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ABSTRACT

To examine the impact of highly active antiretralitherapy (HAART) and associated factors on blpoessure
(BP) of naive patients after 2 years of treatméibservational cohort study of 227 patients initigtitheir first
HAART regimen. We evaluated mean blood pressurggB&Pdemographic, epidemiological, clinical, imrologic
and biochemical characteristics related to HIV itfen prior to HAART and at 2 years. High blood gsare
(HBP) [systolic BP (SBP»>»140mm Hg and/or diastolicBP (DBP}Y¥90mm Hg] was defined according to
international criteria. Of the 227 patients, 51%re&anen, majority 81% had AIDS, 26% had HBP andrthean
age was 40 years. At 2 years the prevalence of W&$31.7%. The corresponding changes in SBP, DBRpalse
pressure (PP) among hypertensive and normotensouggvas 3.47+15.21 vs -0.71+16.28 (P=0.08), 1.8Q412 vs
1.0+11.39 (P=0.625) and 1.67+14.14 vs 1.71+12.0&0M82) respectively. Univariate analysis showedttHBP
was associated with older age, male gender andenibaseline triglyceride. A linear regressionmoddjusting for
age and sex suggested a significant impact of oltpr and male gender. We observed high prevalefice o
hypertension in our cohort, the pattern persistecmn upward trend after 2 years. The increase indBpended on
age, male gender baseline triglyceride. Blood pues shouldbe periodically measured and treatednwiexessary
in HIV-infected patients on HAART.
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INTRODUCTION

The introduction of a highly active antiretrovirdlerapy (HAART) in the treatment of HIV diseaselpasvided
gratifying results, like long-term viral suppressialecrease of opportunistic infections, repathefimmune system
and increased CD4 cell counts. As a result, manpaid mortality of HIV-infected patients continteedecline in
developed countries [1]JHowever, chronic non- comitaile diseases that may coexist with HIV infectame
somewhat neglected in favour of “classic” dissasach as HIV itself and Tuberculosis and malafidje
prevalence of systemic hypertension among HIV-ite#fé@atients is much higher than that inthe genmpulation:

It has been estimated as 20%—-25% before the irttimtuof HAART [3] and as approximately 74% amoradignts
who undergo HAART with protease inhibitorsand whoebsequently develop lipodystrophy and metabolic
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syndrome [4]. The lipodystrophicsyndrome is charazed by peripheral fat wasting in the arms, legsl buttocks,
as well as byincreased fat deposition in the bseadtdomen, and dorsocervical fat pads. Systenpertgnsionin
HIV-positive patients seems to have a significdfdat on their risk of premature cardiovasculardise Compared
with normotensive HIVpositive patients, hypertemesivatients havea higher frequency of coronary htiggase
(16.1% vs 1.3%) and a higher incidence of myocérdi@rction (8.1% vs 0.7%) [5].Reports also sudgemmt
younger HIV-1-infected patients are at a highek risr developing hypertension compared with the egah
population, especially if a protease inhibitor wasluded in the HAART regimen[4,6-8].In view of histrong
association between Hypertension and HIV infectfmimary preventive measures such as weight andijoofile
monitoring including other life style modificatiof®], and future research into agents such as psecuwf L-
argenine, nitric oxide (NO) and antioxidants thas la tendency of preventing or reversing atherostechanges
in the blood vessels need to be explored [10] Alffothe association between HAART use and hypederss
been documented elsewhere, to our knowledge ihbabeen reported in our environment, most previstudies
were limited by their cross sectional design [4,B181L2]. The aim of this study was to assess tlpaainof HAART
on the on blood pressure (BP) of treatment-naivieps after 2 years of HAART.

MATERIALSAND METHODS

Patients and M ethods

This design was a prospective, observational std®68 HIV-infected patientswho presented for catrénfectious
diseases clinic at university of Maiduguri teachimogpital, who started HAART between January 20@¥ @ctober
2008 and remained same regimen for 2 years. HAARE womposed of two nucleoside reverse transcriptase
inhibitors (NRTIs) plus a nonnucleoside reversagcaiptase inhibitor (NNRTI). The eligibility for NART were
assessed by the attending physician based on CG f&vised classification system for HIV infectiamd
expanded AIDS surveillance case definition for Adholent and Adult [13]. Patients were excluded déytfwere
pregnant, were breastfeeding, or were current alcoh illegal drug abusers. Patients who stoppedARA or
switched from a Pl to a NNRTI or vice versa durihg study period were also excluded.

At entry into the study, participants underwenniclal assessment that included history, generakipaly and
gynaecological examination where indicated. Antbroptric measurements were carried out for all
subjects.Smokers were considered to be those wiokesinone or more cigarettes a day. BP, measurdd awit
mercury sphygmomanometer, was taken with the pasiging in a relaxed, upright position and renagnsilent.
Patients had been resting for at least 5 min beB&revas measured. Two measurements were madesahifivals
and the mean BP was calculated. High blood preg$iB®) [systolic BP (SBP}¥140 mm Hg and/or diastolic BP
(DBP)>90 mm Hg] was defined according to internationékcia[11] and a high pulse pressure (HPP) waddfi
as a pulse pressure (PP) >50 mm Hg.[12] Blood wawsm after a 12-h fast for the measurement of pdabpids.
Fasting blood glucose, serum total cholesterai|yicerides, HDL, LDL, urea, creatinine serum enzyd were
estimated by automated clinical chemistry autoaaly(Hitachi 902 Roche Diagnostic GmbH, Mannhein
Germany). The CD4+T lymphocyte cell count wasneasted by cyflow counter (Partec GmbH, Gorlitz Gany).
Blood was drawn after a 12-hour fast for the meament of plasma lipids. Diagnosis of dyslipidaemis based
on cholesterol levets.18mmol/L and triglyceride levels 1.69mmol/L.

Patient data were collected in a computerized @dawlfor later statistical analysis with SPSS®, ieerd 6.0 for
Windows (SPSS Inc., Chicago, IL, USA). Categoricaiables were analysed with th2 test and Yates' correction
or Fisher's exact test when necessary. Comparisqoantitative variables prior to starting HAARTdhat 2 years
of HAART was performed with the paired Studenttsdt or the MannWhitney U-test for variables that did not
follow a normal distribution. Quantitative variabléor hypertensive and normotensive patients wenepared with
Student's t-test or the ManiVhitney U-test for variables that did not follownarmal distribution. The change in
SBP compared with baseline was defined as the m&ceariable. Pearson correlation coefficients betwthis
variable and continuous variables were determiard,a linear regression model adjusting for agegamdler, with
the variables correlated with the change in SBPs wsed to investigate which variables better empthithe
increase in SBP. Statistical significance was sp&8.05.

RESULTS

Demographic data and clinical characteristics oé tstudy population

A total of 268 HIV-1 seropositive patients were alad in this prospective study. Seven patients] diee to
complications unrelated to cardiovascular disease3d were excluded for lack of follow-up. A stuglgpulation of
227 patients was, thus, observed and includedeiratialysis. Heterosexual was the presumed ris&rfatimajority
of the patients. Mean duration of diagnosed HI\edation was 56.7+52.6 months 81% had AIDS by clin@ma
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immunological criteria. Participants that had dadi AIDS had a lower BP than others (SBP 113.935.4; DBP
72.6 vs 88.3.2mmHg; P<0.001). The demographic aladaclinical characteristics are shown in Table 1.

Systemic hypertension was present in 26.4% of HRGred patients in our cohort (60 of 227 patiehtgpertension
showed a male preponderance of 35.4% than 17.1%&triales (p=0.002). No significant difference waserved
between hypertensive and normotensive subjectseiimst of risk factor for HIV acquisition. Diagnosis
hypertension was known for the first time in 46t participants at initial assessment of thoséueted. Twenty-
eight subjects (60.9% of hypertensives) receiveaihgpertensive therapy during the study period. M/h# patients
already had antihypertensive treatment prior talystentry, five patients were started on antihypesitee therapy
during the follow-up.These patients are includedgsertensive patients at the end of the study,vemdised their
BP at the moment they initiated treatment withaygiértensive drugs to calculate SBP changes.

Comparison of demographic and clinical data betwkgpertensive and normotensive patients

The mean SBP in the hypertensive group at studyyemfs 130.38+18.91mmHg and the mean DBP was
86.80+12.31mmHg compared with 117.83+15.61 and £8®0mmHg in the normotensive group, respectively
(P<0.0001). At the end of follow-up, the correspiogdncrease SBP in hypertensive and normotensivapgwas
3.47+15.21 and-0.71+16.28, p=0.084 respectivelyilenthe change in DBP in hypertensive and normatessvas
1.81+10.12 and 1.0+11.39 (p=0.625) respectivelye Tiequency of hypertensives increased to 72 (34)7i
comparision to 60 (26.40%) at baseline. (p=0.147).

Taking age and gender into account the hypertenpgivep was an average of 12 years older than thmotensive
group (46.0+9.10 vs 34+12.74 years; P<0.0001). Adiogly, age >50 years was associated with 4 tinss of
developing hypertension (OR: 5.73; 95% CI: 2.81634P<0.0001). The proportion of males were sigatiiily
higher in the hypertensive group than normoten®el0% vs 38.90% (p=0.000). The BMI between the
hypertensive and normotensives was similar. Pracel®ef diabetes mellitus was similar in the hypestee group
and normotensive group (8.1% vs 7.8%; p=0.889).iiyeificant differences were observed in frequentgloonic
infection with hepatitis B or C as shown in Table 2

Comparison of some laboratory tests between ayystad point

Baseline mean CD4 lymphocyte counts were sliglatiyelr in the hypertensive individuals than in thematensive
group (244.79+153.58 vs 247.19+174.88 cellsimm3).925). After 2years of HAART there was similar riease
in CD4 count in both group (p=0.624).

No significant difference in the mean values fortabelic and renal parameters in the two groups weted at
baseline. The level of Triglycerides significantiigher in hypertensives than normotensives (P 82),@hile total
cholesterol, LDL- or HDL—cholesterol serum creati urea, ALT and FBGwere similar between the twaupgs.
Univariate analysis showed that HBP was associatddolder age, male gender and higher baseligé/tgride. A
linear regressionmodel adjusting for age and sggessted a significant impact of older age and rgaleder (Table
3).

DISCUSSION

As the quality and life expectancy of HIV-1-infedtgatients improves, long-term complications of tHB/
infection and antiretroviral therapy is expectedn€oversial and conflicting association betweeronlt infection
and/or chronic antiretroviral therapy and systelmypertension have been documented elsewhere. \Bbitee
authors documented normal BP in HIV-infected pasidil,12] others found that hypertension was comiimo
HIV-infected patients [4,6,8,16-18]. To the bestoof knowledge, this is the first prospective sttolyanalyse the
influence of HAART on BP in our environment. Systerhypertension was present in 26.4% of HIV infdcte
patients in our cohort higher than the nationalglence of hypertension of 14.5% determined eafli®r20]. The
prevalence of hypertension remained high afteré&s/en HAART. The participants were around 40 yedrage,
with a high prevalence of AIDS patients. ClinicdDS patients had significantly lower BP, in agreemsith other
studies, we found no correlation between hypertensiluration of HIV infection and CD4-cell count,§417].
Seaberg et al [21] analyzed BP in the Multi-ce®ttBS Cohort Study and found that, while the risksystolic
hypertension in men on HAART was similar to thatifv-negative men during the first 2 years follogimitiation
of HAART, a longer duration on HAART carried a stagially increase risk of systolic hypertension; change
was seen in DBP. In our series, the time of exposuHAART was limited to 2 years. Groups of hypadive and
normotensive patients had similar risk factor fdvHproportion of AIDS and duration of infectionubpatients
with systemic hypertension had slightly low CD4 pimocyte counts. As in the general population, gyehtensive
subjects were older but had similar BMI with noramidive patients. Moreover, age and male gender feend to
be independent risk factors for the developmertypiertension in this population. In contrast, BMAssfound not
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to be an independent risk factor, this finding tisvariance with previous study that reported lineglationship
between BMI and Pack cell volume with blood pressievel normal population [9],as changes in BMI in
hypertensives and normotensives were insignifichetice changes in BMI observed in the cohort miggnt
attributable to the age-related increase in bodghteand the HAART-induced improvement in the gehstate of
health of these patients. The hypothesis of areasad risk for the development of hypertension lii-idfected
patients is based mainly on a few studies investigahe effects of Pls, in particular with regdodindinavir, and
lipodystrophy on blood pressure as well as on olagienal data [4,6-8], however our cohort had n@a®lpart of
their HAART regimen. A few cross-sectional analyses cohort studies have examined the effects oAIRIA on
blood pressure. Bergensen et al. compared the lpreeof hypertension in HIV-infected patients mafiv HAART

or receiving HAART and HIV-negative controls in aoss-sectional analysis. They reported the precalesf
hypertension to be 13% in HAART-naive patients, 2ih%hose individuals receiving HAART, and 24% inVH
negative individuals. They concluded that the pievee of hypertension in patients receiving HAAR@&sanot
statistically different from that of the HIV-negati controls or treatment-naive patients[12].Gazzart al. looked
at the prevalence of hypertension in relation te thetabolic syndrome in 287 HIV-positive patiergseiving
HAART and 287 age- and gender-matched controls. gaoed to the control group, there was an increased
prevalence of hypertension (34.2% vs. 11.9%, .0001) and metabolic syndrome (33.1% vs. 2.4%,.0001) in
the patients on HAART [6].Seaberg et al. examinedohort of 5,578 patients (84,813 person-visitsgrov
approximately 20 years; 58.80% were HIV negatived 4h.25% were HIV positive. Of the HIV-positive jaits,
35.0% were using antiretroviral therapy and 37.1%hose were using HAART. The investigators coneldidhat
the prevalence of systolic and diastolic hyper@msivas not significantly different in patients retieg HAART
compared to HIV-negative controls when used fos l#san 2 years. After 2 years, the prevalence eofoly
hypertension increased from 2 to 5 years (odde f&R] 1.51, 95% CI 1.25-1.82), and again at 5 yéaR 1.70,
95% CI 1.34-2.16) [21].In a another study Cranealetfollowed a cohort of 444 HAART-naive, HIV-pasi
patients initiating treatment. The mean age waye&&'s, and 84% were male. Treatment regimens wearslye
divided between those receiving Pl-based regimens NNRTI regimens. The cohort experienced a sigaifi
increase in mean SBP after initiating HAART (1246 121.6 mmHgp < .001). The researchers found no signifi-
cant difference between classes of drugs on blaedspre elevation; however, they concluded thaiepast
receiving a liponavir/ritonavir-based regimen hatva-fold increased risk of developing elevateddolgressure
(OR 2.4, 95% CI 1.0-5.¢ = .04), which was partly mediated by an increasBMi (OR 1.4, 95% CI 1.0-1.§ =
.02). Further, patients with a CD4+ count<&0 were twice as likely to develop elevated blooelspure (OR 2.4,
95% CI 1.2-4.8p = .02).[23] Thus, there are conflicting reportsedévations in blood pressure with the use of
HAART.

We also observed lower but insignificant CD4 lympyte counts in hypertensive in comparison to noemsit/e

patients. This might be attributable to the highresan age in the hypertensive group, as CD4 lympgkooyunts

lower with age and recovery of CD4 cells in resgottsantiretroviral therapy is impaired in oldebpacts, making
a more intensive antiretroviral therapy necessad].[However, it is difficult to establish a clelink between

immune status and hypertension from our data. umomhort 4.7% normotensives develop high bloodsguree

within 2 years, suggesting that antiretroviral #mr has a significant direct impact on blood presswhis is in

sharp contrast to some workers that reported ffecteof antiretroviral therapy on blood press{#es]. In our

study, we observed no statistical difference betwbgpertensive and normotensive patients when congpa
current as well as total duration of specific atioviral drugs or combination regimen. In thisdstul2 different

antiretroviral agents are available for the comtiomatherapy of HIV disease, the number of patienteur study

might be too small to show significant differendesegards to specific antiretroviral drugs. Wendastrated a
positive correlation between serum triglycerided &food pressure elevation. Sattler et al [4], inage—control
study, reported that SBP correlated with lipodysiip and with fasting triglycerides in all HIV-infexd patients.
These findings are consistent with those of anogineup and our observations showing elevated tégiges in

hypertensive as compared with normotensive pat{@éht#\lthough we cannot predict from this studyatithanges
in BP might occur later, given the remarkable iaseein BP during the 2 years year on HAART, it wobk

interesting to assess the pattern of longer-temmglence of hypertension in these patients. Faetssaciated with
the increase in BP at 2 years in our cohort wees agle gender and hypertriglycerinaemia,

In summary, we observed high prevalence of hypsid@nin our cohort, the pattern persisted in ananwrend
after 2 years. Age, male gender and hypertriglyeennia were associated with hypertension. Londeweup of
patients on HAART and case—control studies willeavmore information about the true role of HAARAdaits
metabolic consequences for high BP. The observatidnigh prevalence of hypertension, a known caraécular
risk factor and additional to the risk factors oétabolic disorders related to HAART is worrisom&21], so
should be monitored periodically and treated whecessary.
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Table1.Clinical and epidemiological characteristics of the 227 patients and study parameters before antiretroviral therapy

Variable
Sex (n(%))
Male 116 (51%)
Female 111(49%)
Age (years) 40.26+9.30
Smokers (n(%)) 12(5.3%)

HIV risk (n(%))

Heterosexual 204 (89.9%)

Parenteral drug abuser 0

Homosexual 0

unknown 23(10.1%)

HIV time (months) 56153

AIDS (n (%) 184(81.05%)

Hepatitis B (n(%)) 19(18.40%)

Hepatitis C infection (n(%)) 01(0.40%)

ARV (n (%))

2 NRTI 227(100%)

1 NNRTI 227(100%)
PI 0

Body mass index (kg/fn
Systolic blood pressure (mmHg)

24.72+8.22 (6.00-49.32)
123.29+18.17

Diastolic blood pressure(mmHg) 81.89+11.33
High blood pressure (n(%)) 60(26.43%)
Males  (n(%) 41(35.35%)
Females(n(%) 19(17.12%)
Total cholesterol (mmol/L) 4.57+1.39
HDL cholesterol (mmol/L) 1.45+0.75
LDL cholesterol (mmol/L) 2.63+1.26
Triglyceride (mmol/L) 2.28+1.22
Creatinine (umol/L 87.98+£32.92
Urea (mmol/L) 4.13+1.87
ALT (mmol/L) 34.49+36.88

CD4+ Count (cells/ul)

246.43+£168.08

Quantitative variables are expressed as the meansitrd deviation (SD).
HBYV, hepatitis B virus; ARV, antiretroviral therg¥l, protease inhibitor; NNRTI, Non-nucleoside eese transcriptase inhibitors; LDL, low-
density lipoprotein; HDL, high-density lipoprotein.

Table 2.Univariate analysis of patients with high blood pressur e (n=72) ver sus patients without high blood pressure (155) after 2 years of

HAART
Variable High blood pressure  Non-high blood pressum-value
Age (years) 46+9.10 34+12.74 0.000*
% male sex 61.10 38.90 0.000*
% smokers 8(11.1%) 4(2.5%) 0.000*
HIV time (months) 58.3+53.4 54.8+57.4 0.928
AIDS (n (%) 14(19.40%) 29(18.71) 0.896
Baseline SBP (mm Hg) 130.38+18.91 117.83+15.61 0.000*
Baseline DBP (mm Hg) 86.80+12.31 78.04+8.80 0.000*
Baseline PP (mm Hg) 26.39+21.45 31.54+21.14 0.108
A SBP (mm Hg) 3.47£15.21 -0.71+16.28 0.084
A DBP (mm Hg) 1.81+10.12 1.0+£11.39 0.625
A PP (mm Hg) 1.67+14.14 1.71+12.08
Baseline BMI (kg/rf) 24.22+8.13 24.95+8.29 0.557
BMI (kg/m?) 26.42+7.10 25.94+9.95 0.732
ABMI(kg/m?) 2.20+4.83 1.00£6.41
Baseline TC (mmol/L) 4.51+1.30 4.59+1.43 0.704
% baseline TCH 14(19.44%) 28(18.10%) 0.999
% baseline HTG 21(29.20%) 13(8.40%) 0.000*
Baseline LDL (mmol/L) 2.57+1.35 2.67£1.22 0.597
Baseline HDL (mmol/L) 1.44+0.73 1.46+0.75 0.858
Baseline TG (mmol/L) 2.23+1.16 2.38+1.34 0.442
Baseline Cr (umol/L) 88.49+31.84 87.74+33.51 0.880
Baseline Urea (mmol/L) 4.28+1.86 4.05+1.88 0.416
A Cr (umol/L) -2.57+42.67 -5.65+31.46 0.556
A Urea (mmol/L) 0.64+2.30 0.74+3.40 0.833
Baseline CD4+ Count(cells/pl)  244.79+153.58 24711888 0.925
A CD4+ Count (cells/pl) 183.99+261.71 205.16+295.13 0.624

*Statistically significant.

Quantitative variables are expressed as the meangirddeviation(SD).HBV, hepatitis C virus; Plspfase inhibitors; SBP, systolic blood
pressure; DBP, diastolic blood pressure; PP, pylsessurey, increase; BMI, bodymass index, TC, total cholet¢iCT,
hypercholesterolaemia (TC> 5.18 mmol/L); HTG, hypelyceridaemia; LDL-C, low-density lipoprotein alesterol; HDL-C, high-density
lipoprotein cholesterol; TG, triglycerides.
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Table 3.Comparision of someimmunological and biochemical parameters after 2 yearsof HAART

Parameter Hypertensive group (n=72) Normotensivag(n=155) p-value
A Cr (umol/l) -2.57+42.67 -5.65+£31.46 0.542
A Urea(mmol/l) 0.64+2.30 0.74+3.40 0.856
A CD4 Count(cells/ul) 193.99+261.71 205.16+295.13 0.784

A T chol(mmol/l) 0.65+1.27 0.60+1.85 0.836
A HDL chol(mmol/l) 0.01+0.90 0.17+0.97 0.238
A LDL chol (mmol/l) 0.51+1.51 0.55+1.42 0.847
A TG (mmol/l) 0.50+1.61 -0.22+£1.63 0.002*
A Fasting Glu (mmol/l) 0.63+2.19 0.42+1.86 0.456

*Statistically significant4, change; Cr, Creatinine; T chol, Total cholesteddDL chol, high density lipoprotein, LDL, low detydipoprotein,
TG, triglyceride, Glu, glucose.
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