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Definition of terms

HIV-a retrovirus that attacks the CD4+ T lymphocytes resulting in immunodeficiency

AIDS- Immunosuppressive state marked by low CD4+ cell count that is less than five hundred

(<500) copies per ml of blood

Hypertension- disorder marked by increased diastolic pressure more than 90mmHg and

Systolic pressure that is more than 140mm/Hg.

Cytokines- chemical messengers of the immune system released by activated macrophages in

response to infection or chemical injury.

Selected cytokines in this study refers to: (IL -17A, IL-2, IL-4, IL 6, IL-8, IL-10, TNF-a and

INF- )

Inflammation — a series of reactions that bring cells and molecules of the immune system to

sites of infection or damage.

Co-morbidity- the occurrence of two ailments concurrently in an individual giving rise to

mixed presentation of signs and symptoms and deterioration of body functions.

Biomarker- a protein molecule released into blood as an indicator of inflammation.

Interleukin- a molecule that controls the immune system responses in the body.

Interferon- a biomolecule that triggers inflammatory reaction in tissues

Reactive protein- a biomolecule that is released by endothelial walls of the blood vessels and

triggers inflammatory response in tissues

Immunoglobulin-a neutralizing molecule released by the B lymphocytes in response to an

antigen
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Cardiovascular Disease-any form of disorder that manifests with altered cardiovascular

function(s).

Cardiovascular Events- includes; Coronary heart disease, non- fatal myocardial infarction,

Stroke

Atherosclerosis-narrowing of the blood vessels due to factors such as arterial hardening and

lipid deposition

Stroke- the rupture of blood vessels in the brain tissue resulting in increased intracranial

pressure due to hematoma formation
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Abstract.

Background. Hypertension is the leading risk factor of Cardiovascular complications in
HIV/AIDS patients and poses a threat to their survival, quality of life and economic
productivity. The high predisposition to developing hypertension is associated with complex
pathology that is linked to HIV virus inflammation. Chronic inflammation is responsible for
most of the pathophysiology and is maintained by resurgence of the immune mechanisms
following viral suppression a resultant effect of antiretroviral therapy. Inflammation has been
linked independently as a potential causative factor of hypertension and driver of the disease
pathophysiology. Less than half of HIV/AIDS patients with hypertension are diagnosed and
further few are on treatment and well controlled. Some patients are diagnosed late with
asymptomatic hypertensive urgency with very high readings e. g (BP>180mmhg/>110mmhg).
Efforts to combine HIV treatment with vascular disease risk assessment are urgently needed to
address hypertensive co-morbidity in HIV-positive persons. Thus, there is need to identify
potential markers of inflammation that could be used to diagnose increased risk of developing

hypertension in this population for effective prevention and control of the disorder.

Objective: To determine the risk indicators of hypertension and variation in selected plasma

cytokines in hypertension comorbidity in HIV/AIDS patients

Methods: A total of 297 adult patients were recruited using systematic sampling. This was a
cross-sectional study and data collection was carried out using questionnaires and desktop
review of medical records as well as flow cytometry assay for selected cytokines, (IL-2, IL-4,
IL-6, IL-8, IL-10, IL-17A, IFN-y and TNF-a) in participants’ blood samples. The study was
carried out between January 2015 to August 2016. Ethical approval was obtained from Joint
University of Nairobi and Kenyatta National Hospital Ethics and Research Committee (UON-

KNHERC). Informed consent was obtained from participants with assurance of confidentiality

Xiv



in handling of data. Data was analyzed using STATA ™ version 22 to establish inferential
statistical correlations between the independent and dependent variables. Statistical

significance was set at 95% confidence interval with 0.05 a level of significance

Results: Out of the total 297 participants, 89 (30%) were male, while 208 (70%) were female.
The age of the participants ranged from 30 — 57 years (M =42.97, SD = 6.21). An independent-
sample t test revealed that the average age of males (M = 44.56, SD = 6.05) was higher than
females (M = 42.29, SD = 6.16), t (295) = 2.922, p < .01.

The prevalence of hypertension was 69(23.2%). A high CD4+ cell count level above 250
showed a positive association with BMI values and the same CD4+ cell count within the range
of 200 and below presented a negative association with BMI indicating wasting syndrome.
This study showed that gender may be a key factor that influences secretion patterns and levels

of IL-17A in HIV/AIDS patients

The relation between CD4 counts and creatinine was statistically significant, F (1, 270) = 6.684,
R?=.024, B =-0.155, n = 272, p < .01. Also, the positive association between CD4 counts and
BMI using linear regression was statistically significant, F (1, 295) = 9.321, R>= .031, p =
0.175, n = 297, p < .01. Regression between gender and IL-17A showed a positive association
(rs(124) = 0.417, p < 0.001). From this study female participants were likely to register
increased IL-17A expression than male counterparts. Regression between CD4+ cell counts,
creatinine and I1L-6 showed a mild, negative and statistically significant association(rs(124) = -
0.268, 0.285; p < 0.05) respectively. Regression between IL-6 and IL-8 showed a strong,
positive and statistically significant association (rs(124) = 0.917, p < 0.001). However, the
association between alcohol, tobacco use and IL-8 among participants was moderate, (rs(124)
=0.360, p <0.01). INF vy levels between hypertensive and non-hypertensive participants were

different with the latter showing higher values, p=0.003.
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Conclusion
The HIV positive patients had a high prevalence of hypertension associated with statistically
significant risk factors which include prolonged use of ART and increased body mass index.

Hypertension is associated with HIV progression marked by lowered CD4+cell counts.

The present study showed that interleukins IL (17A, 8) and INF y), are highly expressed in
patients with hypertension comorbidity in HIV/AIDS patients. IFN-y levels may independently
predict the risk of hypertension for HIV/AIDS patients on treatment and may also be
considered as a potential risk indicator.

Where possible, integrating specific cytokine assessment as part of screening for risk of
developing hypertension while on HIV/AIDS care, may go a long way in the prevention efforts.
Therefore, routine measurement of these cytokines may increase prediction of risk of
developing hypertension in patients on HIV care resulting in early interventions and reduced

complications.

Key words: HIV/AIDS, Hypertension, Cytokines, HIV/AIDS Progression, Comorbidity.
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CHAPTER ONE: BACKGROUND INFORMATION

1.1. Hypertension and HIVV/AIDS interaction

Hypertension is the leading cardiovascular disorder in HIV/AIDS patients [1]. Some studies
have documented its prevalence ranging from 16% to 36% [1,2,3]. It is a non- communicable
disease of immense significance in the world today associated with high morbidity and
mortality [4]. It contributes to high prevalence of cardiovascular complications among the
HIV/AIDS patients and is associated with premature deaths [1]. Compared to the general
population, inflammatory sequelae and side effects of ARV’s are additional factors of
association in HIV seropositive population. However, changes have been made on the
composition of ART to reduce side effects that contributed to lipodystrophy and metabolic
syndrome, but still the HIVV/AIDS population remains largely predisposed to hypertension. It
is a consequence of atherosclerotic cardiovascular pathology [5]. This observation is attributed
to a combination of known risk factors compounded by chronic HIV/AIDS related
inflammation [2]. HIV is a primary disorder that is treated, but not cured, leaving underlying
pathogenic processes to continue and increase vulnerability to other comorbidities. Lifestyle
factors too play a role as the infected patients are more worried of body wasting and their
general physical appearance. Most of them take high quantities of high nutrient value foods
such as organ meats and take less physical activity. This has seen most of them present with
high BMI ranges that predispose them to development of hypertension [6]. Less than half of
HIV/AIDS patients with hypertension are diagnosed and fewer are on treatment and well
controlled. Some may be diagnosed late with asymptomatic hypertensive urgency with BP

readings as high as (>180mmhg/>110mmhg) [5].



1.2. Chronic inflammation and HIVV/AIDS

HIV infection is associated with chronic inflammation due to persistent HIV viral replication
and immune reconstitution following initiation of ART. This contributes to pathophysiologic
changes in arterial blood vessels giving rise to atherosclerosis. This is further compounded by
uncontrolled inflammation marked by elevated cytokines that cause dysfunction in many
tissues and organs as seen in chronic diseases [6-8]. Uncontrolled inflammation is associated
with destruction of affected mucosal linings and arterial walls by activated macrophages. For
example, pulmonary hypertension presents with infiltration of blood vessels with inflammatory
cells and increase in proinflammatory cytokine expression [9]. The lymphoid tissue is
infiltrated with interleukin 1, a pro-inflammatory molecule whose effects in tissues worsen
with the use of antiretroviral treatment [10]. This phenomenon is associated with lack of T cell
activation and immune reconstitution. Introduction of corticosteroids to counter adverse effects

of inflammation due to IRIS may be beneficial to the HIV patient as part of care [5, 2].

1.3. Cytokines and HIV inflammation

Cytokines are important molecules that regulate the homeostatic balances in relation to immune
response and metabolism [24]. High levels of inflammatory markers highly predict increased
mortality and other adverse events in a disease state [8]. A detailed cytokine analysis showing
different types and levels in plasma is predictive of long term HIV disease progression and
prognosis [8]. Chronic inflammation marked by infiltration of inflammatory cells on the
vascular endothelium, increased proinflammatory cytokine levels and growth factors have been
documented in pulmonary arterial hypertension [11]. Persistent inflammation results in
complications and occurrence of adverse cardiovascular events that contributes to non-AlDs

related deaths in HIVV/AIDs patients [12]. The presence of certain biomarkers such as CRP and



other vascular endothelial adhesion molecules predict the risk and prognosis of cardiovascular
disease [13].

However, HIV infection is known to trigger and facilitate chronic interleukin 6 production that
sustains inflammation despite antiretroviral therapy [14]. HIV structural proteins induce
chronic polyclonal B cell activation resulting in the release of several pro-inflammatory
cytokines whose persistent effects predispose the patients to development of arteriosclerosis
[15]. The HIV virus infection deregulates the immune functions and alters the cytokine profiles
[16]. The changes result in cytokine dysregulation that can be measured to establish the level
of inflammation and predict the progression of HIV disease [17]. The sustained HIV replication
and immune suppression in the infected patients in turn significantly contributes to elevated
levels of pro-inflammatory cytokines which target viral suppression. Low pro inflammatory
cytokine levels reduce the target points for the anti-retroviral agents and enables the persistence

of the virus in lymphoid tissues leading to high viral load [18].

Co-morbidities are a common feature with HIV infection due to its pathophysiology that is
marked by chronic systemic inflammation and immune reconstitution syndrome [19]. The
common link between HIV and hypertension is the expression of high levels of inflammatory
biomarkers associated with the two chronic diseases [20]. There is the risk of drug resistant
hypertension that is induced by anti-HIV agents, and this is thought to drive high levels of pro-
inflammatory cytokines [21]. Inflammatory comorbidity in HIV positive patients is less
documented [22]. Inflammation with increased immune response that is marked by increased
levels of interleukin 6 in circulation, correlates positively with HIV infection and markers of

immune dysfunction [23].

Overweight also may present because of metabolic syndrome and together with hypertension
contribute to cardio metabolic disease states [25]. Assessment of body mass index in

hypertensive cases is important in primary care of HIV/AIDS patients [9]. The average Body

3



Mass Index (BMI) in HIV/AIDS patients is generally low compared to the general population
but progressive BMI changes is associated with occurrence of chronic disorders such as

hypertension [19].

Chronic inflammation in HIV disease is associated with endothelial dysfunction of the cardio
vasculature giving rise to reduced elasticity and subsequently high blood pressure [5-7]. This
state is marked by increased IL6 cytokine expression as manifested in patients with type 2
diabetes and hypertension [8, 9]. Low dose of omega 3 fish oil use by HIV positive clients have
not shown any benefits in reduction of IL6 expression [10]. Elevated IL6 expression in chronic
conditions is associated with poor progression and clinical outcomes of patients [11, 12].
Evolution of IL-6 gene polymorphism has been shown to increase risk of cardiovascular
disease [13]. It is a marker of endothelial injury and damage to the vasculature [14]. Th17A
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) [15]. Determination of levels of
expression of these cytokines for example, IL-6 is useful as a diagnostic marker for risk of
Myocardial infarction [16]. Pro-inflammatory cytokines IL-6 and IL-8 measures may be used
as an indicator of severity of cardiovascular disease complications such as chronic heart failure
[17, 18]. Trigger factors of cardiovascular disease include alcohol abuse which is prevalent
with HIV seropositive patients [19]. Interventions that target inhibition of IL-6 have shown
benefits of reduced cardiovascular events [20]. Individuals with prehypertension have been
shown to have gradual increase in IL-6 expression over a 3 year period with increasing risk of
arterial stiffness and arterial fibrillation [21, 22].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 [23]. This study sought to establish variation in selected plasma cytokine
levels in HIV seropositive patients with hypertension comorbidity and associate with

HIV/AIDS progression at Comprehensive Care Center of Kenyatta National Hospital. We



hypothesized that chronic inflammation and presence of hypertension comorbidity presents

higher levels of plasma cytokines such as IL-6, IL-8 and IL-17A.

1.4. Problem statement

The effective use of antiretroviral therapy (ART) has reduced AIDS related morbidity due to
decreased opportunistic infections, thus prolonging life. However, these patients remain at high
risk of non-communicable cardio metabolic disorders, hypertension being the most common.
Hypertension often progresses unnoticed in a subset of HIV/AIDS patients with severe
complications. Inflammation, which results from IRIS (immune reconstitution syndrome) in
patients on ART has been hypothesized as a potential risk factor in development of
hypertension in HIV positive patients. Traditionally HIV patients on care have been monitored
using CD4+ cell count measurements and Viral load. However, the risk of occurrence of
metabolic disorders is not predicted by these clinical parameters. The present study sought to
determine risk indicators and variation in plasma cytokines levels to inform the future approach

in HIV/AIDS patients’ care.

1.5. Study Justification.

As increasing numbers of those infected with HIV receive long-term treatment and are
confronted by rise in NCDs, evidence-based intervention strategies are critical to ensure that
health gains in these populations made over the past decade are not eroded. One such way is to
identify reliable indicators of increased risk to facilitate early detection of hypertension in HIV

infected population.

The population with HIV related cardiovascular disease are younger with relatively low
cardiovascular event rates of deaths on average compared to the general population. The
assessment of risk using the traditional risk factors may not reliably distinguish individuals at

risk of cardiovascular disease.



Cardiovascular ultrasound assessment too has shown progressive increase in the carotid intima
thickness and amount of plaque in carotid arteries in HIV patients. However, there is lack of
consistency in results depending on the geographical setting, study design and ultrasound

technique used.

Coronary artery calcium (CAC) scoring approach too does not reliably compare risk of
cardiovascular disease in infected patients versus the general population. CAC scoring has been

shown to underestimate the amount of atherosclerotic plaque in HIV patients.

Elsewhere, clinical data have shown association between viremia and cardiovascular disease
with ART use leading to effective control of HIV replication and improvement of vascular
functions. However, ART does not eradicate HIV virus from the body and residual viremia
continues to stimulate the immune system and thus persistent inflammation with continued
endothelial vascular damage. The immunobiology of atherosclerosis implicates immune
activation and actions of macrophages that triggers release of nitric oxidase on mucosal linings
of vessels and other chemo attractants. The net effect is the thickening of endothelium of

affected vessels giving rise to increased peripheral pressure and eventually hypertension

Currently, there are available therapies that may be used to control inflammation in chronic
diseases and by extension reduce occurrence of cardiovascular disease. Use of statins has been

proven to reduce risk of developing CVD and control subclinical condition in HIV patients.

However, assessment of risk of cardiovascular disease is not clearly documented and especially
in the HIV positive population. The use of cytokines profiles may be a gateway to identify
patients at risk and initiate them on statin therapy and other measures to prevent hypertensive

disease.



This study sought to determine risk indicators of hypertension and assess and identify variation
in cytokines’ expression in HIV/AIDS patients with hypertension comorbidity that could be

used to assess risk of hypertension, a cardinal factor in cardiovascular disease.

1.6. Scientific questions:
1) What are the risk indicators of hypertension co-morbidity in HIV/AIDS patients on care

at KNH CCC?

2) Are the variations in inflammatory cytokines expressions associated with hypertension

co-morbidity among HIV/AIDS patients on care at KNH CCC?

1.7. Broad objective
To determine variations in levels and group of plasma cytokines in HIV/AIDS’ patients with
hypertension comorbidity and explore the risk indicators of hypertension in HIV/AIDS patients

at CCC, KNH.

1.8. Specific objectives
i.  To establish variation in selected plasma cytokines’ levels (IL-2, IL-4, IL-6, IL-8, IL-

10, IL-17A, IFN-y and TNF-a) and hypertension co-morbidity in HIVV/AIDS patients.

Hypothesis: We hypothesized that hypertensive patients will have higher individual and
group mean values of plasma cytokines’ levels in comparison with the non-hypertensive

patients.

ii.  Toidentify risk indicators of hypertension co-morbidity in HIV/AIDS patients on care.

Hypothesis: We hypothesized that participants with hypertension comorbidity will have
higher levels of pro-inflammatory cytokines namely;( IL-17A, IL-6, IL-8, IFN-y & TNF-a),

high BMI, high creatinine, low hematocrit and low CD4 count.



1.9. Study variables

i). Independent variables;

o Hypertension status

o CDA4+ cell count

o Creatinine levels

o Hematocrit levels

o Body Mass Index (BMI)

o Pro-Inflammatory cytokines

if). Dependent variable(s);

o HIV/AIDS progression

iii). Interaction variables

o Patients’ gender

o Treatment

o Patients’ age

o Socio-economic support

1.10. Study benefits

This study sought to establish association between inflammatory cytokines secretion in
hypertension comorbidity and HIV/AIDS progression. The findings of this study lay the basis
for further research especially in diagnosis of risk of hypertension disorder in HIV/AIDS

population. Most hypertensive patients were observed to be in advanced WHO HIV/AIDS



staging. This observation may be associated with interaction between HIV infection and
hypertension comorbidity. The study findings established an association between hypertension
status and HIV AIDS progression with hypertensive patients being more immunosuppressed

clinically and immunologically compared to non-hypertensive counterparts.

1.11. Study duration

The study was carried out for a period of 24 months, between September 2014 to August 2016.



CHAPTER TWO: LITERATURE REVIEW

2.1.HIV and Hypertension Interaction

Hypertension is a disorder of immense significance in the world today associated with high
morbidity and mortality [10, 26]. Most people in the tropics live with high blood pressure that
remain undetected for long and often seek for care too late when presenting with complications
of the disorder [10]. The prevalence has been low in the rural communities but the trends have
been changing due to adoption of western lifestyles and inflammation associated with chronic

diseases such as HIV/AIDS [27].

HIV/AIDS patients present with increased co-morbidity and mortality due to other ailments
which are either communicable or non-communicable. The co-morbidity trends have been
changing due to anti- retroviral therapy with non- communicable diseases such as
cardiovascular and diabetes taking the biggest proportion of non-AIDS deaths since HIV

seropositive population live longer [12].

The odds of HIV/AIDs patient developing a secondary disorder increases significantly in the
range of 1.3t01.99 [51, 52,53]. Most of these secondary disorders are often diagnosed too late
at onset of complications making interventions less effective [54]. AlIDs related deaths have
declined significantly due to ART treatment while non-AIDS related deaths have been
increasing [55, 56]. The percentage of deaths due exclusively to non-AIDS causes rose from
13.1% in 1996 to 42.5% in 2004, of which the most frequent cause is cardiovascular ailments
[35, 36]. The risk of developing acute myocardial infarction is increased by 50% in HIV disease
compared to the general population whose pathology is attributed to the Framingham risk

factors [3].
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The known risk factors of hypertension have been documented regarding the general
population, but new trends have emerged with HIV seropositive population. This sub-group in
the population are presenting with higher prevalence of hypertension and cardiovascular related
conditions. [28,29,34,35]. This observation is attributed to a combination of known risk factors
as in the general population as well as additional effects of persistent inflammation and

metabolic imbalance. [7].

Hypertension disorder is documented as a significant contributor of non-AIDS related
morbidity and mortality in HIV seropositive patients [30, 31]. Occurrence of hypertension in

HIV/AIDS patients in different regions of the world varies between 25 and 36.5 % [32, 33].

As life expectancy increases with the use of ART, there are inevitably more untreated and later
disabled victims of hypertension [29, 37]. Most of the patients succumb to adverse
cardiovascular events which include myocardial infarction, cerebrovascular accident and
cardiac failure, which is often preceded by hypertension due to lack of effective diagnostic

approaches[38].

The ART formulations in use currently are more potent, less toxic, and appear to have less
adverse effect on the cardiovascular system [39]. This has shifted the focus to inflammatory
sequel as the main contributory factors to hypertension in HIV/AIDS patients [40]. However,
immune reconstitution syndrome is responsible for enhanced inflammation in HIV patients on

treatment [41].

Chronic inflammation marked by infiltration of inflammatory cells on the vascular
endothelium, increased cytokine levels and growth factors have been documented in
pulmonary arterial hypertension [11]. HIV proteins is known to induce chronic polyclonal B
cell sensitization that in turn releases several pro-inflammatory cytokines whose persistent

effects predispose the patients to premature development of arteriosclerosis [15].
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HIV deregulates the immune functions and alters the cytokine profiles [16]. Cytokines can be
measured to assess levels of inflammation and associated damage on the endothelial linings of
blood vessels [42, 43]. Some of the elevated pro inflammatory cytokines associated with
chronic inflammation include; IL-8, IL-1p, IL-6, IL-17A, tumor necrosis factor (TNFa), IL-
12. Interleukin 6, interleukin 8 levels reflect the intensity of atherosclerotic plaques and may
help to predict risk of atherosclerosis, while interleukin 10 exerts anti-inflammatory effects

which include suppression of nitric oxide synthase [44, 45].

Hypertension in HIV/AIDS can be controlled with proper timely diagnosis and effective
treatment interventions [48]. Late diagnosis is associated with irreversible complications, some
of which are fatal. The management of patients with adverse cardiovascular events is a very
expensive undertaking with cases of stroke and heart failure that require intensive care and
clinical support [49]. The resources for specialized clinical care are expensive and not readily
available in the developing countries often resulting in high mortality of patients with
cardiovascular disease complications [50]. Determination of pro-inflammatory cytokine levels
in addition to known cardiovascular disease risk factors may contribute significantly to timely

interventions in HIV/AIDS patients [46, 47].

2.2.Chronic inflammation in HIVV/AIDS disease
Inflammatory reactions following invasion by microorganisms are vital in host defense, but
uncontrolled inflammation results in tissue damage, fibrosis and loss of function especially in
chronic states. HIV disease has low grade inflammation that is aggravated by continued
attraction of macrophages to lymphoid tissues [57]. The macrophages secrete several
chemokines, some of which act on the endothelial linings of the vasculature and contribute to
the development of atherosclerosis [58-60]. Several studies have shown that HIV infected
patients have a significantly increased risk of cardiovascular disease linked to HIV/AIDS

progression and its direct and indirect effects on the arterial structures [ 11-16,24]. One such
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effect is dysregulation of lipid metabolism and inflammatory cytokine networks linked to

vascular damage [61].

Biomarkers of inflammation are increased in patients with significantly higher viral
concentration and low CD4+ cell count. This is attributed to rapid HIV replication and immune
depletion [23].The persistent HIV inflammation as a result contributes to atherosclerosis that
increases risk of developing hypertension and cardiovascular disease [7]. Infiltration by
inflammatory cells results in the remodeling of vascular vessels contributing to increase in
peripheral resistance [11].Figure2.2 .shows the interrelationship of factors associated with the

endothelial tissue pathophysiology[24]
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Figure. 2.2. Pathways involved in the development of Immune Activation and Atherosclerosis

in HIV. Arrows shows a contributory effect. Terminal lines indicate an inhibitory effect. Dotted

lines indicate a potential yet uncertain relationship. CART= combined antiretroviral therapy.

RCT=reverse cholesterol transport, CEC=cholesterol efflux capacity, Gl=Gastrointestinal,

LDL=low density lipoprotein. [20]
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2.3.Cytokines
Cytokine production is a cell mediated mechanism that is initiated by several factors which
include foreign antigens, chemicals or cancer cells. The excretion of cytokines may result
immune-pathological consequences. Inflammation due to chronic diseases triggers sustained
production of high levels of cytokines in the body. Pro-inflammatory cytokines which include
C-reactive protein, IL-6, IL-8, IL-10 and TNF-a are associated with disorders of metabolism

such as obesity, hypertension and diabetes [20, 64,65].

Monocyte chemo-attractant protein 1 and 1L-8 attracts macrophages to the site of inflammation,
triggering atherosclerosis. On the other hand interleukin 6 and C-reactive protein determine the
intensity of occult plaque formation and likelihood of rapture [7, 66]. High levels of pro-
inflammatory cytokines such as L-8 have been associated with development of hypertension
in pregnant women [67]. The HIV/AIDS patients are known to have increased IL-6 and
coagulation factors as compared to the seronegative group [71]. Most multiple comorbidities
in HIV-seropositive patients are unrecognized and untreated [51], and therefore the assessment
of bio markers may be key in monitoring and clinical follow up for these patients [72]. Also,
increased risk factors for cardiovascular disease in HIV infection require timely diagnosis and

control [73].

Besides, serological biomarker assessment has been utilized to diagnose and determine the
prognosis and outcome of neoplastic, osteoarthritis, malaria and other non- communicable
diseases [60,74]. This study sought to assess the relationship between hypertension status and
levels of inflammatory cytokines in serum in HIV/AIDS’ patients, and to explore the effects of
hypertension on HIVV/AIDS progression as well as identify potential inflammatory cytokine(s),

marker(s) for predicting risk of hypertension in HIV/AIDS patients[1].
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Table.2.3. Showing some selected cytokines and their roles in inflammation process [74]

Serial

no.

1.

2.

Cytokine

IL1

IL2

IL4

IL6

IL8

IL10

tnfa

Role in inflammation

A potent mediator in response to infection

Induces “bursts” of HIV viremia in patients not

on effective ART

Regulates T and B cell

differentiation of naive T cells into the TH2

phenotype, promoting B cell proliferation,

antibody isotype switching

Inflammation & infection responses.

regulation of metabolic,
neural processes

Activates neutrophils

Important for immune regulation

Cell signalling protein (cytokine),

responses,

regenerative, and

Associated diseases

Alzheimer’s, Arthritis

Increase in  AIDS related

opportunistic infections
Allergic  inflammation &

Asthma

Atherosclerosis

Ischaemia, Trauma, myocardial
infarction
Rheumatoid arthritis,
inflammatory bowel disease,
psoriasis, organ transplantation,
and chronic hepatitis C
reactions &

Acute phase

Systemic inflammation
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and psoriasis

8. Ifn Y activator of macrophages Promotes cellular immunity
cytotoxic t cell activation hence
used to treat Kaposi’s sarcoma,
autoimmune diseases, insulin
resistance,

9. IL-17A Pro-inflammatory cytokine expression and Multiple  sclerosis  (MS),

chronic inflammation, which lead to tissue Rheumatoid arthritis (RA),
damage and autoimmune disease inflammatory bowel disease

2.4. Treatment of HIV Infection
Combination antiretroviral therapy is used to suppress HIV virus replication. It comprises of a
minimum of two active drugs from two classes. Anti-retroviral therapy has significantly
improved overall health of infected patients. However, their prolonged lives are associated with
increased co-morbid conditions such as hypertension [75]. These non-AIDS related conditions
are a setback that threatens to reverse the successes that have been realized with the use of
antiretroviral therapy [51, 76]. The consequences of multi morbidity are considerable and
include poor health maintenance marked by reduced quality of life, increased healthcare
utilization and costs, and reduced survival. Therapeutic interventions to reduce the

immunological effects of HIV may go a long way to reduce morbidity and mortality [53, 77].

Arteriosclerosis in HIV disease is significantly associated with hyper cholesterol but neither
with duration nor type of antiretroviral therapy [64, 78]. CART has an indirect contribution to
risk of cardiovascular disease [79]. Metabolic imbalances such as hyperlipidemia and low

glucose uptake resulting in diabetes have been established in anti-retroviral therapy [34].
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The complications are triggered by inflammatory syndrome as seen in the severe reactions that
follow cART in patients with TB-HIV comorbidity [80]. cART use predisposes young HIV
positive patients to metabolic complications that lead to coronary and cardiovascular disease

[37, 81].

2.5.HIV/AIDS and Hypertension
HIV infected persons live longer with the use of anti-retroviral therapy. However, their life
expectancy remains shorter compared to that of the general population, as a result of increased
secondary illnesses and risk of death from both communicable and non-communicable
conditions including cardiovascular complications [82]. The development of arterial
hypertension is commonly established in HIV disease, although the risk indicators are not
clearly documented [83]. deposition of low density lipoproteins and smooth muscle hardening
associated with age[36]. Importance of diagnosis and treatment is clear with the use of existing
treatment options like renin-angiotensin-aldosterone system inhibitors as prophylaxis in clients

at high risk of development of hypertension [32, 36, 87].

HIV infection has long been associated with increased risk of development of hypertension
[89]. Prevalence of hypertension in HIV/AIDS patients is significantly higher compared to the
general population but little information exists on the management strategies [90, 91].
Management of hypertension follows the standard use of antihypertensive drugs which fall into
four major classes, namely; blockers of the renin-angiotensin system, calcium channel
blockers, diuretics and beta-blockers as well modification of lifestyle[92]. Dietary
modifications target reduction of salt intake as a way of reducing water retention in the body

[89, 93].

Overweight too may present because of metabolic syndrome and together with hypertension

contribute to cardio metabolic disease states [25]. Assessment of body mass index in
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hypertensive cases is significant in primary care of HIV/AIDS patients [9]. The average Body
Mass Index (BMI) in HIV/AIDS patients is generally low compared to the general population
but progressive BMI changes is associated with occurrence of chronic disorders like

hypertension [19].

The sketch diagram that follows shows the interrelationship between factors that control

hypertensive disease inflammation, [94].
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CHAPTER THREE: RESEARCH METHODS

3.1. Study design

This was an observational study that adopted a cross sectional descriptive design to assess and
compare plasma cytokine levels in hypertensive versus non hypertensive HIV/AIDS patients.
As an exploratory study, the study also sought to assess association of hypertension with
HIV/AIDS progression by obtaining and comparing the mean CD4 + cell counts between the
two comparative groups. This design was chosen to generate hypothesis on the potential
cytokine markers for diagnosing risk of developing hypertension in HIV/AIDS patients as a

basis for future research.

3.2. Study Site

This study was carried out at Kenyatta National Hospital HIVV Comprehensive care Centre in
Nairobi. The center offers comprehensive HIV/AIDS care services to a wide range of clientele
drawn from the city of Nairobi and its environs. A larger proportion of patients are referrals
from HIV testing facilities and hospitals located within Nairobi County and beyond. The center
has been credited for quality operating systems with good record keeping and follow-up of
clients which offers a credible platform with complete patient documentation. The Centre has
an enrolment of about 10,000 registered patients but only 6,000 are actively on care. The
clinical return dates vary between one month and four months with a mode of 3 months. Most
patients have been on care for more than four years. The patients report to the clinic as early as
5.30am and most of them leave the Clinic by 8.30am. They patients are booked for clinic on

specific days of week except Fridays when Centre staff hold review meetings for the week.

3.3. Study population
Study participants were drawn from patients who are enrolled for HIVV/AIDS care at Kenyatta

National Hospital, (figure 3.2). The HIV/AIDS Care Centre is located within Nairobi city and
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is the pioneer of such facilities in Kenya, having served patients for over 10 years, with majority

having been on follow up for at least Syears. Since its inception, it has enrolled about 10,000

patients but only 6,000 are actively on follow up. The facility serves patients from Nairobi

county and its environs. The population is diverse since Nairobi county is a cosmopolitan city.

There are inhabitants of diverse cultural, religious and sociodemographic characteristics.

HIV Positive Persons
Approx. 6000

Slow progressors
CO4 =500, <0l's,
rnarmal BMI, no ART,
«Tisk of CVDs

T

(Approx. 2000)

| M mMunosup pression
+

Rapid progresors [—'“‘“~ Cardio-metabolic Disorders

CD4-500,
Frequent Ols,
<BMI, ART use,
Trisk of CVDs

5

.&|:Ir|:|r:|:c.[i.,.,.,]

Immunosuppression

only

(Approx. 600 )

‘ ‘ {Hypertension
comorbidity
W Approx. 200)

Inflammatory cytokines
(IL-18,0L,2,1L-4,1L-6, IL-8,
IL10TNFe)

Explanatory Variables;
BMI, CO4 WHO stage, Lifesyle
factors, Age, Gender, ART use

records December 2014.

Fig.3.3. Diagram showing characteristics of study population, at CCC, KNH. Annual
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3.4. Sample Size
Taking into consideration a prevalence of 6% for hypertension in the general population [4],
and a 95% confidence interval, a sample of 300 participants was computed using comparison

of proportions formula according to Fisher et al.1998;[95]

n=(2x (Z_a+ Z)"2x [2xa] "/((n_1-pn 2)"2)

Z_a=1.96 (95% CI)

Z_B =0.84 (80% power)

n=(2x (1.96+ 0.84) "2x2x [3.1] "2)/ ((7.5-6.5)"2 ) = 150 for each group; ratio 1:1.

3.5. Sampling.

Kenyatta National Hospital Comprehensive care center was Purposively sampled for this study.
A total of 300 adult patients were then recruited and categorized into hypertensive and non-
hypertensive groups. A total of 70 hypertensive patients and 230 non hypertensives patients
were recruited. They were recruited using systematic sampling where every 10" patient who
came to the clinic on routine care between Monday and Thursday was recruited into the study.
The booked number of patients ranged from 60 to 100 per day. On average, a total of between
4-10 patients were recruited daily. The recruitment drive ran for a period of three months to

attain the desired sample size.

3.6. Inclusion and exclusion criteria

3.6.1. Inclusion Criteria

All patients who were scheduled for follow up at the care center during the period of data
collection were eligible for recruitment and constituted the sampling frame. The following

characteristics were considered for inclusion into the study:
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i.  Patients aged 18-55 years, both ages included.

ii.  Patients who consented to participate.

3.6.2. Exclusion Criteria

I.  Pregnant women
ii.  Patients from correctional facilities
iii. ~ Minors below 18yrs
iv.  Elderly patients above 55 years of age
v.  Patients with arthritis, TB, Diabetes and Hepatitis B

vi.  Users of statins or aspirin therapy

3.7. Ethical Considerations

The protocol was reviewed and approved by the joint University of Nairobi and Kenyatta
National Hospital (UON/KNH) research ethics Review Committee (ERC). The study
participants were educated on the research process, study objectives and their individual roles
as participants. Informed consent was sought from each participant. Confidentiality was
assured and granted to the participants during data collection through observation of privacy

during interview, anonymity of data collection forms, safe handling of data and storage.

3.8. Data collection

Demographic, clinical and cytokine data was obtained from the selected participants. The data
were collected using a structured researcher administered questionnaire whereas checklists
were used to capture clinical data abstracted from medical records. Data on social and lifestyle

variables were obtained too, from the participants.

Vital signs which included pulse as well as the primary outcome; blood pressure, were

measured in each participant. To ensure reduced variability in individual blood pressure
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measurements, each participant had their blood pressure taken three times in a series at an
interval of 15 minutes and an average of the three blood pressure readings was documented.
The normal cut off BP was lower (90/60mmHg) and upper (130/90mmHg).

The questionnaire was then administered for an average of 15 to 25 minutes with each
participant. Information obtained covered areas which included; individual demographics,
social habits history, clinical care, treatment, clinic revisits, and social support practices.
Physical measurements for weight and height were obtained after questionnaire administration.
The two measurements were applied in the computation of individual participant’s BMI.
Desktop review of patients’ files was carried out to obtain data on CD4 count, creatinine,
hematocrit and treatment characteristics. The participants’ clinical files were used to cross
check information that was collected from participants regarding their clinical care. The clinical
tests result obtained within the last three months of care were accepted as valid for this study.

These tests include; CD4+ cell count, Viral load, Creatinine, and hematocrit.

3.9. Cytokine data
Cytokines were obtained from the analysis of plasma samples obtained from participants. The
plasma was extracted from routine blood samples and analyzed for selected cytokines that

included; IL- 2, IL-4, IL-6, IL-8, L-10), IL-17A, TNF-o and IFN-y.

The BD™ CBA Human Th1/Th2/Th17 and IL-8 Flex Cytokine Kits were used to measure the
cytokine levels in participants’ single plasma samples. The kit performance is optimized for
analysis of physiologically relevant concentrations of specific cytokine proteins in tissue
culture supernatants, EDTA plasma, and serum samples. Refer to detailed procedure in

appendix 5.
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3.10. Data analysis

A total of 297 questionnaires were complete and data entered for analysis. The hypertensive
participants were 69 while non hypertensive group participants were 129. The assumption from
figure 3.3, page 22, is that the 69 were recruited out of the 200 suspected to have hypertension
comorbidity while the 128 non hypertensive participants were drawn from the 2000 with

reduced risk of cardiometabolic disease.

STATA™ version 22 and “R” version 3.5.1 were used in analysis of data. The author used
descriptive and inferential statistics to generate inferences between variables under study.
Tables and figures were used to present the results. Measures of central tendency were obtained
as well as proportions for binomial data. Univariate and bivariate analysis was adopted to
explore the variations in expression of pro-inflammatory cytokines in hypertension Co-
morbidity. The hypothesized association between plasma cytokines’ levels and hypertension
status was entered in the multiple regression model. The hypothesized mean difference in
cytokine levels between hypertensive and non-hypertensive participants was mean of at least
+/- 0.001pg/ml in participants’ plasma. P values <0.05 were considered statistically significant.
During analysis cytokine data was transformed because of non-normality distribution. Student

‘t” and logistic regression tests were carried out to obtain inferences from the data.
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CHAPTER FOUR: RESULTS

4.1. Participants’ characteristics
This study was conducted to determine the prevalence of hypertension, identify risk indicators
and establish variation in selected plasma cytokines in hypertensive versus non hypertensive

HIV/AIDS patients. An alpha level of 0.05 was used for all statistical tests.

Out of the 297 participants, 89 (30.0%) were males while 208 (70.0%) were females. The age
ranged between 30 — 57 years with a mean of 42.97+6.21 SD, and a median of 42 years.
Independent Sample t-test showed a statistically significant difference in participants’ age
between males (M = 44.56, SD = 6.05) and females (M = 42.29, SD = 6.16), t (295) = 2.922,
p = 0.004. The association of age group and hypertension status was statistically significant
(X?(2) =15.736, p<0.001). Those above 45 years of age had a higher predisposition to
development of hypertension, with the average age of the hypertensive patients being 42 years.
Education level of participants was distributed as follows; secondary 138(46.9%), primary

64(21.7%) and tertiary/college 92(31.2%), as shown in, Table 4.1.

27



Table 4.1. Descriptive characteristics of participants

Study participants co-variates

Hypertensive

Non-  Hypertensive P value

Marital status (%o)

Married

Single
Widowed
Gender (Male)

Age (mean (SD))

Education level (%)

Secondary
Primary

BMI (mean (SD))

WHO HIV/AIDS stage (mean (SD))
Creatinine ug/dl (mean (SD))

HCT (mean (SD))

Art use (%)
No

CD4 (Mean (SD))
Septrin treatment (%)

Yes

Self-reported level of stress (%0)

Moderate
Severe

Member of social support group (%) (yes)
Opportunistic infections reported (%o)

Integumentary
Others
Respiratory

48 (69.6%)
13 (18.8%)
3 (4.3%)
22 (31.9)
42.16(6.12)

14(20.3%
28.15 (5.33)
2.08 (1.12)
93.25 (40.15)
36.50 (9.28)

4 (5.8%)

499.41 (218.46)

55(79.7)
18(26.1)
43(62.3)
8(11.6)
0(0.0)

0(0.0)
2 (2.9)
20 (29.0)

135 (59.2%)
59 (25.9%)
14 (6.1%)
67(29.4)
45.67(5.77)

50(21.9)
26.70 (4.68)
1.80 (1.02)
86.89 (51.39)
39.08 (6.69)

15 (6.6%)

515.06 (275.70)

194 (85.1)
94(41.2)
123(53.9)
11(4.9)
12(5.3)

2 (0.9)
4 (1.8)
54 (23.7)

0.645
0.805

<0.001**

0.291

0.029**
0.066
0.371
0.028**

1.000
0.666

0.0531

0.151

0.621

ART, antiretroviral therapy; BMI, Body mass index, HCT; hematocrit concentration,

significant

** statistically
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4.2. Association of Hypertension status and participants’ variables.

Hypertension prevalence established in this study was n=69(23.2%). High stress levels and
CD4 + cell range were statistically associated with the occurrence of hypertension in
HIV/AIDS patients (y°) = 7.686*, p = 0.042 and (x?) = 7.863*, p = 0.020).

Table 4.2a. Association of CD4*cell range and Stress levels with Hypertension Status.

Hypertension status

Characteristics Hypertensive  Non-hypertensive

CD4+ cell range

Normal immunity (>500) 29 113
Mild immunodeficiency 34 75
Moderate immunodeficiency 5 26
Severe immunodeficiency 1 14

¥%(3) = 7.686*, p = 0.042
Phi =0.161*, p = 0.042
Cramer’s V=0.161*, p =0.042

Stress levels

Mild 17 91
Moderate 43 123
Severe 8 11

¥*(2) = 7.863*, p = 0.020
Phi = 0.164*, p = 0.020
Cramer’s V =0.164*, p = 0.020

Chi-Square Test for Independence (Pearson Chi-Square) was used.
Phi and Cramer’s V Test was used.

*p<0.01

The simple linear regression of age and hematocrit against hypertension status demonstrated
that the two variables were statistically significant in association with hypertension status. A
relatively, younger age group with an average age of 41lyears, OR=1.1,95%CI [1.05,1.15],

p<0.001, were presenting with hypertension compared to the general population. Higher
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hematocrit levels were highly associated with development of hypertension in participants,
OR=0.96,95%CI [0.92,1.00], p<0.028, Table 4.2b. BMI had a positive and statistically
significant association with hypertension status in the study population, OR=1.06,95%CI
[1.01.1.13], p<0.03, Table 4.2b.

Most participants were largely within WHO stage 1 of HIV progression, which is marked by
heightened immune response and reconstitution syndrome. Logistic regression of HIV AIDS
stage and hypertension status was not statistically significant, OR=1.28,95%CI [0.98,1.67],
p=0.068, Table 4.2b.

A logistic regression was performed to ascertain the effects of hypertension on the likelihood
that participants have low CD4+ cell range. The logistic regression model was statistically
significant, ¥2 (2) =8.171, p=0.017. The odds of hypertensive participants having low CD4+
cell range was 1.912 (95% CI, -0.877 to -0.175) times that of non-hypertensive participants, a
statistically significant effect,

p =0. 003, Table 4.2b.
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Table 4.2b: Simple regression of the factors associated with Hypertension disorder among

Participants.

Study participants co-variates OR 95% ClI p-value

Marital status

Married 1.778 (0.203, 15.604)

Single 1.102 (0.119,10.240)

Widowed 1.071 (0.0895,12.831) 0.815
Gender (male) 1.125 (0.629,2.011) 0.692
Age 1.098 (1.049, 1.149) <0.001**
Education level 0.103
Secondary 0.163

Primary 0.140 (0.011,1.513)

BMI 1.064 (1.006,1.125) 0.030**
WHO HIV/AIDS stage 1.280 (0.982,1.670) 0.068
Creatinine 1.002 (0.997,1.008) 0.379
HCT 0.958 (0.921,0.996) 0.032**
Art use (Yes) 1.144 (0.367, 3.569) 0.816
CD4 1.000 (1.000,1.001) 0.665
Septrin treatment (Yes) 0.689 (0.345,1.374) 0.290
Self-reported level of stress 0.560 (0.055,5.712) 0.625
Moderate 1.049 (0.106,10.353) 0.967
Severe 2.182 (0.190,25.021) 0.531
Member of a social group 0.0957 (0.189, 4.855) 0.958
Yes 1.917 (0.000, inf) 0.982
Opportunistic infections reported

Skin 6.21 (-07) (0.000, inf) 0.989
Others 1.787 +00 (0.318,10.060) 0.510
Respiratory 1.324 +00 (0.722, 2.428) 0.365

\ntiretroviral therapy (ART); Body mass index (BMI), Hematocrit concentration (HCT). ** statistically significant
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Further analysis adjusting for possible confounding, demonstrated that age and hematocrit
levels were independently linked to hypertension in HIVV/AIDS population. The two factors
qualified as precision variables in the model of determinants of hypertension in HIV disease,

Table 4.3.

Table 4.3: Logistic Regression analysis for Gender, Age, BMI, Creatinine, CD4 , HCT

and Hypertension status

Participants co-variates OR 95% ClI p-value
Female Ref Ref Ref

(male) 1.11 (0.504,2.025) 0.32224
Age 1.09 (1.053,1.165) 0.00279 **
BMI 1.05 (0.992,1.129) 0.16258
CD4 1.00 (0.9984,1.001) 0.77911
Creatinine 1.00 (0.995,1.007) 0.88831
HCT 0.94 (0.903,0.984) 0.00730 **

BMI, Body mass index, HCT; hematocrit concentration

4.3. Distribution of participants’ Clinical variables.

The variables described here include; CD4+ cell count, creatinine, hematocrit and BMI. These
four variables are usually measured at baseline before commencement of treatment and later
as part of monitoring of patients’ clinical progress. These factors have some collinearity hence
analyzing their levels independently and collectively is useful in associations with patients’

possible clinical outcome(s).

4.3.1. Distribution of CD4+ Cell Count in participants.

The mean CD4 +cell count among participants was 511.42+ 263.25. Female participants had
higher CD4+ cell count values on average compared to male participants. Gender was one of

the key demographic variables that showed significant statistical association with CD4+ cell
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count among the study participants, p=0.013,95%CI [-149.23, - 35.64]. The age group had

some variation but no significant statistical association, p=0.974.

CD4 + cell count was correlated with past medical history of participants which showed a
statistically significant influence on the average CD4+ cell count, p=0.049, 95%CI [-229, -
2.53]. Those participants who reported past illnesses without prompt treatment had lower
average CD4+ cell counts, compared to those who reported no past medical illness or who were

diagnosed and treated promptly.

Among clinical care variables studied, use of Cotrimoxazole emerged as the only factor with
significant statistical association on the CD4+ cell count among study participants, p=0.047,
95%Cl [-162.81, -0.26]. The participants, who were using Cotrimoxazole prophylactic
treatment had on average a higher CD4+ cell count compared to the non-users.

The CD4+ cell count range and WHO HIV/AIDS disease stage showed significant statistical
associations with the average CD4+ cell count, (p <0.001,95%CI [36.22, — 64.71], p=0.009)
respectively.

The general characteristics of participants were correlated with CD4 + cell counts, and this
included; BMI range, frequency of clinical review, manifestation of wasting, stress levels and
social behavior. Of these, BMI range, frequency of clinical review and manifestation of wasting
had significant statistical association with the average CD4+ cell count among participants, (p

<0.007, 0.001 and 0.003), respectively.

4.3.2. Distribution of Creatinine levels in participants

The mean creatinine level among participants was 88.34+49.06mmol/dl. This study observed
a significant difference in levels of creatinine by participants’ gender, p=0.001. Variation was

also observed between the age groups p=0.016.
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Regression of selected clinical characteristics that included past medical illness, hypertension
status, and blood pressure range, use of antihypertensive drugs, type and duration of
antihypertensive treatment as well as its side effects did not demonstrate any statistically
significant association with creatinine levels, p>0.05. The hypertensive participants did not

have any statistically significant difference in creatinine values with the non-hypertensive

group.

HIV/AIDS care characteristics analyzed which included ART use, Septrin use, duration of
ART use and support group membership did not show any statistically significant association
with creatinine regulation among participants, P>0.05.

The participants’ creatinine levels were compared with the CD4+ cell count range, WHO
HIV/AIDS disease stage, and HCT range and cytokine levels. There was a statistically
significant association between CD4+ cell count, WHO HIV/AIDS disease stage and the
creatinine levels. Low CD4+ cell count and advanced WHO HIV/AIDS disease stage presented
with a higher creatinine level (p=0.081, 0.092), respectively. This observation is a sign of
severe inflammatory state that results in over secretion of creatinine. On the other hand, there
was no significant statistical association between HCT and cytokine levels and the regulation
of creatinine among the study participants.

It was observed that the level of creatinine was associated with some of the participants’ general
characteristics which included BMI range, frequency of clinical reviews, and manifestation of
wasting, stress levels and social behavior. Among the five factors analyzed, low BMI an
indication of wasting had a positive and statistically significant association with creatinine

levels in participants, p = 0.022, 95%CI [-37.3, — 7.66].
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4.3.3. Distribution of Hematocrit (HCT) in participants

Hematocrit is a measure of percentage of red blood cells in a blood volume. It ranges between
40-45% in men and 36-40% in women. However, elevated levels are been associated with
hypertension, independent of known confounders [93]. The observed mean of hematocrit level
was 38.43 + -7.49.

The association between gender and HCT was statistically significant in this study (p<0.001,
95%CI [2.60 ,6.83]). On average the participant HCT ranges were within the normal limits,
[35-42mml/l]. Participants aged 50 years and above had on average higher hematocrit values.
Though not statistically significant, severe hypertension status and prolonged ART therapy of
more than four years among participants was associated with increased hematocrit levels above
40 unit mark. Use of first line or second line ART did not influence hematocrit values among

participants.

However, ART and Septrin use, duration of ART use and being a member of a social support
group did not show any significant statistical association with hematocrit levels among
participants, p= (0.343, 0.500, 0.261,0.595), respectively.

The manifestation of wasting is the other parameter that showed a positive and statistically
significant association with the HCT levels, OR=0.94, p=0.001,95%CIl [1.56, 9.62].
Participants with wasting syndrome had lower average levels of hematocrit and low risk of

developing hypertension, p>0.05

4.3.4. Body Mass Index (BMI)

The mean BMI among participants was 27.04+4.87. This observation indicates an overweight
measure for majority of participants and a known risk factor associated with cardio metabolic
disorders that are linked to cardiovascular disease. The relationship between BMI categories

and CD4 + cell count of participants was determined using Spearman’s rank-order correlation.
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The test elicited a mild, positive and statistically significant association, (p < 0.05), which
showed that the BMI category of the patients is associated with their CD4 + cell counts and
patients with higher BMI categories were more likely to have higher CD4+ cell counts than
patients with lower BMI categories, Table 4.1.1a. High BMI value is associated with improved
health status with balanced metabolic rate and physiological function marked by less wasting.
There was a mild, positive correlation between ART duration and BMI values, which was not-
statistically significant (rs (272) = 0.033, p = 0.590). Participants’ creatinine levels had a mild
positive correlation with BMI values (r (270) = 0.008, p = 0.890), although statistically
insignificant. However, it showed a likelihood of increase in creatinine levels with increase in
BMI values.

CDA4+ cell counts, and BMI values showed a positive correlation which was statistically
significant, p=0.002.

The age of the patient had a moderate, positive correlation with BMI (r (295) = 0.113, p =
0.052). As the participant’s age advances, the BMI values were likely to increase. This is
supported by other studies that have reported reduced metabolic rate as a result of age related
physiological changes [88,106].

Most participants presented with mild to moderate stress levels which was positively associated
with higher BMI values, although with no significant statistical association (Fisher’s Exact
test=5.38, p=0.50). Absence of wasting in participants was directly related to higher BMI
values, with a strong statistical significance (Fisher’s exact test =39.852** p < 0.001).

Most of the clinical variables which include ART duration and BMI showed a positive, non-
statistically significant association, p=0.590. WHO HIV/AIDS stage had a negative but

statistically significant association with the CD4+ cell count, p = 0.009.
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4.3.5. Correlation between Participants’ CD4 + Cell Count, Creatinine, HCT and BMI.

Pearson product-moment correlation model showed the association between the four
explanatory variables which include CD4, Creatinine, HCT and BMI. The figure shows near
perfect convergence of measurements of the four variables under analysis depicting a strong
positive association between them. Creatinine and HCT variables did not depict collinearity
except for CD4 + cell count and BMI. The CD4+cell count also showed a positive correlation
with BMI that was statistically significant r(295) = 0.175**, p = 0.002). The CD4+cell count
had a negative correlation with Creatinine that was statistically significant (r (270) = -0.155, p

=0.010). Figure 4.3.5.
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Figure 4.3.5. Collinearity plot showing the association between participants’ CD4+ Cell count,

Creatinine, HCT and BMI.
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4.3.5a. Linear regression plot for participants’ Creatinine and CD4+ cell count.
A Linear regression model plot too showed a statistically significant association between

creatinine values and CD4+ cell counts, F (1, 270) = 6.684, R?=.024, B = -0.155,n =272, p =

0.010.
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Figure 4.3.5a. linear regression Plot for participants’ CD4+ cell count and creatinine

values.

38



4.3.5b. Regression for participants’ BMI and CD4+ cell count.
A Curve Estimation Linear Regression model demonstrated a statistically significant
relationship between BMI values and CD4+ cell counts, F (1, 295) = 9.321, R?= .031, B =

0.175,n =297, p = 0.002.
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Figure 4.3.5b. linear regression plot for participants’ BMI values and CD4+ cell counts.
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4.4. Participants’ Clinical and Socio-behavioral characteristics.

4.4.1. Description of participants treatment

Most participants, n=157(52.8%), had a three months frequency of follow up at the
Comprehensive Care Centre. This was however not statistically significant in association with

social behavior (Fisher’s exact test=6.732, p=0.383).

Fishers’ exact test showed no significant statistically association between manifestation of
wasting and participants’ social behavior (Fishers exact test =3.156, p=0.231). Absence of

wasting among participants was highly associated with no tobacco and alcohol use.

The stress levels showed a positive correlation with social behavior, although no significant
statistical association was obtained. Majority of the patients were non- alcohol and tobacco
users and presented with mild and moderate stress levels as compared to proportion of tobacco

and alcohol users (X2(4) =1.745, p=0.790).

Secretion of pro- inflammatory cytokines was associated strongly with both ART and
Cotrimoxazole treatment among participants (X2=1.165, p=0.685). The two treatments also
had a positive correlation with absence of wasting among participants, (X?=0.274, p=0.685);
(X?=0.006, p=0.939) respectively. The strongly positive association of ART treatment and
frequency of clinical reviews for participants was statistically significant (Fishers exact
test=20.180, p<0.001). The positive association with Cotrimoxazole use and clinical reviews

on the other hand was not statistically significant (X?=0.006, p=0.939).
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Table 4.4.1 Participants’ ART and Cotrimoxazole use versus cytokines category,

manifestation of wasting and frequency of clinical reviews parameters

Clinical parameter ART use Septrin use
Manifestation of wasting
Yes No Yes No
Absent 251 18 229 40
Category of cytokines
Present 24 1 18 7
Pro-Inflammatory 98 8 84 22
¥?(1) = 0.274, p = 0.717 ¥?(1) = 0.006, p = 0.939
Anti-Inflammatory 19 1 16 4

Frequency of clinical

72(1) = 1.165, p = 0.685

72(1) = 0.006, p = 0.939

reviews
Once monthly 18 8 18 8
Once in two months 13 0 11 2
Once in three months 155 4 138 21
Once in four months 90 7 80 17

Fisher’s Exact Test = 20.180**, p < 0.001  »*(1) = 0.006, p = 0.939
Chi-Square Test for Independence (Pearson Chi-Square) was used.
Fisher’s Exact Test was used. **p<0.01, *p<0.05
4.4.2. Predictors of HIV/AIDS progression in the study population
In seeking to establish the predictors that influence HIV AIDS progression, multivariate
logistic regression was used to analyze the association with clinical variables. Age of
participant, creatinine, HCT and BMI did not show any statistically significant association with
HIVAIDS progression. CD4+cell count was the only parameter that was statistically significant
rs (275) = -0.157), p = 0.009. It was inversely proportional to the HIVV/AIDS stage.
A logistic regression was performed to ascertain the effects of hypertension on the likelihood
that participants demonstrated low CD4+ cell count. The logistic regression model showed

positive and statistically significant values, ¥ (2) = 8.171, p = 0.017. The odds of hypertensive
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participants having low CD4+ cell count range was 1.912 (95% ClI, [-0.877, -0.175] times that

of non-hypertensive participants, a statistically significant association, (p = 0.003).

4.5. Distribution of selected cytokine levels in participant plasma samples.

Mean values Mean values Mean diff 959% CI P value

(Hypertensive
Interleukin N=65) Non- _

Hypertensive

type N=61
IL17a 75.51369 42.22738 33.29 (6.59,59.99) 0.015**
112 0.6549231 0.1160656 -0.10 (-0.101.18) 0.097
14 0.03 0.01311475 -0.15 (-0.04,0.07) 0.522
IL6 3.589846 1.94377 0.75 (-0.94,4.23) 0.211
IL8 29.66985 16.59262 11.73 (-7.43,33.59) 0.287
IL10 0.2103077 0.7221311 -6.53 -15.13,2.07) 0.242
TNFa 0.1006154 0.07557377 -0.10 (-2.38,0.39) 0.123
IFN Yy 6.871385 - - - -

1117a, Interleukin 17a, 1L2 -Interleukin2, 1L4-Interleukin 4, IL6- Interleukin 6, IL8-interleukin 8, 1L10-

Interleukin 10, TNFa-Tumor necrosis alpha, IFNy-interferon gamma.

Plasma samples from one hundred and twenty six participants were analyzed for selected
cytokines as shown in table 4.5.1a. The mean difference by hypertension status for most of the
selected cytokines were not statistically significant except for IL17a, mD=33.29ug/mml,

95%ClI [6.59,59.99], p=0.015,
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4.5.1. Association between plasma cytokines’ levels and selected clinical parameters of
participants

Pearson product-moment correlation coefficient and Spearman’s rank-order correlation
coefficient were performed to determine the associations for Participants’ age, gender and
cytokines values. The participants’ gender had a significant statistical association with
production of IL-2 and IL-17-A. Age had no significant statistical association with any of the
measured cytokines, Table 4.5.2. The relationship between hypertension status and IL-17A in
participants was determined using Spearman’s rank-order correlation. The test showed a mild,
negative and statistically significant association (rs(124) = -0.248, p < 0.05). This finding
showed that hypertension status may be associated with variation in the release of IL-17A.
Those known hypertensive HIV infected patients were more likely to have higher IL-17A
levels than non-hypertensive patients.

When the association between gender and IL-17A was determined using Spearman’s rank-
order correlation, the test showed a moderate, positive and statistically significant association
(p <0.001).

When the association between gender and IL-2 was determined using Spearman’s rank-order
correlation, the test showed a strong, negative and significant statistical association (p < 0.05),
demonstrating too that gender influences the release of 1L-2 and males are more likely to have
higher IL-2 levels than females in HIV positive patients.

When the association between social behavior of the patients and IL-17A was determined using
Spearman’s rank-order correlation, the test showed a moderate, negative and significant
statistical association (p < 0.05), showing that the social behavior 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. When the association between social

behavior of the patients and IL-6 was determined using Spearman’s rank-order correlation, the
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test showed a moderate, positive and statistically significant association (p < 0.05), meaning
that the social behavior 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. The association between social behavior of the patients and IL-8 was
determined using Spearman’s rank-order correlation and the test showed a moderate, positive

and statistically significant association, p < 0.01.
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Table 4.5.2. Simple regression model of mean difference of cytokines and participants’

covariates
Covariate IL17A IL2 IL4 IL6 IL8 IL10 tnfa IfnY
Gender Female ref ref ref ref ref ref ref ref
Male -39.00 0.639 -0.034 |-0.242 |0.698 |2.829 |-0.001 -5.58
P=0.004 | P=0.058 | P=0.20 | P=0.860 | P=0.94 | P=0.54 | P=0.989 | P=0.24
8 9 0 3
Age group | 30-39 ref ref ref ref ref ref ref ref
(yrs)
40-49 7.39 0.013 -0.005 |0.213 -0.196 |5.415 |-0.042, |0.035
P=0.68 P=0.411 | P=0.87 | P=0.904 | P=0.98 | P=0.38 | p=0.659 | P=0.57
9 4 5)
>50 8.53 0.018 0.031 |-1.280 |-4.651 |6.448 |0.109 0.067
P=0.697 | P=0.112 | P=0.45 | P=0.540 | p=0.77 | P=0.35 | P=0.338 | P=0.36
1 9 5 2
BMI Normal ref ref ref ref ref ref ref ref
Weight
17.67 0.105 0.009 -1.69 -17.94 | -4.74 -0.040 0.091
Obese p=0.339 | p=0.809 | p=0.77 | p=0.337 | p=0.19 | p=0.43 | p=0.680 | p=0.87
5 7 5 8
Overweig | 11.57 0.279 0.010 -2.420 | -22.27 | -4.74 0.028 0.045
ht p=0.501 | p=0.492 P=0.141 P=0.751
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P=0.75 P=0.08 | P=0.43 p=0.41
1 7 5 4
Under- 52.47 1.32 0.335 -3.230 | -21.65 - 0.238 0.146
Weight P=0.203 | p=0.713 | P<0.00 | P=0.409 | P=0.48 P=0.267 | P=0.00
01 3 06**
WHO (Continuou | -11.28 0.250 0.011 0.419 4.22 -4.78 -0.016 0.203
HIV/AIDS svariable) | P=0.107 | P=0.151 | P=0.43 | P=0.543 | P=0.45 | P=.069 | P=0.698 | P=0.93
stage 8 1 5
Creatinine no -0.095 -0.001 -0.0001 | 0.036 0.207 -0.010 | 0.0003 -0.018
P=0.479 P=0.84 | P=0.00 | P=0.03 P=0.675 | P=0.69
P=0.749 | 0 1%* 2% p=0.61 9
1
HCT -0.643 0.039 -0.001 |-0.033 |-0.664 |0.157 -0.0002 | 0.402
P=0.467 | P=0.106 | P=0.96 | P=0.864 | P=0.35 | P=0.51 | P=0.965 | P=0.24
8 5 8 5
CDA4+ cells 0.065 0.0 -0.0007 | -0.007 |-0.043 [-0.008 -0.0002 | 0.004
P=.029* | P=0.614 | P=0.91 | P=0.01 | P=0.05 P=0.464 P=0.266 | P=0.66
* 1 TH** 5 1
Septrin 8.29 0.315 -0.028 | 0.809 2.637 | 2.943 -0.112 4.463
treatment P=0.628 | p=0.434 | P=0.39 | P=0.619 | P=0.83 | P=0.55 | p=0.021 | P=0.43
8 8 5 3
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4.5.2. Association of selected Cytokines and participants’ Clinical Parameters

The type of cytokine whether proinflammatory or anti-inflammatory was not statistically
significantly associated with gender or age group of participants; Chi square test X?(1) = 0.023,
p =0.879 and ¥*(2) = 2.716, p = 0.257.

Some individual cytokines were influenced by specific clinical parameters of participants. The
association between CD4" cell counts of the participants and IL-6 was determined using
Pearson product-moment correlation coefficient and the test showed a mild, negative and

statistically significant association, p < 0.05) Table 4.5.3.

The association between participants’ creatinine levels and IL-6 and IL-8 was determined
using Pearson product-moment correlation coefficient, whereby the test showed a mild,
positive and statistically significant association, p < 0.05, Table 4.5.3.

The association between WHO HIV/AIDS stage of the patients and IL-10 was determined
using Spearman’s rank-order correlation, the test elicited a strong, negative and statistically

significant association, p < 0.05), Table 4.5.3.
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Table 4.5.3. Logistic regression for mean difference of cytokines and participant

covariates.

Interleukin | Covariables Mean diff P value 95% CI

IL17a
Hypertension 37.98 0.0264 * (5.059,70.894)
Gender(male) -44.54 0.0175 * (-80.518, -8.551)
Age 0.268 0.858 (-2.660, 3.196)
CD4 0.070 0.064 (-0.003, 0.144)
BMI -3.020 0.010 (-6.619,0.577)
Hct 0.417 0.653 (-1.397,2.233)
Creatinine 0.108 0.674 (-0.395,0.613)

IL-2 Hypertension 0.638 0.177 (-0.281,1.557)
Gender(male) 0.827 0.110 (-0.177,1.832)
Age 0.044 0.297 (-0.038,0.126)
CD4 -0.001 0.608 (-0.003,0.002)
BMI 0.007 0.890 (-0.093,0.108)
HCT 0.035 0.183 (-0.016,0.085)
Creatinine -0.006 0.404 (-0.020,0.008)

IL-4 Hypertension status | 0.050 0.133 (-0.015,0.115)
Gender(male) -0.088 0.01653 * (-0.160, -0.018)
Age 0.004 0.19614 (-0.002,0.010)
CD4 0.00005 0.47966 (-0.0001,0.000)
BMI -0.0124 0.00102 ** (-0.019, -0.005)
HCT 0.0023 0.218 (-0.001,0.006)
Creatinine 0.0005 0.366 (-0.001,0.002)

IL-6 Hypertension status | 1.929 0.211 (-1.068, 4.927)
Gender(male) 0.260 0.778 (-3.043,0.004)
Age -0.176 0.209 (-0.448, -0.009)
CD4 -0.007 0.056 (-0.014, 0.000)
BMI 0.005 0.975 (-0.324,0.013)
HCT -0.019 0.824 (-0.190, -0.015)
Creatinine 0.012 0.620 (-0.036, -0.006)
Hypertension status | 19.728 0.164 (-7.827,47.2)
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IL-8 Gender(male) 3.069 0.842 (-27.051,33.190)
Age -1.859 0.141 (-4.310,0.592)
CD4 -0.041 0.185 (-0.103,0.020)
BMI -0.680 0.659 (-3.692, 2.332)
HCT -0.534 0.493 (-2.054,0.985)
Creatinine 0.211 0.328 (-0.210,0.634)
IL-10 Hypertension status | -0.922 0.153 (-2.175,0.330)
Gender(male) 0.0205 0.977 (-1.349, 1.390)
Age 0.0922 0.109 (-0.019,0.204)
CD4 -0.0018 0.200 (-0.005,0.001)
BMI -0.066 0.345 (-0.203,0.0706)
HCT -0.007 0.835 (-0.076, 0.062)
Creatinine -0.002 0.838 (-0.021,0.018)
TNFa Hypertension status | 0.079 0.426 (-0.115,0.274)
Gender(male) -0.054 0.620 (-0.267,0.159)
Age -0.0002 0.979 (-0.018,0.017)
CD4 0.0002 0.328 (-0.001,0.000)
BMI -0.017 0.127 (-0.038,0.005)
HCT 0.002 0.790 (-0.009,0.012)
Creatinine 0.002 0.226 (-0.001,0.005)
IFNy Hypertension status | 12.22 0.066 (-0.655,25.097)
Gender(male) -17.93 0.0146* (-32.003, -3.853)
Age 0.824 0.162 (-0.321,1.970)
CD4 0.014 0.332 (-0.014,0.043)
BMI -1.983 0.007** (-3.390, -0.575)
HCT 0.858 0.020* (0.148,1.568)
Creatinine -0.007 0.948 (-0.204,0.191)

IL-17a, Interleukin 17a, I1L-2 -Interleukin2, IL-4-Interleukin 4, 1L-6- Interleukin 6, 1L-8-interleukin

8, IL-10- Interleukin 10, TNFa- Tumor necrosis alpha, IFNy=interferon gamma. *Strong statistical

significance, ** very strong statistical significance
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4.5.3. Correlation between Interleukin-6 and Interleukin-8.

The association between IL-6 and IL-8 cytokines values was determined using Pearson
product-moment correlation coefficient. The test showed a strong, positive and statistically
significant association, p < 0.001. From the analysis, it is apparent that low values of one of
the two cytokines in a participant mirrored similar observation for the other and vice versa for

higher values. This observation presents collinearity between IL-6 and IL-8. Figure.4.5.2.
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4.5.4. Comparison between Participants’ Hypertension status versus cytokines’ category
The relationship between participant’ hypertension status and IL-2 was determined using
Spearman’s rank-order correlation and the test showed a mild, negative and statistically
significant association, p < 0.05).

The relationship between hypertension status and 1L-6 was determined using Spearman’s rank-
order correlation, where the test showed a mild, negative and statistically significant
association, p < 0.01).

The association between hypertension status of the participants and INF y was determined
using Spearman’s rank-order correlation, where the test showed a mild, negative and
statistically significant association, p < 0.05).

When a Chi-Square test of independence was used to determine the relationship between
hypertension status, pro-inflammatory and anti-inflammatory cytokines measured in
participants’ plasma, the test showed a mild, negative and non-statistically significant

association, p = 0.228, figure 4.5.4.
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Figure 4.5.4. Histogram showing group of cytokines by hypertension status.

53



4.5.5. Potential independent cytokine marker for assessing risk of hypertension in
participants

When determining the probable reliable cytokine to be monitored in determining risk of
developing hypertension and hypertension status in participants’, INF-y was the only cytokine
type that showed both statistically significant mean differences between hypertensive and non-
hypertensive patients, p > 0. 05. The mean values by hypertension status was statistically
significant with a negative correlation, p(0.003,0.015). The mean values of IL-2 and IL-17A
differed when analyzed by hypertension status of the participants, with a statistically significant
association p (0.001, 0.001), respectively. In addition, IL-17A showed a negative correlation
by hypertension status, p = 0.052. Additionally, IL-2 and IL-6 both demonstrated negative
correlation when analyzed based on the hypertension status of participants, p= (0.038, 0.004)

respectively.
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CHAPTER 5: DISCUSSION, CONCLUSION AND RECOMMENDATIONS

5.1. Discussion

This study showed that hypertension is a highly prevalent comorbidity at 23.2% in HIV positive
patients and occurs in early age with the average age of hypertensive group being 42 years in
this study. This observation may be attributed to continued chronic inflammation as a result of
HIV virus infection and use of combination therapy. Other predisposing factors include
increase in stress levels and poor organ functions associated with HIV/AIDS disease. A higher
CD4+ cell count (mean of 511 cells/ ml) was observed and this demonstrated good suppression
of the virus in participants using of ART therapy and positive living. However, this level of
CD4 + cell count presented a heightened immune activity which may pose a risk of self-
destruction of soft tissue linings as a result of immune reconstitution syndrome. This syndrome
may manifest as a net effect of ineffective elimination of the HIV virus with increased release
of oxidative radicals within the soft tissue mucosa linings. The affected soft tissues include
blood capillaries whose structural qualities change giving rise to atherosclerosis. This inference
is similar to what other studies have documented [58, 67, 95]. This finding correlates with other
studies that have shown that prolonged ART use results in impaired metabolism resulting in

weight gain and increased risk of cardio metabolic disorders.

The high prevalence of hypertension was associated with individual participants’ clinical
characteristics, which included increased CD4+ cell count and BMI levels [92]. These two are
significant risk factors that influence the metabolic functions of the body and indirectly
contribute to cardio metabolic complications, including increased cholesterol levels in blood
[96].

A median BMI level above 27 is associated with impaired metabolism of lipids resulting in
increased levels of low density lipoproteins [79]. The sustained CD4+ cell counts above

500cells/ml in most participants normalizes body’s physiology and reduces occurrence of
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opportunistic infections and loss of weight [97]. This may directly contribute to the high mean
levels of BMI for HIV patients [98]. The hypertensive group had significantly increased mean
BMI levels within overweight range of 26-30. The patterns observed on BMI were not linked
to duration of treatment, contrary to known knowledge that linked prolonged ART treatment
to metabolic changes and cumulative toxic effects on the kidneys [12]. This observation is
associated with effectiveness of ART to restore immune function and not necessarily the
duration of treatment. As CD4+ cell count values improved as a sign of wellbeing, the body’s
physiological functions were optimized. Thus, the high levels of Creatinine associated with
poor immune strength are reversed, showing an inverse relationship.

A significant association of WHO HIV/AIDS stage and CD4+ cell count was observed, p <
0.01. This finding is supported by other studies which showed a decline in CD4+ cell count
with advancing HIV/AIDS disease [105-108]. Stages one and two of HIVV/AIDS progression
cumulatively were associated with an increased mean of CD4+ cell count compared to the later
stages three and four. WHO HIV/AIDS stage was positively associated with participants’
creatinine levels, p > .05. This observation showed that advancing HIV disease may impair
creatinine clearance thus giving rise to increased average levels which is an indicator of poor
kidney functions [99, 100]. It may also be that advanced disease stage may increase the level
of production of creatinine. The WHO HIV/AIDS stage too was negatively associated with
participants’ BMI level, (p > .05). This demonstrated that advancing HIV/AIDS disease may

be associated with body weight loss and wasting in most participants.

The study findings showed a statistically significant gender difference in CD4+ cell counts,
with females showing higher mean CD4+ cell count than males, p < .01. The association
between gender and CD4+ cell counts was mild and statistically significant, (p < 0.01). This
may be associated with good adherence and healthy seeking behavior by the females as

compared to male patients [100]. The advancing HIV disease marked by the increased risk of
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non-communicable diseases due to chronic inflammation adds to the already existing mortality
and economic inequalities with the general population [101]. The cardio metabolic risk factors
are being experienced in early age categories due to sustained chronic inflammation, resulting

from HIV infection.

Stress is often associated with occurrence of hypertension and that hypertensive HIV/AIDS
patients are more likely to have higher stress levels than non-hypertensive HIV patients.
However, a %2 test of independence performed to examine the difference in proportions and
relation between participants’ hypertension status and reported stress levels, showed that the
difference in proportions for hypertensive and non-hypertensive HIV/AIDS patients was not

statistically significant, p = 0.053.

The observed mean level of hematocrit in participants was below the lower limit of 40 for
women and 42 for men. This observation is an indicator of inadequate synthesis of erythrocytes
in the body that may be attributed to chronic inflammation in HIV/AIDS. An individual’s
hematocrit level may be influenced by the social behavior, environmental factors as well as
metabolic syndrome. A high hematocrit value regardless of the clinical factors poses an
increased risk of hypertension in participants [94]. HIV/AIDS is known to independently alter
the body’s biochemical processes as a result of chronic inflammatory reactions. The use of
ART too has been associated with hyperlipidemia marked by high levels of low density
lipoproteins. This factor may affect the elasticity and free flow of blood in the capillaries.

BMI levels above 25, showed a positive association with 1L-6, which is commonly associated
with atherosclerosis as demonstrated in other studies [105]. This observation suggested that an
improved CD4+ cell count influences positive change in BMI values. This can be explained
scientifically that a high CD4+ cell count is a measure of normal body function, improved
wellbeing and increased possibility of positive weight gain. This observation showed a positive

influence on weight gain when participants are initiated on ART therapy for a longer sustained
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period with good adherence. Improvement on care for HIVV/AIDS patients is often assessed by
evaluating positive change in their BMI. However, unchecked increase in BMI may become
detrimental to individuals’ overall health due to associated complications that include
hypertension. ldentification of severe stages of immunosuppression due to HIV infection is

dependent on the CD4+ cell count.

The use of ART and cotrimoxazole had a positive association with CD4 count. Use of ART
restores the body’s immune response in a process referred to as immune reconstitution. On the
other hand, Cotrimoxazole suppresses the occurrence of opportunistic infections thus enabling
the preservation of individual’s immune response. This results in active immune response to
invading virus resulting in sustained release of pro-inflammatory cytokines such as TNFa and

INFY.

Evaluation of cytokine expression previously has shown that IL-6 and 1L-10 production is
usually increased in both slow and rapid HIV/AIDS progressors [104]. This may indicate
altered immune sensitivity and ineffective response to infectious agents. This allows the HIV
replication, ease of transmission and rapid progression. The observed changes in levels of
selected cytokines may be used to predict risk of development of hypertension among HIV
infected participants.in HIV disease. Variation in TH1 and TH2 expression which is dependent
on hypertension status may be used to indicate patients’ level of predisposition to

cardiovascular disease.

Creatinine level was observed to be higher in patients with low CD4 T cell count and high
proinflammatory cytokines expression. This observation meant that creatinine levels of
participants may influence the release of IL- 6 and IL-8; as participants with increased

creatinine levels were more likely to have higher IL-6 and IL-8 levels than participants with
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lower creatinine levels. High creatinine levels are an indicator of poor kidney function and a
predisposing factor to development of hypertension in HIVV/AIDS patients.

The statistically significant association between 1L-8 and social behavior of participants
observed shows that social behavior 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.

This study showed statistically significant increase in levels of IL-6 and IL-17A in hypertensive
participants, p(0.014, 0.004), respectively, an observation documented in other studies and
linked to renal and vascular dysfunction resulting in blood pressure elevation [102]. This study
showed that release of IL-10 was lower in hypertensive participants as compared to non-
hypertensive participants, p < 0.26. This observation is like findings of a comparative study

involving acute and chronic immunosuppressed patients [103].

Marked and progressive increase in IFN-y; IL-6 and IL-8 for followed up patients is a strong
indicator of predisposition to development of high blood pressure. With the highlighted
cytokines and their potential, further scientific inquiry is key to establish their effectiveness in
predicting risk of being hypertensive for a client with HIV infection. This will lay basis for
primary diagnosis and effective interventions to control potential damage and hinder

development of cardiovascular complications [107, 108,109].

It is apparent that hypertension is significantly associated with disability, inequality and poor
quality of life among HIV infected patients. Association of hypertension status with clinical
characteristics of participants showed increased risk of developing hypertension with median
CDA4+ cell count above 250 cells/ml of blood and median BMI of 27 and above. This means
that severe stages of HIVV/AIDs were marked by severe immunosuppression secondary to HIV
viral invasion and destruction of CD4+ cells. Most patients on ART therapy maintain high

levels of CD4+ cell counts and were more at risk of developing hypertension.
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This study showed that hypertension develops early in age in those living with HIV disease.
This observation is like what other studies established [110,111,112]. Accelerated aging is a
significant factor seen in HIV infected persons and this may be associated with the early age
development of chronic disorders like hypertension seen in the study population. The mean age
for the hypertensive patients was demonstrated at 42 years with a mean deviation of +/- 6 years.
[111]. The occurrence of multiple comorbidities simultaneously adds up to the increased
burden of aging and deterioration of body functions accelerating HIVV/AIDS progression [75].
Comorbidities associated with increase in age overlap with morbidity from HIV disease and
are predicted by lower CD4+ cell counts and low hematocrit values. This is an indicator of the

physiological strain on the body, resulting in changes in selected clinical parameters [112].

Gender showed a positive correlation with IL-17A expression showing that gender influences
the release of IL-17A, and female patients are more likely to have higher IL-17A levels than
male patients in HIVV/AIDS population.

The care of HIV infected persons must adopt multiple comorbidity screening approaches, even
if the patient does not present with obvious signs and symptoms of any of the known common
comorbidities. This may help to diagnose and manage the disorders in time and reduce
complications [58, 71, 113,114]. Additional risk of adverse cardiovascular events in HIV
patients begins with the increased prevalence of hypertension in this population [115].

Hypertension develops early in age in those living with HIV disease [115].

This study showed that IL-6 and IL8 have a positive collinearity hence patients had similar
patterns of cytokines’ levels secreted by hypertension status. Monitoring of the levels in HIV
infected patients may present a picture that can be used to detect risk of hypertension in patients
with HIV infection. Therefore, routine measurement may be integrated in the primary care

plans of HIV/AIDS patients. The variation in either TH1 or TH2 cytokine expression affects
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the pattern of change in clinical parameters of HIV patients on care and overall response to
ART. IFN-y levels may independently predict the level of predisposition to development of
hypertension in patients on HIV care.

This demonstrated that participants’ hypertension status may positively influence secretion of
IL-2 cytokines. Higher secretion of IL-2 in hypertensive HIVV/AIDS patients demonstrates poor
immune response to foreign antigens, a state of immune unresponsiveness in the body.

From the analysis, we inferred that INF-y was the likely cytokine to be examined concretely to
ascertain its usefulness in determining the risk of developing hypertension among HIV infected

patients

5.2. Conclusion
This study established a high burden of hypertension in HIV/AIDS patients, its risk
indicators and its association with HIV/AIDS the progression. Hypertension thus, remains
a silent Killer as a result of its prevalence in HIV positive population. Its complications are
irreversible and increases non-HIV/AIDS morbidity and mortality. A higher CD4+ cell
count and BMI values predisposes the patient to greater risk of developing hypertension
for the HIV infected population. Majority of patients on ART therapy maintain high levels
of CD4+ cell counts and BMI values and are therefore at risk of developing hypertension.
The changes in the immune response that takes place in HIV disease, that is either cellular
or antibody mediated brings out destructive effects on mucosal tissue linings. Management
of HIV infected patients has always utilized the CD4 cells count and viral load as the key
parameters to assess patients’ progress on care. IFN-y together with IL-6 and IL-8 are
increased in hypertensive patients and could be diagnostic of increased risk of developing
hypertension. In conclusion, the findings of this study showed independent associations of
both 1L-6 and IL-8 with risk of hypertension providing a hypothesis for further evaluation

through research. This study also highlights the need for further robust cytokines’ studies
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to establish risk of hypertension and enhance our understanding of the biology of

hypertension and lead to the discovery of novel treatments.

5.3. Recommendations.

1.

The high prevalence of hypertension in HIV/AIDS patients calls for concerted efforts

to educate patients on prevention and control interventions.

Intervention studies should be done to evaluate the effectiveness of using IL6, IL8 and
IFN- y as potential cytokine markers for diagnosing risk of developing hypertension in
HIV /AIDS patients.

There is need for further research to explore use of anti-inflammatory agents together

with ART to reduce effects of chronic inflammation in HIV/AIDS patients.

5.4. Study limitations.

1.

This was a cross sectional study and was not possible to establish causal relationship
between variables under study but only associations between study variables.

The study site was only one thus limiting external validity of the findings; limits
generalizability of findings

The calculated sample size was small, owing to limitations in funding, therefore

limiting the power of the study
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Appendix 1: QUESTIONNAIRE: SERIAL NO.
RESEARCH TITLE: INFLAMMATORY CYTOKINE PROFILES IN HIV/AIDS

PATIENTS WITH HYPERTENSION COMORBIDITY

a). Demographic information

1. Gender (a) Male (b) Female

2. Occupation (a) Formal employment (b) Self- employment (c) Not employed
3. Home residence (a) Within Nairobi (b) Outside of Nairobi

4. Level of Education (a) Primary (b) Secondary (c) Tertiary

5. Approximate age in years a) 31-39 yrs. b) 40-49 yrs. ¢) 50 yrs & above

b). Clinical data

1. Past medical history: a) illnesses b) treatments ¢) Not applicable
2. Past medical interventions: i) Surgery ii) hospitalization c) N/A

¢). Hypertension care parameters

1. Hypertension status: a) Hypertensive | | b) Non- Hypertensive |:|

2. Blood pressure range: a) Prehypertension b) Moderate hypertension|:|

c) Severe hypertension | |

3. Antihypertensive treatment: a) Yes b) No

4. Length of treatment: a) less than 2 years b) between 2-4 years ¢) more than 4 years

o

Type of treatment: a) 1% line treatment b) 2" line treatment

6. Side effects of antihypertensive treatment: a) dizziness b) Fatigue ¢) Diuresis/excessive

thirst d) None
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d). HIV care parameters

1. Isthe client on ART treatment: a) Yes b) No, If Yes above, for how long?

2. Duration of ART treatment: a) less than 6 months  b) between 6 months & 2 years
c) More than 2 years.

3. State the ART combination; a) First line b) Second line

4. Reported side effects a) Gastrointestinal b) Integumentary c) Neurological d)

Others(indicate)

5. Is the participant a member of a social support group; a) Yes b) No

e). Participants’ Clinical reviews after diagnosis

1. Frequency of Clinical review:
a) monthly b) two monthly c) three monthly d) four monthly
2. Any Opportunistic infections ever while on care:

a) TB b) Meningitis c) Skin/oral cavity infection d) Diarrhea €) Typhoid

3. Any manifestations of wasting; a) Present b) absent

4. Analysis of stress levels a) Mild  b) Moderate c) Severe

5. Description of social behavior/habits a) Smokes tobacco b) Uses alcohol ¢) None
6. Physical exercises a) Yes b) No

). Laboratory analysis for cytokine levels obtained from participants plasma samples

Group Individual cytokines

Pro-inflammatory cytokines | IL 8, IL- 17A, TNFa,

IFN- v, IL6.

Anti-inflammatory cytokines | 1L2, IL4, IL-10, ILs.
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APPENDIX 2: PARTICIPANT RECRUITMENT PROCEDURE
1) Patients were identified using random identification using the existing clinical data base

at KNH Comprehensive Care Centre.

2) Screening was done to identify eligible patients (both hypertensive and non-

hypertensive on or without HAART and free of any other chronic /metabolic disorder.

3) The participants were taken through an informed consenting process. They will be
informed about the study, its objectives and the benefits that are projected to be obtained

as well as what are expected of them as participants.
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APPENDIX 3: PARTICIPANT CONSENT EXPLANATION FORM

a). Explanation form in English

Dear Participant,

My name is Angeline Chepchirchir, a PhD Research Fellow at the Institute of Tropical and
Infectious Diseases, University of Nairobi. This is to request you to take part in the proposed

study. The participation sought for is entirely voluntary.

You have been randomly identified as a potential participant in the research study entitled,

“Inflammatory Cytokine Profiles in HIVV/AIDs patients with Hypertension comorbidity”.

This research study is part of the requirements for the degree of Doctor of Philosophy of the
University of Nairobi. The objective is to determine the prevalence, role of inflammation and

effects of hypertension on HIVV/AIDS progression in patients on care.

The study will involve the use of questionnaires to collect participant information as well as

obtain a one-time blood sample for laboratory analysis of selected cytokine levels.

As a participant, you are expected to respond to questions outlined in a semi structured
guestionnaire and provide a sample of blood for laboratory analysis. The questionnaire will be

administered by the principal researcher and/or the research assistants.

The study findings will indirectly benefit you and the HIV infected population because
additional knowledge sought for on the interaction between inflammation and hypertension
development may be used to design appropriate prevention and control interventions. As a

participant, you will not receive any money nor material gifts.
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All the information you will provide, and laboratory findings will be held confidentially and
used only for the intended purpose. The questionnaire and clinical data forms will be serialized.
No names shall be included in every documentation. Administration of questionnaires shall be

done in a quiet and confidential location within the Comprehensive care Centre.

Your participation will be entirely voluntary, and you can at any time withdraw from the study
without interference on the quality or quantity of care you are currently receiving. If at any
time you do not feel like answering a question or discuss, you are free not to do so. If you
choose not to participate, you shall not be penalized. There are no direct benefits attached to

the study.

As a participant, you can ask any questions that would help you further to understand the nature
of this research study. The principal investigator or assistant will attempt to answer them

appropriately to your satisfaction where possible

If you change your mind regarding participation in this study or suffer any unforeseen
inconvenience due to participation in the study, inform the principal investigator or the ERC
committee using contacts provided below. Should you be dissatisfied with the way the study is
being contacted or want to raise any pertinent issues about it; please forward your complaint

to;

I. The Ethics and research Committee.

The Chairman

Ethics and Research Committee
KNH/University of Nairobi

P.O Box 20723, Nairobi.

Landline 0202 276300 ext.44102
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I1. Principal Investigator’s Contacts.

Angeline Chepchirchir
UNITID/University of Nairobi
P.O Box 2558, 00202, Nairobi.
Cell 0720 440 665

II1. Supervisors’ Contacts

1. Dr. Joshua Nyagol (PhD),
Dept. of Pathology,
University of Nairobi.

P.O Box 19676, 00202, NBI.

2. Prof. Walter Jaoko
KAVI — Institute of Clinical Research
University of Nairobi.

P.O Box 19676, 00202, NBI.
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APPENDIX 4: PARTICIPANT’S CONSENT FORM

Participant’s endorsement for voluntary participation

I (Participants name/Initials) have understood

the objectives and purpose of the study. The explanations that | have received are satisfactory

to the best of my understanding. | voluntarily agree/disagree to participate in the said study.

Signature Date

Researcher (Name/Initials)
Signature Date

Witness (Name/initials) Signature Date

For any enquiries or concerns about the study contact Principal investigator;

Angeline chepchirchir,
UNITID,
University of Nairobi,

Phone n0.0720440665
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APPENDIX 5: LABORATORY PROCEDURE: CYTOKINE ANALYSIS .

Use of the BD Cytometric Bead Array (CBD) Human Th1/Th2/Th17 cytokine kit to assess

inflammatory cytokines in plasma.

Procedure

Incubation time

1. Preparing standards 15 minutes
2. Preparing mixed capture beads (when 30 minutes
analyzing serum or plasma samples only)

3. Preparing Cytometer Setup Beads 30 minutes
4.Performing the assay 3 hours

Additional requirements necessary;

1) A dual-laser flow cytometer equipped with a 488- nm or 532-nm and a 633-nm or 635-

nm laser capable of distinguishing 576-nm, 660-nm, and >680-nm fluorescence.

2) BD Falcon™12x75-mm sample acquisition tubes (Catalog No. 352008), or

equivalent

3) 15-mL conical, polypropylene tubes (BD Falcon, Catalog No. 352097), or equivalent.

4) FCAP Array software (Catalog No. 641488 [PC] or 645447 [Mac])

5) Millipore Multiscreen-BV 1.2 pum clear nonsterile filter plates [Catalog No.

MSBVN1210 (10 pack) or MSBVN1250 (50 pack)]

6) Millipore Multiscreen Vacuum Manifold, (Catalog No. MSVMHTS00)
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7) MTS 2/4 Digital Stirrer, IKA Works, VWR (Catalog No. 82006-096)

8) Vacuum source

9) Vacuum gauge and regulator (if not using the recommended manifold)

PROCEDURE

A. PREPARATION OF STANDARDS AND CONTROLS

1. Open one vial of lyophilized Human Th1/Th2/Th17 Standards. Transfer the standard spheres

to a 15-mL conical, polypropylene tube. Label the tube “Top Standard.”

2. Reconstitute the standards with 2 mL of Assay Diluent.

a. Allow the reconstituted standard to equilibrate for at least 15 minutes at room temperature.

b. Gently mix the reconstituted protein by pipette only. Do not vortex or mix vigorously.

3. Label 12 x 75-mm tubes and arrange them in the following order: 1:2, 1:4, 1:8, 1:16, 1:32,

1:64, 1:128, and 1:256.

4. Pipette 300 uL of Assay Diluent in each of the 12 x75-mm tubes.

5. Perform serial dilutions:

a. Transfer 300 pL from the Top Standard to the 1:2 dilution tube and mix thoroughly by pipette

only.

b. Continue making serial dilutions by transferring 300 puL from the 1:2 tube to the 1:4 tube

and so on to the 1:256 tube.

c. Mix thoroughly by pipette only. Do not vortex.
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6. Prepare one 12 x 75-mm tube containing only Assay. Diluent will serve as the 0 pg/mL

negative control.

B. MIXING HUMAN TH1/TH2/TH17 CYTOKINE CAPTURE BEADS

1. Determine the number of assay tubes (including standards and controls) required for the

experiment (e.g, 8 unknowns, 9 cytokine standard dilutions, and

1 negative control = 18 assay tubes).

2. Vigorously vortex each Capture Bead suspension for 3 to 5 seconds before mixing.

Note: The antibody-conjugated beads will settle out of suspension over time. It is necessary to

vortex the vial before taking a bead-suspension aliquot.

3. Add a 10-pL aliquot of each Capture Bead, for each assay tube to be analyzed, into a single
tube labeled “mixed Capture Beads” (eg, 10 pL of IL-2 Capture Beads x 18 assay tubes = 180

uL of IL-2 Capture Beads required).

4. Vortex the bead mixture thoroughly.

C. SUSPENSION OF BEADS AS APPLICABLE FOR PLASMA AND SERUM

SAMPLES.

1) Use serum enhancement buffer

2) Centrifuge the mixed Capture Beads at 200g for 5 minutes.

3) Carefully aspirate and discard the supernatant4.3.3l

4) Suspend the mixed Capture Beads pellet in Serum Enhancement Buffer (equal to the

volume removed in step 2) and vortex thoroughly.
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5) Incubate the mixed Capture Beads for 30 minutes at room temperature, protected from

light.

6) After 30 minutes, transfer Capture Beads to the assay tubes. Discard excess.

7) Do not store after mixing.

D. DILUTION OF SAMPLES

To dilute samples with a known high cytokine concentration:

1. Dilute the sample by the desired dilution factor (i.e., 1:2, 1:10, or 1:100) using the appropriate

volume of Assay Diluent.

2. Mix sample dilutions thoroughly. Note: Optimal recovery from serum samples

Typically requires a 1:4 dilution.

E. STAINING OF SAMPLES

To perform the assay:

1. Vortex the mixed Capture Beads and add 50 pL to all assay tubes.

2. Add 50 puL of the Human Th1/Th2/Th17 Cytokine Standard dilutions to the control tubes as

listed in the following table:

Tube label Concentration (pg/ml) Cytokine standard dilution
1 0 (negative control) No standard dilution (Assay diluent
only)
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2 20 1:256

3 40 1:128

4 80 1:64

3) 156 1:32

6 3125 1:16

7 625 1:8

8 1250 1:4

9 2500 1:2

10 5000 Top standard

3. Add 50 pL of each unknown sample to the appropriately labeled sample tubes.

4. Add 50 pL of the Human Th1/Th2/Th17 PE Detection Reagent to all assay tubes.

5. Incubate the assay tubes for 3 hours at room temperature, protected from light.

Note: If you have not yet performed cytometer setup, you may wish to do so during this

incubation.

6. Add 1 mL of Wash Buffer to each assay tube and centrifuge at 200g for 5 minutes.

7. Carefully aspirate and discard the supernatant from each assay tube.

8. Add 300 uL of Wash Buffer to each assay tube to suspend the bead pellet.
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F. PERFORM ASSAYS ON FILTER PLATES:

1. Wet the plate by adding 100 pL of wash buffer to each well.

2. Place the plate on the vacuum manifold.

3. Aspirate for 2 to 10 seconds until the wells are drained.

4. Remove the plate from the manifold, and then blot the bottom of the plate on paper towels.

5. Add 50 pL of each of the following to the wells in the filter plate:

* Capture Beads (vortex before adding)

+ Standard or sample (add standards from the lowest concentration to the highest, followed by

samples)

* Human Th1/Th2/Th17 PE Detection Reagent

6. Cover the plate and shake it for 5 minutes at 1,100 rpm on a plate shaker.

7. Incubate the plate for 3 hours at room temperature on a non-absorbent, dry surface.

Note: Place the plate on a non-absorbent, dry surface during incubation. Absorbent or wet

surfaces can cause the contents of the wells to leak.

8. Remove the cover from the plate and apply the plate to the vacuum manifold.

9. Vacuum aspirate for 2 to 10 seconds until the wells are drained.

10. Remove the plate from the manifold, and then blot the bottom of the plate on paper towels

after aspiration.

11. Add 120 pL of wash buffer to each well to suspend the beads.
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12. Cover the plate and shake it for 2 minutes at 1,100 rpm before you begin sample acquisition.

G. ACQUIRE THE SAMPLES ON THE FLOW CYTOMETER

1) Acquire standards from lowest (0 pg/mL) to highest (Top Standard) concentration,

followed by the test samples.

2) If running sample dilutions, acquire sequentially starting with the most concentrated

sample.

3) Store all FCS files (standards and samples) in a single folder

H. PERFORM SAMPLE READINGS.

Analyze Human Th1/Th2/Th17 Cytokine data using FCAP Array software.
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APPENDIX 6: DATA ANALYSIS GUIDE

1. Obtain descriptive and inferential statistics where applicable.

a. Determine proportion of participants who are known to be hypertensive and

non-hypertensive.

b. Compare the proportions to establish any associations with selected

sociodemographic, clinical and laboratory parameters.

Socio-demographic variables.

Clinical parameters

Cytokines levels

o Age

e Gender

e Alcohol use

e Smoking

e CDA4+ cell count

e WHO HIV/AIDS stage
e Creatinine levels

e Hemoglobin levels

e BMI

e Hematocrit

e IL6
e |L8
e IL17A

3. Establish proportions of participants in respect to selected parameters

e Establish proportions of participants at the different stages of HIV infection as

per the WHO HIV/AIDS classification

e Determine the observations /variations in clinical parameters associated with

chronic inflammation in hypertensive and non- hypertensive participants.
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WHO stage Clinical parameters

Stage | e CD4 count
Stage Il e Creatinine
Stage I e Hematocrit
Stage IV levels(HCT)

e BMI changes

5. Establish participants ‘proportions and associated social behavior characteristics

e Calculate proportion of participants who smoke and /or drink alcohol.
e Establish any correlation(s) associated with social habits and clinical parameters
6. Establish the burden of hypertension in HIV disease.

PART B. OBJECTIVE 2.

1. Generate descriptive statistics for individual cytokine levels.

2. Establish any correlation between participants ‘hypertension status and levels of
cytokines measured.

3. Compare the expression of ILs & ILg in hypertensive and non-hypertensive participants.
The two are associated with cardiovascular damage and risk of atherosclerosis.

4. Cytokines were grouped as follows:

Group Individual cytokines

Pro-inflammatory cytokines | IL 8, IL- 17A, TNFa,

IFN- v, IL6.

Anti-inflammatory cytokines | IL2, IL4, IL-10, ILs.

97



Analytic tests performed

Dependent variable

Independent/ Explanatory

variable

Tests applied

HIV/AIDS progression

CD4+ cell counts

Comparison ~ of  means
between the hypertensive and
non-hypertensive groups on
different forms of HIV care
and at various stages of

disease progression

Hematocrit levels

Compare means between the
hypertensive ~ and  non-
hypertensives at different
stages of HIV disease

progression.

Creatinine levels

Compare means between the
hypertensive ~ and  non-
hypertensives at different
stages of HIV disease

progression.

Independent Sample t-test was used,

applicable for 2 means

ANOVA was used where categories of

means were 2 or more than 2.

Levene’s test of homogeneity of

variances was used.

Spearman’s rank correlation analysis

was used
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Body Mass Index(BMI)

Comparison ~ of  means
between the hypertensive and
non-hypertensive groups on
different forms of HIV care
and at various stages of

disease progression

Inflammatory Cytokines’

levels

Comparison of means for
Individual and group of
Inflammatory cytokines (IL-
17A, IL-2, IL-4, IL-6, IL-8,

IL-10, TNF a, IFN 7).

chi square tests

Simple linear regression

Logistic regression
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