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ABSTRACT
Serum electrolytes disorders in HIV patients iniidd to resulting from disease induced
fluids losses or accumulation could be attributed twide range of structural defects of
cellular apparatus, tissue or organs of regulatMost routine clinical investigation of
impaired serum electrolytes in HIV infection linaittribution to body fluids charges and to
primary organs of regulations. Such investigatialws not address the likelihood of
existence of multiple regulatory organs defects, ¢hntribution of secondary regulatory
organs and of non elemental electro chemical fornesstablishing observed serum
electrolytes states in HIV infectiorlhis study investigated the association of elégies
levels with kidney and liver functions in HIV infeon in order to explore the extent of
contribution of the renal and gastrointestinal @iynregulatory organs to existing serum
electrolytes disorders in light of the extendedgeanf HIV impact on multiple organs of
electrolytes regulation. This was a hospital basedss sectional study enrolling
consecutive attendants of the PSC at Jaramogi @g®djinga Teaching and Referral
Hospital. 800 HIV-infected and 406 seronegativetamds were enrolled. Biochemical
analysis was done of serum levels of major elgdes (Na+, K+ and Cl-), markers of
kidney function (creatinine and urea) and liverhodagy (bilirubin, albumin, total protein
and enzymes) and related body fluids parameterndlasity and pressure). Frequency
counts and measures of central tendency and dispeasound normal reference values
were used to assess the distribution of analytebenpopulation. Associations of HIV
status, CD4 count, ARV use, age and gender witttrelgtes and fluid parameters were
tested using, t-tests and Chi-square and regressipstics (r and %) and significance
levels assigned using = 0.05. Female gender, increasing age and CD4<#60un?
emerged as determinants of occurrence of kidneydkss which were observed in 54%
of the seropositive individuals. HIV infection camgkd significant reduction in mean
eGFR (88.1mls/min v/s 95.5mls/min, t=3.1, p=0.00Iherefore creatinine and urea
imbalance were more prevalent in seropositive thealthy controls (26.1% vs11.8%;
p<0.0001, 4.4% vs 0.5%, p<0.0001). liver functiowlicators; albumin, total proteins,
bilirubin and enzymes (AST and ALT), were signifitlg impaired in seropositive than
seronegative individuals; (32.8g/l vs 34.5¢g/l, 8p<0.0001); 649/l vs 67.14g/l,
t=6.7,p<0.0001); (6.2vs5, t=5.7,p<0.0001) AST;45IMd 36.9U/I, t=10.3,p<0.0001 and
ALT;36.5U/l vs 30.7U/l, t=7.2,p<0.0001). Serum N&++ and CI- ion imbalance were
observed in 26.1%, 27.4% and 17.3% of HIV+ indialdurespectively with only the
prevalence of sodium imbalance being significantlyre in HIV+ than HIV- individuals
(26.1% vs 17.7%y? =10.6, p = 0.001). Using ARVs was accompanied wignificant
reduction in prevalence of Na+ ion imbalance (24/682.3%,y* =3.98, p=0.046). Rates
of electrolytes imbalance in HIV+ infection did rdiffer with or without kidney disorders
and only 0.1% Na+, 0.01 % K+ and 0.3 % CI- imbataneere attributable to kidney
defects. Lower prevalence of K+ imbalance (OR=¢%=10.5,p=0.001; OR=0.6;"
=6.7,p=0.01) were associated with albumin and totatein depletion while higher rates
of Na+ (55.5%vs25.4%jy* =8.3,p=0.004) and K+(38.9% vs 16.8% =6,p=0.01)
imbalance were associated with hyperbilirubinenN@anetheless co-variation between
electrolytes imbalance and liver markers were matinthus impaired liver and kidney
functions did not sufficiently explain occurrencietioe multiple electrolytes imbalance in
HIV infection. Therefore diagnostic and managenpattices of electrolytes disorders in
HIV-infected individuals need to expand to includ®mprehensive biochemical
assessment of probable causes to reach as mahg &kely elemental contributors as
possible.
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DEFINITION OF TERMS
AIDS Acquired immunodeficiency synahie a stage in HIV natural
history characterized with depletion of CD4 lympiiec
count below 200 cells/ul.
Albuminuria Presence of albumin proteins in urine
Anion gap The difference between concentratmignored cations and
ignored anions in body fluids. Normal anion gapge is 9-
12meq
Alkalosis Abnormally elevated body fluid pMormal blood pH is 7.35-
7.45. Alkalosis exists when blood pHdesvexceeds 7.45
Fanconi syndrome A disease of the proximal renal tubules of thenkigin which
glucose, amino acids, uric acid, phosphate &atlionate are
passed into urine, instead of being reabsorbed
Glycosuria Presence of glucose in urine
Hyponatremia Abnormally low serum sodium levels, below 135gAE
Sodium reference values range betvi@s-145 mEq/L.
Hypernatremia Abnormally raised serum sodium levédde\ae 145mEq/L.
Hypokalemia Abnormally low serum potassium levels, be®@8mEQ/L.
Potassium reference values range legt\8e8-5.0mEq/L
Hyperkalemia Abnormally elevated serum potassium levels allOmEQ/L
Hematocrit The fraction of whole blood in percentagecupied by formed
elements. Normal levels are; men 40-45%; women73%:4

Children aykars (32-43%)
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Homeokinesis The physiological process by which the intesyatems of the
body are maintained at equilibrium, despiteatawns in the
external environment

Humoral Secretory elements circulating in theoblistream and other

fluid compartme of the body

Hypoxia Diminished partial pressure of arterial oxydpehow normal

levels

Metabolic acidosis  Lowering of pH of body fluids attributable é@er production

of non-volatacids. This exists when pH falls below 7.35

Respiratory acidosisLowering of pH of body fluids attributable to reésory

failure
Nephropathies Diseases and disorders afflicting tiuimé&y
Non electrolyte These are mainly organic macromolecsileh as proteins

dissolved or suspended in varioudytftuids
Na+/H+ exchanger Trans-membrane anti-port transport proteinemale resident
on the luminal tubular epithelial membrane thanhsports
sodium ions and hydrogen ions in opposing doest
Osmolarity The aggregate concentration of ssldiissolved in body fluids
(290 mosm/L)
Proteinuria Presence of proteins in urine
Pre-renal/extra-renal
organs Organs with a role in reggidn of body fluids and electrolytes
balance and whose regulatory roles impact on tnidl
electrolytes levels independent of the influencéhefrole of

kidneys in regulating these parameters
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Uremia

Ultrafiltrate

The optimal level or quantity of physiologic lmochemical
parameters that is essential and sufficient toasustormal
biological processes

The presence of excesaimeunts of urea and other

nitrogenous waste compounds in tiayb

The portion of plasma filtered through the mgéyular
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CHAPTER ONE: GENERAL INTRODUCTION

1.1. Background Information

The role of regulation of body fluids and electtely(F&E) parameters is undertaken
concertedly by several organs employing varioushaeisms which are divergent at their
onset but convergent at the end. This physiologigulatory model constrains periodic
oscillatory deviations of levels of vital parameatéhereby preventing wide fluctuations from
the normal steady state levels (Boron, 2005). Dwsggmultiple mechanisms to control one
parameter (homeostatic redundancy) is thereforeomnmon theme around such vital
parameters whose alterations are sensitively relgabto by other organs and systems and
whose malfunction can precipitate a cascade oftelges malfunctions in other systems of

the body (Mooreet al.,1952).

Within the body’s fluid compartments, besides thamgitative levels of individual inorganic
and organic substrates, there are several vitia flarameters dependent on electrolyte levels
such as blood volume, blood pressure, plasma and asmolality, urine specific gravity, and
plasma and urine pH (Krupp, 1990). The dynamiadjfestates of these essential parameters
though intimately linked, are regulated by compkxd different homeostatic pathways
anchored principally on the respiratory system, réreal system, the gastrointestinal system
and the neuro-endocrine system (Glenn and Car0I7)20 hese organs occupy unique loci in
various homeostatic loops, all of whose design amamf receptors as entry points linked by
sensory pathways, to the central nervous systerahwhiturn is linked to effector entities by

effector pathways.



Prevailing plasma fluid and electrolytes conten@aigonsequence of the balance between
individual and cumulative fluid and electrolytesatbadded to this compartment by input
regulatory organs in relation to fluid and electtes load removed from it by excretory
regulatory organs. The principal excretory organflisid and electrolytes from plasma is the
kidney, while majority of the other regulatory ongacontribute to plasma fluid and
electrolyte load balance by replenishing its cohterd in some instances by serving as out
put routes. As such between plasma and the exteneironment exchange of fluids and
electrolytes occur at two functionally distinctenffaces which have been defined as; (a) the
renal fluid and electrolytes regulatory interfazer{e) in which the prominent interface organ
is the kidney and; (b) the pre-renal (extra-rerfal)d and electrolytes regulatory zone

functionally composed of other organs

Generally infectious diseases that interfere witidé and electrolytes (F&E) balance affect
specific organs in isolation and thereby alter othlg affected organ’s contribution to the
regulation mechanism (Macleod, 1977). However, éheagh fluid, electrolyte and mineral
perturbations are features of such diseases, #lestolyte and mineral perturbations are
transient and quickly resolve when the offendingedse is controlled (Sitprija, 2008).
Routinely, analysis of electrolytes disorders irthsuransient episodes of disease and of
electrolytes balance impairment, involves pointeafe analysis of the abberated electrolytes
and of the possible regulatory organ (often then&ysd) whose functional performance has

occasioned the electrolyte perturbations (Sme&g7).



Investigating electrolytes disorders associatedh wihese diseases therefore involve
assessment of the magnitude of deviation of thetrelgtes in serum prior to ascertaining the
underlying clinical episodes that occasion thesdugeations (Mount, 2013). Often the
clinical events are fluids overload or depletionedto vomiting, diarrhea or renal
insufficiency. Given the brief nature of these d@gemnvestigations centered on the actual
organ structural defects leading to reduced or ¢dbsggan performance that in turn results in
the observed electrolytes disorders are rarely tizkien. Due to the selective impact of these
diseases on organs regulating electrolytes ledekgcted electrolytes disorders are routinely
in clinical set up associated with the clinical ssgles that are the immediate causes (fluids
changes) of the electrolytes defects and with agamose defects may have precipitated the
body fluids changes. Assumptions of associationveen electrolytes imbalance and organ
functions at point of care are often reached onbikgs of matching impaired electrolytes
levels to observed impaired levels of serum markérmsrgan function. Thus without further
evidence attesting to the strength of the assoaiatnd neither the magnitude of contribution

of individual organs being taken into account.

HIV, contrary to these diseases can induce widasppathology in different organ systems
of the body including those responsible for eldgtes regulation. In addition it is a chronic

disease whose impact on organs of electrolytedatgu is prolonged and sustained, with the
type and extent of organ afflicted changing witlvaatting disease (Perazzela and Brown,
1994). The virus has been reported to impair famstiof the central nervous system (CNS),
the gastro-intestinal tract (GIT), the cardiovaacglystem, the genito-urinary system, the skin

and the respiratory systems all of which are esslantregulating fluid and electrolyte levels



(Kaplan,et al., 1987). Various pathological effects of HIV infewti and antiretroviral drugs
on several organs including the liver, the lung® gastrointestinal tract (GIT), the adrenal
glands and the kidneys have been linked to bodidlwolume losses and electrolyte
alterations (Berggren and Batuman, 2005). Pet@91(l reported the prevalence of
hyponatremia in HIV patients as 28.4%, of hypoka#eat 17.3% and hyperkalemia at 4.9%.
Manfro, et al., (1993) on the other hand reported the prevalehtgmonatremia to be 45%,

hypokalemia to be 23.1% and metabolic acidosiet@®1% in HIV patients at admission

HIV- infected individuals are therefore prone &fetts of multiple regulatory organs, and as
a consequence multiple electrolytes disorders @ndir, 1987). Despite these various
possible outcomes associated with HIV on regulatwgans, point of care investigations of
electrolytes disorders in HIV-infected individuafgoceed with the routine practice of
associating observed electrolytes changes to undgrimmediate clinical episodes (diarrhea
or vomiting or fever) and to observed aberratiofislewels of pathological markers of
functions of organs of the gastrointestinal sys{&il) and renal system considered to be
primarily responsible for the fluids alterationssasiated with the observed electrolytes
disorders. Equally, most studies report electralglisorders in isolation often without relating
them to the possible range of contributing orgafeas. These assumptions are often based
on matching the observed imbalance in levels aftedgytes to levels of existing pathological
markers of organ function without taking into acebthe magnitude of contribution of each
organ and of the fact that HIV can induce patholbgyond these usual suspect organs. Due
to the prolonged sustained assault by the HIV vand opportunistic infections associated

with it on a range of organs of regulation, sualestigations do not consider the likelihood of



existence of a wider range of organs as sourceteofrolytes defects in HIV infection and
the magnitude that each contributes to observerirelgtes defects. This approach therefore
does not probe the multiple organ involvement itV Hidffection and essentially does not
demonstrate the holistic or overall pattern ofspectrum of fluid and electrolyte imbalances

existing in HIV patients.

Various factors can influence the outcomes ancepatvf fluids and electrolyte imbalances
following HIV infection. These include infectionlated factors such as the viral strain, viral
load and CD4 lymphocyte cell depletion (Alcamo, 200 reatment factors such as types of
anti-retroviral drugs (ARVs) used could also modifyid and electrolyte imbalances in HIV
infection (Butera, 2005). On the other hand patfantors such as gender, genetic variability
and age, can also determine the extent, pattemh,fam of final fluid and electrolyte

imbalances that develops due to HIV infection (Kiatyet al.,2003).

The interaction of these factors and their ultimatpact depend to a large extent on the level
of intervention availed to HIV patient in institatis of care. Reports concerning the
association or impact of these factors on HIV ititecand its related outcomes are based on
the HIV populations from the Western world endoweéth advanced resources for managing
the disease. There is scarce knowledge concernéignpact of these factors in resource poor

settings witnessed in the developing societies agdk in western Kenya.

Physiologically, cellular mechanisms based on mamrchannels and pumps employ

electrochemical diffusion forces to couple the rifisition of electrolytes in order to attain



compartment specific electrolytes concentration@®hough, 2010). Sustained injury to
cellular moieties decouples these distribution &veand may lead to prolonged skewed
electrolytes compartmentalization which in turn swwains the influence of the
electrochemical forces essential for determining thwerall and specific body fluids
electrolytes concentrations that arises from tlsedl coordinated physiological distribution
of electrolytes in body fluids compartments (Kaplahal., 1996). Most studies and routine
clinical electrolytes assays portray the occurrentdandividual electrolytes disorders as
independent events without establishing the possinhge of sources of imbalance and the
magnitude to which each source contributes to #igtieg electrolytes defects such as the
subtle electrochemical forces reliant on the elegtrand chemical gradients to move ions

between the body fluids compartments.

1.2. Problem Statement

Most diseases transiently perturb electrolytesruzaavia fluids overload or depletion, and

rarely by way of actual structural damage to undlegl organs of electrolytes regulation.

HIV has been reported to not only have the abtlitynduce changes in body fluids which

influence electrolytes levels but in addition, tieus can directly or indirectly assault the

parenchymal structure of several organs of elegwslregulation. Furthermore due to its
chronic nature the extent of the damage and thee @fprgans damaged vary with progression
of the disease. As such sources of electrolytesliamge in HIV infection can be multiple and

not limited to effect of disease on body fluid vole.



Routine clinical investigations that peg electretimbalance to the immediate clinical
causes of fluids overload or depletion and to treguently altered kidney function or
gastrointestinal function may suffice for the assssnt and management of electrolytes
disorders that are transient in nature in transiesgases. However such investigation may not
sufficiently explore electrolytes imbalance in aastic disease with actual organic injury as
HIV does. Studies limited to highlighting the préarece of electrolytes disorders in HIV
likewise do not explore exhaustively the contribatiof underlying structural damage of
organs to the existing electrolytes imbalance. &h@actices do not explore the fact that in
HIV infection; the individual is prone to multiplelectrolytes regulatory organ defects,
existence of which may imply that individual eledytes disorders may result from multiple
sources. They also do not explore the possibilitga-occurrence of multiple electrolytes
imbalance and the magnitude that each of the defeorgans contributes to the observed

electrolytes disorders in HIV infection.

Demographic, treatment and disease factors canfynttéi impact of the HIV virus on the

regulatory organs’ health. These factors are netjadtely explored in studies that highlight
the prevalence of electrolytes imbalance in isofaand in routine clinical investigations that
are suited for assessing transient electrolytesifiiations. Chronically skewed distribution of
electrolytes concentrations in the extracellulandl compartment resulting from chronic
electrolytes imbalance may alter bulk charge distion between the two major fluids
compartments (extracellular and intracellular fa)idBulk charge distribution is an essential
factor utilized by the physiological electrolytesupling mechanisms which redistribute

electrolytes between body fluids compartments usabectrochemical forces to attain



compartment specific electrolytes concentratiorie &xistence and extent of contribution of
these secondary influences to electrolytes levelssérum are not explored in routine
investigation. Similarly, these secondary infecsicare not espoused in studies centered on
associating observed serum electrolytes disordesed on underlying immediate fluid
depletion or overload, or to pathological markefr&6r or renal organs routinely associated

with impaired electrolytes levels.

1.3. Objectives

1.4. Broad Objective

To assess the association between serum electrdbiels and kidney and liver function
markers in HIV infection in adult patients atterglidaramogi Oginga Odinga Teaching and

Referral Hospital (JOOTRH), western Kenya.

1.4.1. Specific Objectives

I.  To determine serum levels of kidney and liver fiorctmarkers (BUN, creatinine,
protein, albumin, liver enzymes and bilirubin) inViHnfected individuals and HIV
negative persons attending Patient Support Cent!ldOTRH,

ii.  To determine levels of serum inorganic electroly&slium, chloride, and potassium)
in HIV-infected individuals and HIV negative persoattending Patient Support
Center of JOOTRH,

iii.  To investigate the magnitude of serum electrolgléerations associated with levels of
pathological markers of kidney and liver functiomdathe influence of CD4+
lymphocyte levels, gender, age and anti-retrodrafys use on the relationship of both
variables in HIV-infected individuals
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iv. To define the concurrent variations in distributioh the major serum electrolytes

(Na+, K+, CI-) in seropositive individuals

1.5.Research Questions

I.  What are the levels of markers of kidney and liwgrction in HIV-infected and HIV
negative patients?

ii. What are the levels of inorganic electrolytes, itvhfected and HIV negative
patients?

iii. What is the association between markers of kidmelyli@er function and levels serum
electrolytes in HIV patients as disease progrefiserigh different CD4 cell levels
and the impact on this association by ARV use?

iv. Which serum electrolytes exhibit concurrent vaoiasi within body fluids in HIV

infected individuals?

1.6. Significance of the Study

The prevalence of HIV among adult Kenyans gas lbeparted as 7.4% (KNBS&KF Marco,
2010) translating into 1.4 million persons livingithv HIV/AIDS. There are regional
disparities with Nyanza 15.3%, Nairobi 9%, Coa$%.and Rift valley 7% and the least
affected being the North Eastern region (KAIS, 20HV infection impacts on the longevity
and quality of life and therefore good care of passafflicted with the disease should be
multi pronged. Attention to the management of tiact of HIV infection on body fluids

and electrolytes is one such approach since ifati@nded to appropriately, subjects the



patient to several morbid conditions including emdiag the likelihood of mortality (Manfro,

et al.,1993).

In Africa, various socio economic factors which imge on systems of health care delivery
are likely to influence endemic HIV induced oppaigtic infections and morbidities that can
result in patterns of fluid and electrolyte disagl¢hat are uniquely different from other
settings (Cohen and Kimmel, 2007). Therefore itpiudent to establish knowledge
concerning the status of fluid and electrolytesHiV patients. This would facilitate

identification of risk factors associated with thalisorders and to design effective
management strategies for precluding complicati@msing from their defects. By

highlighting the prevalence of disorders of hydratiand electrolytes among local HIV

populations, the study addressed the foregoing lediye gap.

The current study quantified the burden of elegted, kidney and liver disorders in the HIV
population in Kisumu County western Kenya, a figiwhich points at an existing health care
need. By highlighting the most common forms ofdl@nd electrolytes imbalances in HIV
patients attending Jaramogi Oginga Odinga Teachmt) Referral Hospital (JOOTRH) in
Kisumu County, the study has pointed a health mee¢ldis group.The study also has shown
that routine clinical practices may be falling ghafrelucidating all probable causes of serum
electrolytes disorders observed in HIV patientsisias indicative of the need to overhaul
the management of electrolytes and body fluidsrdes in this group of patients beginning

with a reassessment of the modalities of diagnaiege defects.
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1.7. Delimitations/scope of the Study

Whereas there are other methods of assessing thaenmstatus of HIV patients, this
study relied only on the CD4 cell count

There are several indicators of kidney health amattion but the current study relied
on serum creatinine and urea levels and the Cdckfeéult formula for calculating
eGFR

Liver function has several markers but the curgndy used liver enzymes, total
protein, albumin and bilirubin levels only.

The study focused on HIV patients registered atehding the Patient Support Center

at the Jaramogi Oginga Odinga Teaching and Refdosgpital.
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CHAPTER TWO: LITERATURE REVIEW

2.1. The Epidemiology of HIV-infection

The spread of HIV pandemic in the last two decadas shown disparity between the
developed and developing nations, with declinehefincidence of AIDS mainly in Western

societies, due to advances in research, diagnoedigr@atment of HIV infection (Cock, 2000).

On the other hand, with approximately 10% of thaldis population, sub Saharan Africa

accounts for two thirds of the world’s HIV infeati®s (Cohen and Kimmel, 2007). Lack of
adequate resources for management of HIV infecmhfor research tailored to the mode of
pathophysiology of the disease in indigenous Afriqgaopulations in order to delineate

underlying risk factors both genetic and environtakrare largely responsible for the state of
HIV infection in the African context (Cock, 200Adult HIV prevalence in Kenya, Tanzania,

and Uganda are 6.3%, 6.2%, and 5.4%, respectivé8A(D, 2011). However, hotspots

within countries are common and prevalence rates \@ay as much as 15-fold across
different provinces in Kenya for instance, from%.¢ North Eastern province to 13.9% in

Nyanza province (USAID, 2011).

2.2. Pathogenesis of HIV- infection

Human immunodeficiency virus infection is a contag chronic disease acquired through
sexual intercourse, contact with infected fluidg #irough vertical transmission from mother
to child (Ugwuja and Eze, 2006). The natural mgtof HIV infection is composed of a
prolonged incubation period, a prodromal period &ndlly the stage of full blown illness
referred to as AIDS. Progression of HIV infectiercharacterized by progressive depletion of

CD4-lymphocytes, and therefore CD4+ lymphocyte tasia particularly preferred indicator
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for monitoring and determining the clinical speatrof the disease from incubation, through
prodromal to AIDS stages (Schoub, 1994). Based bd+Ccell count, the magnitude of
immune damage and illness caused by the HIV viasshieen classified into three categories
as follows; stage 1 HIV infection is associatedm@D-4 cell count of 500 cells/nihor
more, while stage 2 is associated with a CD4+ cofig00 to 499 cells/mirand stage 3 with

a CD4+ count of 200 cells/mhand below (CDC, 1993). Alcamo (2002) defined AIBS
being the stage when CD4+ cells’ count is below @85 per cubic millimeter of blood. At
this point the immune system is defective and imenprotection deficient and victims suffer

from frequent opportunistic infections.

2.3. Effects of HIV on Organs Regulating Fluids andElectrolytes Balance

Human immunodeficiency virus infection and its asated opportunistic infections and
morbidities as opposed to other diseases, expesbdtly to several concomitant health risk
factors that can adversely affect all or severagheforgans in systems that play some role in
homeostasis of fluid and electrolytes balance aslibease progresses (Hollander, 1987). The
virus is known to cause pathology in and interfertn the functions of the central nervous
system (CNS), the gastro-intestinal tract (GITg tdardiovascular system, the genito-urinary
system, the skin and the respiratory systems allloth are essential in regulating fluid and
electrolyte levels (Kaplaret al., 1987). This multi-organ involvement implies thaetHIV
virus in effect can interfere with several safegisadesigned to cushion periodic changes in
fluid and electrolytes balance, leaving the bodingtable when it is unable to marshal all
available homeostatic pathways in order to effetyivespond to such challenges (see Fig

2.1).
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Figure 2.1: HIV Targets in the System Regulating Rlid and Electrolytes Levels

Glatt and colleagues (1988) similarly noted thatate common pulmonary and intracranial
diseases in HIV patients have been associated fluith and electrolyte imbalances. Sande
and Volberding (1997) also reported that antiratedvdrugs and the HIV virus have been
found to be associated with disorders of the kignéyer and cardiovascular systems which
occupy significant positions within various homeist loops that regulate some of the
intravascular parameters. The advent of HIV intectihas therefore occasioned
unprecedented challenge to the well establishetipteipathway approach to defense against

aberration of fluid and electrolyte (F & E) balan@éis is because HIV infection can break
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the homeostatic loop at any point or at multiplenfso by affecting the performance of
physiologic sensors, relay pathways to and from déetral nervous system (CNS), the
integrative centers and the effector organs (Kamtaal.,1987). Intrinsic and external factors
constantly influence and challenge the functioriabwity of various pathways of fluid and
electrolyte homeostatic balance and the range fpiubwelivered at the end. Failure initiated
at any point in the system manifests as dysregulatf the concerned parameter (Ganong,
2005). Effectively therefore, in HIV-infected indiwals multiple electrolytes regulatory
organs are prone to developing defective performagither concurrently or at different
stages of the disease. Thus in HIV infection sesiof electrolytes disorders can be multiple
and can vary between different stages of the disdzssides documenting the organs whose
pathology possibly lead to the occurrence of fluatsl electrolytes disorders, these studies
fail to explore the likelihood of occurrence of riplle contributors of observed electrolytes
disorders and quantify the magnitude of fluids afettrolytes disorders attributable to each
of the likely sources of imbalance. This is essritor prioritizing intervention strategies

which provide maximum impact to afflicted individsa

2.4 Kidney Function in HIV Infection

Proportionately, the role of kidney in stabiliziteyels of fluid and electrolyte parameters in
blood supersedes that of other organs. This isusecanolecular specializations within kidney
nephrons confer to it the unique property of beimg organ whose functional capacity can
periodically be altered by a diverse range of dgyfram, endocrine, paracrine, autocrine, and
neuronal signals (Seldin and Giebisch, 2000).Heurhore, it is the organ to which effector

signals emanating from the various homeostaticvpayh in response to changes in fluid and
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electrolyte load in plasma ultimately terminate.bSequently by tailoring the kidney’s

performance to serum fluid and electrolytes loaaysplogic processes periodically offset
imbalances in plasma by correlating the load afifland electrolytes discharged in urine to
changes in levels of these parameters in plasmmécand Clark, 2005). Thus urine load is
mainly predetermined and correlated to levels a@fspila fluid and electrolytes, with the
kidney serving as the site where the load to redaith that to offload are finely calibrated in

normal health (Fray and Goodman, 2000).

These harmonious oscillations of urine and pladoid &nd electrolyte loads can be retained
in disease states which spare kidneys despite dnadeterious effects on other organs
important to fluid and electrolytes balance (extaal anomalies) (Braamet al.1994). This

is because in such instances, kidneys’ performdlecéility remains intact and therefore
they continue to match urine load to disease indlwtenges in plasma fluid and electrolyte
levels. However, diseases that directly affectkitmeys by injuring renal parenchyma, will
either dampen or render the kidneys insensitivet¢oming effector signals thereby leading
to loss of performance flexibility (Hakim and Laas, 1988). Renal diseases can also
damage molecular moieties that drive the subcelltdgulatory activities thereby leading
either to retention of electrolytes whose only pafthexit from the body is the kidney
(creatinine) or lead to leakage of electrolytes mvheeabsorptive mechanisms stall

(proteinuria, glycosuria) (Giebisch and Windha@&05).

The common feature among the various HIV inducathdy conditions that have been

described is that they damage kidney parenchymezé8h, 2002). Studies have shown that
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the HIV virus causes renal injury via various methas. It has been reported that HIV-1
infects lymphocytes and macrophages which uponyeintto the kidney might release
inflammatory lymphokines or cytokines thereby cagsrenal injury (Kinteret al., 2000).
Furthermore, the HIV-1 proteins may also directljure renal parenchymal cells. Available
evidence has shown direct HIV-1 infection of kidrpgrenchymal cells which is a potential
cause of cytopathic effects including proliferatiand/or apoptosis (Conaldet al., 1998).
Both HIV-1 protein and nucleic acid have been detdin podocytes and tubular epithelium
by the use of sensitiia situ hybridization techniques (Kimmegt al., 1993; Bruggemargt
al., 2000). Therefore HIV-associated kidney disease® l@merged as major outcomes of
direct viral infection and/or anti-retroviral as Nvas non-ARVs drug toxicities (Kimmel,
2000). There are mainly three types of chronim&iddiseases caused by HIV infection;
HIV-associated thrombotic microangiopathies, HIVmome-mediated renal diseases, and

classic HIV-associated nephropathy (Weirral.,2003).

Destruction of kidney parenchyma of any form caadléo functional impairment which in
turn can augment the dysregulatory effects of tleious HIV co-morbidities on the
physiology of fluid and electrolyte parameters &Slack,et al., 1990). Normal glomerular
filtration rate coupled with carefully regulatedcsstion and reabsorption within the kidney
nephron, determine the amount of electrolytes and< in plasma to meet demand and offset
fluctuations occasioned by extrinsic and intrinsi@uses (Cockcroft and Gault, 1976).
Impaired kidney function can emanate from pathaalgevents at any of these functional

sites of the nephron as expounded in the sub-sedtitat follow.
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2.5. Glomerular Diseases in HIV Infection

The glomeruli provide a large surface (glomerullration barrier) across which filtration
occurs. This ultrafiltration separates plasma wated crystalloids from blood cells and
protein macromolecules, which remain in the glorderairculation (Hunley and Ichikawa,
2009). Out of total renal plasma flow (RPF) of 60Qrar minute, glomerular filtration rate
(GFR) forms at the rate of 125mls per minute whénthee nephrone are functioning in
parallel (Giebisch & Windhager, 2005). This tratetato filtering the entire extracellular

fluid volume through the nephrons 10 times a dayséoutiny.

Evidence has been adduced showing that HIV-1 vepkcates in the kidneys and targets the
glomeruli cells which get injured in the procesal(fa, et al, 2009). Injury to the glomerulus
may breach the integrity of the glomerular filtoatibarrier resulting in total collapse of whole
glomeruli units or partial loss of function of thffected glomeruli (Giebisch and Windhager,
2005). In the former, a whole nephrone is lost @ntb longer contributes to filtration and
urine formation in that kidney. In the later, pakiioss of function may be attributed to loss of
permselectivity of the filtration barrier due tastoof its overall negative charge. It manifests
as reduced glomerular filtration rate with or wiihoanomalous solute sieving abilities
resulting in abnormally high levels of certain dekiin glomerular filtrate or appearance in
the filtrate of solutes not normally filtered intq Giebisch and Windhager, 2005). Hat al,
(2006) demonstrated that diseases that induce gldomephritis lead to loss of the overall
negative charge of the glomeruli filtration barriand enhance the passage of hitherto

restricted negatively charged molecules such agnals resulting in albuminuria. In their
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study, (Hanget al., 2006) found that 6% of HIV patients displayed [stent proteins in urine

while 36% had microalbuminuria.

Glomerular diseases that destroy whole or portafrithe capillary tuft as seen in sclerosing
glomerulonephritis also have direct impact on tHemgrular filtration rate (GFR) by
reducing the net capillary surface area availateuftrafiltration (Valeriet al.,1996). This is
because the amount of fluid filtered through thenggrular capillaries as in any other
capillaries depends on the net surface area afapilaries perfused or available for filtration
to occur through, in addition to hydraulic conduityi and the Starling forces (Giebisch and

Windhager, 2005) as depicted by the formula thixdvics:
GFR (glomerular filtration rate) = Kf . [[PGC — BB- *"GC -™BS )] where [(PGC — PBS

) — ("GC —7BS )] = PUF.

PGC is the hydrostatic pressure in the glomerudgillary favouring ultrafiltration, PBS is
the hydrostatic pressure in Bowman’s space opposltrgfiltration, TGC is the oncotic

pressure in the glomerular capillary opposing filtration, and™BS is the oncotic pressure
in the Bowman'’s space favouring ultrafiltration., K& the ultrafiltration coefficient, and PUF,
is the net driving force favouring ultrafiltratiqhdopted from Boron & Boulpaep: Medical

Physiology: Philadelphia Elsevier Saunders, pp, 2685).

According to the formula, when the net capillaryfsce area reduces due to collapse and
reduction of the number of viable glomeruli capikta, the glomerular filtration rate (GFR)

reduces and in the long run this leads to accuiulaif constituents such as creatinine and
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electrolytes in the extracellular fluid (ECF) compaent. Reduced ultrafiltration rate also
leads to reduced reabsorption, secretion and ukighairine production downstream. The
more nephron are damaged, the greater the impactegulatory capacity and urine
production (Giebisch and Windhager, 2005). Hemeeviolume of urine production in HIV

patients needs to be monitored to ascertain itecgifcy.

2.6. HIV Induced Tubular Diseases

The epithelial cells of the tubules undertake twactions, namely secretion and reabsorption.
Epithelial plasma membrane associated moleculahamesms of transport regulation, confer
the ability to match secretion and reabsorptioag @b prevailing physiologic demands of the
body (McDonough, 2010). The Human immunodeficievieys and antiretroviral drugs have
been associated with direct injury to tubular egitil cells (Salifu,et al., 2009). Functional
damage due to such injuries arise as a resultrofda to the said molecular components such
as the sodium — proton (Na+ / H+) exchanger resplnfor the various transport functions
that constitute secretion and reabsorption (Heymd aFisher, 2006). Extracellular cell
volume, circulating blood volume, and blood pressare interdependently regulated by the
rate of sodium transport at the proximal segmenthieyNa+/H+ exchanger and injury of this
segment by the HIV would interfere with these flparameters (McDonough, 2010). It also
interferes with secretion of ammonium ion (NH4+)igvhaffects acid-base balance (Kassirer,

1985).
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Glatt, et al., (1988) asserted that proximal tubular dysfunctssociated with drugs such as
tenofovir and amphotericin B cause an electrolytastmg state that can lead to life
threatening hypokalemia. Winstoet al., (2009) also reported that tenofovir has been
associated with proximal renal tubule damage charaed by proteinuria, glycosuria,

hypokalemia, and hypophosphatemia (Fanconi syndrotmgury to the loop of Henle

interferes with the urine concentrating capacity tbé kidney. Pathologic damage to
interstitial cells of the kidney has also been asded with electrolyte disturbance (Sellmeyer
and Grunfeld, 1996). It may also interfere witle #idney’s ability to secrete erythropoietin

(EPO) thereby reducing erythropoiesis (Fray anddaman, 2000).

2.7 Kidney Function Markers in HIV Infection

The varying array of kidney pathology that are agged with HIV infection imply that
impaired balance of biomolecules in urine (protaey systemic acid-base disturbance and
physical fluid parameters perturbations (blood gwes and osmolality) can serve to indicate
impaired kidney performance in HIV infection (Saliet al.,2009). However serum urea and
creatinine levels which depend on the balance letvtleeir production and excretion are the
most routinely used markers in clinical care andgniost studies (Provan and Krentz, 2003).
Urea a product of amino acid breakdown in the ligegxcreted mainly through the kidneys.

A significantly high serum urea levels usually icaties impaired kidney function.

Daily production of creatinine mainly as an endgurct of metabolism of muscle creatinine
is fairly constant and its only route of excretioom plasma is the kidney (Widmaieat al.,

2004). Kidneys match the amount of creatinine eércrén 24 hours to that produced in the
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same period so that the level of serum creatingmeains fairly constant at 60- 125 mmol/l
(Provan and Krentz, 2003). Creatinine excretiomhim kidneys is by both ultrafiltration and
secretion and it is not reabsorbed at the tubilestefore its elevation in plasma is often used
as an indicator of kidney function disorder (Sz¢te@009). Several studies have reported
creatinine clearance anomalies following the ingbn of antiretroviral drugs; Gallargt al.,
(2005) found that a year after patients were daote a tenofovir-containing regimen, they
had a 10% decline in their creatinine clearancepayed with a 6% decline in creatinine
clearance observed in patients started on otheleoside reverse transcriptase inhibitors
(NRTI)-containing regimens. Lao, and Colleaguesl@@Oestablished that elevated baseline
serum creatinine was a potential predictor for ftewio discontinuation in their study
population. However in clinical practice, createdbased equations, such as the Cockcroft-
Gault equation that calculates creatinine clearamcéhe Modification of Diet in Renal
Disease (MDRD) equation for estimated GFR (eGFR)ferquently used to estimate renal

function, instead of serum creatinine measuremeneaFranceschingt al.,2005).

2.8. Liver Function in HIV Infection

The liver contributes to serum electrolytes balaogaevay of production of angiotensinogen
and by its role as the main point of synthesisentisy proteins (Sherlock and Dooley, 2002).
Angiotensinogen is the precursor of angiotensiwHich triggers the secretion of aldosterone
essential for regulating sodium and potassium ¢xerdy the kidneys (Ginegt al., 2003).
Proteins are the most abundant organic moleculddoad and contribute significantly to
effective intravascular osmolality in form of onicotpressure a parameter essential for

maintain intravascular volume and consequentlyesyst blood pressure (Macleod, 1977) .
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Oncotic pressure is an essential component of tiaelir®) forces that determine fluid

exchanges between blood and the tissue spacesp@&m)l2005). Of the proteins, the most
abundant are the albumins, globulins and fibrinogethecreasing order (Mader, 2007). Liver
diseases that impair the ability to synthesize @egsinogen and proteins have profound
effects on the liver's role in regulation of serdimds and electrolytes balance (Green and

Flamm, 2002).

Common infectious diseases frequently affect Iivealth only transiently leading to minimal
impact on the liver’s role in electrolytes regubati However chronic impairment of synthetic
functions of the liver due to disease, such as rscouHIV infection or its co-infection/co-
morbid factors, could reduce circulating total piotlevels sufficiently enough, to lower
overall oncotic pressure and trigger a cascade@wipensatory events that eventually impact
on blood pressure, and overall body fluids andtedgtes balance (Schuppan and Afdhal,
2008). On the other hand, liver disease that cidtemin liver cirrhosis could lead to portal
hypertension resulting in shunting of hepatic blawoid systemic circulation in response to
which, nitric oxide and other vasodilators causlarsghnic vasodilatation and fluid retention
in the abdominal region (ascites) (Rodriguez andowka, 2008). Pronounced splanchnic
vasodilatation in turn precipitates a fall in syste arterial blood pressure, which activates the
rennin-angiotensin system and also triggers inextagmpathetic activity as well as alters the
activity of the Kallikrein-Kinin system (Kumar ardlark, 2005). These responses have the
effect of leading to salt and water retention, ralien of capillary permeability and resulting

in impairment of elements responsible for sustgfiady fluids and electrolytes balance.
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The liver is one of the organs mostly structuralhg functionally afflicted by gastrointestinal
diseases in HIV-infected individuals, besides impaan the bowel, and the oesophagus
(Jablonowski, 1995). Besides predominantly infegtine CD4+ lymphocyte cells a number
of studies have elucidated HIV infection of non logmietic cells, including the liver cells
(Cao, et al.,, 1992). HIV infection of liver cells such as theinpary Kupffer cells,
differentiated tissue macrophages, sinusoidal calld hepatocytes proceeds by means of
several mechanisms. It has been demonstrated tbpffdk cells, sinusoidal cells and
hepatocytes can be infected by the HIV virusivo (Hufert, et al.,1993). As hepatocyte cell
lines do not express CD4 cell surface markers, thought that their infection with the HIV
virus is non CD4 dependent (Bergaral 1999). Hepatocytes may act as transient ressrvoir
of the HIV, but in some instances infection cauapsptosis of hepatocytes which may

precipitate pro-fibrotic activity of stellate hematells (Maciaset al.,2005).

Liver histology in HIV patients have shown a comnpattern of portal vein occlusion, peri-
portal or peri-sinusoidal fibrosis, low grade imflenation and steatosis (Kovaet al., 2009).
The HIV virus causes deterioration of liver healtid function by directly infecting liver cells
(Kupffer cells, sinusoidal cells and hepatocytesll &y indirect injurious mechanisms
(Hufert, et al., 1993). Infected liver cells often undergo apoptoshich is subsequently
followed by fibrosis. Thus liver histology in thesedividuals have shown portal vein
occlusion, peri-portal or peri-sinusoidal fibrosigw grade inflammation and steatosis
(Kovari, et al.,2009). However besides direct HIV pathogenetioimement in liver disease,
the most common cause of liver disease in HIV-dt#d patients is hepatitis (Smitét, al.,

2010). In the absence of Hepatitis C (HCV) and tigpd8 (HBV), the various forms of liver
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lesions associated with HIV infection that haverbesported include; liver decompensation,
with and without evidence of cirrhosis on biopsynbn-alcoholic liver disease (NAFLD) and
its more severe form, non-alcoholic steatohepaisSH) and hepatocellular cancer (HCC),
(Chang,et al.,2009); (Crum-Cianflonegt al.,2009). Some studies have posited that chronic
liver enzyme elevations (LEES) have been associatgd steatosis and steatohepatitis
(Patrick, et al., 2009). Studies have shown that liver abnormaliéiess common findings in
HIV infected patients (Kalafatelgt al.,2012) and factors ranging from alcoholism, diabete
hepatitis, neoplasm, drug toxicity and direct Hiathmology have been listed as determinants

of liver health and function impairment in HIV idigion (Crum-Cianfloneet al.,2009).

Various forms of liver diseases have therefore baescribed among HIV-infected patients
including non-alcoholic fatty liver diseases (NAF)LMon-alcoholic steatohepatitis (NASH),
hepatocellular cancer (HCC) and liver decompensafiecompensated portal hypertension
in HIV patients presents with manifestations sustascites and bleeding esophageal varices

without cirrhosis at histology (Vispet al.,2010).

In addition to direct adverse effects of the HI\Wariety of factors have been identified as
being associated with damage to liver structure famdttion in HIV patients including:

antiretroviral and non-antiretroviral drugs toxie#; tumors (lymphoma and Kaposi sarcoma);
and opportunistic infections such as cytomegalevoumycobacterium and co-infection with

Hepatitis B virus (HBV) or Hepatitis C virus (HC\Yogel, 2007).
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Antiretroviral hepatotoxicity has been attributednucleoside reverse transcriptase inhibitors
(NRTIs), protease inhibitors (PIs) and non-nuckd®tieverse transcriptase (NNRTIs) (Nuiez,
2010). These drugs afflict liver health and functiby way of hypersensitivity, direct
mitochondrial toxicity and /or disturbance of lipsd sugar metabolism (Coffiet al.,2010).

As a result ARV- hepatotoxicity is a major challenthat strains medical budgets due to
repeated hospital visits or admissions in ordenémage the disorders resulting from it. There
is therefore need to investigate the burden, patihegjs and determinants of liver diseases in

HIV patients, as a part of comprehensive HIV manag@ strategy in every health setting.

In a Swiss cohort of 2365 HIV —infected patients no-infected with HBV or HCV, in
whom levels of alanine aminotransferase (ALT) wasnitored, 16% had chronically
elevated levels of ALT (defined as >2x upper limit normal (Kovari, et al., 2010).
Determinants described as risks associated witbetkéevations were HIV RNA, prolonged
exposure to antiretroviral treatment (ART), highdpomass index (BMI), alcohol, and
increasing age. In a study involving a Polish coludr182 HIV- infected individuals on
HAART followed for eight years, Anita and colleagu€009) established that the most
common clinical presentation was asymptomatic emzytevation, usually <10times the
upper limit of the normal range. Lucien al (2010) monitored the levels of transaminases in
HIV patients attending Central Hospital Yaoundem@eoon, involving 150 participants over
a three year period, and established that 54% arg¥®2had elevated levels of AST and ALT

respectively.

26



2.9. Liver Function Markers in HIV Infection

Tests of liver performance efficiency carried out lmomolecules associated with the liver
and found circulating in blood fall into two catets ;(1) liver function tests which utilize

serum albumin and prothrombin as the markers @ lfunctional integrity; and (2) liver

biochemistry which assess serum AST and ALT to wetal hepatocellular damage. Liver
biochemistry also assesses serum alkaline phosgsatandy-glutamyl transpeptidase

reflecting cholestasis and also involves invesiigabf serum total protein levels ( Colledge,

et al.,2010).

The multiplicity of liver pathology in HIV infectio have occasioned various types of
abnormalities of liver function tests (LFTs) (Efele, et al, 2007). These include signs or
symptoms of hepatocellular injury, such as increaseserum liver enzyme levels (Sawds
al, 1999). Research by Zucket, al.,(2001) demonstrated that indinavir (a proteas#itdr)
directly inhibits the activity of the hepatic enzgnmDP-glucuronosyl transferase (UGT),
leading to the development of a reversible, asymate, indirect elevated serum bilirubin
(hyperbilirubinemia). In HIV infection, hypergammagulinemia and hypoalbuminemia are

also common findings indicative of liver functioarapromise (Salifuet al.,2009).

Most studies outline kidney and liver functions aheir impairment in isolation in HIV

infection as in other common diseases. Howevertdube prolonged history and sustained
effects of HIV and associated morbidities, theggans together with others that play crucial
roles in electrolytes balance can be functionathpaired concurrently or in overlapping

periods of the HIV disease progression. The cursardy therefore undertook to explore the

27



prevalence of these organs’ defects in HIV-infecgtetividuals and the likelihood of their co-
occurrence in the history of the disease. The dation of the occurrence of multiple
regulatory organ defects implies that the rangeasfsible sources of electrolytes defects in
HIV infection is broader than the organs frequemdisgeted as major sources of electrolytes

imbalance in routine investigations during mostigts and for clinical purposes.

2.10. Serum Electrolytes

Electrolytes are electrically charged minerals aligsd in the two major body fluids
compartment, the extracellular and intracelluladyodluids. Serum the fluid component of
whole blood is a sub compartment of the extracalldiluid. Quantitatively there are two
categories of electrolytes in serum; the major meelectrolytes (sodium, potassium, chloride
and bicarbonate ions) and the minor serum ele¢é®lincluding magnesium and calcium
among others (Rose and Fost, 2001). Generallyrelgies help move nutrients into and
wastes out of the body’s cells, maintain a healtiayer balance and help stabilize the body’s
acid level (Steel and Hediger, 1998). Specificallgdium predominantly an extracellular
electrolyte, helps to regulate the amount of waterthe body. Potassium mainly an
intracellular electrolyte is important in regulatiof the heart's rhythm, cell membrane resting
potential and muscle cell contractility (Kaplagt, al., 1996). Chloride ions are dominant
extracellular anions which move in and out of tkdscto help maintain electrical neutrality
and its level usually mirrors that of sodium. Bloanate, which is released and reabsorbed by

the kidneys, helps maintain a stable extracellillgd pH level (Alper, 1991).
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Mechanisms of Regulation of serum electrolytes atirmaintaining a physiologically optimal
level of each of the electrolytes by balancing inpith output. Broadly, these mechanisms
can be subdivided into two main categories; exteragulation and internal regulation
(Seldin and Giebisch, 2000). External regulatiorolaes mechanisms which aid exchange of
electrolytes between serum and the body’s extenmaronment. The main organs of external
regulation are the GIT, the cardiovascular, theiratory, the renal and the integumentary

systems (see Fig 2.2).

Out put
In put Serum GIT
—— Renal
>
GIT electrolytes Skin

Respiratory

Figure 2.2: Components of External Regulation of &um Electrolytes

Here serum is sandwiched between two functionalgs®f organs of electrolytes regulation
namely, the input and the output organs. The foramrdelivery of electrolytes into serum
from the external environment with the GIT being firominent organ. The later aid exit of
electrolytes from serum into the external environtrtee main player being the kidneys and
the respiratory system (Seldin and Giebisch, 2000gse elements of external regulation
contribute to establishing and maintain serum sdgdes levels by whole organ
performances with their activities closely coordathby the neuroendocrine systems enabling
output organs to match the magnitude of electrsiyteat they void from serum to the

magnitude taken into the body through the inpuainsy(Fitzsimons, 1998).
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However input and optt of electrolyte into and from serunalso occurs via the elemet
that congtute the internal regulation mechanismdernal regulations mainly undertaken b
cellular components and mechaniswhich aid exchange of electrolytes betweerum and

the intracellular fluids\ingo and (ain, 1993) (see Fig 2.3).

Input

Internal regulatio External regulatio

serum electrolytes

Balanct Balanct

\/

Output

Internal regulatio External regulatio

Figure 2.3: ComprehensiveRegulation of Serum Electrolytes

Comprehensive regulation of serum electrolyteerefore involves input events from b
extanal and internal regulation ms and output events from both external and inte
regulation arms. Whereas input and output eventhefexternal regulation arnmepend on
whole organ performanad the concered organs, these events in the internal regulatior
rely heavily on the individual molecular moietiesimy clusteredwithin the individual cel
membrane such as the ubiquitous soc-potassium pump, sodium channels, potas:

channels and chloride ameels (Wakabayashigt al.,1997).
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2.11. Serum Electrolytes in Systemic Diseases

Systemic diseases often affect the respiratoryesysthe gastrointestinal system, the central
nervous system or the renal system in isolation @uésionally concomitantly (Kumar and
Clark, 2005). The resultant hemodynamic alteratidingd depletion or accumulation), fever,
nitrogen wasting, and changes in membrane transpuattacid-base balance contribute to

frequent serum electrolytes perturbations (Leep201

Based on the foregoing, there are various pospiaimutations of regulatory organs’ injuries
that can affect the established cooperativity agich the direction, extent and efficiency of
plasma and urine fluid and electrolyte balance hBgpe is associated with specific outcomes
in fluid and electrolyte imbalance. When diseasecsally injures pre-renal organs and
spares the renal component, the nature of the atgyl cooperativity process is altered by
losing the additive mechanisms partially or fullwhile it retains competent output
mechanisms resulting in characteristic impact ol of fluid and electrolytes balance in
plasma and urine (Mitch and Wilcox, 1982). On thileeo hand, when disease injures renal
regulatory capacity but spares pre-renal organgp@tivity loses the output mechanisms
partially or fully while it retains the additive rdeanism. However, in the case of renal
injuries, the derangements in output mechanismsacze as a consequence of one of the
following four histological injuries to the kidneyephron; (a) there can exist impairment of
the glomerular filtration efficiency as seen in mlerulopathies; (b) impairment of tubular
reabsorption efficiency in tubular injuries; (c) éan result from impairment of tubular

secretion ability in tubular injuries; or (d) fromnpairment of both glomerular and tubular
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functional capacities. In addition, there can ocany two combinations of the above renal

histopathologies, or all these injuries can presentomitantly.

Depending on the site of disease impact therefdifesrent forms of fluid, electrolyte and
mineral perturbations can be observed as featufemfectious diseases. The common
hemodynamic changes that arise in infectious deseaxlude decreased systemic vascular
resistance, increased cardiac output and increasedl vascular resistance (Scettal, 2006).
Blood volume is initially increased, but it decreass disease progresses. The hyponatremia
frequently observed in infectious diseases resfittsn increased levels of antidiuretic
hormone (vasopressin), entry of sodium into celtsjium loss by diarrhea and resetting of
osmoreceptors (Wakil, 2011). While hypokalemia eausy hyperventilation is often
observed, in severe infective episodes, hyperkalearses from intravascular hemolysis or
rhabdomyolysis, and occasionally from decreasedincof Na+,K+-ATPase (Ackeret al,

1998).

These electrolyte and mineral perturbations arestemt and quickly resolve when the disease
is controlled. In these diseases the contributioelements of internal regulation to fluids and
electrolytes balance are barely given the attentieey deserve since the mechanisms by
which these diseases trigger electrolytes disor@ersransient and often when the infection is
treated the functionally altered elements recoleir tviability and resume playing their roles
in electrolytes balance. But in HIV which is a Istending infection, these impacts are
sustained and the contribution of these other ssui@ fluids and electrolytes imbalance may

be as eminent as that of the organs usually siespast the main culprits in the development
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of electrolytes disorders. In addition to the rgplkayed by the hemodynamic changes in
development of electrolytes disorders in infectialiseases, the sustained assault by the
chronic nature of HIV infection and recurrent ogpaistic infection induce direct structural
damage to organs and cellular elements regulategrelytes levels (Baileyet al., 2004).

These can occur from the molecular levels throaghhole organs structures.

2.12. Electrolytes in HIV Infection

Literature has shown that patients with HIV infeatican develop a variety of fluid and
electrolytes disorders, some attributable to tH¥, Hvhile others arising as a result of
ilinesses associated with AIDS or as toxic sidec§ to regulatory organs by antiretroviral
medications (Perazella and Brown, 1994). Pathodbgeffects of HIV infection and
antiretroviral drugs on several organs includingiams of the gastrointestinal system (liver),
the adrenal glands and the kidneys have been linkedolume losses and electrolyte
alterations (Berggren and Batuman, 2005). Gétgl., 1988, reported that infection with the
Human immunodeficiency virus is associated withidearange of the morbidities that may
lead to changes in fluid and electrolyte compositi@ruggeman and Kalayjian (2009)
asserted that higher rates of diabetes, hypertemsid hepatitis C co-morbidities are common
findings in HIV patients. Sande and Volberding (ZP9eported that tuberculosis and
pneumonia are common opportunistic infections iopbe with HIV and AIDS and that
gastrointestinal conditions related to HIV infecisoincluding dysphagia, vomiting, anorexia
and diarrhea are almost universal at some poitth@sliseases develops. If these conditions
are acute or become prolonged, they can severempdrathe ability of the lungs, liver and

GIT systems to undertake their normal functionduiding the roles they play in fluid and
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electrolyte balance (Macleod, 1977). In a study Pgter (1991), the prevalence of
hyponatremia in HIV patients was reported at 28.486,hypokalemia at 17.3% and
hyperkalemia at 4.9%. Manfret al., (1993) on the other hand reported the prevalefice o
hyponatremia to be 45%, hypokalemia to be 23.1% raathbolic acidosis to be 20.1% in

HIV patients at admission.

2.12.1. Body Water Composition and Pathophysiology HIV Infection

Total body water is affected by numerous diseakss]ing to depletion or intoxication
(Stevens 2007). Primary water depletion though, raceurs from reduced intake or unusual
losses. Reduced intake is likely when the pat®wbtunded, unconscious, disabled or cannot
ingest water due to interference with swallowingo@sophageal obstruction (Glat, al.,
1988). In HIV patients, water depletion can arise tb causative factors that commonly lead
to water depletion in other disease conditions rmamgsphagia, coma, depression or apathy
(Elenberg and Vellaichamy, 2009). HIV linked oroapyngeal candidiasis and oesophageal
Kaposi sarcoma can induce dysphagia or obstrulesiens of the oesophagus (Willis, 2002).
Glatt, et al., (1988) reported that volume depletion in HIV patgeis also a common
consequence of diarrhea and vomiting. Accordin@<tdim, et al.,2008), HIV patients are at
risk of developing volume depletion resulting fraalt wasting, poor nutrition, nausea, or
vomiting. WHO (2009) reported that the proteasehindrs (Pls) are associated with diarrhea

as a side effect.

Water intoxication (dilution syndrome) produces expansion of the extracellular water

(ECW) and intracellular water (ICW), with a correspling decrease in solute concentration
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(hyposomolality) (DeFronzo and Thier, 1980). It mecin patients whose illness restricts
their ability to dilute urine leading to intoleramto water loading (Jamison and Oliver, 1982).
Decreased renal perfusion can lead to water retergspecially in the presence of the
following states; acute and chronic renal diseasephrotic syndrome, adrenocortical
insufficiency, hepatic cirrhosis, and congestiveda failure (DeFronzo and Thier, 1980).
Cooke (1979) also stated that renal retention démaccurs in the presence of the syndrome
of inappropriate antidiuretic hormone secretionA®H). The syndrome of inappropriate
antidiuretic hormone secretion is associated withmpnary diseases (pneumonia, lung
abscess, tuberculosis, mycoses), central nervosgemy disease (encephalitis, tumor),
malignant tumours (Kaposi sarcoma), and a wideetsaiof drugs (Kinzie, 1987). All these
diseases are likely eventualities of HIV infectiamd therefore predispose the HIV patient to

water accumulation.

2.12.2. Body Sodium Changes in HIV Infection

Normal blood sodium level is 135 - 145 milliEquieats /liter (mEg/L) and is essential in
determining extracellular osmolality, and in ensgrithe myriad of transport mechanisms
across the cell membranes in various tissues (Agttd., 2008). Excessive accumulation of
sodium in blood or hypernatremia occurs whenevereths excess sodium in relation to
water. There are numerous causes of hypernatrengae may include kidney disease, too
little water intake, and loss of water due to diaa and/or vomiting (Alcazar, 2008). These

conditions frequently afflict HIV infected patients
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Sodium depletion in blood (hyponatremia) occurs mewer there is increase in the amount of
body water relative to sodium. This happens witmesaliseases of the liver and kidney which
are pathologies that have been reported in HI\ciidas (Alcazar, 2008). Glattt al., (1988)
intimated that HIV patients frequently suffered bgptremia as a consequence of diarrhea,
vomiting and the syndrome of inappropriate antiglier hormone (SIADH). According to

Agrawal,et al.,(1988), the prevalence of hyponatremia ranges 86#60% in HIV patients.

2.12.3. Chloride Changes in HIV Infection

Because it readily diffuses from extracellular tdracellular fluid and vice versa, chloride
ions are essential in helping to balance the lew#lsanions in various body fluid
compartments as seen in chloride shift which traesbetween the intracellular fluid in red
blood cells and plasma when carbon dioxide conagatrs increase or decrease (Tortora and
Grabowski, 1996). Chloride is the most abundanbrann the extracellular space and its
serum concentration ranges from 95 to 103 mEqitger Low chloride levels can arise from
vomiting, heavy sweating and from adrenal glandkidney diseases and on the other hand,
excessive accumulation of chloride ions in bloodaistimes a sequel of certain kidney
diseases, or diarrhea (Robert and Abbas, 2009; iMiheet al, 2009). Dehydration,
vomiting and renal failure are not uncommon in Higtients and as such chloride disorders

are likely occurrences in these patients (Glatl, 1988).

2.12.4. Potassium Changes in HIV Infection
Potassium is the most abundant cation intraceluknd it serves to establish cells’ resting

membrane potential. It is important in the dynamaésaction potential in muscles and
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neurons, and plays a role in pH regulation in thét readily exchangeable with H+ ions in
either direction of the cytosol (Tortora and Grakkiw2003). Due to its abundance inside the
cell, potassium is the main determinant of intriat@t osmolality (Maxwell and Kleeman
1987). The normal serum levels of potassium aret@.8.0 mEq per liter. The steady state
levels of potassium are maintained by oral intakkatced by excretion of excess through
GIT and kidneys. Disorders such as acute or chrdgichea, hypoxia, water depletion and
acidosis encourage transfer of potassium out d§ d@elo the extracellular space and lead
therefore to increased urinary loss and ultimatpleden of potassium (Macleod, 1977).
Glatt, et al., (1988) asserted that gastrointestinal infectiaeling to diarrhea or vomiting
and certain drugs used for treating HIV or HIV tethopportunistic infections can result in
hypokalemia. On the other hand, hyperkalemia in Id8#ients is seen to be associated with
adrenal insufficiency, disorders that decreaseftimetion of the kidneys, the syndrome of
hyporeninemic hypoaldosteronism and the use of drugch as trimethoprim-

sulfamethoxazole or intravenous pentamidine (Gkamoh Carol, 2007).

2.12.5. Acid — base dysregulation in HIV infection

The pH of blood is slightly alkaline at betweenY a@hd 7.45 and it depends mainly on the
concentrations of carbonic acid and bicarbonatdsland (Garret and Grisham, 2008). The
concentration of carbonic acid in turn dependshenptartial pressure of carbon dioxide in the
alveoli. The alveoli partial pressure of carbonxitie is itself maintained by the equality
between its rate of production by the tissues &medrate at which ventilation eliminates it
from the body (Boulpaep, 2005). On the other hdnel,concentration of the bicarbonates is

regulated by the kidney tubular epithelium (Baileyal.,2004). Thus the lungs and kidneys
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play essential roles in maintaining the body flaigH, and diseases which limit the functional
efficiency of these organs can lead to pH imbala@iatt, et al., (1988) reported that non-
anion gap and high anion gap metabolic acidosi4l\hpatients were precipitated by varying
causes. The former is mainly associated with imaklosses of bases caused by diarrhea and
renal acidosis resulting from adrenal insufficiendppe syndrome of hyporeninemic
hypoaldosteronism, or drug toxicity (e.g, amphaiarB toxicity) (Smellie, 2007). The later
form of metabolic acidosis in HIV is mainly assdet with chronic kidney disease, type A
lactic acidosis caused by tissue hypoxia, and Bypectic acidosis (Garret & Grisham, 2008).
Type B lactic acidosis has been linked with usewfleoside reverse transcriptase inhibitors
such as zidovudine, didanosine, zalcitabine, ladiive, and stavudine (Bonnet, al.,2011).
Prolonged or severe vomiting which are common natitibs in HIV patients predispose to
metabolic alkalosis as in other disease statesrg{u2010). On the other hand, respiratory
alkalosis and respiratory acidosis in HIV patiehtsre been associated with opportunistic

infections of the lungs or central nervous syst&iait, et al.,1988).

The difference in findings of prevalence of bodyids and electrolytes disorders could be
attributed to study settings and this informednked to conduct and establish prevalence of
electrolytes disorders in local HIV populations.tiihese possible permutations of fluids and
electrolytes disorders, the empirically observeith8 and electrolytes states in HIV patients is
a culmination of numerous probable regulatory dises. Merely pointing the existence of

aberration in fluids and electrolytes disorderssdoet serve as an adequate pointer to the
proximal contributors to the observed imbalanceofi§ aimed at attributing to specific

regulatory elements quantifiable magnitudes of olek F&E disorders are therefore
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necessary when the HIV infection exists as the tpaxind disease. Also point of care
investigations of electrolytes disorders which at#e these states with immediate
underlying clinical episodes such as fluid depletior overload do not explore the
contribution of actual structural defects in regoig organs and cellular elements to the
electrolytes imbalance in HIV infection as oppogdedthe transient perturbation of organ

performance that are usually the means by whicbratiseases occasion electrolytes defects.

2.13 Effect of HIV on Cell Plasma Membrane

The cellular plasma membrane maintains cellularenedtand ionic gradients necessary for
the proper functioning of the cell (Boulpaep, 200H)e ability to alter the cell’s intracellular
ion concentration is necessary for many of the ahimruses in their life cycle and for
cytolysis as a means of extruding the virons alftest assembly (Dalgeshet al, 1984).
Studies have elucidated several viral proteins aesiple for the increased membrane
permeabilities and ion transport including viropsti glycoproteins and proteases is a

common feature of viral infection (Dalgesét,al.,1984).

HIV mediated plasma membrane perturbation can taffeambrane permeability leading to
altered transmembrane gradients of cations andl snwdécules (Fermin and Garry, 1992).
HIV Viroporin proteins have been found to form chals in the lipid layer of plasma
membrane (Coffin, 1995). This channel is less digoating than the highly selective
channels for bacteria and eukarya (Fostegl., 1980). Viroporins are not the only means by
which the HIV alters plasma membrane permeabiliy the virus employs other mechanisms

such as generalized membrane destabilization aedatgbn of existing ion channels and
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pumps or of their expression (Gallo and Montagn®€03). This it does using other HIV
proteins which have been shown to interfere withulae electrophysiology. These include,
HIV-1 Nef which induces alteration in intracellulgaotassium ion concetrations doing so
indirectly by interacting with plasma membrane idmnnels to modify their conductance
properties (Kort and Jalonen, 1998). The HIV Vpiichhhas been observed to cause a large
inward current and cell death in hippocampal nesir@iller et al, 1996). It has also been
demonstrated that the HIV Vpu protein forms chasnahd induces potassium ion
conductance in Xenopus oocytes (Schubtal, 1996). On the other hand the HIV Tat blocks

L-type calcium ion channels in dendritic cells (Bpgt al.,1998).

The Surface glycoproteins (SU) of HIV activates Keet+/H+ antiport and K+-conductance in
astrocytes (Bubeirgt al., 1995). As a result it has been shown that HIV dhés leads to
increases in intracellular concentration of monemaktations (Na+ and K+) (Carrasco, 1995).
This influx of osmotically active ions enhances evanhflux into cells thereby expanding the
cell volume (Vosset al., 1996). The HIV virus also alters the normal fuacf of the
sodium-potassium-chloride (Na+/K+/Cl) co-transportiring its control of cell volume
(Makutonina, et al., 1996). Therefore, the alteration of membrane icendport and
permeability are important mechanism for HIV cytthymgenesis. These events continue
during the sustained viral infection and have ltemgn effect on the cells ability to participate

in proper redistribution of electrolytes betweea #xtracellular and intracellular fluids.

This implies that as opposed to the transient effet infectious disease which abate when

the infectious disease is handled, actual structleenage of a wide array of cellular and
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tissue elements are relevant to establishing elgttss disorders in HIV. Therefore focusing
on whole organs alone in investigating the sounfeslectrolytes defects in HIV may not
sufficiently explain the observed electrolytes dése Furthermore few studies have explored
whether and how prolonged skewed electrolytesibligion constrains the influence of the
electrochemical forces essential in determining theerall and specific body fluids
electrolytes levels given the closely coordinatégsmological distribution of electrolytes in
body fluids compartments. Most studies portray tleeurrence of individual electrolytes
disorders as independent events without estabyshie possible range of sources of
imbalance and the magnitude to which each sourogribates to the existing electrolytes
defects such as the subtle electrochemical foregant on the electrical and chemical
gradients to move ions between the body fluids @npents. This study aimed at
demonstrating that the coupling of electrolytestrdigtion between the body fluids
compartments is weakened by the prolonged skewsdhdition of ions due to these viral

interferences with plasma membrane permeabilities.

2.14. Routine Clinical Electrolytes Assays

At analytical level whole organ performance isdiBaquantifiable through assessment of
organ performance markers or indicators while mesgmsant of performance levels of

molecular moieties is a daunting task. Thereforestmmoethods of assessing body fluids
electrolytes balance and imbalance while relyingdmact measurement of these electrolytes
levels in serum, end at the level of assigningkattion to organs in the external regulation
arm, and less so the molecular moieties in thenateegulation arm. Thus assays of major

serum electrolytes (sodium, potassium, chloride bisdrbonate CO2) are mainly used to
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evaluate presence of underlying heart, liver , iragpry and kidney health and functional
aberrations as the causes of these electrolytegsddis secondary to infectious illnesses
(Smellie, 2007). This has led to development ofnpaf care investigations limited to

evaluating the performance of a confined range mfalms whenever serum electrolytes
imbalance is detected to serve as the exclusivéaeapon for the observed electrolytes
imbalance. Most studies duly rely on these orgaweswthen searching for explanation for

physiological electrolytes states observed to lreedied.

The current study postulates that in HIV infectishich has the ability to structurally afflict
multiple organs and cellular regulatory apparatsvall as those that play coordinative role
(neuroendocrine elements), confining attributiornhtese routinely assessed organs might not
be sufficient for explaining observed electrolytdsorders in this disease. That is, to
sufficiently explain electrolytes imbalance in Hpatients may require comprehensive review
and attribution of existing electrolytes imbalantesultiple sources rather than to individual
sources as is routinely practiced in most studnesia routine clinical investigations. This is
because while in ordinary physiological states e#dhese organs are necessary individually
for explaining electrolytes balance or imbalanceheanight not be the only source of
electrolytes defects in HIV infection. The curretidy was therefore designed to explore the
short comings or weaknesses of confining attributad electrolytes disorders in HIV to a
narrow range of the usual suspect organs withirrghal and GIT systems. This may help to
highlight that existing electrolytes disorders ifivHnfection are not fully accounted for by
investigating and confining attribution to a narrcamge of organs individually as is the usual

routine point—of care practice.
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2.15. Back Ground Factors

Certain factors constrain the impact of HIV virus the overall health of body organs and
consequently on the capacity of the regulatory msga maintain electrolytes balance. These
factors could either enhance the deleterious effefcthe virus or ameliorate the effects of the
virus on the health of these organs. These faataitsde but are not limited to demographic
variables of the affected population, socio- ecoicorariables, and genetic disposition of the

individuals with the disease.

2.15.1 Outcomes Associated with CD4 Depletion

Selective depletion of the CD4 lymphocyte and isoatplished by direct cytopathic effects
and also by way of immune dysregulation (CostifQZ2WNishimuraget al.,2007). The CD4
count is the number of CD4 lymphocytes per miceol{{tL) of blood and it is used to mark
the degree of immune suppression or immunocompmmsmune status). Clinically, CD4
lymphocyte count is used to stage the patientsadis, determine the risk of opportunistic
illnesses, assess prognosis, and guide decisiom# adhen to start antiretroviral therapy
(ART) (Hogg,et al.,2008). When homeostatic mechanism that replehisiCD4 lyphocytes
collapse this leads to immune system failure (G4889). Increased depletion of CD4
lymphocytes leaves the body with fragile immuneedst which in turn conduces to
opportunistic infection, pathologic conditions amélignancies of various organs including
those that are vital in the regulation of body dkiiand electrolytes levels (CDC, 2009).
Reports documenting the relationship between ctaimg€D4 lymphocyte count to changes
in fluids and electrolytes states in local HIV ptgiions are not sufficient. This study

therefore intended to investigate the associateiwden progressive immune depletion (CD4
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lymphocyte count) and the status of fluid and seslettrolytes balance in HIV patients in

Kisumu County, western Kenya.

2.15.2. Age and Associated Changes in HIV-infection

Human immunodeficiency virus causes a chronic dseand therefore its pathologic impact
in the body is bound to be complicated by age edldtealth defects such as diabetes, high
blood pressure, arthritis and malignancies (Magadlet al.,2007). Conversely the outcomes
associated with geriatric diseases in immune dekedtlV-infected individuals provide
unigue challenges to heath hitherto not associaittdthese diseases in seronegative persons
(Choi, et al.,2011). Studies have shown that HIV-infected indliNls have higher prevalence
of cerebrovascular risk factors (including myocardinfarction, coronary heart disease,
diabetes, hypertension, obesity, and atheroscirdban their seronegative counterparts
(Lorenz,et al.,2008). In addition, older patients demonstrateelerated disease progression
compared with younger patients and recovery of GB¥phocyte levels in older patients has
also been found to be less robust in response © @Ritt, et al., 2001; MacArthuret al.,
1993). This study therefore also investigated tifeience of age on the serum electrolytes

changes associated with HIV infection in Kisumu Gtyu

2.15.3. Anti-retroviral Treatment and Associated Halth Outcomes in HIV Patients
Antiretroviral therapy (ART) has been shown to Kedtive in slowing down the progression
of AIDS and in reducing HIV-related illnesses arehth (Palellagt al.,2003). However, the
best time to start antiretroviral therapy in peopith HIV infection, who have not received

antiretroviral treatment before and who do not hamg symptoms of HIV illness remains
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debatable (Palellagt al, 2003). Guidelines issued by various agencievigeodifferent
initiation recommendations according to resourcailability (Hammer,et al., 2008). This
can be confusing for clinicians and policy-maketsew determining the best time to initiate
therapy. Optimizing the initiation of ART is cleartomplex and must, therefore, be balanced
between individual and broader public health neddaditionally, therapy is administered
based on a patient's CD4 count, rather than orl loead, a marker of virologic replication
(Hammer et al.,2008). Patients with a CD4 cell count of 500 ¢gllsare considered healthy
enough not to need ARVs but when the CD4 cell caaathes 200 cellgl, the immune
system is severely weakened and ART is necessarfQV2009). Nonetheless a patient with
advanced symptoms receives treatment regardle€Ddf count. Coupled with this, is the
observation that ARTs induce toxic damage to variogans among them those that are vital
for fluid and electrolytes regulation (Hammet,al.,2008); (Reilly,et al.,2001). Due to these
twin challenges in relation to ARV use, this stunyestigated the association between ARVs
use and the status of fluid and electrolytes ismka in HIV patients in Kisumu County. The
aim was to determine whether ARVs usage attenhatedgative impact of HIV infection on

F&E balance.

2.15.4. Gender and HIV Infection

Women have been reported as being vulnerable to ikfidttion than men due to various
biological and cultural determinants (Turmen, 20@blogically the rate of transmission of
the virus from men to women is two to four fold Inégy than the rate of transmission from
women to men (Mocroftet al., 2000). Furthermore the presence of underlying aiéxu

transmitted diseases increase the likelihood oftraoting HIV infection yet often times
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sexually transmitted infection remain asymptomaitic women and therefore present
challenges in their diagnosis and early treatmening, et al 1999). On the other hand in
resource poor settings because of social powetastvamen have limited access to high

quality health care.

HIV/AIDS progression in the different gender growgb®w certain gender specific traits. In a
longitudinal study Anastos and colleagues (199%eoled that women experienced a more
rapid decline in CD4 cell count than men even tlotlgeir HIV-1 RNA load was 32% to
50% lower than in men at CD4 counts >200cellstrbot not in CD4 count<200cells/nfmn
their study Sandra and Colleagues, (1999) fount gbeopositive women were at a higher
risk of developing bacterial pneumonia than HIVeieted men. On the other hand Nicagti,
al., (2005) observed that long-term clinical, virolagicand immunological outcomes
associated with ARVs use revealed that women haerfé@IDS defining illnesses, higher
CD4 cell counts and lower viral load as a respdoseedication use. Nonetheless Kuypsr,
al., (2004) noted that upon poor adherence to meditattomen were more likely to
experience HIV-1 viral load rebound than men. Thizsegings shows that women in HIV
infection experience multiple challenges as it hls® been reported that in resource poor
settings they are less able than men to follow p#din instructions (Valverdet al.,2009).
These varying HIV/AIDS outcomes could impact on th#uence that the disease has on

fluids and electrolytes states in the differentdgrcategories.
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2.16. The Conceptual Framework

Literature has shown that the influence of HIV otfen on the state of serum electrolytes is
multilayered. To begin with HIV as other infectiodseases can precipitate fluid dynamics
that leads to fluid depletion (vomiting, diarrheaddever) or fluid accumulation (Schroeder,
et al, 1990). These fluid dynamics can impact on bddi$ electrolytes concentration by

leading to relative or absolute dilution or hypemcentration of the serum electrolytes.
Hemodynamic events accruing from the body fluidunoé changes like circulatory collapse
can also trigger processes that destabilize thelatgn of serum electrolytes balance
(Elenberg and Vellaichamy, 2009). On the otherdh#tre HIV virus is associated with

prolonged and sustained injury of cellular appaattnich actively redistribute electrolytes

between body fluids compartments (Gallo and Montg2003).

This has two pronged effects; systemically it ledéolsskewed distribution of electrolytes
between intracellular and extracellular fluids camments by way of intracellular
sequestration of electrolytes or by way of extratias of electrolytes into the extracellular
space in extensive cytolysis episodes. Secondlyiey to cells of organs specialized for
regulation of electrolytes cumulatively result iefects in these organs’ performance and as a
consequence lead to deficiency that perturb elgté® balance as influenced by the organ
involved. Prolonged injury of CD4 cells leads togressive reduction of their circulating
numbers which critically impairs immune protecti@Hogg, et al., 2008). Opportunistic
infections that arise due to this outcome compotinel effects of HIV infection on
electrolytes states by either inducing fluid andnbdynamic dysregulation (vomiting,

diarrhea or hyperventilation) or by directly injugi cells as well. Changes of serum
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electrolytes levels resulting from these prediciman either be depletion or accumulation of

electrolytes.

Antiretroviral drugs attempt to reduce the virahdopermitting the repair of damage that it
may have been occasioned (Palekd,al., 2003). When this is effective, recovery or
protection of regulatory apparatus allows restoratiof the processes that safeguard
electrolytes balance to undertake their roles cieffitly. This can improve any prior existing
electrolytes imbalance. However certain antirated\drugs especially the protease inhibitors
have been associated with injuries to organs tegtilate body fluids electrolytes levels
(Kalyesubula and Perazella, 2011). This can comghcalready existing impacts of HIV

infection on electrolytes levels or institute thewn electrolytes imbalance where none

existed before.

Advanced age coupled with the Human immunodefigienaus infection introduces
additional challenges linked to age related heddtferminants including vulnerability to non-
communicable diseases such as cancers, auto-imdiseases such as arthritis, endocrine
disorders such as diabetes, cardiovascular conditio addition to increased vulnerability to
co-infections such as tuberculosis and pneumonfi(@t al, 2011). In addition socio-
economic challenges might impact on their abildyaiccess sustained quality health care.
Male and female infected with the HIV virus havesbheshown to manifest unique responses
as the disease progresses (Nicagtal, 2005). These responses influence the intensitiieof

disease which in turn impacts differently on theeex to which the virus can afflict the
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apparatus that regulates serum electrolytes irur€ig.2 gives a graphical representation of

the conceptual framework.

HIV < ARV use
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Figure 2.4: Conceptual Framework
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This study was therefore designed to explore arghlight the actual magnitude of
electrolytes disorders attributable to two orgarmctv are part of the two systems (GIT and
renal) frequently associated with fluid disturbarfdepletion or overload) which in turn are
the most immediate causes of serum electrolyteslanioe in most infectious diseases. This
was so as to determine whether defects in the qmesitce of the two organs are sufficient to
explain observed co-existing serum electrolytesaiiatce in light of the extended range of
impact which the virus has on multiple organs egkefor regulating serum electrolytes
levels. Body fluids disturbance though frequentitV infection are by no means the only
contributors of electrolytes disorders in the ceuo$ the disease. The HIV virus has been
shown to have deleterious effects on the substastiucture of cells, tissues and organs and
can induce electrolytes imbalance at all theseldef{ieaplan,et al., 1996). Routine analysis
associating electrolytes disorders in HIV to imnagelifluid disturbance could therefore be
missing out other contributors and this study ideshto determine whether all existing serum
electrolytes disorders could be attributed to the $ystems as represented by the two organs
or only part of the electrolytes disorders couldelzplained by the defects in the two systems

and what amount of that electrolytes imbalance.it i
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CHAPTER THREE: MATERIALS AND METHODS
3.1. Study Area
The study was carried out in the Patient Supponté&ef Jaramogi Oginga Odinga Teaching
and Referral Hospital of Kisumu County, Western ¥aenKisumu County is bordered by
Siaya County to the West, Vihiga County to the Npflandi County to the North West,
Kericho County to the East, Nyamira to the Souttl Blomabay County to the South West.
Its longitude is 3%45’E and latitude is J003’S. Kisumu County’s mean rainfall is 1280 mm
and its mean annual temperature ranges between 28@G00C. The main occupation in is
fishing, small scale farming, general trade anttligdustry. HIV prevalence in this region is
about 15.3%, the highest in the country (KAIS, 20Ihe doctor to patient ratio stands at
1:5379 and it is estimated that 80% of househodde laccess to health care services (Kisumu

District Development Plan, 2002).

3.2. Target Population

The target population was persons living with HINV Kisumu County. From this, the
population studied was male and female personsea8\of age and above both living with
HIV and attending Patient Support Center of Jarar@ggnga Odinga Teaching and Referral
Hospital in Kisumu County of western Kenya. Therrev5408 patients registered at the PSC
at the beginning of the study. The final samplehef study was based on 3200 patients. The
sampling unit was an adult patient either maleesndle aged 18 and above as indentified

from the hospital records.
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3.3. Inclusion Criteria

To be enrolled in the study, the potential paradiphad to be able and willing to provide
informed consent and be above the legal age ofeB8sywith confirmed HIV and AIDS
status, whether symptomatic or asymptomatic andtiveheeceiving HAART or not. HIV
negative persons with no history of diabetes, hygmsion, respiratory infection and gastro-

intestinal infection were recruited as control ggoants in the study.

3.4. Exclusion Criteria

Individuals with overt or confirmed conditions suels diabetes, hypertension, acute or
chronic respiratory infection or any other condiBowith a bearing on body fluids and

electrolytes states were excluded. Those usingamdinetroviral drugs which impact on body

fluids electrolytes such as diuretics were excluttedh the study. Those eligible and not

willing to give consent were also excluded from shedy.

3.5. Study Design

This was a hospital laboratory based cross sedtgindy in which consenting consecutive

participants were enrolled into the study.
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3.6. Sample Size and Sampling Procedure

Given the proportion of electrolytes disorders wasd predominantly to compare the two
populations, the minimum sample size required fachegroup was calculated using the
formula for finding a minimum sample size to estiengroportions as described below

(Larson, 2000).
n pq(%)z , where p = sample proportion; q = (1-p};=Zstandard value at confidence

level and E= maximum error of estimated proporfrom the real population proportion.
Given the proportion of fluids and electrolytesadders in local populations (healthy or with
HIV) are not documented, the minimum sample size dither group was calculated as

follows;

n=05 %05 (=)

=385
To determine the actual sample size, consideratasgiven to the following factors: the size
of the targeted HIV population, the sampling pragedused, the nature of the primary
variables, the variability of the attribute to beasured in the target population, the number of
subgroups to be assessed and the variability ofmiesured attribute in every subgroup, the
kind of statistical analysis to be used, the mawjfirerror allowed as well as the level of

precision of the study (Krejcie & Morgan, 1970).

The target population was HIV infected individuaisKisumu county where prevalence of
HIV infection is reported as 15.3% (KAIS, 2007).€féfore the estimated HIV population in
Kisumu County was = Kisumu population x prevaleatéllV in Kisumu

= 535,164 x .15 = 80, 275
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The sampling technique used was consecutive sagnplid the primary variables were
ordinal variables. There is no information concegnthe specified levels of variability of
body fluids and electrolytes disorders in HIV pagidn in Kisumu County. The margin of

error for the study was set at £5% with a 95% wieai level.

Therefore, use was made of published tables anition of sample size from a previous
similar study (Cochran, 1977). Considering that Hi& population in Kisumu exceeds
10,000 people, then according to Andersbal., (1995) when using covariance analysis, one
needs a sample size between 200 — 500. In thespellitables by Cochran (1977), to draw a
sample from a population more than 10,000 in aysiotbknded to have a margin of error of
5% and a precision of 95% where the primary vaesiadre ordinal, one needs at least 370
participants. In a study of lactic acidosis in Hpdtients, (Boubakert al., 2001). Eight
hundred and eighty (880) participants were enraheal cross sectional study to determine the
prevalence of this electrolyte disorder in the gtpdpulation. Kuehnet al.,(1999) in a study

of hypocalcaemia in HIV infection used 828 seropesiand 549 healthy controls. The
current study therefore pegged its sample sizehentwo studies above and used eight
hundred seropositive individuals and additionairfoundred HIV negative were recruited as

controls for the study to carter for laboratorylgitieal shortcomings.

Consecutive sampling technique was employed ugieglist of daily patient attendants to
recruit consecutive participants until the reqeisample size was obtained. The consenting
participants were enlisted and investigated forrdgpiisite parameters. Between November

2012 and April 2013, 800 HIV+ patients from PSCJ®OTRH and 406 HIV negative
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controls were enrolled into the study. Enrolledtipgrants in the control group were enlisted
from among consenting ministry of health staff whahe period of the study were due for
and underwent routine laboratory profiling at JO®ITRas a pre-condition for hepatitis

vaccination.

3.7. Laboratory Methods and Specimen Handling

Personnel in the PSC undertook routine medicalerevand care of HIV patients and
introduced them to study. Common attributes reabfde both groups included age, gender,
blood pressure, body weight, random blood sugaiméy and liver functions parameters.
Additional attributes obtained for the HIV infectaddividuals were ARV use and CD4

lymphocytes levels.

Volunteers were then informed of consent provisiansl consenting patients sent to the
hospital’'s laboratory where assigned hospital latooy personnel collected blood and urine
samples for analysis. Five millilitres of blood wesllected using sterile disposable non-
pyrogenic syringes (CATHY YOUGO®, France) into digcutainer tubes from each of the

participants.

The serological status of PSC participants wasicoefl from hospital records while for
control was determined using collected blood sampkor members of either group
serological analysis followed three standard pracesias stipulated by the Ministry of Public
Health. This entailed the use of two rapid scregnests and a confirmation test. To begin

with the samples were tested using Determine TMbGlaboratories, Japan) HIV strips to
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screen for the presence of HIV antibodies. Positaeples were further screened with
Unigold (PDS-Orgenics, Israel). Positive casesither or both of the screening tests were
then subjected to a final ELISA (U.K.) assay asttbéreaker with the outcome here used as
the confirmed serological status.

Total CD4+ cell count was ascertained by flow cydtry using FACS caliber (Becton
Dickinson, USA, 2006) using the procedure describgdhe manufacturer. Essentially, into
the trucount tubes was added @0of multi-test reagent containing the CD3/CD5/CP 4
flourochrome labeled antibodies that bind spedifjcao antigens on the surface of
lymphocytes. Thereafter, 50 of whole blood was added to the trucount tubet@iomg the
multi-test reagent. The tube contents were mixedlgéor homogenization and incubated in
the dark at room temperature for 15 min. After letion, 450ul of FACS lysing solution
was added to the contents of the tube which was tletexed gently and the mixture
analyzed using FACS caliber counter and the reguitded automatically. Results obtained
for the CD4 counts were grouped as follows: Coun&00 cellgiL; >500cellsiL (WHO,

2004).

Collected blood samples were then prepared andyeddar the levels of the following

analytes; urea, creatinine, sodium, potassium ricidptotal protein, albumin, random sugar,
direct bilirubin, liver transaminases (alanine amairansferase and aspartate amino-
transferase), and total bilirubin. Before measwets, the machine was calibrated using a
standard solution provided by the company, andityuebntrol sera. These blood samples
were separated to produce serum using a centrgug600 rpm for 3 to 5 min and the serum

components were subjected to immediate analysiginSereatinine, urea, total protein,
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albumin, total and direct bilirubin, and transanses were assayed using colorimetric method
with wavelength range of 340-670 nm (Eurolyser C8®1Eurolyser Diagnostica GmbH,
Austria, 2006). Analysis of this group of serum @uments was done either by means of
enzyme kinetics or end-point substrate measureméngyme kinetic procedure was done as
listed for the following the components;

0 BUN- 200ul of reagent-1 was pipetted into 2 pl of semipcubated for 300 seconds;
then 50 ul of reagent 2 was added and incubate@4@rseconds and finally optical
density measured at 450nm within 1minute

0 ALT - Pipette 200 pl of reagent-1, pipette 50 ul ohgke, incubate for 300 seconds;
pipette 50 pl of reagent 2, incubate for 90 secamdsthen measure optical density at
520nm within 10 seconds.

o0 AST - Pipette 200 pl of reagent-1, pipette 50ul of g@mnincubate for 300 seconds;
pipette 50 ul of reagent 2, incubate for 180 sesoadd finally measure optical
density at 520nm within 10 seconds

o Creatinine - Pipette 200ul of reagent-1, pipette 10ul of s@nmcubate for 300
seconds; pipette 50ul of reagent 2, incubate fae®nds and finally measure optical
density at 520 nm within 180 seconds

o Creatinine clearance (eGFR) calculated from Codk€&ault equation was used to
estimate glomerular filtration rate, as follows;

Ccr (ml/min) = _(140-age) x mass (in Kg) x constan

serum creatinfimeptmol/l)

Where constant is 1.23 for men and 1.04 for woneadopted from Cockcroft and Gault,

(1976). Values estimated for glomerular filtratiomte were grouped as follows: Normal
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values (males >70 to 140 ml/min, females >60 to &®@nin), mild decrease in CC hence,
GFR (males >40 to 70 ml/min, females >40 to 60 nmjpmoderate decrease in GFR (>10 to
40 ml/min), severe decrease in GFR (<10 ml/min)hspatients are usually on dialysis
(Szczech, 2002).

Fixed end point analysis was done as listed fofahewing components;

o Total protein - Pipette 200ul of reagent-1, pipette 4ul of s@npicubate for 300
seconds; pipette 50ul of reagent 2, incubate fdr 88conds and measure optical
density at 540nm immediately.

0 Albumin - Pipette 200ul of reagent-1, pipette 2ul of sanphcubate for 300
seconds; and then measure optical density at 63Gnmediately

o Total bilirubin - Pipette 200ul of reagent-1, pipette 20ul of sanpicubate for 300
seconds; pipette 50ul of reagent 2, incubate fors¥tonds and then measure optical
density at 540nm immediately

o Direct bilirubin - Pipette 200ul of reagent-1, pipette 4ul of sanpicubate for 180
seconds; pipette 50ul of reagent 2, incubate fd@ d€conds and instantly measure

optical density at 540nm.

3.8. Data Collection Tools

The research used approved laboratory request fornvghich data concerning variables
measured from the participants was entered in clagelj one for the health care records of the
institution of care and one for the principal intgators file. An accompanying proforma was
used to enter demographic data. To ensure coni@iéntpatient identity was screened and

only the file numbers recorded. Data was enterethéyhospital’s laboratory technicians and
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stored by the principal investigator. Patient fiesre retained at the institution of care under

the mandated health records officers.

3.9. Data Presentation and Analysis

Data was entered in Microsoft Excel. Statisticaladawas generated using SPSS software
(SPSS version 22, Chicago, IL). P value of <0.0% wansidered statistically significant.
Independent variables used were HIV status, ageretroviral drugs and CD4-cell counts,
as well as kidney and liver function. Dependenialdes were markers of organ pathology,
electrolytes and related parameters. The distobutdof analytes in both groups was
determined using frequency counts, measures ofatdehdency (mean, mode and median),
and measures of dispersion (range, standard davsaéind quartiles). The mean serum levels
of electrolytes in either group were compared Wil standardized reference range of these
electrolytes in serum to assess the likelihoodxistmg imbalance. Rates of occurrence of
electrolytes imbalance were depicted using proposti Determination of differences in rates
of electrolytes imbalance between groups and teecestion between these imbalances with
independent variables was established using test$;tChi-square and/or Fisher’s exact tests

as well as Spearman’s correlation coefficients.

3.10. Ethical Considerations

Approval by the Nyanza Provincial Hospital's ResbaCommittee was obtained prior to
commencement of the study. The research restrietgditment of investigators to the pool
of health care workers routinely assigned to harttike patients of interest, to avoid

introducing new procedural dynamics, avoid furthesychological alienation of the
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participants, and enable the test and study firglitagbe incorporated into the system for
routine care of the HIV patients. Participants weneolled on voluntary basis only after the
nature and purpose of the study has been explénedable them make informed consent as
a basis for enrollment. Qualified institutional figawere responsible for administering
consent, obtaining and investigatively handling #anples. The patients were informed
about the people who will subsequently handle #wilts of the tests and the clinical and
research uses to which the results will be puttiieir benefit. Test results with significant
clinical implication were relayed to respectivetingional health care providers for further

clinical intervention.

Handling of the patients was done as part of thgime care in their normal appointment
schedules. Requisite institutional routine procedyreceded the request for the test samples.
Testing and reporting of the findings were expetlite enable results to be used for
procedural management of the patient besides legiteged as data for the study.

The researcher only opened the data during indexingrder to be statistically analyzed.
Results obtained was used as inference in repottiegstudy outcome. For purposes of
verification in put records (laboratory forms arehtbgraphic proforma) was retained by the
researcher until the thesis is accepted and defleridee Nyanza Provincial Hospital will be

informed of study outcomes.

3.11. Electrolytes Assay Techniques
Within serum two different electrolytes quantitiée determined during clinical chemistry:

1) Electrolyte concentration (total) in serum (). €&-sodium (mmol/l), S-calcium (mmol/l).
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2) Electrolyte concentration (ionized) in serum evafS(W)] e.g. S(W)-sodium, ionized
(mmol/kg), S(W)-calcium, ionized (mmol/kg) ad 1) uett et al, 2000). For the
determination of the concentration of the ionizedfree fraction of sodium, potassium,
chloride, calcium, and magnesium in serum wateth{erextracellular water phase of whole
blood) the only applicable method is lon selectdlectrode assays without dilution of the
sample (Koryta, 1991). lon-selective electrodeEg)Srespond to ion-activity instead of
sensing substance concentration directly. For meuttlinical purposes results of ISE
measurements of sodium, potassium and chloridadiluted plasma are reported in terms of
substance concentration (mmol/l) (Plambeck, 19823pecimens with normal concentrations
of plasma water, total COZ2, lipids, protein and piv¢ values obtained with ISE will concur
with the total substance concentration as detemininjeflame atomic emission spectrometry
(FAES) or ISE measurements on diluted samples €ruet al, 1987). In specimens with
abnormal concentrations of plasma water, measunsnaérsodium, potassium and chloride
by ISE in the undiluted sample more appropriatelects the activity of sodium, potassium
and chloride and are therefore clinically more vete than the determination in diluted
samples (Koryta, 1980). The current study therefmted to use ISE to assay the electrolytes

levels in the undiluted samples obtained for thgesior reason.

3.12. Assay of Kidney and Liver Functional Markersin Serum

Measuring the concentration of proteins provide®rmation regarding disease states in
different systems. Even though total protein conf@ovides some information regarding a
patient's general status, clinically useful dataabstained from fractionating the total protein.

The most commonly used means for further fractiogaserum proteins is electrophoresis
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(Hames, 1990). During electrophoresis, proteintgmig in appropriate buffered solvents are
placed on a medium such as paper or starch bloottseaposed to an electrical current.
Differences in their electrical charge cause thetgin components to migrate at different
rates toward the anode or cathode. (Savory and Hentirh980).

Albumin the most abundant of protein fractionssyathesized in the liver at a constant rate in
normal individuals of 150 to 250 mg/kg/day, res\dtiin the production of 10 to 18 g of
albumin daily in a 70-kg man (Dumasal, 1997). Albumin constitutes more than half of the
total protein present in serum and is the majotgimgproviding the critical colloid osmotic or
oncotic pressure that regulates passage of watkediffusable solutes through the capillaries
(Dumaset al, 1997). Albumin is generally measured by a dye-nigdechnique that utilizes
the ability of albumin to form a stable complex hvibromocresol green dye (Bollag and
Edelstein, 1991). The BCG-albumin complex absodi# at a different wavelength from the
unbound dye. On the other hand the most widely usethod of measuring serum total
protein is the biuret reaction (Harris and Ang&89). The principle of this reaction is that
serum proteins react with copper sulfate in sodmyairoxide to form a violet biuret complex.
The intensity of the violet color is proportional the concentration of protein. The current
study used these techniques for assaying totakipr@nd albumin, where the end point
substrate obtained from these reactions were debjéc spectrophotometry to determine the

concentration of the two molecular entities in seru

Serum creatinine is derived from the breakdownissfue creatine at a constant rate and is
excreted by filtration by the kidneys with no reatpgion. Decline in kidney functional

efficiency is often accompanied by a steady risehi;m serum creatinine levels hence this
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biomolecule is a reliable marker of kidney functipathology (Zamoraet al, 2007). The
Jaffe reaction using alkaline picrate method remsiahe cornerstone of most routine
creatinine assays (Parvesdt, al., 1981). Improvement to Jaffe assay have attempied t
improve specificity and these have included thdatgmn of creatinine from common
interfering substances by adsorption on to alummailicates such as Lloyd’s reagent, the
removal of interfering agents, dialysis, varying, @fd kinetic measurements (Avinashal.,
2013). Other assay methods of creatinine includealigeagents such as 3.5-dinitrobenzoic
acid (Langley and Evans, 1936 and Benedict and Bel#36), 3,5-dinitrobenzoyl chloride
(Parekh, et al., 1976 and Critiqueet al., 1977) as well as the use of methy, 3,5-
dinitrobenzioate in a mixture of dimethyl sulfogidmethanol, and tetra methyl ammonium

hydroxide (Sims and Parekh, 1977).

Automation has provided opportunity for efficienopessing of increasing workloads, and
incorporation of on-line dialysis to remove proteais well as bilirubin, important interfering

substances in the Jaffe assay. Modification ofJéifée method using multi -enzyme systems
to improve the specificity of creatinine determioat a method which under optimal

conditions gives accurate results (Moss,al., 1975). These enzymatic techniques involve
assaying the sample before and after enzymatitiriegd with creatininase and creatinase for
1 hr. The current study employed enzyme kineti@gssince they provide similar accuracy
as high performance liquid chromatography (HPLQ) earrently form the basis of the most

specific routine assays of creatinine levels.
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Bilirubin is one of the most commonly used testageess liver function. Approximately 85%
of the total bilirubin produced is derived from theme moiety of hemoglobin when old red
blood cells are broken down and processed by tiglds (hepatocytes). The resultant bilirubin
is rapidly taken up by hepatocytes where it is ggajed with glucuronic acid to produce
mono- and diglucuronide, which are excreted in lile (Janseret al, 1986). Diseases
affecting the hepatobiliary system can interferéhvane or more of the steps involved in the
production, uptake, storage, metabolism, and exeretf bilirubin. This can lead to elevated
bilirubin levels in blood (Bilirubinemia). The mostidely used techniques for the assay of
bilirubin in serum employ a coupling reaction witarious diazo dyes in the presence of an
accelerator (Westwood, 1991). The direct reactiothe absence of the accelerator gives a
precise estimate of the conjugated and protein dduifirubin. However other methods
including enzymatic assays based on bilirubin csegdaHPLC or dry-slide techniques have
been employed. Enzymatic assyas appear to givdtgebat favorably approximating the
diazo dyes techniques (Kurosakaal., 1998). Spectrophotometric techniques are alssén u
but with varying outcomes. The current study emetbyenzyme based assays for their

suitability in clinical use.

Most enzymes occur in cells at higher concentratithhan in plasma. During ordinary cell
turnover, plasma enzyme levels reflect the baldme®veen the enzyme’s synthesis and
release during and its catabolism and excretiogsefithal and Danson, 1992). An increase in
the rate of the cells turnover or rate of cell dgmasually results in raised plasma enzyme
levels. Within hepatocytes the AST is predominardlymitochondrial enzyme found in

hepatocytes while ALT is predominantly a cytosoénzyme. Serum ALT and AST is
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elevated in diseases that destroy the liver ceftisra other tissue&nzyme concentration is
usually measured in terms of enzyme activity. Tlisdone by measuring either the
concetrations of the substrate used in a reactiothe concentration of a product formed
(Bergmeyer and Gawehn, 1978). These can take otieedbllowing methods; fluorimetric
methods, potentiometric methods, microcalorimetrgthods or spectrophotometric methods
(Palmer, 1985). Fluorimetric methods use fluorescaubstrate or products that permit
sensitive kinetic measurement of enzyme reactiortsetdone, and is particularly useful for
measuring enzyme activity of nucleotide co-enzyrfgergmeyer and Gawehn, 1978). The
disadvantage of this method is that many fluorescempounds are unstable and that many
substances often present as impurities in reagerstislvents can quench the radiation emitted
by the fluorescent substance. In potentiometrichiods, measurement of pH is done using

glass electrodes in reactions from which eithea@d or a base is produced (Palmer, 1985).

This method is typically useful for measuring thethaty of hydrolytic enzymes.
Microcalorimetris methods are founded on the bdbmt almost all enzyme catalyzed
reactions are exothermic and involve the releadesat energy (Eisenthal and Danson, 1992).
The temperature increase that results providesnaspecific method of measuring enzyme
activity. Due to the miniscule heat changes midaaaetric methods are useful when assays
are done in excess enzymes and not for routinenemassays. Spectrophotometry involves
the use of a chemically modified product to prodacsubstance with particular spectral
properties (Palmer, 1985). It is a method thatasnvenient due to its simplicity and the
precision possible with it. The current study engplb automated spectrophotometric

technique to assay the liver enzyme activity festhaforementioned qualities.
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CHAPTER FOUR: RESULTS
4.1. Study Participants’ Characteristics
Between the month of November 2012 and April 2G) HIV positive participants and
406 HIV seronegative participants were enrolled ithe study, with most of the participants

in either group being females (see Table 4.1).

Table 4.1 Characteristics of Study Participants

CHARACTERSITICS OF PARTICIPANTS IN THE STUDY POPUOAON

HIV Positive (n=800) HIV negative (n=406)
n (%) n %

Males 331(41.4) 42(32)

Females 469(58.6) 364(68)

Old  £&50yrs) 120(15) 67(16.5)

Young (<50yrs) 680(85) 339(83.5)

Using ARV 639(79.9)

ARV naive 161(20.1)

CD4+ <500 473(59.1)

CD4+>500 327(40.9)

Key: CD4+-lymphocyte sub-group bearing CD4 membrararkers; ARV- anti-retroviral

drugs

While the age range of participants spanned fronol84 years, there was no significant
disparity between the mean age of HIV infected ipigdnts and that of HIV negative
individuals (38.1 v/s 38.0 years; p=0.865). Majpnf the participants in either HIV+ or HIV-
group were females 469 (58.6%) and 364 (68%)resadgta greater proportion of the HIV-
infected individuals had CD4 lymphocyte counts e&D0cell/mni (59.1%) and those using

antiretroviral drugs were more (79.9%) than thoseusing the drugs. The least CD4 levels
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recorded in HIV-infected participants was 1 lympytec cel/mni and the highest was

11745cell/mm, with a mean CD4 count of 474.3 cells/mfigure 4.1).
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Figure 4.1: Distribution of CD4 Lymphocyte Count in HIV-infected Individuals
However 50% participants had CD4 levels rangingnfrd91 to 620 lymphocytes /nim

Majority of enrolled HIV infected individuals (798) were using anti-retro viral drugs.
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4.2. Kidney Function in HIV Infection

HIV-infection was associated with increased risk oflidecin glomeular filtration rate
compared to healthy participants (OR = 2. = 44.7; p<0.0001). Overall therefore witt
mean estimated glomerular filtration rate (eGFRP®5HmIs/min, HIV negative individua
displayed more robust kidney function than particts with HIV infection whose mese
eGFR was lower (88.1mls/min; t=3.1, p = 0.001). i&irty, the proportion of participan
with normal eGFR (>90mls/min) was significanhigherin seronegative individuals thi
those afflicted with the HIV (55.9% v/s 36., ¥ = 55.1, p<0.0001). Mild decline in eGF
(6090mis/min) was most common (40%) followed by moterampairment of kidne
function (eGFR; 3@®0mls/min) while severe kidney function loss (eGBBrals/min)

occurred least in seropositive individuals (seeure 4.2).
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Figure 4.2: Kidney Function States in HI\-infected Individuals
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Females with HIV infection had a higher tendencydefeloping disorders of glomerular
filtration rate compared to HIV negative femaleR(© 1.7;%*= 10.4; p = 0.001). This was
exemplified by the low mean glomerular filtratioates in females with HIV infection
compared to seronegative females (82.2mls/min 2/mIs/min; t = 3.1; p = 0.002) as well
as a higher prevalence of impaired glomerularafiibn rates (<90mls/min) in the former than
the later category (69.1% v/s 56.69%;= 24.6; p<0.0001). Equally, HIV+ males were more
susceptible to developing impaired eGFR than sgame males (OR = 2.8; p<0.0001).
However among the former, only the rates of oceureeof eGFR disorders was more (55.9%
v/s 31.6%:° = 34.9; p<0.0001) but mean glomerular filtratiates did not differ markedly

from that of seronegative males (96.3 mls/min @9MlIs/min; t = 0.826; p = 0.409).

The likelihood of developing eGFR disorders wasigtidct in old patients irrespective of
serological status (OR = 1.37 = 0.3; p = 0.617) which was further highlighted by
insignificant difference in prevalence of eGFR aatigs (72.8% v/s 69.7%’ = 4; p =
0.265) and their mean estimated glomerular filratrate which were both lower than the
normal physiological range in either group (76.9mls v/s 78.8mls/min; t = 0.5; p = 0.637).
Among those participants below 50 years, similarharked contrasts were observed in
kidney function states of those with HIV infectioampared to those without HIV infections.
The predisposition to developing glomerular filiat disorders was profoundly elevated in
young HIV participants with HIV infection (OR =2.y*= 63.8; p<0.0001) and accordingly
the prevalence of kidney function anomalies in ipgrants below 50 years with HIV
infection (62.3%) was more than the prevalenceushsdisorders in young HIV negative

individuals (36%:;y* =76.1; p<0.0001). Similarly mean glomerular fitioa rates in non-
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infected young individuals was contrastingly high®an that of HIV infected participants of
the same age category (100.9 mis/min v/s 89.7mis/ns 4.6; p <0.0001) Table 4.2.

Table 4.2: Kidney Function in Various SerologicaStates (n=1206)

N Mean Rates  of Reference range
2
eGFR t  pvalue jppaired x p-value (mls/min)
(mls/min) e GFR
800 HIV+ 88.1 31 0.001 (507)63.4 551  <0.0001 Males >70-140
40€  HIV - 95.5 (179)44.1 Females >60-128
331 Male HIV+ 96.3 0.8 0.409 (185)55.9 349  <0.0001
13C  Male HIV - 99 2 (50)36.1
469 Female 82.2 31 0.002 (324)69.1 246  <0.0001
27€  Female HIV- 92.1 (156)56.6
680 <50 yrs 89.7 46 <0000l (423)62.3 6. <0.0001
33¢  <50yrs HIV-  100.9 (122)36
120 >50yrs HIV+ 76.9 0.5 0.637 (87)72.8 4 0.265
67  >50yrs HIV- 78.8 (47)69.7

However within HIV-infected individuals, males diaped significantly stable kidney
function than HIV+ females (eGFR 96.3mls/min v/s2&Is/min, t = 4.3, p<0.0001). As such
a lower prevalence of impaired kidney function waserved in seropositive males compared
to seropositive females (55.9% v/s 63.486= 34.7; p <0.0001)Age difference among HIV-
infected individuals, was also associated with redrklisparities in kidney function with
patients above 50 years having a significantly lomean eGFR (78.4mls/min) than patients
younger than 50 years (89.8mls/min, t = 2.7, p 600) while the prevalence of eGFR
disorders was also higher in old than in youngepasi (72.5% v/s 62.1%7 = 15.1; p =

0.002).
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Mean eGFR was not affected by ARV use (89mlis/mm & .6mls/min; p = 0.272) and
neither did the rates of occurrence of impairedn&id function improve in patients using
ARVs compared to those not on ARVs (63.6% v/s 658% 2.7; p = 0.434). Initial decline
in CD4 immune levels was accompanied with gradisal in levels of mean GFR. However
in patients with profound immune depletion (<500/cen), there was associated steady and
eventual significant decline in mean glomerulatrdiion rate. Indeed 5 out of 8 cases
recorded with severe reduction in eGFR were padiis with CD4 levels below

200cells/mmi (Figure 4.3).
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Figure 4.3: Mean Glomerular Filtration Rate at Different CD4 Cell Levels
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4.3. Kidney Function Markers

Serum creatinine and urea’s intricate co-variandth \yglomerular function were further
explored as markers of kidney function in ordeekaborate the relationship between kidney
health and function to body fluids and electrolyide range of serum creatinine levels in
HIV+ individuals was 11.5 — 410.5umol/l, with a neodf 98umol/l, and a mean =95.2umol/l
+SD(35). On the other hand creatinine levels indthgacontrols was 40-173.1 umol/l, with a
mode of 89.6umol/l and a mean =86.2umol/l +SD(20Hgnce whereas in seropositive
individuals, levels of serum creatinine fell orheit side of the normal physiological reference
range (26 - 97umol/l), for the healthy controlsréhevas no value that fell below the lower
limit. The creatinine levels that exceeded valuesva the upper limit of the reference range

were the only impaired values observed in the hgalontrols.

There was a higher tendency of developing serumatioiee anomalies in HIV-infected
individuals than seronegative individuals (OR =426 = 32.9; p<0.0001). As such a higher
proportion of HIV infected patients (26.1%) wereselbved with serum creatinine disorder
(defined as < 40pmol/l or > 120pmol/l) than the teoinpopulation (11.8%)y* = 32.6,
p<0.0001). Mean serum creatinine levels in HIV pesiparticipants was also significantly
raised than that in the seronegative group (95.2fiwis 86.2umol/l, p<0.0001) see Figure

4.4,
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Figure 4.4: Prevalence of Creatinine Disorders by W/ Status

HIV infection was also associated with significalitferential impacts on serum creatinine
levels in gender and age categories between thestively groups. Males with HIV infection
manifested a higher propensity of developing cnga¢i disorders than males without HIV
infection (OR = 23 = 4.6; p = 0.03) and similarly females with HIVféation were more
likely to develop creatinine disorders than femakéthout HIV infection (OR = 3.2y* =
34.04; p<0.0001). The prevalence of serum creairdisorders in HIV-infected males
(18.1%) was therefore significantly more than irWHiegative males (10%; p = 0.031) even
though their mean serum creatinine levels werestmdit (94.9umol/l v/s 89.8umoal/l, p =

0.07). On the other hand, mean creatinine levesaropositive females was significantly
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raised than in uninfected females (95.4umol/l vA&6@mol/l, p<0.0001), as was the

prevalence of abnormal serum creatinine state8¥38¥/s 12.7%, p<0.001).

In the different age categories, the impact of HiY¥ection on serum creatinine was more
pronounced in participants below 50 years comp&oetiose above 50 years. HIV infected
individuals below 50 years were more likely to depecreatinine disorders than uninfected
participants within the same age category (OR #;29= 33.4; p<0.0001). In contrast, HIV
infected participants above 50 years did not depichigher likelihood of developing
creatinine disorders than uninfected individualghimi the same age bracket (OR =1.5; 1; p =
0.320). In younger patrticipants (<50 years) meaatanine level was accordingly noticed to
be significantly higher in infected as opposed tontected counterparts (95.1pmol/l v/s
85.8umoal/l, p<0.0001) as was the prevalence of ahauns creatinine levels (27.1% v/s
11.2%,y* = 33.4, p<0.0001). However the proportion with @tmmal creatinine levels among
old HIV infected patients (20.8%) was not differdndm old HIV negative participants
(14.9%), p = 0.321 and neither was the mean ciieatiavel (95.8umol/l v/s 88.5umol/l, p =

0.09) Table 4.3.
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Table 4.3: Serum creatinine in Various Study Populton Attributes

N Mean t p-value Creatinine r p-value Reference range
creatinine disorder
(nmol/l) N (%)
80C  Hv+ 95.2 (209)26.1
40€ 5.6 <0.0001 32.6 <0.0001 26 -97umolll
HIV- 86.2 (48)11.8
331 Male HIV+ 94.9 (60)18.1
13C  Male HIV - 89.8 1.8 0.07 (13)10 4.6 0.031
46S  Female HIV+ 954 (149)31.8
27€ Female HIV- 84.6 5.6 <0.0001 (35)12.7 34 <0.0001
68C <50 yrs HIV+ 95.1 (184)27.1
33¢ <50 yrs HIV- 85 8 5.3 <0.0001 (40)11.2 33.4 <0.0001
12C  >50yrs HIV+ 95.8 (25)20.8
67 1.5 0.09 0.986 0.321
>50yrs HIV- 88.5 (10)14.9

Among HIV infected individuals 26.1% of participarttad abnormal levels of creatinine out
of which majority were hypercreatininemia (91%) 1eh®% were hypocreatininemia. HIV
afflicted females had a higher predisposition ofedeping creatinine disorders than HIV
positive males (OR = 1.8 = 13; p = 0.0003), hence females with HIV had ghbr
prevalence of serum creatinine disorders than thale counterparts (31.8% v/s 18.1h=
18.7, p<0.0001) despite their mean creatinine $Meting indistinct (95.4pumol/l vis

94.9umol/l, p = 0.850).

The risk of developing creatinine disorders waged#nt between HIV infected participants
above 50 years compared to younger HIV infectedigigants (OR = 0.7y° = 2.05; p =
0.152). HIV + patients not using ARVs were as elyugrone to developing creatinine
disorders as those using ARVs (OR = Iy#4;= 2.54; p = 0.132). Hence there was no

significant contrast in the prevalence of serumatinéne disorders in HIV afflicted
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individuals using ARVs compared to prevalence dfatinine disorders in HIV infected
participants not using ARVs (24.9% v/s 31.1%, p.£¥1Q) and neither was the mean serum
creatinine levels in both groups (94.7umol/l visi@tmol/l, p = 0.438).

Decline in CD4 cell below 500 cellssrmm3, was asst@d with a steady rise in serum

creatinine levels surpassing pre-immune deplegosl$ (see Figure 4.5).
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Figure 4.5: Mean Serum Creatinine Levels with Prgressive Immune Depletion

The range of serum urea in HIV + and HIV — spanbegiond either side of the normal
reference range of 1.7 — 6.5umol/l. However thenreead mode values for both groups fell
within the normal physiological range. Nonethel#ss mean serum urea values in HIV-
infected participants (4.6mmol/l) was significanttgised than in HIV negative control
(4.1mmol/l; p<0.0001) as was the proportion witmaimal urea levels (4.4% v/s 0.596,=

13.7, p<0.0001). Therefore, the risk of developamgpmalously altered serum urea was
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observed to be higher in HIV positive individuatsngpared to uninfected counterparts (OR =
9.24; y* = 13.65; p = 0.0002).Comparison of similar gentgrHIV status, revealed that

among HIV infected males, the prevalence of abnbrunea levels was demonstratively

higher than uninfected males (6% v/s 0g5,= 8.2, p = 0.004) despite mean urea level
insignificantly changing in the former (4.6mmol/svt.3mmol/l, p = 0.07). On the other hand
HIV+ females presented with markedly different aumes in both mean urea levels
(4.6mmol/l v/is 4.1mmol/l, p<0.0001) and prevalen€@abnormal urea levels (3.2% v/s 0.7%,
v* = 4.8, p = 0.029) from uninfected females. Simitatcomes were observed in younger
infected participants (<50 years) among whom meaa level was significantly higher than

in uninfected counterparts (4.6mmol/l v/s 4.1mmpki0.0001) as well as the prevalence of
abnormal creatinine states, (4.6% v/s 0.6%; 11.4, p = 0.001). However in old participants
(>50 years) HIV infection did not herald signifitaalteration in both mean urea levels
(4.5mmol/l v/s 4.2mmol/l, p = 0.142) and prevalent@nomalous urea states (3.3% v/s 0%,

p =0.131).

Of HIV infected participants, 4.4% had serum urasodiers (defined as <2mmol/l or
>7.5mmol/l). Majority of the urea anomalies (65.7%g@re due to accumulation of urea in
circulation (uremia) while a few (34.3%) were hypemia. HIV-infected males had a higher
likelihood of developing abnormally raised serursauthan seropositive females (OR = 2.0;
v* = 3.8; p = 0.05). Rates of occurrence of ureardims in HIV infection was therefore more
in males compared to females (6% v/s3.2%, p = 0.@Bppite their mean urea levels

remaining indistinct (p = 0.856). Occurrence ofodéers of urea states was however evenly

77



distributed between older and younger seropositidgéviduals (OR = 0.722%* = 0.4; p =

0.543).

Initial decline in CD4 cell lymphocyte levels wascampanied with corresponding decline in
serum urea levels but CD4 cells within AIDS defmirange were associated with steady rise
in serum urea levels attaining levels higher themipmmune depletion states (see Figure 4.6).

Anti-retroviral therapy was not a determinant opaired serum urea states in HIV infection

(OR = 0.5 =1.7; p = 0.190).
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Figure 4.6: Mean Serum Urea Levels at Different O4 Cell Levels
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4.4. Liver Function Markers in HIV infection

Several liver function markers were used to detinghe state of liver function in HIV
infection.

4.4.1. Liver transaminases

Data on liver function indicators showed that sesifive participants were more likely to
present with abnormally altered serum aspartateratmainsferase (AST) and serum alanine-
aminotransferase (ALT) levels compared to seromeggtarticipants (OR= 4.6;° = 56.9;
p<0.0001 and OR = 6.2¢ = 11.7; p = 0.001, respectively). Accordingly,\Hpositive
individuals had a higher prevalence of elevated ASiivity (defined as >50U/L) than HIV
negative participants (24.5% v/s 6.748,= 56.9; p<0.0001) as well as prevalence of etzl/at
ALT activity (> 65U/l) was higher in HIV-infectedapticipants (4.4% v/s 0.7%° = 11.7, p =
0.001). Mean ALT and AST activity were also notedbe elevated among seropositive
participants than their seronegative counterpa®&5( U/L v/s 30.7 U/L, p<0.0001 and

45.1U/L v/s 36.9U/L, p<0.0001, respectively) sebl€a.4.
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Table 4.4: Distribution of AST by Serological Stats

N AST t p-value AST v p-value  Reference
levels disorders range
(U/L) N (%)
800 HIV+ 45.1 (196)24.! 0- 50U/l
: <0. _ :
406  HIV- 36 103 <00001 oo 6.9 <0.0001
331  Male HIV+ 46 (90)27.:
5.7 <0.0001 19.1
130  Male HIV- 37. (11)8. <0.0001
469 Female HIV+ 44. (106)22.¢
8.7 <0.0001 35.8 <0.0001
276  Female HIV-  36.8 (16)5.¢
680 <50yrs HIV+  45.:% (167)24.¢
47.1 <0.0001
33¢  <5OyrsHIV-  36¢ /8 0<0001 oaq
120 250yrs HIV+ 436 . o0 (30)24. 08  0.002
67 >50yrs HIV+ 37.1 (4)€

Key; ALT-Alanine-aminotransferase, AST-Aspartateireoiransferase

Between the two study groups, females with HIV atfen had a higher propensity of
developing AST and ALT anomalies than females withdIV infection (OR = 4.8y =
35.8; p<0.0001 and OR = 15.5° = 12.7; p<0.0001, respectively). Thus, 22.6% of
seropositive females had deranged AST activity twhicas significantly more than the
prevalence of abnormal AST activity in the HIV ngga females (5.8%, p<0.0001).
Similarly, 5.4% of HIV- infected females had clialty elevated ALT levels as opposed to
0.4% of HIV-negative females (p<0.0001). There wk® lack of parity of mean AST and
ALT levels in females with and without HIV infectio(44.4 U/L v/s 35.8 U/L, t = 8.7,
p<0.000l1land 35.8 U/L v/s 30.2 U/L; t = 6.3; p<0.0DOHowever, among males the risk
noted was of developing elevated AST and not ALfivag in HIV —infected individuals
compared to HIV negative counterparts (OR = 4°0z 19.1; p<0.0001). Correspondingly,
only the prevalence of AST anomalies in HIV- infsttmales (27.2%) was significantly
higher than the prevalence of AST anomalies in HBgative males (8.5%7 = 19.2; p

<0.0001) while rates of ALT anomalies were not eliéint between males with and without
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HIV infection. However, at 46 U/L and 37.8 U/L me&ST and ALT in HIV seropositive
males were significantly dissimilar from 37.2 U/bda31.9 U/L observed in males in the

control group (t = 5.7; p<0.0001 and t = 3.3; p.80Q, respectively).

In the different age categories, the impact of Hi¥éction on liver enzyme activity was more
pronounced in younger (<50 years) than among tterdb50 years) individuals. Younger
HIV infected patients were more susceptible to A8 ALT disorders than individuals in
the same age category who were seronegative (ORB;%°4 47.1; p <0.0001 and OR= 5.7;
v* = 10.5; p = 0.001). Occurrence of elevated AST Ahd activity in HIV- infected young
patients was therefore significantly more frequityain in HIV negative participants of the
same age category (24.6% v/s 6.8% 5 47.1; p<0.0001 and 4.9% v/s 0.99%:= 10.5; p =
0.001, respectively). Mean AST and ALT levels invHinfected participants below 50 years
was also significantly raised than in young HIVgagve participants (t = 9.6; p <0.0001 and
t = 6.5; p <0.0001, respectively). Among older pgrants on the other hand, whereas HIV
infection was accompanied with significant changesiean serum AST and ALT (t=3.6; p
<0.0001 and t = 2.9; p = 0.004), only AST actiwgs significantly raised in those infected
compared to seronegative counterparts (24.2% v/6%9.8; p = 0.002). The prevalence of
ALT anomalies was not different between those with' compared to those withoug*(=

1.13; p = 0.288) (Table 4.5).
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Table 4.5: Distribution of ALT Levels by Serologi@al Status

N ALT t  p-value ALT v p- Reference
levels imbalance value range
(U/L) n (%) (U/L)
800 HIV+ 36.t (35)4.¢ Males; (-7C
7.2 <0.0001 11.7 0.001
406 HIV- 30.7 (0)C Females :-65
331 Male HIV+ 37.¢ (10)2
3.3 0.001 0.8 0.368
130  Male HIV- 31.¢ (2)1.5
469 Female HIV+ 35 g (25)5.4 <0.000
6.3 <0.0001 12.7
276 Female HIV-  30. (1)0.2 1
68C <50yrsHIV+ 36.€ (33)4.¢
6.5 0<.0001 10.5 0.001
33¢ <50yrs HIV- 30.¢ (3)0.€
120  >50yrsHIV+ 36.1 (2)1.7
2.9 0.004 1.13 0.288
67 >50yrsHIV- 30.2 (0)c

Key; ALT- Alanine aminotransferase; AST- Aspartateinotransferase

Among HIV afflicted participants, the tendency tevdlop abnormally raised serum ALT and
AST was not distinctly disparate between the twndge categories either (OR = 0y8; =
2.5;p = 0.116 and OR = 1. = 2.21; p = 0.137, respectively). Thus the prtiparwith
abnormally elevated AST and ALT activities in ma{@3.2% and 3%), was not dissimilar
from that of females (22.6% and 5.3%; p = 0.137 @rd0.116, respectively). Similarly mean
AST and ALT level in HIV- infected males (46 U/L&R7.6 U/L), was comparable to that of

females, 44.4 U/L and 35.8 U/L; p = 0.226 and 0,X28pectively.
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Table 4.6: Prevalence of Liver Enzymes Imbalanca iHIV Patients (n=800)

Patient Liver enzymes
N AST ALT
N (%) v p-value N (%) x° p-value
331 Male (90)27.2 10)3
469 Female (106)22.6 22 0137 o553 25 0116
680 <50 yrs (165)24.2 (14)2
12¢  >50yrs (30)24.6 0008 0927 g9 25 0116
639  ARVusers (159)24.9 (28)4.4
161 ARVnave 373 01 0616 (5,5 <0.0001 0.985

Key; ARV-antiretroviral

aminotransferase

drugs,

AST- Aspartate amiremsferase, ALT- Alanine

In the different age categories, older HIV- infetfmarticipants (>50 years) did not exhibit a

higher predisposition of developing abnormal AS@ ah T states than younger HIV infected

participants (OR = 1.8y> = 0.01; p = 0.920 and OR = 0.3%° = 2.38; p = 0.115,

respectively). Correspondingly mean AST (43.6 Udbd ALT (36.1 U/L) in HIV positive

over 50 years were not significantly higher than348/L and 36.6 U/L recorded in HIV

infected participants below 50 years (t = 0.96% p.334 and t = 0.33; p = 0.741). Indeed

there was no correlation between age and AST levélLT (r = 0.018, p = 0.613 and r =

0.003, p = 0.924) and virtually no variation in AS®r ALT level could be attributed to age

change (r<0.0001) (Figure 4.7).

83



R2 Linear = 3.234E-4

400.0—

300.0-

AST (Ul

200.0-

100.0=

AGE (yrs)

Figure 4.7: Correlation of AST with age irHIV Infected Patients (r = 0.018)
Though mean AST and ALT activity did not fall odttbe normal physiological range in all

CD4 categories, depletion of CD4 lymphocytes be8®® cells/mm3 was accompanied with

steady rise in mean activity levels of both livazgmes (see Figure 4.8).
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Figure 4.8: Mean serum aspartate- aminotransferasat different CD4 cell levels

The risk of developing anomalously elevated AST &hd activity was not significantly
lowered in patients using ARVs either (OR= §9= 0.25; p = 0.617 and OR = 0.99; p = 1).
Correspondingly, mean AST and ALT activity in HiMected patients using ARVs was not
different from mean AST and ALT activity in HIV iatted patients not using ARVs (44.3
U/L vis 45.3 U/L, t = 0.615; p = 0.538 and 36.2 U/ls 36.6 U/L; t = 0.329; p = 0.742,

respectively).

4.4.2. Bilirubin levels in HIV infection
Proclivity of impairment of serum bilirubin (dire@nd total) levels was higher in HIV-
positive participants than HIV negative particim(®R = 1.32)° = 4.96; p = 0.026 and p =

0.002, respectively). In effect therefore, obserpeslvalence of bilirubin disorders (total and
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direct) in HIV positive participants was more thiarHIV negative controls (2.3% v/s 0%,

= 9.3, p =0.002 and 43.1% v/s 36.5¢b= 4.96, p = 0.026) (see Table 4.7 for direct biin

values).

Table 4.7: Distribution of direct Bilirubin by Serological Status (n =1206)

N Demographic D/Bilirubin t p-value | D/Bilirubin e p- Reference
characteristics levels disorders value range
(umol/l) N (%)
800 Hiv+ 4.9 27 | <0.0001 (345)43.1 20 | 0026 " 4.2umolll
406 Hiv- 42 ' ' (148)36.5 ' '
331 Male HIV+ 6.3 (138)41.7
130 Male HIV- 5 3.2 0.002 (47)36.2 1.210.275
469 Female HIV+ 4.9 (207)44.1
276 | Female HIV- 41 4.2 | <0.0001 —57)366 | 41 | 004
680 | <50 yrs HIV+ 4.8 (293)43.1
339 | <50 yrs HIV- 42 4.6 | <0.0001 752366 | 3:96 | 0-046
120 | >50yrs HIV+ 5.2 (52)43.3
67 | >50yrs HIV+ 41 141 0158 o358 | 10 | 0316

By serological status, the propensity of develogirgct bilirubin anomalies was greater in
females afflicted with HIV than females without HINfection (OR = 1.4y° = 4.1; p = 0.04).
There was therefore manifest differences of meaacdibilirubin in HIV+ females and
uninfected females (4.9 umol/l v/is 4.1umol/l; t 2;4p<0.0001) and a higher prevalence of
direct bilirubin disorders (>4.2umol/l) in the foemthan the later group (44.1% v/s 36.6; p =
0.04). 6.1 v/s 4.9; t = 5; p<0.0001). Similarlyrig®e total bilirubin disorders (defined as
>19umol/l) were mostly prevalent in seropositivenédes than in seronegative females (2.6%
v/s 0%; p = 0.007). However, among males despéarikan direct and total bilirubin levels
being significantly higher in HIV infected than wafected individuals (4.9umol/l v/s
4.2umol/l; t = 2.6; p = 0.01 and 6.3umol/l /v/s Splfat = 3.2; p = 0.002), the prevalence of

bilirubin disorders (total and direct) was not difint between those with HIV infection
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compared to those without HIV infection (1.8% vf:0° = 2.4; p = 0.122 and 41.7% v/s
36.2% % = 1.2; p = 0.275, respectively). Within the sarge aategories, the impact of HIV
infection on bilirubin was comparatively more pramgced in younger than among the old
participants. Mean serum total and direct bilirubias raised in young HIV infected patients
compared to their uninfected individuals within g@mne age bracket (6.1pmol/l v/s 5Spumol/l;
t = 5.5; p<0.0001 and 4.8umol/l v/s 4.2umol/l; 46; p<0.0001). Equally, the frequency of
bilirubin disorders was higher in HIV infected yaurparticipants than in uninfected
individuals of the same age group (2.2% v/s 0%;(086 and 43.1% v/s 36.6%; p = 0.046).
On the other hand, among participants above 50syd8r infection was accompanied with
significant alteration of the mean of serum tdidirubin (6.7pumol/l v/s 5pumol/l; p = 0.03;
see Table 4.8) and not of serum direct bilirulewels.

Table 4.8: Total Bilirubin Levels in Participants (n=1206)

N T/Bilirubin t p-value T/Bilirubin v p- Reference
levels disorders value range
(umol/l) N (%) (umoll/l)

800 HIV+ 6.2 57 <0.0001  (18)2.3 9.3  0.002 0-17

406 HIV- 5 (0)0

331 Male HIV+ 6.3 3.2 0.002 (6)1.8 24 0122

130 Male HIV- 5 (0)0

469 Female HIV+ 6.1 5  <0.0001 (12)2.6 7.2 0.007

276 Female HIV- 4.9 (0)o

680 <50 yrs HIV+ 6.1 55 <00001 (1922 76 0006

339 <50 yrs HIV- 5 (0)0

12C =50yrs HIV+ 6.7 22 0.04 @17 12 0286

67 =>50yrs HIV+ 5 (0)0

Elevated serum bilirubin were the only the forms lofirubin disorders displayed in
seropositive individuals. Among HIV afflicted paipants, the susceptibility to developing

abnormally raised serum direct bilirubin and tdtdirubin was not dissimilar between the
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two gender categories (OR = 04 = 0.5; p = 0.483 and OR = 0.9° = 0.5; p = 0.492
respectively). Therefore the proportion with abmally elevated total bilirubin and direct
bilirubin activities in males (1.8% and 41.7%), wad different from that of females (2.6%
and 44.1%; p = 0.491 and p = 0.492 respectivelynil&ly mean total bilirubin and direct
bilirubin level in HIV- infected males (6.3umol/hd 4.9 umol/l), were not distinct from that
of females, 6.1umol/l and 4.9umol/l; p = 0.613 ar®D5 respectively (see Table 4.9).

Table 4.9: Prevalence of Bilirubin Disorders irHIV Infected Individuals (n=800)

N Patient I
attributes Serum bilirubin
Impaired Total bilirubin Impaired Direct bilirubin

N (%) ¥>  p-value N (%) v p-value

331 Male (6)1.8 (138)41.7
469  Female 12)2.6 0491 0484 Ton57)40 4 0473 0492

68C <50 yrs (15)2.2 (293)43.1
0.040 0.841 0.002 0.960

120 >50yrs (3)2.5 (52)43.3

63¢ ARV users (83)13 (280)43.8
) 0.671 0.413 0.623 0.430

161 ARV naive (8)5 (65)40.4

Key; ARV- antiretroviral drugs

The likelihood of occurrence of total and diredirbbin was not aggravated either in older
HIV positive individuals than in young HIV infectegghrticipants (OR = 1.14; 95% C.I. (0.3 —
3.99) and OR = 1.01; p = 1.0, respectively). Nore@ation was demonstrated between age
and total bilirubin level or direct bilirubin (r 6.018; p = 0.613 and r = 0.003; p = 0.924) and
virtually no variation in total bilirubin and diredilirubin level could be attributed to age
change (r<0.0001).

The likelihood of occurrence of impaired circuhgtibilirubin (total and direct) levels was not

different in HIV infected participants using or naging ARVs (OR= 1.54; 95% C.I. (0.5 —
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4.4) and OR = 0.9¢° = 0.6; p = 0.432). Correspondingly, mean totdifbin and direct

bilirubin level in HIV- infected patients using ARVwas not significantly different from
mean total and direct bilirubin in HIV infectedtigets not using ARVs ( 6.2umol/l v/s
6.1lumol/l, t = 0.261; p = 0.794 and 4.9umol/l v/i8wmol/l; t = 0.306; p = 0.760,
respectively). Even though the prevalence of clinically elevatethlt bilirubin and direct

bilirubin states was not related to changes in GBPaphocytes countyf = 3.3, p = 0.342 and
v* = 1.4, p = 0.711, respectively), extreme CD4 digie(<200cell/mm3) was associated

with highest mean serum total and direct biliruleivels (Figure 4.9).
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Key; Wery low; <200cellsful; Low; 201-500cellsf/ul;Moderate;501-800cells/ul;High; =800cells/ul

Figure 4.9: Mean Serum Direct bilirubin levels bylmmune Status

4.4.3. Serum total Protein and Albumin states in HV infection

Infection with HIV virus was accompanied with a ey susceptibility of developing
pathologically altered albumin and total proteinels (OR = 1.38y = 6.89; p = 0.009 and
OR = 1.99;%* = 30.5; p<0.0001, respectively). In effect therefothe proportion with
deranged protein levels (defined as <65g/| or >3@gld albumin levels (<35g/l or >50g/l),
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was higher in HIV- infected patients than their Hi€gative counterparts (52.8% v/s 3685,

= 30.5, p<0.0001 and 60.1% v/s 52.2f= 6.9, p = 0.009, respectively). Mean total protei
(64g/l) and albumin (32.8g/l) in the HIV- infectéadividuals declined substantially below
those of HIV negative controls (67.1g/l., p<0.00&1id 34.5¢g/l, p<0.001, respectively) (see

Table4.10 for albumin values).

Table 4.10: Serum Albumin Levels by Serologicétatus

N Albumin t p-value Albumin p-value Reference
levels disorders range
(a/ N(%) g/l
800 HIV+ 32.¢ (481)60.: 35-50
5.3 <0.0001 6.9 0.009
406  HIV- 34.t (212)52..
331 Male HIV + 32.t (209)63.:
3.8 <0.0001 4 0.047
130 Male HIV - 34.: (69)53.1
469 Female HIV+ 33 (272)5¢
4.4 <0.0001 2.7 0.101
276 Female HIV-  34.t (143)51.¢
680 <50yrs HIV+  32.¢ (419)61.¢
6 <0.0001 6.3 0.01
33¢ 50 yrs HIV- 34.4 (181)53.
12C >50yrs HIV-  33.7 (62(51.7
1.2 0.254 0.501 0.479
67 >50yrsHIV- 34. (31)46.3

Within the same gender category, HIV infected feaaddad a higher propensity of developing
disorders of total protein than females without Hif¥ection (OR = 1.9y* = 16.9; p<0.0001).
This was not however reflected in occurrence oumseralbumin anomalies in females
irrespective of serological status (OR = 3= 2.7; p = 0.101). Accordingly the prevalence
of serum total protein anomalies in HIV + femal&4.4%) was significantly higher than in

HIV negative females (35.9%;° = 16.9; p<0.0001), though the rates of occurreote

90



albumin anomalies was not different between theBdq(%/s 51.8%, p = 0.101). In contrast at
64.1g/l and 33g/l, mean total protein and albumin seropositive females were both
significantly lower than mean total protein (6712@nd albumin (34.5¢g/l) in seronegative
females (p <0.0001). HIV infected males also presstmvith significantly higher tendency of

developing both serum total protein and albumiromiers than seronegative males (OR =
2.1;%* = 12.8; p <0.0001 and OR = 145 = 4; p = 0.05). Correspondingly therefore, the
prevalence of total protein and albumin disordar$liV+ males ( 54.7% and 63.1%; ) was
substantially more than in HIV negative males (296, p <0.0001 and 53.1%; p = 0.047).
Mean total protein and albumin levels in HIV + nwlé3.9g/l and 32.5g/l) were also

significantly below that of seronegative males 984; t = 3.9; p<0.0001 and 34.3¢g/l; t = 3.8;

p <0.0001).

In the different age categories, the impact of lHéction on total protein and albumin levels
was more pronounced in young participants. Thusr@dsethe likelihood of developing total
protein and albumin disorders was higher in youg H compared to young HIV — (OR =
2.1;%%* = 30.3; p <0.0001 and OR = 14 = 16.3; p = 0.01), this was not the case in old
participants (OR = 1.4y = 1.2; p= 0.266 and OR = 1.2 = 0.5; p = 0.480). Accordingly,
this study observed that HIV infected participadmetow 50 years presented with higher rates
of occurrence of protein and albumin disordersnty@ung HIV negative participants (54.3%
v/s 36% ,° = 11.4; p<0.0001 and 61.6% v/s 53.4%= 6.3; p = 0.01, respectively). Mean
protein and albumin levels in seropositive par@cis in this age category (63.8g/l and
32.69/1) was also considerably lower than their egieelates who were not infected (66.99g/l;

t = 6.5; p <0.0001 and 34.4¢/l; t = 6; p <0.00Gfspectively). On the other hand among the
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old, whereas HIV infection was accompanied withnges in mean serum total protein
compared to that of HIV negative participantsie same age bracket (65.4g/l v/is 67.99/l; t
= 2; p =0.05), there was no significant changeeivels of albumin associated with HIV

infection (see Table 4.11 for protein values).

Table 4.11: Distribution of Serum Total Protein Levels by Serological Status

2

N Protein t p-value Protein g p-value Physiological
levels disorders range

800 HIV+ 64 6.7 <0.0001 (422)52.8 30.5 <0.0001 65-80

406 HIV- 67.1 (146)36

331 Male 639 39 <0.0001 (181)54.7 128 <0.0001

130 Male 66.9 (47)36.2

469 Female 64.1 (272)58

276 Female 67.2 >4 <0000l (34957 4 16.9 <0.0001

680 <50yrs 32.6 (244)35.9

339 <50yrs 63.8 6.5 <0.0001 (184)54.3 11.4 <0.0001

120 >50yrs 65.4 (53)44.2

67 >50yrs 67.€ 2 0.0¢ (24)35.6 1.2  0.26%

Among HIV afflicted participants, the dispositiom tdeveloping protein and albumin
disorders was indistinct between the two gendezgmates (OR = 1.13* = 0.85; p = 0.357
and OR = 1.2y = 2.14; p = 0.144, respectively). Thus the prdpariwith protein and
albumin disorders in males (54.7% and 63.1%) wetesignificantly dissimilar from that of
females (51.4% and 58%; p = 0.358 and p = 0.14hedively). Similarly there was no
significant contrast between mean protein and aibuavels in males (63.9g/l and 32.5g/1)

and that of females (64.1g/l; p = 0.712 and 33g4,0.312). (see Table 4.12).
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Table 4.12: Prevalence of serum protein and albumimisorders in HIV infection (n =

800)
N Patient Impaired Total protein Impaired Albumin
attributes
N (%) v p- N (%) v p-value
value

331 Male (181)54.7 (209)63.1
469 Female (272)51.4 0.846 0.358 (272)5¢ 2.1 0.143
680 <50 yrs (244)54.3 4.2 0041 (419)61.6
12 >50yrs (53)44.2 62517 42 004
63¢ ARV users (336)52.6 (378)59.2
161 ARV naive  (86)53.4 0036 0.850 (103)64 1.3 0.264

Key; ARV- Antiretroviral drugs

Old HIV infected participants displayed a lower @raty of developing abnormal protein
and albumin states than younger HIV infected piaiats (OR = 0.67 = 4.17; p = 0.04 and
OR = 0.7;* = 4.2; p = 0.04, respectively). Thus the ratesazfurrence in old participants of
protein disorders (44.2%) and albumin disordets71%) was significantly lower than in
young HIV + patients (54.3%7 = 4.2; p = 0.04 and 61.6%° = 4.2; p = 0.04, respectively).
The likelihood of occurrence of protein and alburdisorders in HIV infected patients was
not differentially affected by using ARVs (OR = 0fb=1.90 and OR = 1.2; p = 0.264). As
such patients using ARVs did not present with didty altered mean serum protein and
albumin levels than those not using ARVs (64g/164s2g/l; p= 0,342 and 32.8g/l v/s 32.9¢/l;
p = 0.837).

Extreme immune, depression CD4 depletion (<200meiB) was associated with lowest

mean serum total protein and albumin (Figure 4.10)
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Figure 4.10: Mean Serum albumin atifferent CD4 cell levels

4.5. Body Fluids parameters in HIV infection

During the period of the study three successivedlwressure measurements were recorded at
intervals of one month and compared with baselinedpressure at the time the participant
was diagnosed with HIV infection. Mean of the swstee blood pressures measurements
showed that in later stages of the disease, mgjofit HIV- infected individuals’ blood
pressure remained within the normal range (defa®dk139/89 mmHg) and did not differ
significantly from the proportion with normal legebf blood pressure at diagnosis (97.6% v/s
95.5%; p=1.0). Similarly mean serum osmolality ilVHinfected individuals was 294.9
mmol/l which was not significantly altered from theean serum osmolality of 294.8 mmol/l

in HIV negative participants. Table 4.13 detdils tevels of various biochemical components

observed during the study.
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Table 4.13: Distribution of Serum Biochemical Parareters by HIV Status

HIV STATUS
Analytes HIV Positive HIV Negative
(n=800) (n=406)

Mean Std Min. Max. Mean Std Min Max.
Creatinine pmol/l 952 35. 11.5 4105 86.2 20.4 40 173.1
Potassium mmol/l 4.2 07 28& 64 4.2 0.7 2€ 6
Sodium mmol/l 1389 6 127 160 139.1 49 130 153
Chloride mmol/l 100.z 3.¢ 90 13¢ 99 3.2 9C 10¢
Urea mmol/l 4.6 21 15 36.7 4.1 1.0 1.9 8.8
Protein g/l 64 8.4 40 89 67.1 6. 42 93
Albumin g/l 328 58 155 47.2 34.5 39 227 43.3
ALT U/l 36 16 11 21C 30.7 11.€ 11.t 14%
AST u/l 451 18 116 301 36.9 9.6 16.3 104
Total Bilirubin ~ pmol/l 6.2 58 1¢ 70 5 1€ 2.2 14.1
Direct bilirubin ~ pmol/l 4.9 4 15 62.8 4.2 13 2 10.8
Glucose mmol/l 4.2 09 21 8.6 4.1 09 2 6.7

Key: ALT-alanine-aminotransferase; AST- aspartagmirotransferase; Min.- minimum;

Max.-maximum

4.6. Serum Electrolytes Levels in HIV infection
The distribution of the three major serum electedyNa+, K+ and CI- were investigated in

HIV infection.

4.6.1 Sodium ion Levels in HIV Infection

Serum sodium levels in either seropositive indiaiduor the healthy controls were found to
be distributed on either side of the normal physjalal reference range of 135mmol/l to
155mmol/l. Thus serum sodium levels in HIV- infettadividuals ranged from as low as 127
mmol/l to as high as 160 mmol/l with a mean of 838mol/l +SD(6.0) while in seronegative

participants it ranged from 130 mmol/l to 153 mfhweith a mean of 139.1 mmol/l £SD(4.9).
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The most frequent values for serum sodium leveldlint (136mmol/l) and HIV- individuals
(2138mmol/l), fell within the physiological referemcange of sodium in the intravascular fluid
compartment. Whereas the rates of occurrence ofusodlisorders (<135mmol/l or
>155mmol/l) among HIV-infected participants (26.1%ps significantly higher than in
uninfected group (17.7%¢ = 10.6, p = 0.001 see Fig 4.2), mean sodium Idigehot shift
significantly in the former compared to the lateoup (138.9mmol/l v/s 139.2mmol/l, p =

0.516).
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Figure 4.11: The Prevalence of Sodium Disorders HIV+ and HIV- Individuals
Comparison of sodium levels in similar gender gooby HIV status, revealed that sodium
disorders in HIV-infected females (27.9%) was mtv@n in uninfected females (18%, p =
0.003) though their mean sodium levels were imist(138.8mmol/l v/s 139.2mmol/l, p =
0.329). In HIV afflicted males however mean seruodism (139.1mmol/l), was not

significantly higher than that of uninfected mal@s89.0 p = 0.840) as was neither the
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prevalence of serum sodium disorders (23.6% v/9%6 = 0.119). Within the same age
category, HIV-infected patients above 50 years, dad display significantly dissimilar
sodium outcomes compared to HIV negative countespabove 50 years in both mean
sodium levels (139.8mmol/l v/s 138.6mmol/l p = BL4and prevalence of sodium anomalies
(23.3% v/s 20.9%, p = 0.702). However among paicis below 50 years, HIV infection
was associated with a higher prevalence of abnosodilm levels compared to those without
HIV infection (26.6% v/s 17.1%y* = 11.4, p=0.001), despite there being no diffeeenc
between their mean sodium levels (138.7mmol/l @&.2mmol/l, p = 0.182) see Table 4.14.

Table 4.14: Serum Sodium lon States and HIV Stasu

N Mean t p- Sodium ¥ p- Reference
sodium value imbalance value range
(mmolll) N (%) mmol/|
800 HIV+ 138.¢ (209)26.: 13E-15E
06 HV- 1302 0650 <0516 Zovo 106 0.001
Mal
o 00 o ome (90 24 ous
¢ Femal
ot e igg'g 0.978 0.329 Eég)%?l'g 9.1 0.003
120 >50yrs  139.8 (28)23.3
67 ssows 1386 15 0143 (50 0147 0702
50
680  <SOyrs 138.7 ;45 gagz UBD266 444 4001
339 <50yrs 139.2 (58)17.1

There were 207 out of 209 HIV infected participafdand with serum sodium disorders
presented with hyponatremia (<135mmol/l) while Zsesa were due to hypernatremia
(>155mmol/l). Gender and age were not associatatl significant changes in sodium
outcomes among HIV- infected participants as meatusn levels in HIV infected males

(139.1mmol/l) was not markedly different from tliat1V infected females (138.8mmol/l), p

= 0.421. Similarly the proportion of infected malegh impaired sodium levels (23.6%) was
not different from that of females with abnormabligon levels (27.9%, p = 0.166). Mean
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sodium levels in HIV+ patients over 50 years (1&83®l/l) was also not different from that
of seropositive patients below 50 years of age .([@8&ol/l), p = 0.072 and neither was the
prevalence of anomalous sodium levels (23.3% v/€%6 p = 0.450). Generally HIV-
infected participants not using ARVs had a highervplence of serum sodium disorders
(32.3%) than those using ARVs (24.6%¥, = 3.98, p = 0.046. However, among gender
groups the impact of anti-retro viral treatment senum sodium ion states was mainly evident
in females among whom those using ARVs had a higtean sodium level (139.2mmol/l v/s
137.5mmol/l, p = 0.007) and a lower prevalenceodfism anomalies (24.3% v/s 38.296,=
8.8, p = 0.003), than those not using ARVs. In Hifected males, ARV use was not
associated with significant changes in sodium autsm Similarly whereas in HIV- infected
patients over 50 years, ARV use had no significaipact on sodium states, in younger HIV
infected patients (<50 years) those using ARVs &digher mean sodium level (139mmol/l
v/s 137.6mmol/l, p = 0.013) and a lower prevalentsodium anomalies (24.3% v/s 3695,

= 7.7 p = 0.005) than those not using ARVs. Immdepletion was accompanied with rise in
mean sodium levels that constituted two phasespdest rise associated with initial CD4
lymphocyte decline up to 800 cells/ mm3 and a stesp associated with fall in CD4 cell
count below 800 cells /mm3. However, mean sodiuthnait fall out of the normal reference
physiological range (135 — 155mmol/l) across the4diimphocyte count ranges (Figure

4.12).
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Figure 4.12: Mean serum Sodium at differen€D4+ Cell Levels

4.6.2 Serum Chloride ion States in HIV Infection

Serum chloride ion levels in both study groups waistributed on either side of the optimal
physiological reference range of 98mmol/l to 106rMimdhus HIV-infected individuals were

detected with serum chloride levels ranging fromn@@ol/l to 139 mmol/l with a mean of
100.2 mmol/l £SD(3.9) while seronegative particiggarchloride levels ranged from 90
mmol/l to 108 mmol/l with a mean of 99.9 mmol/l £&38). The most frequently observed
value of serum chloride ion levels in HIV + indivals (96mmol/l) was below the lower
reference range indicating that chloride ion depfetwas a common finding in these
individuals. However among the healthy controls tim@st frequently observed value

99mmol/l was within the normal serum chloride iemdls.
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The proportion with CI- ion disorders (<98 or >1Q6wol/l) in the study population, was
27.4% with 87.2% of these being due to depletiorestim chloride content (hypochloremia;
<98mmol/l) and 12.8% hyperchloremia (>106mmol/l)edn chloride in HIV+ participants
(100.2mmol/l) was not significantly different frorthat of HIV-negative participants
(99.9mmol/l, p = 0.252) and neither was the prawsdeof serum chloride disorders (27.4%
vls 25.9%, p = 0.575). However, among males, HI¥dtion was associated with higher
mean chloride levels compared to uninfected mdee.2mmol/l v/s 99.5mmol/l, p = 0.047).
Nonetheless, the prevalence of chloride anomati¢$lV+ males was not different from that
of uninfected males (29.3% v/s 26.2%, p = 0.5).réh@as no noticeable contrast among
HIV-infected and uninfected females, in mean cllerievels (p = 0.968) and prevalence of

abnormal chloride states (26% v/s 25.7%, p = 0.88#&)Table 4.15.

Table 4.15: Distribution of Serum Chloride ion by %rological Status

2

N Mean t p-value Chloride 1y p - Physiological
chloride imbalance value range
(mmol/l) N(%) (mmol/l)
800 HIV+ 100.2 (219)27 . 9C-13¢
1.2 <0.252 0.314 0.575
406 HIV- 99.¢ (105)25.¢
331 Male HIV + 100.Z (97) 29.:
2.0 0.047 0.456 0.5
130 Male HIV - 99.t (34)26.:
46¢ Female HIV+ 100.] (122)2¢
0.04 0.968 0.008 0.931
276 Female HIV-  100.] (71)25.7
120 <50yrs HIV+ 100.: (35)29.:
1.3 0.206 0.112 0.738
67 50 yrs HIV- 99.€ (19)28.:
68C >50yrs HIV- 100.] (184)27.:
0.662 0.508 0.226 0.635
339 >50yrs HIV- 100.( (90)26.¢
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Gender difference among HIV-infected individualsswaot associated with differences in
serum chloride outcomes. Mean chloride levels nomasitive males (100.2mmol/l) was not
dissimilar from seropositive females (100.1mmad/k 0.816) and neither was the prevalence
of chloride disorders (29.3% v/s 26%, p = 0.3043e/f HIV infected participants was also
not a determinant of differences in serum chlond&comes. Thus, HIV infected individuals
over 50 years did not have contrasting mean chddedels form HIV infected participants
below 50 year (100.3mmol/l v/s 100.1mmol/l, p =8¥¥ and neither did the prevalence of
serum chloride pathological states differ betwdemt (29.2% v/s 27.1%, p = 0.633). Use of
ARVs was also not accompanied with significant gemnin mean serum chloride levels
compared to non-ARV use (100.2mmol/l v/s 99.9mmelA 0.270). Similarly the proportion
using ARVs with anomalous chloride levels (27.5%gswot different from those not using
ARVs (26.7%, p=0.832). Decline in CD4 cell courdsaaccompanied with mixed outcomes

in serum chloride levels (see Figure 4.13).
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Figure 4.13: Mean Serum Chloridens at different Immune states
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4.6.3 Serum Potassium Levels in HIV Infection

Serum potassium levels in both groups was disetbutn either side of the physiological
reference range. Hence serum potassium levels tddtda HIV-infected participants
fluctuated between 2.8mmol/l and 6.4mmol/l with @aam of 4.2 mmol/l £SD(0.7) (Table

4.16).

Table 4.16: Serum Potassium States by HIV Status

N Mean t p- Potassium v p- Reference
potassiu value imbalance value Range (mmol/l)
m N(%)
mmol/l)
800 HIV+ 4.2 (138) 17.3 3.4-5.3
1.2 0.274
406 HIV- 4.2 0.132  0.895 (60)14.8
331 Male HIV+ 4.1 (57)17.2
1.7 0.194
130 Male HIV- 4.2 0182  0.334 (16)12.3
469 Female HIV+ 4.2 (81)17.3
0.220 0.639
276 Female HIV- 4.1 0917  0.359 (44)15.9
120 >50yrs HIV+ 4.1 (28)23.3
0.0350 0.727 3.6 0.058
67  >50yrs HIV- 4 (8)11.9
680 <50 yrs HIV+ 4.2 (119)16.2
0.037 0.971 0.119 0.731
339 <50yrs HIV- 4 (52)15.3

On the other hand seronegative individual maniteste mean potassium of 4.2mmol/l
+SD(0.7) and a range of 2.9mmol/l to 6mmol/l. Thesinfrequent serum potassium values
observed in either group was 3.6mmol/l which fathim the optimal physiological range (3.4
— 5.3 mmol/l). Comparatively therefore, mean patamslevel in HIV-infected participants
was not significantly different from that of HIV gative individuals (4.2mmol/l v/s
4.2mmol/l, p = 0.895) and neither was the prevadesicserum potassium disorders (17.3%

v/s 14.8%, p = 0.274).
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Among similar gender groups, HIV afflicted maldg] not have significantly altered serum
potassium level (4.1mmol/l v/is 4.2mmol/l, p = 0.33# rates of occurrence of potassium
disorders (17.3% v/s 12.3%, p = 0.194) than uniefitenale counterparts. Similarly HIV+
females were not observed with a significant chaingmean potassium level compared to
uninfected females (4.2mmol/l v/is 4.2mmol/l, p 97) as well as in prevalence of
potassium disorders (16.2% v/s 15.3%, p = 0.731)hiwthe same age categories, rates of
occurrence of potassium disorders in HIV+ individuaver 50 years was not dissimilar from
that of seronegative participants of the same 28% v/s 11.9%, p = 0.058). Younger (<50
years) HIV+ participants equally had no contrastimgan potassium level (4.2mmol/l) from
that of younger uninfected individuals (4.2mmapl= 0.97) and neither was the prevalence

of anomalous potassium states between them disp@m2% v/s 15.3%, p = 0.731).

Among seropositive participants 17.3% had potasgiisorders majority (77.5%) of which

were due to hypokalemia (<3.4mmol/l). Mean potassiavels in HIV+ males and females
were not markedly different (4.1mmol/l v/s 4.2mmaglf = 0.333) as was neither the
prevalence of potassium disorders (17.2% v/s 173%,0.985). Similarly, age difference
among infected individuals, did not herald diffarphysiological and pathological potassium
outcomes. Anti-retroviral therapy was not assodiatéh contrasting difference in potassium
outcomes irrespective of age and gender of the idfected participants. Mean potassium
level among infected participants using ARVs (4.1atitndid not shift significantly from that

of infected participants not using ARVs (4.2mmofl,= 0.101). Prevalence of anomalous
potassium states was also not significantly difierdeetween those on ARVs compared to

those not using ARVs (18.2% v/s 13.7%, p = 0.1H#8)ial decline in CD4+ immune levels
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was associated with decline of serum potassiuml lapeto moderate CD4+cell count.
Beyond this CD4+ level, serum potassium level rogeto low CD4+ levels. In very low

CD4+ levels serum potassium declined again (Figuié).
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Figure: 4.14 Mean serum Potasm at different CD4 + cell levels

4.7. Association between Serum Electrolytes Leveisith Kidney and Liver Function
Markers

The association and level of co-variation exhibletiveen kidney and liver function markers

were assessed to delineate whether any co-exislugyolytes imbalance could be attributed

to underlying kidney or liver defects and the magphe of the electrolytes disorders that could

be explained by the concurrent kidney or liver defe

4.7.1. Kidney Function Markers and Associated Eldémlytes Changes
The risk of developing aberrations in serum eldgtes was indistinct between HIV-infected

patients with and without abnormal creatinine stf@R = 0.98; p = 0.888, OR = 0.953; p =
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0.823 and OR = 0.993; p = 1, respectively). This wgemplified in mean electrolyte levels
(sodium, potassium and chloride) in HIV infectioittwor without impaired serum creatinine
levels (139.1mmol/l v/s 138.8mmol/l; t = 0.605; p0545, 4.1mmol/l v/s 4.2mmol/l; p =

0.752 and 100.2mmol/l v/s 100.1mmol/l; p = 0.7&kpectively).

In both gender, where HIV infection was complicateth underlying creatinine disorders,
the susceptibility of developing Na+, K+ and Clsatiders was not dissimilar between males
and females (OR = 0.7, p = 0.383, OR = 1.2, p 99.6nd OR = 0.96, p = 0.888
respectively). But where creatinine disorderstexisn both age categories, it was noted that
whereas mean sodium remained unchanged, mean ipotaevels was higher in younger
HIV positive individuals than in old HIV-infecteahdividuals (4.2mmol/l v/s 3.9mmol/l; t =
2.3; p= 0.03) while chloride level was lower in ymer HIV infected persons than in older
HIV positive individual (99.6mmol/l /v/s 102mmol/t; = 2.7; p = 0.01). Among the HIV
positive patients with abnormal creatinine levdlspse using ARVs did not manifest a
significant proclivity of developing abnormal serdhaid electrolytes levels (Na K*, CI ;

OR =0.58,p = 0.198; OR =1.77, p = 0.398 and OR18, p = 0.729 respectively).

4.7.2. Electrolytes and Metabolites Changes Attribiable to Creatinine Levels

A strong positive correlation existed between énéa¢ levels and urea (r = 0.953; p<0.0001)
with over 90% of changes in urea associated witanghs in creatinine {r= 0.908;
p<0.0001), among seronegative study individuals.this group weaker correlation also
existed between creatinine and totalbilirubin ¢0.£1; p = 0.02) as well as direct bilirubin (r =

0.103; p = 0.04) but with virtually no co-variatidetween them {r= 0.014 and’= 0.011,
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respectively). Among HIV-infected individuals, aramstg positive correlation persisted

between creatinine and urea in those with normeatarine states (r = 0.656; p<0.0001) and

those with abnormally altered creatinine levels (0.715; p<0.0001). There was also 43%

and 51.1% co-variation respectively between crasirand urea in the two HIV infected

categories (Figure 4.15).
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Figure 4.15 Correlation of Serum Creatinine Levelsand Urea in HIV Infection (r =

0.715)

Among seropositive participants creatinine alsopldiged weaker correlation with, total

bilirubin, directbilirubin, glucose, ALT, AST andofassium, but with no observable co-

variation between them. Correlation and co-vamati@tween creatinine and urea was also

co-directional with regard to development of patigidal clinical states. This was
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exemplified by the fact that 91.4% of urea disosdeere in HIV positive participants with
creatinine disorders which was contrastingly higtiean the proportion of urea disorders
found in HIV positive participants with normal ctiggne levels (8.6%y* = 80.9; p<0.0001).
Moreover, the type of urea anomaly found in therlgroup matched the type of creatinine
disorder existing in the group of patients. Noga? out of 23 hyperuremia cases were found
in hypercreatinine cases, while 10 out of 12 hypoia cases were in HIV infected patients
also with hypocreatinine states. In patients witleatinine retention disorders
(hypercreatininemia) the concomitant urea disopttledominantly exhibited in them therefore
was urea retention disorders and conversely patianith creatinine depletion disorders
(hypocreatininemia) preferentially tended to haveaudepletion disorders. Alternately, no
patient with creatinine retention disorders hadauwlepletion disorders and no patient with
creatinine depletion disorders had urea retentisorders. Such co-directional shifts between
urea and creatinine, were not exhibited betweeaticiee and any of the other electrolytes

with or without marginal correlation between them.

4.7.3. Serum Electrolytes States Associated with Ea Levels in HIV Infection

In general, HIV- infected patients with abnormataustates did not display a higher tendency
to develop abnormally altered serum sodium, patassiand chloride levels than their
counterparts with normal urea levels (OR = 1.12,(p74, OR =1.99, p = 0.07 and OR = 1.6,
p = 0.185, respectively). Thus the prevalence dfisn, potassium and chloride anomalies in
HIV- infected patients was not associated with ulyileg urea disorders. Mean sodium,
potassium and chloride levels in HIV- infected pats with urea disorders was equally noted

to be unchanged from that of HIV infected patienithout urea disorders (139.1mmol/l v/s
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138.9 mmol/l; t = 0.213; p = 0.831; 4.1 mmol/l v24nmol/l; p = 0.361 and 100.7 mmol/l v/s
100.1 mmol/l; t = 0.885; p = 0.376, respectivelyp)addition, where there was impaired urea
levels in both gender categories, the likelihoodle¥eloping serum sodium, potassium and
chloride disorders in males with abnormal urea leveas not different from that of HIV+
females with urea disorders ( OR = 2.2; 95% CQ0.5 - 10.3); OR = 0.4 955 C.I. ( 0.08 —
1.09) and OR = 0.8; p = 0.764). Existence of uryilegl urea disorders in either age
categories did not as well increase their predisiposto developing serum electrolytes
disorders. Using antiretroviral drugs did not cintte to improving the risk of developing
body fluids and electrolytes disorders in seropesiindividuals with abnormally altered urea

levels.

4.7.4. Serum Analytes Levels Attributable to Urea tates

Urea levels in seronegative individuals had a sgfrpositive correlation to creatinine (r =
0.953; p < 0.0001) with 90.7% co-variation betwé¢eem (f = 0.907; p < 0.0001). In the
same participants, urea also showed a weak coomlatith totalbilirubin (r = 0.102; p =
0.04) with nonexistent co-variation between therh #r 0.008). Among HIV infected
individuals with normal urea states, a strong datien was retained between urea and
creatinine (r = 0.943; p< 0.0001) with 88.9% coiaton between them {r= 0.889; p<
0.0001). Urea also exhibited minimal correlatiorthwpotassium but without co-variation
between them in this group of participanfs<10.004). However, in seropositive participants
with impaired urea states, a significant positieerelation only existed with creatinine (r =

0.576; p< 0.0001) with 31.2% co-variation betwesmnt.
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4.7.5. Glomerular Filtration Rates and Associated Eectrolytes Changes

Overall among HIV positive individuals, the liketibd of occurrence of serum sodium,
potassium and chloride imbalances was not elevateddividuals with impaired eGFR
compared to those with unimpaired kidney functi@R(= 1.03, p = 0.864; OR = 1.44, p =
0.07 5 and OR = 1.105, p = 0.546 respectively). ilgng, where both gender were
seropositive and had underlying kidney functiorodigrs as well, the propensity to develop
serum electrolytes disorders was not distinct betwghem. The rates of occurrence of
sodium, potassium and chloride disorders in maléls underlying eGFR disorders (22.2%,
20.5%, and 32.4%) were not in contrast from thesatbserved in female participants with
eGFR disorders (28.7%, p = 0.107; 18.2%, p = 0.&20 25.6%; p = 0.100). In both age
categories, complication of HIV infection with kiely function disorders was accompanied
with indistinct rates of occurrence of serum sodiypotassium and chloride anomalies

(27.3% v/s 21.8%, p 0.297; 17.8% v/s 25.3%, p Dhdnd 27.7% v/s 29.9%, p = 0.683).

Glomerular filtration rate in HIV-infected individds with normal kidney function, had a
significant positive correlation with creatinine £r 0.590; p<0.0001) as well as urea (r =
0.160; p = 0.006). This correlation was accompamiitkd co-variation between creatinine and
glomerular filtration rate fr= 0.345) but less so between glomerular filtratiate and urea

(r* = 0.022) within the same participants (Table 4.17)
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Table 4.17: Correlation of Glomerular Filtration Rate and Serum Biochemical

Substrates (n=800)

HIV+ normal eGFR HIV+ deranged eGFR
r p-value r’ r p-value r’
Creatinine 0.590 <0.0001 0.345 0.598 <0.0001 0.598
ALT 0.006 0.916 <0.0001 0.021 0.629 <0.0001
AST 0.033 0.579 0.001 0.084 0.058 0.005
Urea 0.160 0.006 0.022 -0.452 <0.0001 0.203
Glucose 0.004 0.947 <0.0001 0.080 0.07 0.005
Protein 0.013 0.826 <0.0001 0.016 0.723 <0.0001
Albumin 0.013 0.825 <0.0001 <0.0001 0.994 <0.0001
Sodium 0.013 0.828 <0.0001 0.031 0.491 0.001

Potassium  0.032 0.591 0.001 0.008 0.864  <0.0001
Chloride 0.064 0.275 0.004 0.072 0.103 0.003
TTBIL 0.060 0.309 0.004 0.234  <0.0001  0.053
DRCTBIL 0.069 0.239 0.001 0.249 <0.0001 0.062

Key: TTBIL- Total bilirubin; DRCTBIL- Direct bilirlbin, AST-Aspartate aminotransferase,

ALT- Alanine aminotransferase, eGFR- Estimated glautar filtration rate

On the other hand, in HIV positive individuals withpaired glomerular filtration rate, eGFR
correlated also with creatinine (r = 0.598; p <0DQ urea (r = 0.452; p<0.0001), total
bilirubin (r = 0.234; p<0.0001) and direct bilirubi{r = 0.249; p<0.0001). Nonetheless in
these individuals, strong co-variation was onlyestsed between glomerular filtration rate

and creatinine fr= 0.393; p<0.0001) as well as urea=10.203; p<0.0001) (see Figure 4.16).

110



R2 Linear = 0.393
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Figure 4.16: Correlation of Serum Creations Leveland Glomerular Filtration Rate (r

=-0.872)

Co-directional shift towards abnormal levels wasraglified between glomerular filtration
rate and creatinine as well as urea. Hence whér&ds of HIV + individuals with normal
eGFR, had abnormal creatinine states, this prapoiticreased to 34% in cases with mild
reduction of glomerular filtration rate (<90mlisélipd to 60.2% in moderate reduction of eGFR
(<60mls/min). On the other hand 4.5% of seroposiiivdividuals with normal eGFR had
urea disorders which increased to 8.8% in indiMslwath moderate fall of eGFR and 75% in
patients with severe reduction of glomerular ftitva rate (<30mis/min). Whereas the rates of
occurrence of potassium disorders increased signifiy with severe reduction in kidney
function (50% v/s 21.5% in moderate and 16.9% itdrkidney dysfunction, p = 0.02), the
rates of occurrence of serum sodium and chlorid®rders remained unchanged with

declining kidney function (p = 0.948 and p = 0.688spectively). It was observed therefore
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that the mean serum sodium levels, did not shiypobd the normal physiological range as

was also mirrored by the other inorganic electedyvestigated (Figure 4.17).
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Figure 4.17: Mean Serum Sodium Levels at Differenidney Function States

4.7.6. Electrolytes States Associated with Liver Eaymes Activity in HIV Infection

In general, the prevalence of serum sodium imbalananifested in equal magnitude in HIV
infected patients irrespective of existence of ratteliver enzyme levels. Presence of
underlying AST disorders in HIV infected patientasstherefore not associated with a higher
proclivity to developing abnormally altered seruma#\ K+, and CI- levels than in HIV+
individuals with normal AST levels (OR = 1.3, p 203, OR = 0.9, p=0.689 and OR = 1.1,
p = 0.663, respectively). As a result the prevadent sodium, potassium and chloride
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disorders in HIV- infected patients with AST disersl( 29.6%, 16.3% and 28.6%) was not
different from that of HIV- infected patients wittormal AST states (25%; p = 0.204, 16.3%;
p = 0.694 and 27%; p = 0.665, respectively). Mazgisn, potassium and chloride levels in
HIV- infected patients with AST disorders was edpalffected by complication of HIV
infection with elevated AST activity ( 138.8mmollls 139 mmol/l; t = 0.363; p = 0.717,
4.2mmol/l v/ 4.1mmol/l; p= 0.496 and 99.9mmol/l VI80.2mmol/l; t = 1.1; p = 0.293,

respectively).

Similarly anomalously elevated ALT activity was @lsot a predictor of developing serum
electrolytes (sodium, potassium and chloride) diss (OR = 1.95, p= 0.056; OR =0.792, p
= 0.632 and OR = 1.23, p = 0.583, respectively)weler, in HIV infected patients with
elevated ALT activity mean serum sodium level wagdr than in HIV infected patients with
normal ALT activity (136.6mmol/l v/s 139mmol/l, tZ3, p = 0.019). Potassium and chloride
levels were however not found to be significantiyieged in HIV infected participants with
abnormal ALT activity than in those with normal AlStates 4.3mmol/l v/s 4.2mmol/l; p=

0.135 and 99 mmol/l v/s 100.2mmol/l, p = 0.082pexdively.

In addition, where liver enzyme elevation was pn¢sn both gender groups, neither females
nor males displayed a contrastingly increased stifilgy to developing serum electrolytes
disorders than the other. The risk of developingusesodium, chloride and potassium
anomalies in HIV-infected males with AST disordesas therefore not different from that of
HIV infected females with AST disorders (OR =1.p40.671, OR = 1.7, p = 0.09 and OR=

1.22, p = 0.61, respectively). Similarly in abnotrA&T states, the risk of developing serum
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sodium, potassium and chloride disorders was mptifsiantly higher in males compared to
females (OR = 1.14, p = 0.671; OR= 1.2, p = 0.640 @R = 1.7, p = 0.09, respectively).
Where AST and ALT anomalies was present in both egfegories, neither age group
displayed a higher tendency to developing seruratrelgtes disorders that the other. Thus
the likelihood of developing serum sodium, potassiand chloride disorders in old HIV
infected patients was not different from that otigg patients with abnormal liver AST (OR

= 0.7, p=0.484, OR = 0.8; 95% C.I. 0.3 — 2.5; @Ri= 1.7, p = 0.227).

Among HIV- infected patients with abnormally eles@tAST, using anti-retroviral therapy
did not lower comprehensively the likelihood of vdeping serum sodium, potassium and
chloride disorders than absence of treatment (AR8=p = 0.639, OR = 1.7, p = 0.327 and
OR = 1.9, p = 0.160). Similarly in HIV- infected tpmnts with abnormal ALT states, no
marked improvement was registered in the risk ofetiping plasma sodium and chloride
disorders among those using ARVs compared to thosasing ARVs (OR = 1.9; 95% C.I. (

0.3-11.4 and OR=3.3; 95% C.I. (0.4 — 31.8).

4.7.7. Electrolytes and Metabolites Changes Attribiable to Liver Enzymes Alterations

In HIV negative individuals, AST showed strong ebation with ALT (r = 0.721; p <0.0001)
with 52% of variations that occurred in ALT assoetawith variations occurring in AST(&
0.520; p<0.0001). Among the HIV negative particiigarAST displayed an additional mild
correlation with glucose (r = 0.102; p = 0.04) lomly a dismal 1% of their values shared
common variation trends. Among HIV+ patients witbrmal AST levels, strong correlation

was observed between AST levels and ALT (r = 0.f30.0001) with 49.2% co-variation
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them. In addition, in this group AST also depictadrelation with chloride ion levels (r =
0.084, p = 0.039), but only 0.5% co- variation bextw them.

However in HIV positive participants with elevatA&T activity (>50U/L), an even stronger
correlation was exemplified with ALT (r = 0.784, @€001) with a higher proportion (71.8%)

of ALT changes associated with changes in AST &él= 0.718; p<0.0001) See Figure
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Figure 4.18: Correlation of ALT and AST in HIV-Infe cted Individuals (r = 0.784)

Additionally in this group with elevated AST levelsorrelation was observed between AST
and seven other analytes namely; creatinine, wteagctbilirubin, totalbilirubin, sodium,

chloride and albumin (Table 4.18).
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Table 4.18: Correlation of AST Levels with Other $rum Substrates and Electrolytes (n

= 1206)
AST in HIV negative HIV positive-AST normal (< HIV positive—elevated
50U/L) AST (>50U/L)
r p re r p re r P r?
ALT 0.721 <0.0001 0.520 0.701  <0.0001 0.492 0.784 0GL 0.613
Creatinine  0.057 0.254 0.003 0.054 0.189 0.003 0.470 <0.0001221
Chloride 0.021 0.668 <0.0001 0.084 0.039 0.007 0.172 0.016.030
Sodium 0.008 0.880 <0.0001 0.031 0.441 0.001 0.222 0.00R.049
Potassium 0.057 0.250 0.003 0.060 0.141 0.004 0.051 0.474.0030
Urea 0.03¢  0.43: 0.00z 0.02¢ 0.49¢ 0.001 0.30¢ <0.000: 0.09:
Glucose 0.102 0.039 0.010 0.076 0.063 0.006 0.127 0.075.0160
Total /Bl 0.035 0.484 0.001 0.003 0.950 <0.0001 0.227 0.000.051
Direct/Bil 0.064 0.195 0.004 0.001° 0.981 <0.0001 0.268 G@LO 0.072
Protein 0.050 0.311 0.003 0.008 0.845 <0.0001 0.120 0.090.014
Albumin 0.046 0.630 0.002 0.020 0.627 <0.0001 0.156 0.029.024

The proportion of alteration in these seven analytat portrayed common variation trend
with AST was however dismal, with exception of ¢r@ae where 21.7% of changes in its
level were accounted for by changes in AST lewklstrong co-directional shift in levels of
ALT and AST was apparent where AST was regressahsigclinically deranged ALT cases
or where ALT was regressed against cases with teldv&ST activity. Thus in HIV infected
patients with abnormal AST states, 97.1% also lmbanal ALT levels whereas only 2.9%
of patients with normal AST states had abnormal Aévels ¢* = 104.4; p <0.0001). Thus
where the strength of correlation was considerddnlge, it was observed that shifts in the
AST levels that predominantly culminated in devetgmt of abnormal AST levels
(>50U/L), were accompanied by similar shifts in gireportion of the co-variant electrolytes

towards abnormal level.
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4.7.8. Association of Electrolytes Levels with Bilubin Levels in HIV

Generally, sodium and potassium imbalance mandesteHIV-infected patients with total
bilirubin anomalies (OR = 3.7; 95% C.I. (1.4 — 9a#)d OR = 3.2; 95% C.I. (1.3 — 4.2). Thus
in HIV infection, developing total bilirubin disoeds was associated with significantly raised
rates of occurrence of sodium and potassium diser@.6% v/s 25.4%” = 8.3; p = 0.004
and 38.9% v/s 16.8% = 6.04; p = 0.01). In contrast, occurrence ofdikslirubin disorders

in HIV infected patients did not impact on the riskoccurrence of sodium, potassium and
chloride disorders compared to those with normegdibilirubin levels (OR = 0.945; p =

0.729, OR =0.989; p=0.92 and OR = 1.1; p = (xédpectively).

Where elevated serum bilirubin was present in lgafder groups neither females nor males
comparatively displayed a higher tendency of deyalp serum electrolytes disorders than
the other gender. The risk of developing serumwudichloride and potassium anomalies in
HIV infected males with total bilirubin disordersas/as such not different from that of HIV
infected females with total bilirubin disorders (GR0.7; 95% C.I. ( 0.09 — 5.1), OR = 0.2
;95% C.I. ( 0.01 — 2.3) and OR= 0.3; 95% C.I. (20 3.2), respectively). Similarly in
abnormal direct bilirubin states the risk of dey#hg serum sodium, potassium and chloride
disorders was not significantly different in matesnpared to females (OR = 0.7, p = 0.118;
OR =0.86, p =0.603 and OR = 1.16, p = 0.554,getbyely). Similarly with underlying total
bilirubin age difference was not associated witkvated vulnerability to developing serum
electrolytes as exemplified in risks related toisod and potassium disorders (OR = 0.3;
95% C.I. (0.11 — 2.9), and OR = 4; 95% C.I. (0.8.9). In HIV -infected patients whose

serum total bilirubin levels was abnormally eledatthe predisposition to developing serum
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electrolytes (sodium, potassium and chloride) diss was not ameliorated by anti-retroviral
therapy (OR = 0.2; 95% C.I. (0.02 — 2.5), OR = 38% C.I. (0.3 — 39.6) and OR = 0.7 95%
C.l. (0.08 — 5.7). Similarly in HIV- infected patits with abnormal direct bilirubin states, no
marked improvement was registered in the risk ofettging serum electrolytes disorders
among those using ARVs compared to those not UsRigs (Sodium- OR =6, p = 0.09 and
Chloride-OR 1.3, p = 0.403). In this group, theyatence of serum potassium disorders was
significantly elevated in HIV positive individualgith abnormally elevated direct bilirubin
and using ARVs compared to those with abnormaktibdirubin and not using ARVs (OR =

2.5, p = 0.04).

4.7.9. Correlation Electrolytes and Metabolites irSerum with Bilirubin Levels

Direct bilirubin in healthy controls was stronglgroelated with total bilirubin levels (r =
0.925; p<0.0001) with 92.5% of variations in levefseither electrolyte tied to variation in
level of the other. Among the same participantsedli bilirubin also showed a weak
correlation to creatinine (r = 0.103) with only %4of alterations in levels of either
electrolytes associated with changes in level$iefdther. Total bilirubin in this group had a
weak correlation with creatinine and urea (r = 6;1f = 0.019 and r = 0.102; p = 0.04,
respectively). In HIV infected participants withmaal direct bilirubin levels, correlation was
only noted between direct bilirubin and total hibin (r = 0.752, p<0.0001) with 56.5% co-
variations existing between then? @ 0.565). However, in HIV- infected patients with
clinically elevated direct bilirubin states (>4.2piA), there was increased positive correlation
between direct bilirubin and total bilirubin (r =988; p<0.0001) with 92.7% of changes in

level of total bilirubin associated with changedawels of direct bilirubin (Figure 4.19).
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Figure 4.19: Correlation of Direct and Total Bilirubin In HIV-Infected Individuals (r =

0.958)

In addition four other metabolites showed increasaudelation with direct bilirubin in HIV-
infected patients with underlying direct bilirubidisorders; these electrolytes included
creatinine (r = 0.412, p<0.0001), urea (r = 0.3620.0001), AST (r = 0.212, p<0.0001) and
glucose (r = 0.139, p = 0.010). However the praporof changes of levels of these later four
analytes that could be associated with changes/ald of direct bilirubin was only noticeably
moderate for urea (12.9%) but remained dismally fowthe rest. Furthermore only total
bilirubin was seen to have co-directional shifthwdtirect bilirubin levels in such patients, as
no patient with normal direct bilirubin had totalifubin disorders while all total bilirubin

disorders occurred only in patients with abnormial bilirubin disorders.
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On the other hand in HIV- infected patients wittsea total bilirubin (>19umol/l), correlation
existed between total bilirubin and direct bilimkanly (r = 0.875, p<0.0001) with 76.6% co-
variation between them. Pathological shift in Ievel bilirubin (direct and total) were also in
tandem, with all the patients with abnormal levetstotal bilirubin also having abnormal
levels of direct bilirubin while none of the patierwith normal levels of direct bilirubin had
abnormal levels of total bilirubin. On the othenbahe strength of correlation between direct
bilirubin and creatinine in HIV infected patientstivabnormal levels of direct bilirubin was a
pointer to co-existence rather than co-directicadt in magnitude of pathological alterations
of both. Thus even though there was 17% co-vanaietween direct bilirubin and creatinine
in HIV patients with abnormal direct bilirubin legethe prevalence of abnormal creatinine in
them (27.5%) was not significantly different frotmetproportion with abnormal creatinine
level in HIV infected patients with normal direciitubin levels (25.1%, p = 0.429). Urea
levels in HIV infected patients with abnormal dirédirubin also portrayed similar outcomes
as creatinine with a weak correlation not suffitiem engender co-directional pathological

shift.

4.7.10. Total protein and Albumin States and RelateElectrolytes Levels

Among HIV infected patients, underlying protein aries was not a predictor of
pathogenesis of serum sodium and chloride anom@RBs 1.3, p = 0.08, and OR =1.3, p =
0.07, respectively) but was associated with lowisk of developing serum potassium
anomalies (OR = 0.6, p = 0.01). In effect, HIVedfed participants with protein disorders,
manifested lower rates of occurrence of potassiigorders than HIV infected patients with

normal protein levels ( 14% v/s 20.996,= 6.7; p = 0.01). However where both males and
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females had abnormal protein levels, males displag’dower risk of developing serum
sodium anomalies than females (OR = 0.5, p = 0.Q@&)e the propensity to develop
chloride and potassium anomalies was not distinictbpngruent between the two gender
groups (OR = 1.34, p = 0.294 and OR = 1.03, p 2@.9However where protein anomalies
was present in both age categories the risk of ldpig sodium, potassium and chloride
anomalies was not dissimilar between old HIV pdateand younger HIV patients with
protein disorders (OR =0.6; 1.9; p =0.173, OR5; 1.2; p=0.273and OR =1.2; 0.43; p =

0.512).

Occurrence of underlying serum albumin disorders wacompanied with outcomes that
mirrored those observed in HIV infected patientthvimpaired serum total protein levels in
that albumin disorders in HIV infection did not cwte serum sodium and chloride
anomalies (OR 1.1, p = 0.699 and OR = 1.04, p 23).8ut was associated with lower risk of
developing potassium anomalies (OR = 0.6, p = Q.0®4ence lower rates of occurrence of
potassium disorders was noted in HIV infection witiderlying albumin anomalies (13.7%
v/s 22.6%, p = 0.001) there was no difference betweates of occurrence of sodium and
chloride anomalies irrespective of existing anomal@lbumin levels. In the event of
occurrence of albumin imbalance in both gender,emalepicted lower likelihood of
developing sodium disorders than females (OR =9).51 = 0.002) but potassium and
chloride disorders were not differentially prevdléan one group more than the other.
Similarly HIV infection complicated with underlyinglbumin anomalies were not associated
with contrasting outcomes in serum electrolytellewn either age categories. On the other

hand the likelihood of developing sodium, potassiand chloride ion disorders was not

121



lowered by use of ARVs in HIV infected patients hvitoncomitant albumin disorders (OR =

0.85, p = 0.532, OR = 2.1, p = 0.08 and OR= 12 0p446).

4.7.11. Correlation of Total Proteins with Electroytes and Metabolites in Serum

Despite the observed association of total protach albumin with certain serum electrolytes
states, changes in none of the serum electrolyésssignificantly correlated with changes in
either albumin or total protein levels. Indeed atiu and total protein mainly co-varied
significantly between them as markers of liver dge In HIV negative controls, total protein
levels showed strong correlation to albumin (r 860, p<0.0001) with 75.2% of variations
that occurred in albumin associated with variatioosurring in protein. Similarly, significant
correlation between protein and albumin levels (- Z05; p<0.0001) existed in HIV -infected
participants with normal protein levels, with 49.6f4riations in albumin accounted for by
variation in protein levels. However, among HIV @ofed patients with protein disorders
(<65g/l or >80g/l), correlation existed betweentpio and albumin (r = 0.872; p<0.0001) as
well as protein and creatinine levels (r = 0.108; p.03). Whereas in this group there was
strong co-variation between protein and albumn=(10.759), virtually no co-variation was

exemplified between protein and creatinirfe<(0.009) despite the correlation noted above.

Albumin on the other hand showed significant catieh with protein only (r = 0.867, p
<0.0001) with 75.1% of changes in protein levelplaixed by changes in albumin levels in
seronegative. Similarly among HIV infected patiewith normal albumin states, correlation
was exhibited between albumin and protein levels ©.738; p <0.0001) with 54.3% of

changes in protein levels here associated withgdsm albumin levels.
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On the other hand in HIV infected patients with ergng albumin disorders (<35g/l or
>50g/l), correlation was noted between albumin aradein (r = 0.841; p <0.0001; see Figure
4.20), total bilirubin (r = 0.171; p<0.0001), diteamlirubin (r = 0.161; p<0.0001), AST (r =

0.097; p = 0.03) and creatinine (r = 0.130; p =08)0

RZ Linear = 0.842
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Figure 4.20: Correlation of Serum Albumin and Totd Protein (r= 0.841)

However among these participants, despite the rahgerrelation observed between albumin

and several analytes, significant co-variation waly present between albumin and protein
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where 70.6% of variations in protein levels werglaimed by changes in albumin levels

(Table 4.19).

Table 4.19 : Correlation of Albumin with Other Serum Biochemical Components

(n =1206)

Albumin(HIV-) Normal Albumin (HIV+) Impaired

(35-50g/1) albumin (HIV+)
(<35g/l;0r>50g/1)

r P re r P re r P re
ALT 0.075 0.181 <0.0001 0.075 0.181 0.003 0.06 0.164 040.0
Creatinine 0.000 0.994 0.001 0.0001 0.994 <0.0001 0.13 0.004 O0170.
Chiloride 0.061 0.275 0.001 0.061 0.275 0.004 0.04 0.380 0.002
Sodium 0.042 0.453 0.004 0.042 0.453 0.002 0.06 0.163 0.004
Potassiun 0.037 0.514 0.006 0.037 0.514 0.001 0.00 0.863 <0.00
Urea 0.017 0.767 0.001 0.017 0.767 <0.0001 0.05 0.262 030.0
Glucose 0.084 0.134 <0.0001 0.084 0.134 0.007 0.02 0.599 010.0
Total/Bil 0.008 0.886 0.001 0.008 0.886 <0.0001 0.17 <0.0001.0270
Direct/Bil 0.003 0.961 <0.0001 0.003° 0.961 <0.0001 0.16 <@.0000.026
Protein 0.738 <0.000 0.751 0.738 <0.0001 0.543 0.84 <0.0001L7060
AST 0.048 0.395 0.002 0.048 0.395 0.002 0.09 0.03 0.007

Key; AST — Aspartate aminotransferase, ALT- Alanameinotransferase, Bil -bilirubin

Most of protein anomalies were protein depletiaiest (defined as < 65g/l) with only 18 HIV

infected patients with protein retention statesfigel as > 80g/l). However all albumin

anomalies were due to depletion states (defined &5g/l). Co-variation in protein and

albumin levels also displayed co-directional tras®4.3% of patients with albumin disorders
also had protein disorders while only 5.7% of pasewith normal albumin states displayed
abnormal protein state§2(= 435.4; p<0.0001). Evidence of co-directionaftshi protein and

albumin levels was further adduced from the faat 8#v.6% of patients with protein depletion
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states had concomitant albumin depletion disord&gch manifest co-directionality was not

observed between protein changes or albumin chargkany other analytes.

4.8. Comparative Risks of Developing Serum Electrgtes Impairment in Renal and Pre-
Renal Disorders

Despite the prominent role of kidneys in regulatbuyly F&E states, comparatively the risk
to serum electrolytes imbalances attributable dolkidney disorders (eGFR<90mls/min) in
HIV infected individuals was not raised beyond thek of impairment of these electrolytes
attributable to only liver function disorders (aihin <35g/l) (OR = 1.2; 0.42; p = 0.517, OR
= 1.6; 2.32; p = 0.128 and OR = 1.05; 0.03;p = B8.8% sodium, potassium and chloride
levels, respectively). On the other hand, concamitecurrence of kidney and liver function
defects in a patient, did not also result in digantly elevated risk of serum electrolytes
disorders than in individuals with only kidney faion disorders ( OR = 1.03; = 0.01; p =
0.920, OR = 1.7; = 2.2; p = 0.137 and OR 1.12; 20p = 0.729) for risk to sodium,
potassium and chloride levels, respectively). Syl the likelihood of occurrence of
electrolytes disorders (sodium, potassium and mddrwas not enhanced in states of
contemporaneous kidney and liver anomalies compaoedavhere only liver functional
anomalies existed (OR = 1.01; p =1, OR = 1.110pl= 0.740 and OR = 1.1; = 0.07; p =
0.791). Nonetheless mean electrolytes levels inadutlyese kidney or liver function states did

not rise or fall beyond the normal physiologicaiges.
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4.9. Correlation between Electrolytes in Intravasclar Compartment

Sodium levels correlated mainly with potassium ahtbride levels in all categories of the
participants. In HIV negative participants sodiwgwdls had modest positive correlation with
chloride levels (r = 0.446, p<0.0001) with 19.7%wawiation between them. There was also a
noticeable correlation between sodium and potassawels (r = 0.308, p<0.0001) but with
minimal co-variation between their level (# 0.092). In HIV-infected participants with
normal sodium levels a similar trend was observeth wodium retaining a noticeable
correlation with chloride levels (r = 0.427) and. 1% co-variation between them. In this
group, correlation also existed between sodiumpotdssium (r= 0.244, p<0.0001) but with
diminished co-variation between their levelé & 0.058). However in HIV infected
individuals with impaired serum sodium levels, thevas correlation between sodium and
three analytes i.e. chloride, potassium and glucbkmetheless co-variation diminished
progressively between sodium and chloride levéls (.088), potassium levels’ & 0.022)

and glucose levels{F 0.043) in infected patients with sodium disosder

Chloride co-variance with sodium levels tended liove general co-directional anomalous
shift as HIV infected patients with normal sodiuavels had significantly less concurrent
chloride disorders (16.2%) compared to HIV infeciadividuals with abnormal sodium
levels (58.9%, y* = 141, p<0.0001). However potassium levels hadtadirectional shift
with sodium, as the proportion with abnormal patasslevels in HIV afflicted participants

with abnormal and normal sodium levels were ndiirtts (16.7% v/s 17.4%, p = 0.823).
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Correlation was seen between chloride and potas$awels in these three categories of
participants. In healthy individuals chloride cdated with potassium (r = 0.186, p<0.0001)
but with minimal co-variation fr= 0.032). Among HIV-infected participants with nual
chloride levels chloride correlated with potassiym = 0.173, p<0.0001) with more
diminished co-variation between thenf & 0.028) but in HIV infected individuals with
abnormal chloride levels, chloride correlated withitassium (r = 0.372) but with a stronger

co-variation (f = 0.135).

Potassium levels exhibited different correlatioentts in HIV-infected individuals. Among
seropositive participants with normal potassiumelsy correlation was observed between
potassium levels and sodium (r = 0.254, p<0.00€Mlpride (r = 0.210, p<0.0001), creatinine
(r =0.102, p = 0.009) and urea (r = 0.084, p 3R)ONonetheless there was no co-variation
between potassium and these analytes. On the lodmel, in HIV-infected participants with
serum potassium disorders, correlation betweerspota and sodium (r = -0.491, p<0.0001)
and chloride (r = -0.401, p<0.0001), were accomgxhnwith slightly raised co-variation

between them at 2.43% and 1.6%, respectively.

Table 4.20: Correlation of Serum Electrolytes (n=1Q6)

Na+ (HIV-) Normal Na+ (HIV+) Impaired Na+(HIV+)
r p-value r? r p-value r? r p-value r?
K+ -0.30¢ P<0.000. 0.09z2 -0.24¢ P<0.000. 0.05¢ -0.34¢ P<0.000: 0.02:
Cl- 0.44¢ P<0.000. 0.197 0.42% P<0.000. 0.181 0.52¢ P<0.000. 0.08¢

Key; Na+ - sodium ion, K+- Potassium ion, Cl- Clidierions
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CHAPTER FIVE: DISCUSSION
5.1 Introduction
This study investigated the impact of HIV infectimn body fluids and electrolytes
parameters. A secondary though related aim wasetermdine which organ functions’
impairment contribute to more profound pathophysiatal states of body fluids and
electrolytes and whether age, CD4 cell count andigeor ARV use were determinants of

existing fluids and electrolytes states in HIV-ictied individuals.

5.2. Kidney Function Markers in HIV Infection

Normal glomerular filtration rate coupled with caéy regulated secretion and reabsorption
within the kidney nephron, determine the amourglettrolytes and fluids in plasma to meet
demand and offset fluctuations occasioned by esitriand intrinsic causes (Rolls and Rolls,
1982). Impaired kidney function can emanate fronthplagical events at any of these
functional sites of the nephron. This study estedaglomerular function and investigated the
relationship between altered glomerular functiord arbody fluids and electrolytes and
whether age and gender or ARV use were determirafngisting disturbances in kidney

functions in HIV-infected individuals.

The current study established that HIV-infectiorsvaasociated with increased risk of decline
in glomerular filtration rate compared to healthgrticipants. The results of this study
indicated that 54% of HIV infected individuals heatluced glomerular filtration rate. Several
studies in agreement, have reported renal inseffay in HIV infection at 51.8% (Agabeat

al, 2003), 55.8% (Susman, 2005) and 48.5% (Aneliagl., 2005). Other literature observed
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kidney disorders in 4 - 30% of HIV infected indiuv@s (Guptaet al.,2004). The prevalence
of kidney function impairment in the current studgs pegged on the calculation of eGFR
using serum creatinine levels which could explaia difference between the rates observed
in the study from other studies which reported gppekidney disorders based on clinical and
histological investigations. Mild reduction in eGKR0-90mlIs/min) was most the common
followed by moderate reduction (eGFR; 30-60mls/mwh)le least common was severe forms
glomerular filtration decline (eGFR<30mls/min). $hivas in agreement with Carat, al.,
(2009) and Chi,et al., (2007) who reported low prevalence of severe kdhection

impairment in their study cohort.

Causes of renal disease in HIV-infected patien¢és multi-factorial reflecting an interplay
between the host (genetics and ageing) and vicébiis as well as exposure to nephrotoxic
agents and so include HIV infection itself, co-ctfens, and anti-retroviral treatments
(Roling, et al., 2006). This study elucidated that advanced ageale gender and profound
immunosuppression marked by low CD4 levels arefaskors of impaired kidney function in
HIV-infected individuals. This is partly in agreentewith Cara and colleagues (2009)
account that extreme immune depletion, age and geadder are predictors of reduced eGFR.
Differences in findings concerning the role of gendould be attributed to selection bias in
the study as most of the participants were femeafelgr. Studies have documented direct HIV
virus infection and residency in podocytes and kabepithelial cells, subsequently triggering
proliferative disorders and in some cases apop{&ss,et al.,2001). In some cases HIV-
infects lymphocytes and macrophages which thenltraie the kidneys releasing

inflammatory cytokines and lymphokines that caws®l injury (Bruggemaret al.,2000).
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The current study consequently investigated thtildigion of biochemical markers closely
associated with glomerular filtration functionahtsts and possible risk factors that influence

the observed kidney function states

5.3. Creatinine in HIV Infection

The prevalence of impaired serum creatinine leurelsllV infected individuals was 26.1%
which reflected findings of up to 30% prevalencearted by Fernandoet al., (2008).
Majority of creatinine disturbances in the currehidy is attributable to reduced creatinine
clearance rates leading to elevation of serumiciaatlevels. The main elimination route for
creatinine in circulation is the kidney via itsn&iforming processes which are anchored on a
sound glomerular filtration rate (Stevemsal.,2008). Normal GFR is directly proportional to
the total number of glomeruli that are active. I'WHhfection studies have demonstrated that
HIV infection is associated with several varianfsiguries to glomeruli some leading to
collapse and obliteration of individual units ofele essential structures of the nephron
(Szczech, 2002). Progressive loss of glomerulidgadeduction of the surface area available
for filtering plasma and thus affects clearanceel@ments such as creatinine which rely

heavily on this route as a means of excretion.

This study observed that female gender and deplei2dl levels (<200cells/mm3) are risk
factors of serum creatinine disorders in HIV-ingettparticipants. Other investigations
reported that in HIV—infected patients’ impaire@atinine clearance is associated with older
age, female gender, hepatitis B and C infectiorehedes, hypertension, and ART exposure

(Lucaset al.,2007). Obirikorangpt al.,(2014) reported that ARV use was not a risk faofor
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reduced creatinine clearance in HIV infected pasiemhich concurred with the findings of
this study. Reid and colleagues (2013), intimaked bbw CD4 cell count, is a determinant of

elevated serum creatinine level as observed irstaty.

5.4. Urea

HIV infection was associated with significantly iaiped serum urea levels than in healthy
controls in all study categories apart from induats above 50 years of age. Within the HIV—
infected individuals serum urea imbalance was ofeskin 4.4% of the population with
majority being accumulation disorders (uremia). dgender was predictive of serum urea
perturbations in the seropositive individuals wlatge and ARV use were not. AIDS defining

CD4 cell levels was associated with significandised serum urea levels.

5.5. Liver Function Markers and HIV Infection

5.5.1. Liver Enzymes

Findings of the current study reflected previousestsation that HIV infection is a risk factor
of developing anomalies in liver transaminases aamserum liver transaminases levels was
higher in HIV infected individuals than the healtbgntrols. Ignatiuset al., (2009) reported
that mean liver transaminases’ activity levels hrgher in HIV patients compared with
similarly matched subjects not infected with HIYi.the current study 24.6% of HIV-infected
participants had transaminitis which did not diffeonsiderably from earlier reports of
chronically elevated ALT in 16% of a Swiss cohdfoyari, et al, 2009). Strelinget al.,

(2008) similarly observed that liver enzyme abndities were common among HIV
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infection. They reported the prevalence of eleva$8d to be 20% and of ALT to be 15% in

a cross-sectional study involving HIV —infectediinduals.

Liver enzyme abnormalities in HIV infection haveebeattributed to several factors ranging
from, immunoallergic reactions, anti-retroviral dsu and direct HIV-viral damage of

hepatocytes (Stanislast al., 2008). On the other hand Ejilemeé,al., 2007, in a study of

HIV —infected individuals found that 87.6% of tharficipants all of whom were ARV naive
had abnormal liver function biochemistry. Thesdliigs could be attributable to the broad
range of parameters used to define liver functioonaalies and the fact that only 129
participants were involved in the study. The currstudy established that AST levels
correlated with highly ALT levels which concurredthvfindings by Sterling and colleagues,

(2008).

5.5.2. Serum Albumin and HIV Infection

The current study established that save for indiisl over 50 years, HIV infection of the
younger individuals and in both gender was accomsganith significant risk of depletion of

serum albumin levels than the healthy control wstmilar demographic characteristics.
However among the HIV-infected individuals, onlyuyger age and CD4 cell count below
200 cells/mm, were risk factors for developing depleted sertiburain levels. Prevalence

rate of serum albumin disorders in HIV- infectedliiuiduals was 60.1% with majority of

these being hypoalbuminemia. Previous studies halso demonstrated that
hypoalbuminemia (<35g/l) is a consequence assaciaith HIV infection and that it is

associated with faster disease progression anceased mortality after seroconversion
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(Mehta, et al., 2006). Onwuliri (2004), simiallry reported that\Hpatients had lower mean

serum albumin levels than healthy controls. Serliporain reduction in HIV as in other

diseases that affect the liver is normally due @duction in synthesis from infected and
injured hepatocytes (Nufiez, 2010). As such witlgpess of HIV and continued destruction
of hepatocytes, investigations have revealed #amns albumin level is closely correlated to
progression of HIV towards AIDS and conversely demin its level closely mirror changes
in CD4 level encountered in successful remissiodisdéase in patients responding positively
to anti-retroviral treatment (Olawuni, 2006). Thessertions above concurred with
observations from the current study that CD4 depieand younger age are predisposing

factors among HIV individuals for impaired albunsitates.

5.5.3. Total Protein and HIV Infection

The current study established that apart from idd&is over 50 years, HIV infection of the
younger individuals and both gender was accompawiéd significant risk of depletion of
serum total protein levels than the healthy contvith similar demographic characteristics.
However among the HIV-infected individuals, youngge and CD4 cell count below 200
cells/mn?, were risk factors for developing depleted serotaltprotein levels reflecting the
outcomes observed in albumin levels. Total proteias lower than the physiological
reference range in 52.8% of the HIV infected stpdsticipants. This concurred with findings
from Okpa,et al., (2015) and Auduet al., (2004), who observed that total protein in serum
are often depleted below the physiological ranggin&haw and SanGiovanni, (1997) also
showed that in HIV positive individuals, serum topaotein was significantly lower than

healthy controls. Similarly Ugwuja and Eze (2006éitarated that HIV infected individuals
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have lower mean serum total protein than healthrotnin their study. Increased losses or
increased catabolism, reduction in intake and/spgition due to sores in the mouth, pharynx
and/or eosophagus, depression and side effecteditations have been listed as the some of
the causes of decreased serum total protein inirfgttion (Macallan, 1999). However on
their part, Hunziker and Colleagues (2003), andAetial., (2004) observed that total serum
protein was elevated in HIV infection than in cafdr These differences in findings could be
attributed to the fact that the population of therent study included a wide range of patients
at different stages of the disease while the Istigdly observed a limited group of individuals
with possibly different disease characteristicsdédwand colleagues (2004) attributed their

findings to hypergammaglobulinemia an immune dysiagn state in HIV infection.

Despite their limited diagnostic value, total serpmotein are physiologically essential in
determining overall intravascular oncotic pressigually important is the fact that by the
volume they occupy within intravascular compartmand their overall charge, they impart
significant impact on the distribution of anionsdacations between interstitial fluid and
plasma compartment (Aronsoet al., 2005). The commonest form of protein balance
perturbations in the current study was hypoprotaiaewhich if pronounced frees more
proportion of the intravascular space which is take by solute free water (Vittingt al.,
1990). This lowers the overall intravascular oncatiessure allowing more fluid exudates to

filter out of capillaries into the interstitial spgaccompanied with more electrolyte solutes.

The current study elucidated younger age and aé¢aimomune depletion as predictors of

serum protein disorders, a situation also repdrteBchevrriagt al., (1999). Egwuja and Eze
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(2006) observed that serum total protein was digantly raised in HIV patients using ARTs
than in HIV individuals not using Arts but failed tink serum protein decline to CD4 cell
levels. This contrasted with the findings of therent study possibly that ARTs are not
predictors of serum protein disorders possibly guthe sample size differences between the

two study population and methodological differenicestudy design.

5.5.4. Bilirubin levels in HIV infection

The current study established that hyperbilirubiremas the significantly higher in HIV
infection compared to HIV negative controls irrespee of the gender or age of the
individuals. Ranijit and colleagues (2015) and Omiv(2004) reported similar findings that
HIV was a predictor to development of hyperbilimdimia in HIV infected individuals. Free
and conjugated serum bilirubin assays serve astisensdicators of liver disease (Boyet
al,1992). This study established that clinically etedalevels of direct bilirubin was present
in 2.3% and of total bilirubin in 43.1% of the Hlwfected individuals. Bilirubin, the
principal product of heme catabolism, is clear@drfithe circulation by the liver microsomal
enzyme UDP-glucuronosyltransferase (UGT), whichjugates it with glucuronic acid to
form water-soluble metabolites destined for seoretnto bile (Oude Elferinlet al, 1995).
Besides liver cell injury, inhibition of UGT by s@mARVs has been reported as an
explanatory mechanism that results in increaseallating bilirubin levels in HIV- infected

patients (Stepheet al.,2001).

Whereas the current study observed that CD4 lymyhkodepletion was associated with

elevation of serum bilirubin levels among HIV- infed participants, age and ARV were not
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elucidated as risk factors of developing impairecus bilirubin levels. This is in contrast
with other studies that have demonstrated that ggeder and ARVs are determinants of
elevated serum bilirubin in HIV- infected individagStephenet al.,2001). Findings of the
current study may be attributed to use of ARTs vdffarse hepatotoxicity in the HIV

population that was recruited in the study.

5.6. Serum Electrolytes in HIV infection

Results of the study revealed mixed outcomes ®nthjor serum electrolytes investigated.

5.6.1. Sodium

Results of the current study revealed that HIV d¢tdéd individually generally had a higher
prevalence of serum sodium impairment (26.1%) tth@nhealthy counterparts. Specifically
HIV infected females and younger individuals weogiced to have significantly elevated risk
of developing serum sodium imbalance than healtynterparts with similar demographic
characteristics while the same was not reflectedrgmmales and individual of increasing
age. Within the HIV infected individuals howevertes of occurrence of serum sodium
abnormalities were not significantly different widlge or between gender groups. Sundaram
and Colleagues (2010) noted that 67.2% of HIC iefdndividuals in their study had
impaired serum sodium levels. Among their studyytagion 59.9% had CD4 levels below
200cells/mm with 20.4% having AIDS defining illness which cdulaccount for the

difference noted.
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Physiologically the regulation of sodium balanceiigoted on its being the major cation in
extracellular fluid, and consequently is essentialetermining a wide array of physiological
parameters including, ECF volume, hence plasmamejublood pressure and resting
membrane cell membrane potential (Field, 2010)aBa of sodium ions within the various
body fluid compartments is also critical in enaglimccurrence of a wide range of membrane
transport of various bio-molecules in and out & ¢tells, while in neuronal and muscle cells it
is a major driver of electrical potential changssemtial for communication and contraction
activities in these cells (Rodriguez-Boulan & Pdw&992). Several interrelated mechanisms
serve to regulate total body sodium content andarfez@, by matching urinary sodium
excretion to sodium intake. Monitoring of and adfier signaling about fluctuations of body
sodium content is undertaken by receptors and nmésrna based within the cardiovascular
system (volume receptors and pressure receptbeskitineys (pressure receptors and renin
hormone secretion), the liver (angiotensinogen) #mel respiratory system (angiotensin
converting enzyme) (Giebisch and Windhager, 2005 main effector mechanism for
correcting imbalances in body sodium content howeve the osmotic mechanisms
controlling water intake due to the fact that sadiimbalance physiologically manifests in
form of altered ECF volume (Walser, 1985). Somalbof organs and structures in all these
systems have been reported in literature to beeptibte to pathological injuries either by the
human immune deficiency virus or the co-infectiecoshorbidities accruing out of long term

HIV infection (Keating and Bjarnason, 1995).

The most common form of sodium disorders in theresur study was hyponatremia

(<135mmol/l) with hypernatremia observed in onlyotef the participants a finding which
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concurred with findings of Alcazar (2008). Hypomaia has been reported in 23.5% of non-
hospitalized and 75% of hospitalized HIV positivelividuals (Vitting, et al., 1990) which
the current study concurred with. Other studiesehsimilarly reported that 35-55% of HIV-
infected patients suffer from hyponatremia (Tamg, al., 1993). Hyponatremia occurs
frequently in infectious conditions, as a resuleaofry of sodium into cells, or sodium loss, as
well as increased levels of vasopressin and ragetf osmoreceptors (Sitprija, 2008).
However in HIV infection, studies have reported ttleccurrence of hyponatremia is
commonly a consequence of three disorders allegled impaired water excretion namely;
syndrome of inappropriate ADH secretion, water déph and adrenal insufficiency (Vitting,
et al.,, 1990). The frequent type of hyponatremia in HIVfection is hypovolemic
hyponatremia, due to water and salt losses andsyhdrome of inappropriate antidiuretic

hormone secretion (Hoeet al.,1991).

Hyponatremia, threatens optimal maintenance of eafentioned body parameters and
processes which if extreme can be life threatenm@ttempt at mitigating these deleterious
outcomes, the body mainly deploys negative feedlmaekhanisms to stem further loss of
sodium (Green and Giebisch, 1989). These includkare not limited to responses by the

renal system, the cardiovascular system, as wélleasentral nervous system.

Responses by the renal system institute sodiunwaiter retaining mechanisms underlied by
changes in glomerular filtration rate and altematad tubular handling of water and sodium
ions (Wilcox, et al., 1992). These changes in turn may alter other patens) downstream

resulting in pathological consequences. Loweringmgdrular filtration in response to
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hyponatremia not only compounds HIVAN associategreiesion of GFR where it exists, but
would in isolation or in both circumstances resalelevation of serum creatinine and serum
urea (Giovanniet al.,2008). Sustained sodium and water retention bitheeys, eventually
results in increased urine osmolality and depletbarine sodium concentration. Within the
ECF rapid hyponatremia presents the special clyg@leof instigating flow of water from
within cell cytoplasm leading to loss of cell volama situation that is especially inimical to
neurons within the central nervous system (Mas880)L However, prolonged hyponatremia
predisposes to plasma volume depletion accompanitbdlowered blood pressure (Guyton,
et al., 1974). Among physiological responses to these bdgnamic outcomes are renal
events that mirror the same activities outlinedvabice. salt and water retention mechanisms
with attendant downstream consequential changestaffy serum creatinine, urea and urine

osmolality.

Anti-retroviral drugs were determinants of occuoemf serum sodium disorders with those
using the drugs experiencing significantly lowetesaof serum sodium impairment. The
beneficial impacts of ARVs was mainly evident amdhg HIV infected females and those

below 50 years of age.

5.6.2. Serum Potassium

Overall the prevalence of potassium disorders i pisitive individuals was 17.3% and the
most common form of serum potassium perturbatiotheécurrent study was hypokalemia
(77.5%) with few individuals noted with hyperkalem{22.5%). Musso (2004) similarly

found that 19% of HIV —infected individuals had w@rpotassium imbalance. Peter, (1991)
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also noted in his study that hypokalemia was maevglent than hyperkalemia in HIV-
infected individuals. The current study elucidatbdt as reported by Onwuliri (2004) the
mean serum levels of potassium in HIV positive widlial was not significantly different
from that of HIV negative controls and neither wag rates of occurrence of impaired
potassium levels. However Ugwuja and Eze (2006)nted that serum potassium levels were
noted to be significantly lower in HIV positive iivitluals than healthy controls. On the other
hand Sundaranet al, (2010) observed that 60% of their study participamad impaired
serum potassium levels and most of whom had AIDf#idg characteristics with 53.6%
having CD4 cells below 200 cells/mirand 28.4% having AIDS defining illnesses. These
differences suggest that potassium perturbationsrbe more eminent in later disease stages

which most of the study participants had not exgrered.

Potassium, largely an intracellular electrolyteegsential in establishing resting membrane
potential and overall in functions of excitablelsgHo, et al., 1993). A high intracellular
concentration of potassium ions is also essentiahaintaining cell volume, regulation of
intracellular pH, controlling intracellular enzynfenctions, DNA and protein synthesis as
well as cell growth (Wingo & Cain, 1993). Wheredm tkidneys play a crucial role in
regulating body fluids potassium balance, the mogiortant factor in acute or chronic
adjustment of total body potassium load is the stielone hormone (Malniet al., 1964).
Aldosterone secretion is especially triggered leyaled plasma potassium ion concentration
(hyperkalemia). Surge in plasma aldosterone inesedéise excretion of K+ by the principal
cells of renal collecting duct which by negativedback leads to fall of plasma potassium

levels back to normal.
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Unique to potassium however, is that factors inflieg distribution of potassium between
ICF and ECF in disease situations can redistrithiéeconcentration of potassium between
compartments resulting in depletion from one ancuawlation in the other compartment
without any overall change in total body potassiload. Thus studies have reported that
potassium is driven into cells by alkalosis, andnimnes (insulin, catecholamines and
aldosterone) to the extent of culminating in hygekda. On the contrary extracellular
acidosis, lack of insulin or of aldosterone cancipiéate hyperkalemia by a reverse
mechanism (Agateet al.,2008). These pathological conditions resultingadistribution are
frequently observed in HIV- infected patients. Det®us impact by either the HIV virus or
co-morbid conditions on the kidney or liver (angisginogen) or the lungs can therefore
adversely affect potassium balance. Lately howewgmntative mechanism behind potassium
disorders in HIV infection has been posited as gp@&mpairment of transmembrane potassium
channels resulting in alteration of transmembrastagsium transport (Carlost, al.,1999). In
addition to impacting on the ability of cells to noluct electrical impulse along their
membrane, chronic K+ depletion leads to a varidtynetabolic disturbances including;
disabling the urine concentrating ability of kidseyendency to develop metabolic alkalosis
and subsequently acid-base disturbance, as wateaspitating enhanced renal ammonium

excretion (Jamison, 1987).

Gender, age, CD4 lymphocyte count and ARVs were associated with the risk of
developing adverse disturbances in serum potasigivets in the current study. Obirikorang

and colleagues (2014) similarly observed that Wis®RY/s was not a predictor of the rates of
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occurrence of potassium impairment. However CochRarazella (2002) observed that anti-
retroviral therapy particularly tenofovir is assatedd with hypokalemia. Sundararet, al.,

(2010) also intimated that younger age was a déamhof development of serum potassium
impairment in HIV infection. These differences sagg that disease characteristics
particularly the history of the disease play an amignt role in development of serum

potassium perturbations.

5.6.3. Serum Chloride lon Levels

The distribution of chloride ions within the bodyifls compartments mirrors that of sodium
ions. However unexpectedly, the current study olesbthat the levels of chloride ions and
the prevalence of its imbalance in HIV infectediwdblals were not significantly different
from the state of serum chloride ions in the HI\gave controls. Nonetheless the prevalence
of chloride ions imbalance in seropositive indiatkl was 27.4% with majority being
hypochloremia in tandem with the sodium ion statethe same group. Onwuliri (2004) also
established that serum chloride ion levels wergmatd to be significantly different between
HIV + and HIV — individuals in their study. On tmgyart Ugwuja and Eze (2006) reported
that HIV positive individuals had significantly I@wv serum chloride ion levels than their
healthy controls a fact that could be attributedtite sample selection. Sundaram and
colleagues (2010) however noted that 68.7% of theiticipants had impaired serum chloride
ion levels. Majority of their study participantsch&IDS defining parameters which could
explain the higher rates of occurrence of seruroratg¢ imbalance than in the current study.
Among the HIV + individuals age, gender, ARV useGi»4 levels were not determinants of

impaired serum chloride levels.

142



5.7. Serum Electrolytes changes associated with tRalogical Markers of Kidney and
Liver function.

Kidney function insufficiency was significantly aefated with urea and creatinine levels in
serum. Similarly creatinine and urea levels showigghificant correlation with each other.
However whereas the presence of underlying kidrisgrders in HIV positive individuals
was associated consistently with shifting prevateinahe levels of kidney functional markers
imbalance, it had inconsistent association witAngfes in rates of occurrence of serum
electrolytes disorders. Accordingly the prevalenule creatinine imbalance in HIV +
individuals with normal eGFR was 7.2%, but thisgmdion increased to 34% in cases with
mild reduction of glomerular filtration rate (<90sf) and to 60.2% in moderate reduction of
eGFR (<60mls/min). On the other hand 4.5% of sesitpe individuals with normal eGFR
had urea disorders which increased to 8.8% in iddals with moderate decline of eGFR and

75% in patients with severe reduction of glomeriéilaration rate (<30mls/min).

On the other hand rates of occurrence of potasdisorders increased significantly but with
severe reduction in kidney function (50% v/s 21.B2noderate and 16.9% in mild kidney
dysfunction, p = 0.02), while the rates of occucef serum sodium and chloride disorders
remained unchanged with declining kidney functipr=(0.948 and p = 0.690, respectively).
Glassock and Colleagues (1990), also observeds#raim potassium imbalance are more
likely to develop in extremely morbid HIV patientslowever overall where there was
underlying kidney disorders the magnitude of ergtelectrolytes imbalance that could be

explained by the underlying kidney functional impagnt were 0.1% for Na+ ions, 0.3% for
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Cl- and 0.01% for K+ ions respectively. Similarthe magnitude of electrolytes imbalance
attributable to the underlying liver defect irresfige of the indicator of function was less
than 1% of the observed overall electrolytes disgddespite the fact that low albumin and
total protein levels and hyperbilirubinemia werepaently accompanied with co-existing

serum electrolytes imbalance.

This could either be due to the fact that even ghdtidneys are essential for F&E regulation,
the magnitude and / or types of structural injuirekidneys due to HIV infection are not
extensively deleterious to mechanisms by whichkileeys are involved in regulating body
fluids and electrolytes or adjustment of regulat@srformance by pre-renal regulatory
organs, effectively remedied the negative impadtsenal disorders on body fluids and
electrolytes levels. In addition this could be expéd by the fact that existing electrolytes
perturbations could have developed as a resulisoirders in the ignored regulatory organs
and cellular elements. Impaired adrenal glandsitortary glands for instance could induce
disturbance in the regulation of electrolytes ewdren the kidneys are healthy by cutting the
link of hormonal events that trigger appropriatgp@nses to altered electrolytes levels (Seldin
and Giebisch, 2000). Thus potential sources ofseelectrolytes disorders are possibly
unaccounted for when routine analysis of obsenectrelytes disorders in HIV are confined

to probable kidney disorders only.

Mean serum electrolytes levels in HIV infected induals with impaired liver enzyme levels
were all within the normal physiological referemaage with exception of HIV+ participants

with abnormal serum ALT levels whose mean serumusodevels was significantly lower
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than those with normal serum ALT levels. In HIV ping individuals with impaired albumin
or total proteins levels the rates of occurrenceestim potassium disorders was significantly
lower than that for of seropositive individuals lvitormal albumin or total protein levels. On
the other hand in HIV-infected individuals with leypilirubinemia the prevalence of Na+
and K+ ion disorders were seen to be significahijher than in seropositive patients with
normal total bilirubin levels. These findings sugtgel that liver disorders are determinants of
certain serum electrolytes disorders. However tatios of markers of liver function with
electrolytes revealed that changes in serum elgt#solevels attributable to the underlying
imbalance in liver function markers only accounfieda fraction and not all of the magnitude
of existing serum electrolytes disorders. Thus ivV-Hindividuals with underlying serum
albumin impairment only 0.2% of Na+ ,0.3 % of K+daB% of CI- perturbations in serum
could be attributed to the causes that triggeredstéirum albumin defects. This implies that
the observed association if the sole basis rel@ehuo explain the development of serum
electrolytes defects would ignore other possibleleulying causes. This is a possible
weakness in the currently practiced routine clingtadies of electrolytes disorders in HIV

patients.

The range of sources of electrolytes defects in Hiiéction are diverse and are largely
classified as disturbance due to increased lossdaced intake/absorption and alterations in
metabolism (Ugwuja and Eze, 2006). Injuries todhstro intestinal epithelial lining in HIV
infection have been documented to induce increastdtinal permeability in this group
(Williams, et al., 2011). Other possible causative influences ontrelgtes levels in HIV

infection include, opportunistic infections, inflamatory conditions, and oncological variables
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as well as a variety of medical interventions (AR¥gtibiotics, and anti-neoplastic agents)
(Musso, et al., 2016). These factors impact on a wide range afcsires of electrolytes
regulation from the neuroendocrine, cardiovascutarcellular elements. Studies have
intimated that intracellular escape of electrolytesertain HIV conditions influence observed
electrolytes states (Vosst al., 1996). However Voss and Colleagues (1996) alsntiitksd
cytotoxic events as being associated with extrusibrintracellular electrolytes into the

intravascular compartment leading to elevation egfig of K+ ion levels.

5.8. Distribution of Major Electrolytes within Body Fluids Compartments

The levels of the major serum electrolytes dispdagignificant correlation in every category
of the individuals (healthy and HIV+). However thieength of this correlation diminished in
HIV- infected patients with abnormal electrolyteatss. This could be explained by the fact
that existing electrolytes imbalance if chronic ldoimpair the physiological capacity to
redistribute major electrolytes to attain the opiironcentrations of sodium predominantly in
the extracellular space together with chloride anthssium predominantly concentrated in

the intracellular fluid.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS
6.1. Conclusion
The purpose of this study was to assess the atisoctd serum electrolytes with kidney and
liver function in HIV —infected individuals This waintended to explore and highlight the
actual magnitude of electrolytes disorders attablg to these two organs which are part of
the two systems (GIT and renal) frequently assediatith fluid disturbance (depletion or
overload) fluid volume changes (depletion or ovadlp Fluid volume changes are the most
immediate causes of serum electrolytes imbalangeast infectious diseases. It was hoped
that local health care systems could use the fggdino improve the effectiveness of diagnosis,
evaluation and management of body fluids and elbtes states in this group of patients.
The study established that;

1. The prevalence of renal insufficiency was 54% &f tHV- infected individuals in the
study which was significantly higher than the radé®ccurrence of these conditions
in the healthy population. Female gender, increpsaige and immune depletion
(CD4<200cells/mr) were determinants of rates of occurrence of kidfunction
impairment in HIV+ persons.

2. Accordingly levels of kidney function markers iarsm (creatinine and urea) were
found to be impaired in 26.1% and 4.4% of the Hikfected persons respectively

3. Rates of occurrence of liver function impairmentrevebserved to be significantly
enhanced in seropositive individuals compared torsgative persons. Markers of
liver function insufficiency such as transaminitdepletion of total protein and
albumin as well as hyperbilirubinemia were markeaigre prevalent in seropositive

individuals than the healthy population
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4. There were perturbations of the balance of sodpwmtassium and chloride ion levels
in  26.1%, 17.3%, and 27.4% of the HIV- infectedliwiduals. Majority of the
imbalance involved serum electrolytes depletiomdisrs

5. Whereas observed electrolytes levels exhibiteddidhassociation with kidney or liver
function states, underlying kidney or liver functionpairment were not found to be
sufficient explanation for the co-existing majorwge electrolytes disorders in HIV —
infected individuals.

6. The levels of the major electrolytes displayed &iest correlation with sodium
disorders matched with chloride disorders (26.19%.4%) and K+ ion levels
inversely correlated with sodium levels. However instances where there was
impaired sodium levels in HIV-infection, the leved§ Cl- ions and K+ ions showed
weak correlation suggesting impaired physiologycatlupled distribution between the
fluid compartments. Impaired compartment specifgtribution of electrolytes could

be one of the sources of serum electrolytes imisalanHIV infection.
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6.2 Recommendations
In view of the results from the study the followiage recommended so as to improve the
among the HIV positive patients
1. The high prevalence of kidney insufficiency andetifunction defects in the local
HIV population requires dedicated attention to hgjit their determinants and
address their impact in the disease process. Atgisups such as female gender,
patients with extreme immune depletion and increpsaige need to have special
programs addressed towards their health challenges
2. The prevalence of electrolytes imbalance shows khdt+ individuals in the region
are prone to multiple electrolytes disorders aretehs need to roll out health care
programmes that address these challenges condurrent
3. Neither kidney defects nor liver defects could yfudixplain the existing electrolytes
disorders. Therefore laboratory, diagnostic and agament practices that limit their
focus on immediate clinical episodes and the prynragulatory organs defects to
explain observed electrolytes imbalance in HIV grals do not explore all possible
causes of electrolyte disorders in HIV infection.
4. Full metabolic panels investigative approachestmed in resource endowed settings
need to be developed to address their costs andtla@a universally as a means of

addressing electrolytes disorders in HIV —infedtedividuals.
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6.3 Suggestions for Further Studies
In view of the scope of this study there are imgatrtissues that were not addressed and are
recommended for further research in the area of &y electrolytes
1. A longitudinal study to delineate the histopathatagj nature of kidney and liver
diseases that prevail in the local HIV populatiord aany changing trends in their
manifestation as the HIV infection progresses
2. The role of secondary fluids and electrolytes ratpsly organs in development of
serum electrolytes imbalance in HIV —infected indials need to be studied further
3. Studies need to be undertaken to investigate thiatiaeship between
hyperbilirubinemia and serum sodium and potassiawel$ as this study found a

higher prevalence of disorders of these electrslytempaired bilirubin levels.
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APPENDICES
APPENDIX I: CONSENT FORM
EFFECT OF HIV INFECTION ON FLUID AND ELECTROLYTE ST ATUS IN
PLASMA AND URINE OF ADULT PATIENTS ATTENDING NYANZA GENERAL
HOPSITAL OF KISUMU COUNTY, WESTERN KENYA.

| am a doctorate student in Medial Physiology & Rhaseno University, School of Public
Health and Community Development (ESPUDEC). My gtadove will investigate the state
of body fluids and electrolytes and their correlatito various HIV factors. You are
voluntarily requested to participate by donatinguisite samples of blood and urine, which
will be tested for the levels of the electrolyte$his study is designed without risks to the
patient and the information obtained will be haddigith complete confidentiality. If you
have any question be free to consult with the dtteninvestigator for clarification.
You are entitled to withdraw from participation aty stage without prejudice. Any result
obtained is confidential.
Participant Sign: Date:

Investigator Sign: Date:
LUO VERSION OF CONSENT
Ma en nonro ma ng’iyo kaka teko pi kod chumbi roendend ng’atno ma osedak gi kute mag

ayaki kendo osetiyo gi yedhe mag ayaki kuom kin@ageny. Ikwayi mondo ichiw remo gi
lach mondo onon. Ibiro miyi duoko ma oyudi, ken@dyudi ni nitie ranyisi madwaro thieth
to ibiro miyi thieth. Janono onge kod thuolo maotgi duoko no eyo maopogre gi gima ne
onyis jatuo ni ibiroti kode, ma jatuo ok ochiwo tho makamo.

Ka ineno ni idwaro weyo nonro ekinde moro amorantthuolo mar timo kamano. Janono ok
bitmare mondo idhi nyime kod yudo thieth moro amwitaiop iweyo bedo achiel kuom jogo
ma itimo negi nonro.

Jatuo Sign: Date:

Janono Sign: Date:

The study is authorized by the Ethical Review Cotteriof the Nyanza Provincial General
Hospital whose telephone number is provided belwwukl you need to clarify certain
concerns with them.
ERC telephone number; 057- 2020801/2020803/2020321
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APPENDIX II: PATIENT CLINICAL/DEMOGRAPHIC DATA

File number

Age

Sex
Date
Weight

Blood pressure

N o ok 0DbdRE

Clinical fluids and electrolytes symptoms preseelema [ ]

Type of oedema (generalized, localized, ascites)
Mucous membranes

8. Date first diagnosed with HIV infection

9. Date of initiation of ARVs ARtypes used currently

10.Have you ever stopped using ARVs; YES NO

If yes; How many times have you had to change drugs
Why did you change the ARV drugs?
(a) Adverse/toxic reactions
(b) Resistance confirmed by deterioratof CD4 levels or escalating viral load levels

in the course of drug use

(c) Non compliance

11. Have you ever changed the combination of ARNES NO

If Yes; (a) From which drugs previously used?

(b) To which combination of drugs ?

12.Which non —antiretroviral drugs are you currendgeiving

Drugs Type of medication (e.g. anti-inflammatory, antibiotics,

analgesics)
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LABORATORY DATA

1. BLOOD

Site of sample

Amount

Time taken

CD4 Lymphocyte count

Hemoglobin

Hematocrit

pH

Osmolality

Sodium

Potassium

Chloride

Bicarbonates

Creatinine

Protein

Albumin

ALT

SGOT

BUN

Glucose

URINE (random)

Physical characteristics
pH

Specific gravity

Glucose

Creatinine

Sodium

Potassium
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Bicarbonates
Chlorides

Protein

Albumin

Hematuria
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APPENDIX Ill: LABORATORY REFERENCE INTERVALS

JARAMOGI OGINGA ODINGA TEACHING & REFERRAL HOSPITAL
P.O BOX 849-40100 KISUMU
LABORATORY REFERENCE INTERVALS
CLINICAL CHEMISTRY DEPARTMENT

TEST

T. Bilirubin
D. Bilirubin.
T. Protein.
Albumin
AL.P
ALT
AS.T
Gamma GT
Urea.
Creatinine
Sodium
Potassium.
Chloride.

Phosphorus.

Calcium.
Uric acid.
Cholesterol
Cholesterol
HDL
Cholesterol
LDL

Triglycerides

CHILDREN
YRS
0.0-19.@mol/I**
0.0-4.2zmol/l

56.0-80.0g/I
35.0-50.0q/I
100-500U/L
0-65 U/L
0-50U/L

0-49U/L
1.7-6.5mmol/l
26-9umol/l
135-155mmol/l

3.4-5.3mmol/l
98-106mol/l

0.8-1.45mmol/l
2.2-2.6mmol/l

5.2-6.2mmol/l
0.9-1.4mmol/l

0-3.3mmol/l

2.3-4.5mmol/l

0-10 ADULT- FEMALE

0.0-19.0umol/!
0.0-4.2umol/l
65.0-80.0g/I
35.0-50.09/I
0-240U/L
0-65 U/L
0-50U/L
0-49U/L
2.0-7.0mmol/l
40-10"umol/l
135-155mmol/l
3.4-5.3mmol/l
98-106mol/l
0.8-1.45mmol/l
2.2-2.6mmol/l
155-35mol/l
5.2-6.2mmol/l
0.9-1.4mmol/

0-3.3mmol/l

2.3-4.5mmol/l
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ADULT- PANIC
MALE VALUES
0.0-19.@mol/l  >30.0
0.0-4.2umol/l >10.0
65.0-80.0g/l <40.0
35.0-50.09/ <20.0
0-270U/L >350
0-70U/L >80
0-50U/L >60
0-49U/L >60
2.1-7.5mmol/l >8.0
45-12Q@mol/l >130

135-155mmol/165
3.4-5.3minol/ >5.8
98-106mol/I  >110
0.8-1.4wil >1.6
2.2-2.6mmol/l >2.8
200-40@mol/l  >480
5.2-6.2mfol >6.7
0.9-1.4mmol/ >1.6

0-3.3mmol/l >4.1

2.3-4.5mh  >5.0



Glucose.(RBS)
Glucose.(FBS)
L.D.H

Lipase
a-Amylase
B.U.N.

Iron.
Magnesium.
C.S.F Glucose.
C.S.F Protein.
P.S.A.
H.PYLORI

A.F.P.
T.S.H.

T3.

T4.
C.EA.

B-H.C.G.

PROLACTIN

3.2-8.3mmol/l
2.1-6.6mmol/l
204-414U/L
7-58U/L
22-80U/L

50-120mcg/dI

3.2-8.3mmol/l

2.1-6.6mmol/l
204-414U/L
7-58U/L
22-80U/L

60-150mcg/dI

1.7-2.2mg/dI 1.7-2.2mg/dI
2.1-5.1mmol/l 2.1-5.1mmol/l
15.0-40.0g/I 15.0-40.0g/I
0-4 ng/ml 0-4 ng/ml
0-5 U/ml 5-10
(NEGATIVE) U/ml(Equivocal)
0.2-8.5 ng/ml 0.2-8.5 ng/ml
0.32-5.2 mlU/L 0.32-5.2 mlU/L
0.92-3.23 Umol/l 0.92-3.23 Umol/I
4.7-12.5 ug/dl 4.7-12.5 ug/dl
0.35.0 ng/ml
(NON-SMOKING)
<10.0 IU/L 10.0-25.0 lU/L
(NEGATIVE) (SUSPECTED)
31-433 (MALE) 33413 (FEMALE
PRE-
MENOPAUSE)

** Total Bilirubin in Neonates is up te130mmol/I|
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3.2-8.3aifn

2.1-6.6atin
204-414U/L
7-58U/L
22-80U/L

>10
>7.0
>450
>75
>100

>190
>2.5
>7.0
>100.0

60-17-mcg/dl
1.7-2.2mg/dI
2.1-5motl
15.0-40.0g
0-4 ng/ml
>10 U/ml
(POS)
0.2-8.5 ng/ml
0.32-5.2 mlU/L
0.92-3.23
Umol/l
4.7-12.5 ug/dl
0.4-8.5 ng/ml
(SMOKING)
>25.0 IU/L
(POSITIVE)
118-555
(FEMALE
POST-
MENOPAUSE)



APPENDIX IV: LABORATORY RESULTS

JARAMOGI OGINGA ODINGA TEACHING & REFERRAL HOSPITAL

P.O BOX 849-40100 KISUMU
LABORATORY RESULTS

CLINICAL CHEMISTRY DEPARTMENT
PATIENT ID: ...06/11036... AGE:
TEST: LFT, U/E/C

PARAMETER RESULT UNITS

... YRS...SEX: .EMALE...
DEPT: ...PSC...
REFERENCE RANGES

FLAG MALE

FEMALE

CHILD
<25%
0-130.0
0-4.0
35-50
65-80
0-50
0-65
1.6-6.5
26-97
135-155
3.4-5.5
98-106
3.2-8.3

CD4 382 Cells/uL 410-1590 410-1590
T.BILIRUBIN 4.1 mmol/L 0-17.0 0-17.0
D.BILIRUBIN 3.6 mmol/L 0-4.0 0-4.0
ALBUMIN 39.2 g/L 35-50 35-50

T PROTEIN 68.0 g/L 65-80 65-80
AST 48.3 U/L 0-50 0-50

ALT 40.5 U/L 0-70 0-65
UREA 3.6 mmol/I 2.5-7.5 2.0-7.0
CREATININE 79.8 Umol/l 45-120 40-107
SODIUM 145.0 mmol/I 135-155  135-155
POTTASSIUM 4.3 mmol/I 3.4-5.5 3.4-5.5
CHLORIDE 98.0 mmol/I 98-106 98-106
GLUCOSE.(RBS) 4.8 mmol/| 3.2-8.3 3.2-8.3
PERFORMED BY: ...MOSES...... SIGNATURE: ............oci DATE: .....
REVIEWED BY: ...MBAJA.......... SIGNATURE: ... DATE: ...........
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APPENDIX V: MAP OF THE STUDY AREA
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