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Abstract 

 Chronic inflammation in HIV disease is sustained by immune 
reconstitution that results from use of combination therapy by 
patients and manifested by increased expression of inflammatory 
cytokines. Chronic inflammation in HIV disease is associated 
with endothelial dysfunction of the cardio vasculature giving rise 
to reduced elasticity resulting in high blood pressure. This state is 
marked by increased IL-6 cytokine expression as manifested in 
patients with type 2 diabetes and hypertension. This study sought 
to establish cytokine expression in HIV seropositive patients with 
hypertension comorbidity and correlate with HIV/AIDS progression. 
We hypothesized that chronic inflammation and presence of 
hypertension comorbidity presents higher levels of expression 
of selected interleukins namely IL-6, IL-8 and IL-17A. This study 
demonstrated that the IL-6 cytokine expression have a positive 
correlation with the release of IL-8 cytokine as patients with higher 
IL-6 cytokine values were more likely to have higher IL-8 cytokine 
levels. This shows that a synergistic effect from both cytokines may 
accelerate the development of atherosclerosis on blood vessels. 
Therefore routine measurement of these cytokines may increase 
prediction of risk of development of hypertension in patients on HIV 
care.
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injury and damage to the vasculature [15]. IL-17A has been implicated 
in large vessel vasculitis (e.g. aorta) and its high level expression is 
a risk factor for vascular damage and associated complications [16]. 
Determination of levels of expression of these cytokines for example, 
IL-6 is useful as a diagnostic marker for risk of myocardial infarction 
[17]. Pro-inflammatory cytokines (IL-6 & IL-8) measures may be used 
as an indicator of severity of cardiovascular disease complications 
such as chronic heart failure [18,19]. Trigger factors of cardiovascular 
disease include alcohol abuse which is rampant with HIV seropositive 
patients [20]. Interventions that target inhibition of IL-6 have shown 
benefits of reduced cardiovascular events [21]. Individuals with 
prehypertension have been established to have gradual increase in IL-6 
expression over a 3 year period with increasing risk of arterial stiffness 
and arterial fibrillation [22,23]. On the other hand expression of IL-
17A may offer a compensatory adaptation of dilated cardiomyopathy 
to improve function in the event of viral myocarditis [24]. This study 
sought to establish cytokine expression in HIV seropositive patients 
with hypertension comorbidity and correlate with HIV/AIDS 
progression. We hypothesized that chronic inflammation and presence 
of hypertension comorbidity presents higher levels of expression of 
selected interleukins namely IL-6, IL-8 and IL-17A.

Materials and Methods
A sample of one hundred and twenty six HIV seropositive 

patients were recruited between January and May 2015 through 
systematic sampling approach at Kenyatta National Hospital HIV 
Care Centre, Nairobi which offers exclusive health care services for 
HIV seropositive patients. The patients are referred to the care center 
from voluntary counseling clinics and hospitals spread out in different 
locations of Nairobi County and its environs. The facility attracts 
patients from all regions of the country thus offering a cosmopolitan 
mix of study participants. It has quality operating systems with good 
record keeping and follow-up of patients thus offering a good platform 
for the recruitment of different clusters of patients. The Centre too 
has a total enrolment of six thousand active clients out of which 4000 
are on anti-retroviral therapy. About six hundreds of these clients 
have both immunosuppression and cardio metabolic disorders which 
include diabetes, osteoporosis, renal disease and/or arthritis. The 
participants were screened for blood pressure and assessed for Body 
Mass index (BMI). A questionnaire was used to examine participants’ 
lifestyle characteristics and extraction of clinical parameters from 
patient records. Blood pressure recorded was an average measure of 
three (3) systolic and diastolic pressure readings taken in intervals of 
15 minutes. A systolic reading above 140 mmHg and diastolic above 
90 mmHg was considered to constitute high blood pressure. 

Design

 This was a cross sectional descriptive study that sought to 
determine the plasma concentrations of pro-inflammatory cytokines 
in HIV seropositive patients with hypertension comorbidity. Obtained 
data on the concentrations of expressed cytokines was correlated with 
WHO HIV/AIDS stage of patients and use of combination therapy in 
both hypertensive and non-hypertensive participants.

Population

The study population was HIV positive patients seeking care 

Background
Chronic inflammation in HIV disease is associated with 

endothelial dysfunction of the cardio vasculature giving rise to reduced 
elasticity resulting in high blood pressure [1-8]. This state is marked 
by increased IL-6 cytokine expression as manifested in patients with 
type 2 diabetes and hypertension [9,10]. Low dose of omega 3 fish oil 
used by HIV positive clients have not shown any benefits in reduction 
of IL-6 expression [11]. Elevated IL-6 expression in chronic conditions 
is associated with poor progression and clinical outcomes of patients 
[12,13]. Evaluation of IL-6 gene polymorphism has been established to 
increase risk of cardiovascular disease [14]. It is a marker of endothelial 
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at the Kenyatta National Hospital’s Comprehensive Care Center. 
The majority of patients have been on follow-up for at least 5 years. 
However, some patients have been on care for over 10 years. Eligibility 
criteria included adult age, HIV positive status, Active on care and 
informed consent. The eligible participants were categorized into 
hypertensive and non-hypertensive groups. Ethical approval was 
obtained from the institution’s Research and Ethics review board. 
Written informed consent was obtained from each participant prior 
to enrolment.

Data collection

Demographic and clinical data was collected using structured 
questionnaires and medical records review. The main variables of 
study included age, gender, smoking history, alcohol use, antiretroviral 
therapy, CD4+ count, hematocrit, serum creatinine and body mass 
index (BMI).

Clinical data

Physical assessments for weight and height measures were taken 
for computation of individual participants’ body mass index (BMI). 
Clinical review of patient records was done to obtain the recent 
laboratory test measures for creatinine, hematocrit, WHO HIV/AIDs 
stage, CD4+ cell count, cART and antihypertensive drug use. Recent 
data on laboratory tests like CD4+ cell count, hematocrit and serum 
creatinine measures that were within 3 months of recording were 
accepted as valid measures and were used in the study.

Laboratory sample collection and processing

 A blood sample of 4 mls was collected from each participant 
during the routine laboratory sample collection. The blood sample 
was analyzed for selected cytokines’ levels which include; Interleukin1 
(IL-1), Interleukin-2 (IL- 2), Interleukin-4 (IL-4), Interleukin-6 (IL-
6), Interleukin- 10 (IL-10), Interleukin-17A (IL-17A), Tumor Necrosis 
Factor Alpha (TNF-α) and Interferon-gamma (IFN-γ). The BD™ CBA 
Human Th1/Th2/Th17 and IL-8 Flex Cytokine Kits were used.

Statistical analysis

Statistical Package for Social Sciences (SPSS) version 22 was used 
in analysis of data. Both descriptive and inferential statistics were 
applied. Means and proportions for the key variables were obtained 
while multivariable analysis was done to establish the modulating 
effect of IL-6, IL-8 & IL-17A expression on the risk of developing 
hypertension in HIV disease. Chi square test for independence, 
Spearman’s rank-order correlation and Pearson product-moment 
correlation coefficient were used to establish associations between 
variables. 

Results
Cytokine expression and participant demographic 
characteristics:

A total of 126 participants (46 males and 80 females) were enrolled 
in the study. Their ages ranged in age from 33 – 56 years (M=44.50, 
SD=5.64). The average age of males (M=45.26, SD=5.50) was higher 
than females (M=44.06, SD=5.72), p>.05. The association between 
gender and IL-17A was moderate, positive and statistically significant 
(p<0.001), demonstrating that gender influences the release of IL-17A 
and females are more likely to have higher IL-17A levels than males in 
HIV positive patients (Table 1).

The association between gender and IL-2 was strong, negative and 
statistically significant (rs(124)=-0.764, p<0.05), demonstrating too 
that gender influences the release of IL-2 and males are more likely to 
have higher IL-2 levels than females in HIV positive patients (Table 
1). 

The association between hypertension status and IL-17A was 
mild, negative and statistically significant (rs(124)=-0.248, p<0.05), 
showing that hypertension status influences the release of IL-17A and 
hypertensive HIV positive patients are more likely to have higher IL-
17A levels than non-hypertensive patients (Table 2).

Cytokine expression and participant Social characteristics

The association between social behaviour of the patients and IL-
17A was moderate, negative and statistically significant (rs(124)=-
0.387, p<0.05), demonstrating that the social behaviour of patients 
influences the release of IL-17A and both smokers and alcoholic 
patients were more likely to have lower IL-17A levels than non-
smokers and non-alcoholic patients.

However, the association between social behaviour of the 
patients and IL-6 was moderate, positive and statistically significant 
(rs(124)=0.435, p<0.05), meaning that the social behaviour of patients 
too influences the release of IL-6 and both smokers and alcoholic 
patients were more likely to have higher IL-6 levels than non-smokers 
and non-alcoholic patients (Tables 3 and 4).

The social behaviour of the patients and IL-8 showed a moderate, 
positive and statistically significant association (rs(124)=0.360, 
p<0.01). This showed that social behaviour of patients influences the 
release of IL-8 and both smokers and alcoholic patients were more 
likely to have higher IL-8 levels than non-smokers and non-alcoholic 
patients (Table 5).

Cytokine expression and participant clinical parameters

The association between CD4+ cell counts of the patients and 
IL-6 was mild, negative and statistically significant (rs(124)=-0.268, 
p<0.05). This observation implies that the CD4+ cell counts of 
patients influences the release of IL-6 and patients with lower CD4+ 
cell counts were more likely to have higher IL-6 levels than patients 
with higher CD4 +cell counts (Table 5). On the other hand a higher 
level of IL-6 predisposes the patient to development of arteriosclerosis 
and increases risk of hypertension.

The association between serum creatinine values of the patients 
and IL- 6 was mild, positive and statistically significant (rs(124)=0.285, 
p<0.05), demonstrating that the creatinine levels of patients 
influenced the release of IL-6 and patients with higher creatinine 
values were more likely to have higher IL-6 levels than patients with 
lower creatinine values (Table 5).

The association between creatinine values of the patients and IL-8 
too was mild, positive and statistically significant a (rs(124)=0.191, 
p<0.05). This demonstrates that creatinine values of patients’ 
influences the release of IL-8 and patients with higher creatinine 
values were more likely to have higher IL-8 levels than patients with 
lower creatinine values (Table 6). High creatinine levels on the other 
hand, is an indicator of poor kidney function and a predisposing 
factor to development of hypertension in HIV positive patients.

The association between WHO HIV/AIDS staging of the patients 
and IL-10 was strong, negative and statistically significant (rs(124)=-
0.685, p<0.05), so we can infer that the WHO staging of patients 
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influenced the release of IL-10 and patients with early WHO HIV/
AIDS staging were more likely to have increased IL-10 levels than 
patients with advanced WHO HIV/AIDS staging (Table 6).

Correlation between IL-6 & IL-8 expressions in participants
The association between IL-6 and IL-8 cytokines values was 

strong, positive and statistically significant (rs(124)=0.917, p<0.001). 
This observation demonstrates that the IL-6 cytokine expression 
influences the release of IL-8 cytokines; and patients with higher IL-6 
cytokines values were more likely to have higher IL-8 cytokines levels 
than patients with lower IL-6 cytokines values (Table 7). This presents 
a synergistic effect as both cytokines have an effect on development 
of atherosclerosis and risk of development of hypertension in HIV 
positive patients. A Curve Estimation Linear Regression model too 
elicited a statistically significant association between IL-6 and IL-8 
cytokines, p<0.001 (Figure 1).

Participant hypertension status and mean distribution of 
cytokines expression

The association between hypertension status of the patients and 

IL 2 was mild, negative and statistically significant (rs(124)=-0.185, 
p<0.05). This observation demonstrates that hypertension status 
of participants’ influences levels of their IL-2 cytokines and that 
hypertensive participants are more likely to have higher IL-2 cytokines 
counts than non-hypertensive counterparts (Table 1). A high level of 
IL-2 in hypertension means poor sensitization to presence of foreign 
antigens in the body and thus poor immunity. The association between 
hypertension status of the patients and IL 6 was mild, negative and 
statistically significant (rs(124)=-0.256, p<0.01), thus we can infer that 
the hypertension status of the participants’ influenced levels of their 
IL-6 cytokines and that hypertensive participants’ are more likely to 
have higher IL-6 cytokines levels (Table 1).

The association between hypertension status of the patients and 
INF γ was mild, negative and statistically significant (rs(124)=-0.217, 
p<0.05), so we can infer that the hypertension status of the participants’ 
influenced levels of their INF-γ and that hypertensive participants’ are 
more likely to have higher INF-γ than non-hypertensive participants 
(Table 1).

The study did not demonstrate a statistically significant 

Hypertensive Non-Hypertensive
Characteristics (M ± D) (M ± SD) 95% CI
IL 17A 75.51 ± 84.89 42.23 ± 64.40 6.81 – 59.77

**Levene’s F = 23.354, df = 118.877, p < 0.001
*T-Test t = 2.489, df = 118.877, p = 0.014
Spearman’s rho rs = -0.173, p = 0.052

IL 2 0.65 ± 2.36 0.12 ± 0.91 0.09 – 1.16
**Levene’s F = 11.019, df = 83.534, p = 0.001
T-Test t = 1.712, df = 83.534, p = 0.091
*Spearman’s rho rs = -0.185, p = 0.038

IL 4 0.03 ± 0.18 -0.04 – 0.07
Levene’s F = 1.576, df = 124, p = 0.212
T-Test t = 0.642, df = 124, p = 0.522
Spearman’s rho rs = -0.084, p = 0.349

IL 6 2.59 ± 8.13 1.94± 6.38 -0.94 – 4.23
Levene’s F = 2.059, df = 124, p = 0.154
T-Test t = 1.259, df = 124, p = 0.210
**Spearman’s rho rs = -0.256, p = 0.004

IL 8 29.67 ± 70.80 16.59 ± 40.46 -7.14 – 33.30
*Levene’s F = 5.390, df = 102.990, p = 0.022
T-Test t = 1.283, df = 102.990, p = 0.203
Spearman’s rho rs = -0.026, p = 0.769

IL 10 0.21 ± 0.77 0.72 ± 3.42 -1.41 – 0.38
*Levene’s F = 5.586, df = 65.705, p = 0.020
T-Test t = 1.142, df = 65.705, p = 0.257
Spearman’s rho rs = -0.013, p = 0.886

TNFa 0.10 ± 0.39 0.08 ± 0.42 -0.12 – 0.17
Levene’s F = 0.366, df = 124, p = 0.546
T-Test t = 0.348, df = 124, p = 0.729
Spearman’s rho rs = -0.092, p = 0.306

INFy 6.87 ± 35.66 0.00 ± 0.00 -1.96 – 15.71
**Levene’s F = 1.196, df = 64.000, p = 0.003
*T-Test t = 1.553, df = 64.000, p = 0.125
*Spearman’s rho rs = -0.217, p = 0.015

Table 1: Descriptive characteristics of hypertension status and cytokines (IL 17A, IL 2, IL 4, IL 6, IL 8, IL 10, TNFa, INFy) characteristics of participants.

M, Mean; SD, Standard Deviation.
Levene’s test of homogeneity of variances was used.
Independent-samples t-test was used.
Spearman’s Rank-Order Correlation coefficient was used.
**p<0.01
*p<0.05
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significant mean differences between hypertensive (M=6.87, 
SD=35.66) and non-hypertensives participants (M=0.00, SD=0.00), 
t(124)=1.553, p>.05 and a statistically significant association between 
the groups (rs(124)=-0.217, p<0.05). This observation demonstrates 
that INF-γ could be the most reliable cytokine type for determining 
the participants’ risk of developing hypertension in HIV disease 
(Table 1).

INF-γ has a statistically significant mean differences between 
hypertensive and non- hypertensive participants (p<0.003) and a 
negative correlation with hypertension status (rs=-0.217, p<0.015).The 
association of IFN-γ and hypertension status is positive and constant 

association between hypertension status, pro-inflammatory and 
anti-inflammatory cytokines of the participants (χ2 test; p=0.228). 
This observation meant that there is no clear directional influence 
on a group of cytokines but rather hypertension disorder influences 
individual cytokines (Figure 2).

Monitoring of IFN-γ as a potential marker of risk of 
hypertension comorbidity in HIV disease

On determination of the most reliable cytokine to establish risk of 
hypertension in HIV disease,

INF-γ was the only cytokine type that elicited both statistically 

Characteristic IL-17A IL-2 IL 4 IL 6

Age r(124) = 0.181
p = 0.142

r(124) = -0.055
p = 0.897

r(124) = 0.463
p = 0.537

r(124) = -0.191
p = 0.127

Gender rs(124) = 0.417**
p < 0.001

rs(124) = -0.764*
p = 0.027 - rs(124) = -0.011

p = 0.929

Pearson Product-Moment Correlation coefficient was used.
Spearman’s Rank-Order Correlation coefficient was used.
**p<0.01; *p<0.05

Table 2: Association of Participants’ age & gender and selected cytokines; (IL 17A, IL 2, IL 4, IL 6).

Characteristic IL-17A IL-2 IL-4 IL-6

BMI r(124) = 0.223
p = 0.070

r(124) = -0.334
p = 0.418

r(124) = -0.301
p = 0.699

r(124) = -0.187
p = 0.136

Hypertension status rs(124) = -0.248*
p = 0.043

rs(124) = 0.247
p = 0.555

rs(124) = 0.258
p = 0.742

rs(124) = -0.137
p = 0.277

Social behaviour rs(124) = -0.387*
p = 0.018

rs(124) = 0.802
p = 0.055

rs(124) = 
p = 

rs(124) = 0.435*
p = 0.014

Stress levels rs(124) = -0.161
p = 0.196

rs(124) = -0.436
p = 0.280

rs(124) = 0.949
p = 0.051

rs(124) = 0.024
p = 0.849

Pearson Product-Moment Correlation coefficient was used.
Spearman’s Rank-Order Correlation coefficient was used.
**p<0.01; *p<0.05

Table 3: Association of Participants’ BMI, Hypertension status, Social behavior & Stress levels and selected cytokines; IL- 17A, IL- 2, IL- 4 & IL- 6.

Characteristic IL-8 IL-10 TNFa IFNy

BMI r(124) = -0.085
p = 0.357

r(124) = -0.475
p = 0.140

r(124) = -0.190
p = 0.684

r(124) = -0.663
p = 0.152

Hypertension status rs(124) = 0.051
p = 0.581

rs(124) = 0.346
p = 0.297

rs(124) = 0.632
p = 0.127

Social behavior rs(124) = 0.360**
p = 0.003

rs(124) = 0.949
p = 0.051

Stress levels rs(124) = -0.082
p = 0.382

rs(124) = -0.362
p = 0.274

rs(124) = -0.612
p = 0.144

rs(124) = 0.239
p = 0.648

Pearson Product-Moment Correlation coefficient was used.
Spearman’s Rank-Order Correlation coefficient was used 
**p<0.01; *p<0.05

Table 4: Association of Participants’ selected characteristics of participants and cytokines (IL 8, IL 10, and TNF α, IFN γ) 

Characteristic IL-17A IL-2 IL-4 IL-6

ART use rs(124) = 0.176
p = 0.154

rs(124) = 0.142
p = 0.261

WHO stage rs(124) = -0.003
p = 0.980

rs(124) = 0.802
p = 0.055

rs(124) = 0.447
p = 0.553

rs(124) = 0.182
p = 0.172

CD4 + cell counts r(124) = 0.187
p = 0.130

r(124) = -0.518
p = 0.189

r(124) = -0.151
p = 0.849

r(124) = -0.268*
p = 0.031

Creatinine r(124) = 0.049
p = 0.714

r(124) = 0.132
p = 0.777

r(124) = 0.550
p = 0.450

r(124) = 0.285*
p = 0.033

HCT r(124) = 0.175
p = 0.234

r(124) = 0.660
p = 0.106

r(124) = -0.479
p = 0.682

r(124) = 0.031
p = 0.837

Pearson Product-Moment Correlation coefficient was used.
Spearman’s Rank-Order Correlation coefficient was used 
**p<0.01; *p<0.05

Table 5: Association of Participants’ selected characteristics and cytokines (IL 17-A, IL-2, IL-4 & IL- 6) levels. 
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thus monitoring INF-γ expression in HIV patients is potentially useful 
in determining risk of developing hypertension in this population.

The other cytokines with statistically significant mean differences 
in hypertensive and non- hypertensive groups of participants are IL-
17A and IL-2 (p<0.001) respectively. However, IL-17A has a mild 
negative non - statistically significant correlation with hypertension 
status (rs=-0.173, p=0.052). IL2 and IL6 both presented a mild 
negative statistically significant correlation with hypertension status 
(rs=-0.185, p=0.038; rs=-0.256, p=0.004) respectively. 

Figure 1: Regression plot model showing a strong, positive and statistically significant association between participants’ IL-6 and IL- 8 cytokines.

Figure 2: A graph showing a positive correlation between Participants’ hypertension status and type of inflammatory cytokines.

There was an increase in BMI levels and CD4+ cell counts for the 
pro-inflammatory cytokines than for anti-inflammatory cytokines, 
while an increase in serum creatinine and haematocrit (HCT) 
measures favoured expression of anti-inflammatory cytokines. 
The shift in cytokine type expression is dependent on the clinical 
characteristics of participants (Table 8). 

BMI on the other hand had a mild negative non- statistically 
significant correlation with cytokine release among participants 
(rs=-0.024, p<0.791). This observation implies that increasing BMI, 
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Characteristic IL-8 IL-10 TNFa IFNy

ART use rs(124) = 0.023
p = 0.803

rs(124) = 0.400
p = 0.223

WHO stage rs(124) = 0.124
p = 0.203

rs(124) = -0.685*
p = 0.042

rs(124) = -0.711
p = 0.073

rs(124) = 0.105
p = 0.895

CD4 counts r(124) = -0.178
p = 0.053

r(124) = -0.247
p = 0.464

r(124) = -0.369
p = 0.415

r(124) = -0.334
p = 0.517

Creatinine r(124) = 0.191*
p = 0.049

r(124) = -0.197
p = 0.611

r(124) = 0.022
p = 0.967

r(124) = -0.440
p = 0.458

HCT r(124) = -0.114
p = 0.288

r(124) = 0.270
p = 0.518

r(124) = 0.218
p = 0.638

r(124) = 0.785
p = 0.116

Pearson Product-Moment Correlation coefficient was used.
Spearman’s Rank-Order Correlation coefficient was used 
**p<0.01;*p<0.05

Table 6: Association of Participants’ selected characteristics and cytokines’ levels; IL-8, IL-10, TNF-α and IFN-γ.

Characteristic Hypertension status IL-17A IL-6

IL 17A rs(124) = -0.248*
p = 0.043 - -

IL 6 rs(124) = -0.137
p = 0.277

r(124) = -0.265
p = 0.099 -

IL 8 rs(124) = 0.051
p = 0.581

r(124) = -0.153
p = 0.234

r(124) = 0.917**
p < 0.001

Spearman’s Rank-Order Correlation coefficient was used 
**p<0.01; *p<0.05

Table 7: Association of Participants’ selected characteristics and cytokines’ 
levels; (IL-17A, IL-6 and IL-8).

Characteristic BMI CD4 Counts Creatinine HCT

Cytokines rs(124) = -0.024
p = 0.791

rs(124) = 
-0.082
p = 0.359

rs(124) = 
0.019
p = 0.873

rs(124) = 
0.036
p = 0.728

Spearman’s Rank-Order Correlation coefficient was used.
**p<0.01
*p<0.05

Table 8: Association of Participant Clinical characteristics and (Pro-Inflammatory 
and Anti-Inflammatory) cytokines.

an indicator of improved and normal immune function is a marker 
of reduced inflammation among participants. CD4+ cell count on 
the other hand has similar effect as that of BMI on cytokine release 
(p<0.359)

Serum creatinine and HCT had a mild positive non-statistically 
significant correlation(s) with cytokine release among the participants. 
This suggests that increase in creatinine levels affect partially the 
release of cytokines because itself is a marker of poor kidney function 
(p<0.728). 

There was no statistically significant difference in the expression 
of inflammatory and anti- inflammatory cytokines between the 
hypertensive and non-hypertensive participants (p<0.23). The WHO 
HIV/AIDS stage of participants too did not present any statistical 
significance in expression of inflammatory nor non- inflammatory 
cytokines among the hypertensive and non- hypertensive participants 
respectively (p<0.49). 

Discussion
A hypertension prevalence of 23.2% established in this study 

is similar to findings from other related studies. This observation 
increases the patients’ morbidity resulting in compounded 
inflammation and poly pharmacy [25,26]. 

The risk of developing hypertension in HIV disease may be 

predicted by periodic analysis of cytokine profiles of HIV patients. The 
dominance of either humoral or cellular immune response in respect 
to the strength of TH1 or TH2 expression, presents an increased risk 
of metabolic disorders and subsequently complications associated 
with it which include hypertension.

It was observed in this study that advanced progression of 
HIV disease as marked by low CD4+ cell count and Th2 cytokine 
expression is a culmination of dysfunctional immune response and 
marked endothelial injury that predisposes patients to cardiovascular 
disease [27]. Dominant cellular immunity on its own does cause 
much damage as it reacts to existing microbial invasion resulting in 
net effect of adjacent tissue destruction. The resultant endothelial 
injury predisposes patients to organ failure due to chronic injury.

The study demonstrated statistically significant increase in the 
production of IL-6 and IL-17A which have been demonstrated in 
other studies to cause renal and vascular dysfunction and lead to 
blood pressure elevation [28]. Hypertension comorbidity may present 
as a primary complication of inflammatory process on endothelial 
linings of cardio vasculature or secondary to metabolic syndrome.

Contrary to findings of a comparative study that showed 
that hypertensive immunosuppressed patients had lower IL-10 
compared to non- hypertensive immunosuppressed cases [29,30]. 
The observation in this study was statistically insignificant, P<0.886. 
This may be a pointer of altered immune response to HIV virus in 
participants. This phenomenon allows HIV virus to thrive in its 
replication processes, transmission and progression.

Higher BMI readings had a positive correlation with expression 
of IL-6 in this study. This observation is similar to findings in related 
studies with marked expression of IL-6 being linked to atherosclerosis. 
Initial increase in BMI in HIV positive patients presents a positive 
improvement of a patient on care but on the other hand it presents the 
risk of development of hypertension.

Conclusion
The variation in either TH1 or TH2 cytokine expression affects 

the pattern of change in clinical parameters of HIV patients on care, 
response to cART and predisposition to metabolic disorders. 

Monitoring of CD4+ Cell count and viral load has been the main 
pointers of extent of HIV/AIDS progression and health status of a 
patient. However, the risk of occurrence of metabolic disorders is not 
predicted by these clinical parameters. Therefore, monitoring and 
analysis of cytokine expression may help to predict patients’ pathways 
in their response to cART therapy and risk of metabolic disorders. 
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This study demonstrated that the IL-6 cytokine expression have 
a positive correlation with the release of IL-8 cytokine as patients 
with higher IL-6 cytokine values were more likely to have higher 
IL-8 cytokine levels. This shows that a synergistic effect from both 
cytokines may accelerate the development of atherosclerosis on 
blood vessels. Therefore routine measurement of these cytokines may 
increase prediction of risk of development of hypertension in patients 
on HIV care. 

IFN-γ levels too was observed to independently depict the risk 
of hypertension in patients on cART and is too a potential marker to 
predict patients’ susceptibility. 

IFN-γ, IL-6 and IL-8 increase on longitudinal follow up is highly 
diagnostic of increased risk of developing hypertension. These 
cytokines requires further scientific establishment of the actual link 
with hypertensive disease as well as means to prevent and control 
their pathological effects on cardiovascular structures.
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