) .18 

18-24.9 26(39.4) 24(40.0) 50(39.7)  

25-<30 0(0.0) 3(5.0)  3(2.4)  

>30 0(0.0) 0(0.0)  0(0.0)  

Mode of Transmission     

Vertical 48(72.7) 51(85.0) 99(78.6)  



 

Non-vertical 18(27.3) 9(15.0) 27(21.4) .598 

 Parent Survival Status     

Both parents alive 51(77.3) 39(65.0) 90(71.4)  

Both parents dead 5(7.6)   2(3.3) 7(5.6) .917 

One parent dead 12(18.2)  17(28.3) 29(23.0)  

Systolic Blood Pressure(mmHg)     

Mean Systolic BP 103.53±10.89 102.13±13.17 102.87±11.99 [70, 130] .917 

Normal 60(90.1) 55(91.7) 115(91.3)  

High 1(1.5) 2(3.3) 3(2.4) .282 

Low 5(7.6) 3(5.0) 8(6.3)  

Diastolic Blood Pressure(mmHg)     

Mean Diastolic BP 68.18±9.27 68.67±10.16 68.41± 9.6 [50, 90] .778 

Normal 61(92.4) 53(88.3) 113(89.5)  

High 3(4.5) 4(6.7) 7(5.6)  

Low 2(3.0) 3(5.0) 6(4.8)  

1
st
 line HAART 10(15.2) 12(20.0) 22(17.4) .705 

2
nd

 line HAART 53(80.3) 51(85.0) 104(82.5) .851 

Duration of HAART (Years) *7.1±2.8 *7.3±3.0 *7.2±2.9[1, 16] .699 

CD4 at  Study Enrollment (cell/mm
3
) *765.67±401.86 *822.20±344.99 *792.11±37.8 .401 

VL at  Study Enrollment (copies/ml) 4046.0±199.1 3834.5±224.9 3940.5±255.4 .152 

CRP at Enrollment(mg/l) 6.4±1.4 13.7±5.5 9.9±2.7 .183 

 

 

Table 2: C-Reactive Protein and Study Variables, (n=126). 

Variables CRP 

[<3mg/l] 

n= 80 

CRP (%)  

[3-<10mg/l] 

n=31 

CRP (%) 

[10-100mg/l] 

n=15 

Total (%) 

n=126 

P value 

Sex      

Male 42(52.5) 17(54.8) 7(46.7) 66(52.4)  

Female 38(47.5) 14(45.2) 8(53.3) 60(47.6) .546 

Age (years)      

<10   7(8.8)   5(16.1)   3(20.0) 15(11.9)  

10-<15 28(35.0)   9(29.0)   5(33.3) 42(33.3) .151 

15-18 45(56.2) 17(54.8)   7(46.7) 69(54.8)  

BMI(kg/m
2
)      

<18 46(57.5) 16(51.6)   11(73.3) 73(57.9)  

18-24.9 32(40.0) 14(45.2)    4(26.7) 50(39.7) .574 

25->30   2(2.5)   1(3.2)     0(0.0) 3(2.4)  

Socio-economic status      

Upper    8(10.0)   4(12.9)    1(6.6) 13(10.3)  

Middle  16(20.0) 11(35.5)    4(26.7) 31(24.6)  

Low  56(70.0) 16(51.6)  10(66.7) 82(65.1) .972 

Mode of Transmission      

Vertical 71(88.8) 17(54.8)  11(73.3) 99(78.6)  



 

Non-vertical   9(11.2) 14(45.2)     4(26.7) 28(22.2) .472 

Parents Survival Status      

Both parents alive 72(90.0)  18(58.1)  0(0.0) 90(71.4)  

Both parents dead   0(0.0)  0(0.0) 7(46.7) 7(5.6) .001 

One parent dead   8(10.0)  13(41.9)  8(53.3) 29(23.0)  

Systolic Blood Pressure      

Normal 79(98.8) 27(87.1) 9(60.0) 115(91.3)  

High  0(0.0) 0(0.0) 3(20.0) 3(2.4) .022 

Low 1(1.3) 4(12.9) 3(20.0) 8(6.3)  

Diastolic Blood Pressure      

Normal 76(95.0) 27(87.1)  10(66.7) 113(89.7)  

High 1(1.3)  1(3.2)  5(33.3)  7(5.6) .017 

Low 3(3.8) 3(9.7)  0(0.0)  6(4.8)  

CD4 at enrolment 

(cells/mm
3
) 

     

<200   0(0.0)   0(0.9)   8(53.3) 8(6.3)  

200- 500 12(15.0)   3(9.7)   3(20.0) 18(14.3) .035 

.>500 68(85.0) 28(90.3)   4(26.7) 100 (79.4)  

 VL at enrolment 

(copies/ml) 

     

<20 46(57.5) 14(45.2)     0(0.0) 60(47.6)  

20-1000 16(20.0) 13(41.9)     1(6.7) 30(23.8) .001 

>1000 18(22.5.8)  4(12.9)   14(93.3) 36(28.6)  

 

 

Table 3: Multivariate logistic regression for CRP with Significant Bivariate Variables.  

Variables CRP Level 

<10mg/l(%)      >10mg/l (%) 

OR (95% CI) P value 

Parent survival status    

One parent dead 21(18.9)                8(53.3) 1  

Both parents dead 0(0.0)                    7(46.7) 0.65(0.6713-26.785)  

Both parent alive 90(81.1)                0(0.0) 1.35 (0.5231-19.7641) .48 

CD4 cell count (cells/mm3)    

<200  0(0.0)                  8(53.3) 1  

200-500  15(13.5)              3(20.0) 0.08(0.061-1.3132)  

>500 96(86.5)               4(27.7) 0.11 (0.008-1.029) .006 

Viral Load (Copies/ml)    

>1000 22(19.8)                 14(93.3) 1 
 

20-1000 29(26.1)                 1(6.7) 0.87(0.676-11.3132)  

<20 60(54.1)                 0(0.0) 25. (0.0149-4.1723) .32 

Systolic Blood Pressure(mmHg)    

Low   5(4.5)                  3(20.0) 1  



 

High   0(0.0)                  3(20.0) 0.26 (0.81-2.97)  

Normal  106(95.5)             9(60.0) 0.18 (0.55-4.89) .026 

Diastolic Blood Pressure (mmHg)                          

Low    6(5.4)                  0(0.0) 1  

High    2(1.8)                  5(33.3) 0.14 (0.35-3.59)  

Normal 103(92.8)              10(66.7) 0.26 (0.81-2.97) .013 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Conceptual schematic of the effect of HIV infection and treatment can activate the immune 

system leading to HTN. Viral proteins and/or ART activates antigen presenting and T cells which 

infiltrate the vasculature and the kidneys and release cytokines IL-6, IL-17A, and IFN-γ which 

promote vascular dysfunction, retention of sodium, and water, leading to hypertension [Masenga et 

al, 2019]. 

 

 

 



 

 

Fig 2: Levels of CRP (mg/l) of the Study Population 

 

 

Discussion 

This study explored the levels of CRP in stable CALHIV on HARRT in our health facility, and 

relate it to their CD4 celI count, VL, and BP. In this study, the mean CRP in our stable subjects 

was 9.9±2.7mg/l, in keeping with normal/mild inflammation. This compared favorably to 

8.65±10.89 mg/l by [Udoh et al, 2021] among HIV +vepositive children on HAART in Nigeria, it 

also compared to 4.2 (1-13.9) mg/l by same [Udo et al, 2020] among +ve children also from 

Nigeria, and to 8.1±2.4mg/l and 7.5±12.2mg/l by [Gleason et , 2015] from Ethiopia among +ve 

adult population, and [Hurwitz et al, 2004] also in adults in USA. The finding was however lower 

than 22.64±12.45mg/l by [Ugwu et al, 2016] in adults in Nigeria. The different mean CRP from 

various studies across the globe might be due to the nature of their study population. While the 

present study focused on the stable patients on HARRT over time with no clinical evidence of 

infection, others looked at HARRT naïve patients with opportunistic infections. The study also 

documented 11.9% of the subjects to have moderate elevation of their CRP. This was also similar 

to 11.0% elevation in CRP among adults initiated on ART in Uganda by [Chaisson et al, 2019] and 

much lower than 24% of persistent CRP of >5mg/l also seen in adult patients by [Shivakoti et al, 

2016] in their multi-country study. These findings buttress the statement that immune activation 

continues to occur in PLHIV regardless of the positive outcomes of HAART. [Shivakoti et al, 



 

2016] attributed such persistent increase in CRP to anemia, hypoalbuminemia, concurrent 

infections, and low-level viremia. Such elevated CRP in this study in spite of clinical stability of 

the subjects might be from low level viremia, and ongoing inflammation probably from co-

infection from other pathogens, as previous report from same center reported CMV [Okechukwu 

and Thairu, 2020] and hepatitis B and C [Okechukwu et al, 2020] co-infection of 10.6%, and 4.6% 
among CALHIV on HARRT. 

From this study, the prevalence of HTN among CALHIV on ART was 7.9%.  This was higher 

than the pooled prevalence of 4% among the general pediatric population in Nigeria [Ejike, 2017], 

and globally [Song et al, 2019], probably from effect of their chronic HIV inflammation and 

prolong use of ART in their cardiovascular system. The prevalence of HTN in PLWH in Sub-

Saharan African countries ranged from 2.0 to 50.2% with most cases occurring among those 

receiving ART [Masenga et al, 2019]. Though the effect of specific ART regimens on BP has not 

been well established, the low to moderate increase attributed to non-nucleoside reverse 

transcriptase inhibitors (NNRTI’s), and protease inhibitors (PIs) has been reported by some 

researchers [Bigna et al, 2016; Calò et al, 2013].  Earlier studies have shown patients to become 

hypertensive in most cases after 2 years of ART, with systolic pressure increasing further after 5 

years of ART [Calò et al, 2013]. Aside the traditional risk factors for HTN, and effect of ART on 

BP, IL-17A, IFN-γ, and CD4+ T cells were among the inflammatory parameters associated with 

HTN in ART treated PLWH.  The prevalence of HTN in PLWH however varies by population, 

and subgroups even within the same countries. Our findings of 7.9% prevalence of HTN in 

CALHIV in this study however aligned closer to prevalence of 10.9% by [David et al, 2021] among 

adolescents with HIV in Nigeria. It was slightly higher than 2.7% from vertically transmitted 

Caucasian HIV positive adolescents from Spain by [Sainz et al, 2014]. Other studies reported 

higher prevalence of 19.6%, by [Chatterton-Kirchmeier et al, 2015] from USA among positive 

adolescents, 49% by [Migisha et al, 2023] from CALHIV from Uganda, and 17.4% by 

[Harimenshi et al, 2022] among positive adults in Burundi. The disparity in the prevalence of HTN 

from different countries across the globe among both children and adults arises from several 

reasons; genetic, a well-established risk factor for black population; gender, mostly higher in men 

than women; socio-economic differences; lifestyle eg tobacco smoking; obesity BMI ≥25 kg/m2; 

duration of ART, higher risk with increased duration on ART; clinical stages of HIV infection, 

higher among ART treated versus ART naive (28.7% vs 5.3%; 17% vs 2%; 30 vs 21.9% and 38% 

vs 19%, respectively); types of ART, commoner in regimen containing NNRTIs and PIs; and 

selected study population e.g., hospitalized and outpatients. The prevalence also depends on 

number of times BP measurement was taken, whether once or twice/three times, because repeated 

measurements in different occasions are widely recommended for the diagnosis of HTN. While 

some researchers used single BP measurement for their cohort eg [Chatterton-Kirchmeier et al, 

2015] from USA, others such as [Sainz et al, 2014] used 3 BP measurements, while the present 

study used 2 measurements. 

Higher CRP has been associated with lower CD4, and higher VL among infected individuals 

[Wadgera and Yadhav, 2017]. However, reports from various studies have yielded mixed results 

[Wadgera and Yadhav, 2017; Drain et al, 2007; Tahir et al, 2004; Grützmeier and Sandström, 

1999]. While some have reported significant association between increase CRP with faster disease 

progression; low CD4, and high VL with greater risk of mortality,40-42 others found elevated CRP 

to be associated with reduced mortality [Grützmeier and Sandström, 1999; Kiefer et al, 2018]. 

[Wadgera and Kala-Yadhav, 2017; Tahir et al, 2004], found negative correlation (r=-0.2324, 

P<0.01), and (r=-0.596 P=0.000) between CRP and CD4 cell count, [Drain et al, 2007] also 



 

observed high CRP to be better than either low CD4 count <200/μl and high VL ≥50,000 copies/ml 

for predicting disease progression to AIDS. They however stated that while CRP was not better 

than CD4 or VL in predicting mortality outcomes, it however remained a very strong and almost 

comparable predictor.  Grützmeier and Sandström, 1999, on the other hand reported patients with 

opportunistic infections with low CD4 cell count to have significantly lower increase in CRP 

concentration, while Kiefer et al, 2018 reported ART independently of CD4 changes not to be 

associated with decreases in hsCRP. In the present study, significant association was also 

documented between CRP and CD4 cell [OR, CI, 0.11 (0.008-1.029, P=0.006)], in keeping with 

other studies [Drain et al, 2007; Tahir et al, 2004; Grützmeier and Sandström, 1999].  

In PLWH, ART does not completely eradicate HIV infection, there is residual virus replicating at 

low levels over long periods of time that will eventually cause long term micro-inflammation. 

Impaired immunity, and activate inflammatory pathways induce oxidative stress, leading to 

endothelial dysfunction, which is a key factor in the pathogenesis of HTN. In the present study, 

significant association was documented between CRP and SBP [OR, CI, 0.26 (0.81-2.97, 

P=0.026)], and DBP [OR, 0.10, CI,0.14 (0.35-3.59), P=0.013)]. Similar finding was also recorded 

by [Ou-Yang et al, 2023]. In their study, ART duration, CD4+ cell counts, HIV-RNA <100 

copies/mL, hsCRP, systemic immune- inflammation index (SII), SIRI, were positively associated 

with hypertensive risk in PLWH. They noted that ART duration of 5 to 9 years and >10 years 

increased risk of HTN by 7 & 12-folds. [Barrow et al, 2019] equally reported strongly association 

between inflammation and HTN.  

Conclusion. There is high prevalence of HTN among HIV positive children and adolescent on 

HARRT in our center. C reactive protein can be used to monitor risk of development of 

hypertension in these subjects. 
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