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Abstract

Hypertension is diagnosed and treated based on blood pressure (BP) readings obtained in the
clinic setting. Positive HIV status is associated with a higher prevalence of abnormal diurnal
blood pressure patterns, diagnosed with ambulatory BP monitoring rather than the conventional
method of BP measurement. Little is known about ambulatory BP profiles in people living

with HIV (PLHIV) in low-income countries, especially within sub-Saharan Africa. In this study,
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we compared 24-hour ambulatory blood pressure profiles of 140 HIV-positive individuals vs.
profiles in 166 HIV negative individuals living in rural Uganda. HIV was well-controlled, with
all HIV seropositive participants reporting use of anti-retroviral therapy, and approximately 123
(88%) having undetectable viral load. Most participants reported ART use duration of less than
10 years. Compared to HIV negative participants, HIV positive participants had lower median
24-hour systolic blood pressure (110.4 mmHg (IQR: 105.7, 118.7) vs 117.7 mmHg (IQR: 110.8,
129.8), p<0.001), and 24-hour diastolic blood pressure (69.2 mmHg (IQR: 65.0, 74.9) vs. 71.9
mmHg (IQR: 67.2, 78.1), p=0.004). Adjusted results showed greater percentage systolic nocturnal
dipping among PLHIV compared to HIV negative individuals (difference=2.70 (IQR: 0.94, 4.47),
p <0.05). Results of the adjusted Poisson regression suggested lower prevalence of 24-hour and
night hypertension among HIV positives compared to HIV negative, but were not statistically
significant. Our data suggest that continuous 24-hour blood pressure measurements are lower in
PLHIV on ART compared to HIV negative individuals.

Introduction

Increased availability and accessibility of antiretroviral therapy (ART) has led to successful
HIV control in sub-Saharan Africa (1). Among people living with HIV (PLHIV) in

SSA, more than 70% had access to ART, and of which, 87% were virally suppressed

(2). PLHIV now have increased longevity and are more likely to develop cardiovascular
diseases (CVVDs) compared to the general population (3—-6). The potential mechanisms for
the increased CVD risk among PLHIV include high prevalence of traditional CVD risk
factors like high blood pressure (hypertension), smoking and dyslipidaemia (7), cumulative
exposure to ART leading to metabolic derangements (side effects) (8, 9), as well as
continuing low grade chronic inflammation and immune activation even with adequate
viral suppression (7). The long-term clinical outcomes of PLHIV are therefore increasingly
dependent on early identification and management of a range of risk factors for CVD
complications (10, 11). However, this has not been given ample attention (12), particularly
in sub-Saharan Africa.

Hypertension is the most important risk factor for CVD mortality, and is a growing problem
in sub-Saharan Africa (13). The increasing prevalence of hypertension has been reported

in both general population (13) and PLHIV in Uganda and other countries in sub-Saharan
Africa (14, 15). There are mixed results from previous studies on the burden of hypertension
among PLHIV, with a number of studies reporting increased prevalence of hypertension
among PLHIV compared to the general population (16, 17). More recent studies among
virally supressed populations have reported a lower prevalence of hypertension in PLHIV
than in HIV negative individuals. (18-20).

In most countries in sub-Saharan Africa, hypertension is diagnosed and treated based on
BP measurements obtained in the clinic setting. This conventional method provides only

a one-time assessment of BP and is affected by various environmental and psychosocial
factors, and may therefore not necessarily reflect BP in day-to-day living (21). Single clinic
measurements can lead to over-diagnosis (white coat hypertension—i.e., raised BP in the
clinic setting and normal BP outside the clinic setting) (22) or under-diagnosis (masked
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hypertension—i.e., normal BP in the clinic setting and raised BP outside the clinic setting).
Such BP profiles have been reported to be highly prevalent among PLHIV (23). Ambulatory
blood pressure monitoring (ABPM) on the other hand provides BP readings taken over the
entire 24-hour period in real life scenarios of the individual (24). Ambulatory blood pressure
monitoring has also been shown to be a better predictor of CVD risk than more conventional
BP measurements, and has been adapted into clinical practice in majority of developed
countries(21).

There is however, a scarcity of data on ambulatory blood pressure profiles in PLHIV
especially in low-income settings, and in sub-Saharan Africa in particular (23). The limited
data available are from small studies (25-27), in selected groups (such as the elderly)

(28), or without a HIV negative comparator group (25). We thus sought to determine the
24-hour BP profiles in PLHIV who are ART-treated and HIV negative counterparts in a
rural Ugandan population. We also explored factors that are associated with high BP profiles
among the two groups.

Materials and Methods

Study design, period and setting

We conducted a cross-sectional study at Nakaseke Hospital between April and September
2018. Nakaseke is a rural district in Central Uganda approximately 66 km north of Kampala.
Nakaseke district has seven sub-counties, 49 parishes (323 villages) with an estimated
population of 197,369 (29). Nakaseke Hospital is the district hospital with an ART clinic
which serves over 2,300 clients, receiving between 50 to 60 clients per day who come from
sub-counties within and beyond Nakaseke district.

Participants and sampling

We recruited PLHIV and HIV negative adults living within Nakaseke District. PLHIV
were recruited from the ART clinics of Nakaseke District Hospital and Bidabujja Health
Centre. These clinics are centrally located within the district and provide comprehensive
HIV treatment, care and prevention services. We included patients with HIV positive status,
age = 18 years and currently on ART for at least six months, and who had not missed

their routine ART visit within the 6 months prior to the study. We excluded women who
were pregnant or currently breast feeding, mentally ill patients, those who were not willing
to abstain from alcohol use within 24 hours of ambulatory blood pressure monitoring and
anyone unable to undergo the study procedures. We also excluded participants who were
admitted or critically ill (i.e., unable to carry out normal activity) or working during the
night at the time of the study, and HIV negative individuals who did not have documented
HIV status results and were not willing to repeat the test. Sampling was based on the order
of attendance at the clinic. Health workers at the ART clinics screened patients as they came
in for routine HIV services using a screening and eligibility form. Patients who met the
eligibility criteria were referred to the study team. After verifying eligibility, we obtained
informed consent and allocated a unique identification number to each participant prior to
study activities.
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HIV negative participants were selected from the surrounding communities of Nakaseke
Hospital. Field workers conducted home visits to assess eligibility and referred those who
met the inclusion criteria and were willing to take part in the study. Participants were
eligible if they tested HIV negative within 3 months prior to the study and were willing to
participate in the study. Participants who were willing to take part in the study but had no
documented HIV negative results taken at most 3 months prior were first referred for HIV
testing services. The health worker (counsellor) screened and referred to the study team each
participant from the community that tested negative and met the eligibility criteria in order
of attendance. Those who tested HIV positive were enrolled into HIV care and treatment at
the ART clinic.

Study procedures and outcome variables

We used a structured questionnaire to record patients’ demographic information,
environmental risk and anthropometric measurements. We measured height to the nearest
centimetre (cm) without shoes and weight measured in light clothing in kilogram (SECA
Stadiometer and portable electronic scales, Hamburg, Germany). We calculated Body mass
index (BMI) using the formula: BMI=weight (kg)/height (m2). We obtained HIV/AIDS
information for HIV positive participants including date of diagnosis, baseline CD4+T cell
count, current CD4 count, HIV treatment, HIV RNA level (which is assessed annually for all
patients at the clinic) and clinic BP from the patient charts at their respective ART clinics.
We recorded information on current anti-hypertensive medication, and other drugs taken by
the participant. Trained research nurses uploaded questionnaire data to the server at the end
of each day.

24-hour ambulatory blood pressure monitoring

We measured 24-hour BP by fitting participants with a CE/ISO approved 24-hour ABPM
monitor [Contec Medical Systems Co., Ltd, Qinhuangdao, China] oscillometric device with
an appropriate cuff for mid-upper arm circumference (small, 20-24 cm; medium, 24-32

cm; large, 32—38 cm). The 24-hour ambulatory blood pressure monitors were fitted on a
regular working day (i.e., a day during which participants would be undertaking their regular
daily activities). Blood pressure was automatically measured at 20-min intervals during the
daytime (07:00h — 22:00h) and 30-min intervals during the night (22:00h — 07:00h). This
enabled us to obtain numerous measurements while limiting interference with activity or
sleep. No participants were allowed to record 24-hour ambulatory blood pressure while on
an overnight shift. As a result, individuals who were working during the night at the time

of the study were excluded. Participants were also advised to avoid planned exercise while
wearing the device and to report periods of physical activity that occurred during the period
using a daily activity record book. We assessed successful 24-hour blood pressure recordings
using both the European Society of Hypertension (ESH) practice guidelines for ambulatory
blood pressure monitoring(30), that is, interval between measurements not exceeding 30
minutes, at least 70% of expected number of readings obtained, at least 40 readings obtained
over 24 hours, no more than 2 hours with missing readings, and no consecutive hours with
missing readings. If ambulatory blood pressure recordings did not meet all of these criteria,
they were not considered in the final analysis. We summarized 24-hour BP measurements as
24-hour average, daytime, and night-time average BP systolic and diastolic.

J Hum Hypertens. Author manuscript; available in PMC 2022 February 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 5

Biostatistical methods

Sample size calculation—Using prior data(31), we estimated that a sample size of at
least 250 individuals (125 HIV positive, 125 HIV negative) would provide more than 90%
power to detect a mean difference in continuous 24-hour blood pressure of 5 mmHg between
the groups.

We examined distributions of socio-demographic, behavioural and clinical characteristics
between HIV positive and HIV negative individuals. These characteristics were summarized
using counts and percentages for categorical variables, and medians (and interquartile
ranges) for continuous variables. Chi-square tests and Wilcoxon tests were used to examine
bivariate differences in categorical and continuous variables, respectively.

Next, we computed the proportion with hypertension (high blood pressure) profiles in
PLHIV and HIV negative individuals and compared these differences using chi-square tests.
High blood pressure profiles were grouped as follows using the 2014 guidelines established
by the European Society of Hypertension ABPM(30): 24-hour hypertension (defined as a
24-hour average of 2130/80 mmHg), day hypertension (defined as a daytime average of
>135/85mmHg), and night-time (nocturnal) hypertension (defined as a night-time average of
>120/70 mmHg). To determine the association of HIV status with average continuous blood
pressure values, we fitted crude and multivariable linear regression models with HIV as an
independent variable. We then fitted crude and multivariable Poisson regression models with
robust error variance to obtain prevalence ratios and corresponding 95% confidence intervals
of the associations between HIV status and binary hypertension outcomes. Covariates
adjusted for included socio-demographic characteristics (e.g., age, sex, marital status, level
of education, occupation, and type of cooking fuel) as well as clinical and lifestyle factors
(body mass index, and current cigarette smoking status).

We further conducted a sub-group analysis among only PLHIV to evaluate associations
between detectable viral load, and continuous and binary blood pressure outcomes. All
statistical tests were two-sided with alpha set at 0.05. All analyses were performed using
STATA 14 (Stata Corp, College Station, TX, USA).

Ethical consideration

The procedures for all the study activities were approved by Makerere University School

of Medicine, Research Ethics Committee (SOM-REC: Ref 2018-019) and Uganda National
Council of Science and Technology (UNCST: Ref SS 4531). Administrative authorization
was provided by the Nakaseke District health officer as well as the respective hospital and
clinic heads. Before carrying out study procedures, written informed consent was obtained
from literate participants, or thumb-printed and signed by a witness for participants who
could not read or write.
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Results

Patient socio-demographic characteristics

306 participants met the ambulatory blood pressure monitoring criteria and were included
in the final analysis, while 222 were excluded for not fulfilling ambulatory blood pressure
monitoring criteria. Distributions of most socio-demographic variables characteristics did
not differ substantially between excluded individuals and those included in the final analytic
sample for (see Supplementary Table 1).

A total of 140 HIV positive participants and 166 HIV negative individuals had successful
24-hour BP recordings and were included in final analysis. The median age among HIV
positive participants was 45 years (IQR: 36, 53) and 44.5 years (IQR: 31, 57) among HIV
negative participants. Majority of the participants were female (70% of HIV positive, and
81% HIV negative individuals). Median body mass index was significantly lower among
HIV positive participants compared to HIV negative individuals: 20.91 (IQR: 19.15- 24.52)
kg/m? compared to 22.99 (IQR: 21.18— 25.79) kg/m?; p<0.001) (Table 1), with more

HIV positive participants being underweight (18.8% vs. 4.6%). Most participants were
non-smokers.

In Table 2, we describe the clinical characteristics of HIV positive participants—all were

on ART. The majority had been on ART for a duration of less than 10 years and none
reported a history of recent opportunistic infections like recurrent pneumonia, or candidiasis.
Of 139 HIV positive participants for whom viral load information was available, 123

(88%) had undetectable viral load. Furthermore, HIV positive individuals were mainly on
ART regimens consisting of Lamivudine and nucleoside/nucleotide reverse transcriptase
inhibitors. Only six participants reported use of antihypertensive medication.

In Table 3, we show the distributions of continuous blood pressure measurements and binary
hypertension according to HIV status. Median overall 24-hour systolic blood pressure was
significantly lower in HIV positive participants than in their HIV negative counterparts:
110.4 mmHg (IQR: 105.7, 118.7) vs. 117.7 (IQR: 110.8, 129.8), p<0.001). Similarly,

the overall median 24-hour diastolic blood pressure was 2.6 mmHg lower among HIV
seropositive participants compared to HIV seronegative participants (p=0.004). The median
day systolic BP and diastolic BP were 6.4AmmHg and 2.6 mmHg respectively lower

in HIV positive participants compared to HIV negative participants. The prevalence of

day hypertension was higher among HIV negative participants than among HIV positive
participants (25.3% vs. 15.0%, p= 0.026). HIV positive participants had 8.5 mmHg lower
median night systolic BP (p<0.001) and 3.4 mmHg lower median night diastolic BP
(p<0.001) compared to HIV negative participants. The prevalence of nocturnal hypertension
was higher among HIV negative participants than HIV positive individuals (34.9% vs
18.6%, p = 0.001).

After adjusting for socio-demographic, body mass index and lifestyle factors, both
continuous 24-hour systolic BP and night systolic BP was significantly lower among
HIV positive participants compared to HIV negative participants. However, there was no
statistically significant difference in continuous 24-hour diastolic BP, day diastolic BP,
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or night diastolic BP between the groups (Table 4). When we limited the analyses to
non-smokers, the estimates were slightly attenuated (not shown). No statistically significant
interactions were observed between HIV status and the continuous body mass index for
24-hour, day and night blood pressure measurements (not shown). After adjustment for
covariates, we did not observe statistically significant differences in the prevalence ratios of
binary hypertension for HIV positive individuals compared to HIV negative (Table 5).

HIV positive sub-group analysis

Results of the sub-group analysis among HIV positive individuals with a detectable viral
load were in the direction of higher continuous 24-hour, day and night blood pressure
measurements compared to those with undetectable viral load; however, these results were
not statistically significant (Supplementary Table 2). This could be attributed to reduced
statistical power, as only 16 HIV positive individuals had detectable viral load.

Discussion

In this study, we found that after adjustment for covariates, continuous 24-hour, day

and night systolic blood pressure measurements were lower in HIV positive individuals
established on ART compared to HIV negative individuals living within the same
community in rural Uganda. Moreover, nocturnal (night) hypertension occurred in nearly
35% and 19% of HIV negative and HIV positive participants respectively. Nocturnal
hypertension cannot be detected using conventional office BP measurements, underscoring
the importance of recommendations from the National Institute for Health and Clinical
Excellence (NICE) and European Society for Hypertension and Cardiology to integrate
ambulatory blood pressure measurement in the diagnosis and monitoring of high blood
pressure (32). Our findings are consistent with two large population-based studies in Africa
that used conventional BP measurement and showed that the prevalence of hypertension was
nearly 50% higher in the HIV negative than in HIV positive individuals (20, 33)

However, these findings are contrary to what has previously been described in most

previous studies where HIV has been associated with increased risk of hypertension and
cardiovascular risk in general(34, 35). Also, studies done in middle and high-income settings
found no difference in ambulatory blood pressure measurements between HIV positive and
HIV negative individuals. For example, a study done in South Africa found no difference

in mean day-time systolic blood pressure and diastolic blood pressure between HIV positive
and HIV negative groups (25). However, night-time blood pressure was higher in the HIV
positive group than the HIV negative group (25). Similarly, a systematic review and meta-
analysis published in 2016 found no significant difference in mean 24-hour, day-time and
night-time blood pressure profiles between HIV positive and HIV negative participants (23).

The mechanisms for how HIV might influence blood pressure are not fully understood

but may include shared behavioural risk factors, biological effects (such as inflammation/
immune activation) or a result of side effects of ART(7). For example, in our study, HIV
positive individuals were more likely to be smokers than those who were HIV negative.
However, body mass index was lower in those with HIV than in those without HIV. Reduced

J Hum Hypertens. Author manuscript; available in PMC 2022 February 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niwaha et al.

Page 8

rates of obesity among HIV positive individuals compared to HIV negative individuals have
also been reported in other studies in Africa (20).

The severity of HIV at presentation and/or the level of control after initiation of ART
may also influence hypertension/CVD risk (7). In our study, HIV was well-controlled (all
were on ART) and only a few HIV patients had a history of opportunistic infections.
ART (particularly protease inhibitors) has been implicated as an independent risk factor
for hypertension (7). In our study, most of the HIV positive participants were on either
Tenofovir or Zidovudine and Efavirenz. Some of the antiretroviral agents that have

been classically associated with high risk of hypertension or cardiovascular disease, such
as boosted protease inhibitors (Lopinavir/ritonavir and Atazanavir/ritonavir) are used as
second-line drugs in Uganda (36), but were minimally used in our study participants.
Thus, the high level of HIV control with relatively benign agents may explain the lack of
association between HIV positive status and hypertension in our study population.

Another explanation for the lower blood pressure measurements in HIV positive individuals
compared to HIV negative individuals might relate to the health system effect. HIV positive
participants in our sample have regular contact with the healthcare system where they
receive regular health education messages in addition to HIV care (36). These include
behavioural change advice like reduction of salt intake, weight reduction and regular
physical exercise(36). These lifestyle modifications may have an impact on body mass index
and blood pressure. For example, in a study conducted at an integrated chronic disease clinic
in Uganda, among HIV positive individuals with or without hypertension and HIV negative
with hypertension, blood pressure control was better among HIV positive than among HIV
negative individuals at follow-up (37).

Our study has a number of limitations. First, this was a cross-sectional study and thus,

we cannot draw conclusions on the causal effect of HIV status on blood pressure profiles.
Second, participants in our study were predominantly rural dwellers, so our findings may
not be generalizable to urban settings within Uganda. Third, the majority of our study
participants were virologically suppressed (approximately 88%), and thus our study was
not powered enough to assess the impact of the HIV virus on blood pressure. Fourth, we
did not conduct blood tests for lipid profile, random or fasting glucose, renal function

tests (urea and creatinine), urinalysis and 24-hour urine excretion or imaging including
echocardiography, ECG and assess for carotid intima media thickness. This information
would help to better characterize risks associated with the different BP profiles and rule out
other comorbidities that might affect BP. Nonetheless, we used an extensive questionnaire
to assess for comorbidities as well as patient medical records. Fifth, due to our relatively
modest sample size, we were limited in performing detailed multivariable analysis of binary
hypertension variables in the whole group, and within the HIV subgroup. Lastly, it is
possible that men and women may differ in ways that significantly influence the association
of HIV with blood pressure, yet our sample population was predominantly female.

In this study, we have demonstrated that among a rural Ugandan population of HIV positive
individuals, the majority of whom are on ART and virologically suppressed, blood pressure
is lower compared to HIV negative individuals, and the prevalence of catastrophic BP
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profiles like nocturnal hypertension is markedly lower. However, there is still need for large
prospective studies to better understand the cause and mechanistic pathways of hypertension
and other risky BP profiles in people living with HIV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary Table
What is known about the topic?
HIV infection has been associated with increased risk of hypertension.

24-hour risky ambulatory blood pressure profiles including nocturnal hypertension and
non-dipping blood pressure profiles are more prevalent among HIV positive than among
HIV negative individuals.

What this study adds:

Contrary to the existing literature, 24-hour blood pressure is lower among people living
with HIV established on ART, compared to HIV negative individuals living within the
same community in rural Uganda.

People living with HIV were also less likely to have overt hypertension and nocturnal
hypertension than HIV negative individuals.
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Table 1:

Background characteristics of participants according to HIV status in rural Uganda

Variable HIV negative (n =166) HIV positive (n = 140) P-value
Age, years, median (IQR) 445 (31, 57) 45 (36,53) 0.719
Sex: Female, n (%) 134 (80.72%) 98 (70.0%) 0.029

Body mass index in kg/m2, median (IQR) 22.99 (21.18, 25.79) 20.91 (19.15, 24.52) <0.001

Body mass index categories, n (%)

Underweight (<18.5 kg/m?) 7 (4.6%) 24 (18.8%) <0.001
Normal weight (18.5-24.9 kg/m?) 95 (62.5%) 77 (60.2%)
Overweight/obese (=25 kg/m?) 50 (32.9%) 27 (21%)

Marital status, n (%)
Single 11 (6.6%) 6 (4.3%) 0.050
Married/ Cohabiting 103 (62.1%) 71 (50.7%)
Separated/ Divorced 27 (16.3%) 40 (28.6%)
Widow/widower 25(15.1%) 23 (16.4%)

Education level completed, n (%)
None 21 (12.7%) 29 (20.7%) 0.009
Primary 94 (56.6%) 88 (62.9%)
Secondary 40 (24.1%) 21 (15.0%)
Post-Secondary 11 (6.6%) 2 (1.4%)

Employment, n (%)
Government/Private sector 17 (10.2%) 8 (5.7%) 0.006
Commercial activities 20 (12.1%) 21 (15.0%)
Worker 2 (1.2%) 2 (1.4%)
Peasant/Farmer 108 (65.1%) 105 (75.0%)
Housewife/Other 0 (0.0%) 1(0.7%)
Missing 19 (11.5%) 3(2.1%)

Fuel source for cooking, n (%)
Wood 73 (44.0%) 54 (38.6%) 0.441
Charcoal 87 (52.4%) 83 (59.3%)
Other 6 (3.6%) 3 (2.1%)

Current cigarette smoker, n (%)
Non-Smoker 162 (97.6%) 128 (91.4%) 0.020
Smoker 4 (2.4%) 12 (8.6%)

IQR: Interquartile Range
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Table 2:

Clinical characteristics of HIV positive participants in rural Uganda

Variables n (%)
Current anti-retroviral therapy use
Yes 140 (100)
No 0 (0)
Duration on anti-retroviral therapy (in years)
<1 6 (4.29)
1-4 58 (41.43)
5-9 57 (40.71)
10 + 13 (9.29)
Missing 6 (4.29)
Viral Load
Undetectable 123 (87.86)
Detectable 16 (11.43)
Missing 1(0.71)
Baseline CD4+T (cells/mm3)
<200 17 (12.14)
200-499 41 (29.29)
>500 7(5)
Missing 75 (53.57)
History of opportunistic infections?
Recurrent pneumonia 0 (0)
Candidiasis 0 (0)
Pneumocystis Carini Pneumonia 0 (0)
Kaposi sarcoma 1(0.71)
Tuberculosis 4 (2.86)
Prophylaxis Treatment?
Septrin 130 (92.86)
Dapsone 3(2.14)
Missing 7 (5)
Anti-retroviral therapy drugsf
Lamivudine 140 (100)
Nucleoside/nucleotide reverse transcriptase inhibitors 140 (100)
Non-nucleoside/nucleotide reverse transcriptase inhibitors 134 (95.71)
Proteinase inhibitors 4 (2.86)
Integrase inhibitors 1(0.71)

¢indicates that items are not mutually exclusive
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Table 3:

Distribution of continuous blood pressure measurements and hypertension according to HIV status in rural
Uganda

Blood pressure measurements (mm/Hg) HIV negative (n =166) HIV positive (n = 140) P-value

24-hour blood pressure

24-hour systolic (median, IOR) 117.7 (110.8, 129.8) 110.4 (105.7,118.7)  <0.001
24-hour diastolic (median, IQR) 71.9(67.2,78.1) 69.2 (65.0, 74.9) 0.004
24-hour hypertension, 77 (%) 48 (28.9%) 23 (16.4%) 0.010
Daytime
Day systolic (median, IQR) 121.6 (114.7, 132) 115.2 (110.3,125.1)  <0.001
Day diastolic (median, IQR) 75.5 (70.6, 81.4) 72.9 (68.3, 77.8) 0.009
Day hypertension, 1 (%) 42 (25.3%) 21 (15.0%) 0.026
Night (nocturnal)
Night systolic (median, IQR) 107.3 (98, 119.9) 98.8 (91.8, 108.8) <0.001
Night diastolic (median, IOR) 63.1 (57.1, 70.6) 59.7 (53.9, 66.3) 0.001
Night hypertension, 77 (%) 58 (34.9%) 26 (18.6%) 0.001
Systolic nocturnal dipping (median, IQR) 11.35(8.1, 15.5) 13.45 (9.15, 19.0) 0.084

BP, blood pressure; IQR: Interquartile Range

24-hour hypertension is defined as systolic BP 2130 mmHg and/or diastolic BP >80mmHg; Day hypertension is defined as systolic BP 2135
mmHg and/or diastolic BP 285mmHg; Nocturnal hypertension is defined as systolic BP 2120 mmHg and/or diastolic BP =70mmHg; Systolic
nocturnal dipping is defined as the decrease in BP during night-time sleep relative to BP during daytime activity, calculated as: [average 24 hour
day systolic BP - average 24 hour night systolic BP]/ [average 24 hour day systolic BP].

J Hum Hypertens. Author manuscript; available in PMC 2022 February 19.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Niwaha et al. Page 16

Table 4:

Differences in continuous blood pressure measurements between HIV positive individuals and HIV negative
individuals in rural Uganda—results of linear regression

Blood pressure measurements Crude: (Difference in Adjusted for socio- Adjusted for socio-
(mm/Hg) mmHg, 95% CI) demographic factors: demographic and lifestyle
(Difference in mmHg, 95% CI)  factors: (Difference in mmHg,
95% CI)
24-hour BP measurements
24-hour systolic -7.62 (-10.89, -4.36) © -4.67 (-7.76,-157) -3.63(-6.89, -0.37)
24-hour diastolic -3.04 (_5_11’ _0_99) * -1.21 (—3.36, 0.95) 0.00 (—2.31, 2.30)
Day BP measurements
Day systolic -6.70 (-10.02, -3.38) -3.68 (~6.85, -0.51) " ~2.54(-5.91,0.82)
Day diastolic -2.83 (_4.97Y _0‘70) * -0.94 (—3.21, 1.33) 0.35 (—2.05, 2.75)
Night BP measurements
Night systolic -8.60 (-12.46, —4.91) ™ -5.77 (-9.54, —2.00) -5.77 (-9.34, -2.20)
Night diastolic -3.58 (_5.75Y _1‘41) * -1.76 (—4.01, 049) -0.88 (—3.31, 156)
% Systolic nocturnal dipping 2,62 (1.12,4.13)" 2.55(0.86, 4.24) 2.70 (0.94, 4.47) ™

BP: Blood Pressure; Cl: Confidence Interval.

Adjusted models include socio-demographic (age, sex, marital status, level of education, occupation, type of cooking fuel), and clinical and
lifestyle factors (body mass index, cigarette smoking).

*
Asterisk denotes statistical significance (i.e., p < 0.05)
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Table 5:

Prevalence ratios for associations of HIV status with binary hypertension variables in rural Uganda—results of
Poisson regression

Types of hypertension Crude: (Prevalence ratio, Adjusted for socio-demographic Adjusted for socio-demographic and
95% CI) factors: (Prevalence ratio, 95% CI) lifestyle factors: (Prevalence ratio,
95% CI)
24-hour hypertension 0.57 (0.36, 0.89)* 0.84 (0.50, 1.40) 0.89 (0.51, 1.56)
Day hypertension 0.59 (0.371 095) * 1.06 (0.60, 1.89) 1.20 (0.64, 2.24)
Night hypertension 0.53 (0.35, 0.80)* 0.72 (0.46, 1.14) 0.79 (0.48, 1.29)

Cl: Confidence Interval

*
Asterisk denotes statistical significance (i.e., p < 0.05)
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