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Abstract

Background: Hypertension, the leading single cause of morbidity and mortality worldwide, is a growing public
health problem in sub-Saharan Africa (SSA). Few studies have estimated and compared the burden of hypertension
across different SSA populations. We conducted a cross-sectional analysis of blood pressure data collected through
a cohort study in four SSA countries, to estimate the prevalence of pre-hypertension, the prevalence of hypertension,
and to identify the factors associated with hypertension.

Methods: Participants were from five different population groups defined by occupation and degree of urbanization,
including rural and peri-urban residents in Uganda, school teachers in South Africa and Tanzania, and nurses in Nigeria.
We used a standardized questionnaire to collect data on demographic and behavioral characteristics, injuries, and
history of diagnoses of chronic diseases and mental health. We also made physical measurements (weight, height and
blood pressure), as well as biochemical measurements; which followed standardized protocols across the country sites.
Modified Poison regression modelling was used to estimate prevalence ratios (PR) as measures of association between
potential risk factors and hypertension.

Results: The overall age-standardized prevalence of hypertension among the 1216 participants was 25.9 %.
Prevalence was highest among nurses with an age-standardized prevalence (ASP) of 25.8 %, followed by
school teachers (ASP = 23.2 %), peri-urban residents (ASP = 20.5 %) and lowest among rural residents (ASP =8.7 %).
Only 50.0 % of participants with hypertension were aware of their raised blood pressure. The overall age-standardized
prevalence of pre-hypertension was 21.0 %. Factors found to be associated with hypertension were: population group,
older age, higher body mass index, higher fasting plasma glucose level, lower level of education, and tobacco use.

Conclusions: The prevalence of hypertension and pre-hypertension are high, and differ by population group defined

by occupation and degree of urbanization. Only half of the populations with hypertension are aware of their
hypertension, indicating a high burden of undiagnosed and un-controlled high blood pressure in these populations.
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Background

Hypertension, the most common cardiovascular disorder
affecting approximately one billion people globally, re-
mains the leading single contributor to global burden of
disease and mortality accounting for approximately 9.4
million deaths annually [1-5]. In 2000, there were an es-
timated 972 million people with hypertension, 65 % of
whom lived in the developing world, with the number
predicted to grow to 1.5 billion by 2025. The effects of
hypertension if not controlled are devastating, and may
include stroke, myocardial infarction, cardiac failure, and
renal failure among others [6].

A number of studies indicate that hypertension in sub-
Sahara Africa (SSA) is a widespread problem, and in
some communities it has been reported to be as high as
38 % [4, 7-9]. It is estimated that out of the approxi-
mately 650 million people in SSA, between 10 to 20
million may have hypertension [7]. However many coun-
tries in SSA still lack detailed basic data on the preva-
lence of hypertension [3], and how this is distributed in
the different SSA populations. Further, few studies have
reported on the proportion of persons with hypertension
who are aware of their hypertension, and the burden of
pre-hypertension. We analyzed data collected through a
cohort study conducted by the Partnership for Cohort
Research and Training (PaCT) consortium, in four sub-
Saharan countries including Nigeria, South Africa, Tanzania
and Uganda [10]; to estimate the prevalence of hyper-
tension and pre-hypertension, and to identify factors
associated with hypertension.

Methods

A detailed description of methods used in the parent
PaCT study from which this analysis is derived has been
reported elsewhere [10]. Here we only describe methods
relevant to results presented in this article.

Study design

The parent study was conducted using a cohort study
design between January 2011 and July 2012. Partici-
pants were followed for up to six months, with evalua-
tions at baseline, and at six months only. Results
presented in this article are a cross-sectional analysis
of the baseline data.

Study population

The study was conducted in four sub-Saharan countries,
including Tanzania, South Africa, Uganda and Nigeria.
Participants were enrolled from 5 different population
groups, three defined by occupation, and two by degree
of urbanization. Tanzania and South Africa enrolled
school teachers, Nigeria enrolled nurses, whereas
Uganda enrolled rural and peri-urban residents. Eligible
subjects were adults aged 18 years or older, with no
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intension of migrating outside of their community of
residence within the next 6 months (in Uganda), or retir-
ing from service in the next 6 months (for Tanzania,
South Africa and Nigeria).

School teachers in Tanzania were enrolled from 18
randomly selected public schools in Dar es Salaam. In
South Africa, school teachers were enrolled from gov-
ernment schools in Cape Town Metropolitan area,
where 111 schools with 20 or more teachers were invited
to participate in the study. In Nigeria, a random sample
of nurses were enrolled from two urban hospitals; one
located in Abuja city and another in a semi-urban set-
ting 1.5 h outside of Abuja city. In Uganda, participants
were enrolled from two geographic locations; a peri-urban
community in the Wakiso District 10 miles north of
Kampala city, and from a rural community in Bushenyi
District 200 miles west of Kampala city. In Wakiso
District, a random sample of households was selected
from two parishes comprising 13 villages. In Bushenyi
District, households were randomly selected from an enu-
merated list of all the households in each village.

Ethics, consent and permissions

Informed consent was obtained from each subject either
by voluntarily posting back a signed form with a com-
pleted questionnaire (South Africa and Tanzania) or
through documentation with trained interviewers
(Nigeria and Uganda). The pilot studies were approved
by the: a) Harvard School of Public Health Institutional
Review Board, b) Institute of Human Virology Heath Re-
search Ethics Committee in Nigeria; c¢) Health Research
Ethics Committee of the Faculty of Health Sciences,
Stellenbosch University in South Africa; d) National In-
stitute for Medical Research in Tanzania; and in
Uganda; e) Makerere University School of Public Health
Higher Degrees, Research and Ethics Committee; f)
Mbarara University of Science and Technology Ethics
Committee, and g) the Uganda National Council of
Science and Technology.

Measurements

We used a standardized questionnaire to collect data on
socio-economic characteristics, history of infectious and
chronic disease diagnoses, mental health, injuries, and
common risk factors for non-communicable diseases
(NCDs) including tobacco use, alcohol use, and physical
activity. Most of the questions were adapted from the
World Health Organization STEPS instrument devel-
oped for use in resource-limited countries [11]. Physical
and biochemical measurements were also made follow-
ing a standardized protocol across the five study sites.
Physical measurements included weight, height, and
blood pressure. Height was measured without shoes, to
the nearest centimetre. Weight was measured with the
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participants in light clothing and without footwear using
a weighing scale to the nearest tenth of a kilogram.
Blood pressure measurements were taken on the left
arm with the participant in the sitting position using a
cali-brated electronic blood pressure device (Welch-
Allyn®). Three systolic and diastolic blood pressure mea-
surements were taken at least five minutes apart. The
average of the last two blood pressure readings was used
in this analysis.

After administering the questionnaire, interviewers re-
quested participants for an appointment to return the
following morning so that a blood sample could be ob-
tained to measure plasma glucose levels. Participants
were instructed to fast overnight and no exercise or
smoking in the morning, in preparation for obtaining a
blood sample to conduct a fasting plasma glucose (FPG)
measurements. The following morning the interviewer
returned and collected the participant’s finger prick
blood sample for an FPG test using a digital glucometer
(On-Call® Plus, ACON Laboratories). Only participants
reporting compliance with an overnight 8-h fast, no ex-
ercise or smoking that morning were eligible for the fin-
ger prick blood sample collection. Non-compliers were
rescheduled to a future date where possible; otherwise
this procedure was omitted in such participants. FPG
levels were recorded in milli moles per liter (mmol/L).

Statistical analysis

Participants were classified in different blood pressure
categories based on the World Health Organization
(WHO) cut-off criteria [12, 13]. Thus a participant was
classified as being hypertensive if their average systolic
blood pressure (SBP) was at least 140 mm Hg, and/or
their average diastolic blood pressure (DBP) was at least
90 mm Hg, or if they reported being on regular anti-
hypertensive therapy. A participant was classified as be-
ing pre-hypertensive if their average SBP was between
120 and 139 mm Hg (inclusive), and/or their DBP was
between 80 and 89 mm Hg (inclusive), and not on any
anti-hypertensive therapy.

The prevalence of pre-hypertension and hypertension
were calculated as the percentage of participants classi-
fied as being pre-hypertensive or hypertensive, respect-
ively. To enable comparison of prevalence across the five
population groups with differing age-structures, preva-
lence was directly age-standardized to the World Health
Organization’s 2000-2025 world standard population
age structure [14, 15].

Body Mass Index (BMI) was computed by dividing the
weight (kg) by the height in meters squared (m?) and
used to develop the categories of: underweight (less or
equal to 18.5), normal weight (18.5-24.9), overweight
(25.0-29.9), and obese (30 or higher). Participants were
also categorized on the basis of their plasma glucose
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levels status using the WHO definition and diagnosis of
diabetes mellitus criteria as follows: Normal (less than
6.1 mmol/L), Pre-diabetes (6.1 to 6.9 mmol/L), and dia-
betes or probable diabetes (greater than 6.9 mmol/L, or
currently on anti-diabetes mellitus medication) [16].

To identify factors associated with hypertension, the
modified Poisson regression model with robust variance
was used to estimate both the crude and adjusted preva-
lence ratios (PR) [17, 18], with their corresponding 95 %
confidence intervals (95 % CI). The modified Poisson re-
gression model, a model that uses a robust error vari-
ance, was preferred to avoid under estimation of the
standard errors for the estimated risk ratios that is usu-
ally the case with logistic regression modelling when the
prevalence of the outcome is greater than 10 % [17, 18].
Potential confounding and interaction variables that
were assessed for inclusion in the model were: age, sex,
level of education, body mass index, population group,
FPG category, family history of hypertension (first de-
gree relatives only), whether the participant met the
WHO physical activity recommendations [19], and to-
bacco use category. A step-by-step backward elimination
of these variables from the model was used to identify
those to be retained in the model. The criterion used to
retain variables in the model were if a variable was sig-
nificantly associated with hypertension using a 5 % level
of statistical significance (a =0.05), or if addition of the
variable in the model led to a change of at least 10 % in
any of the significant PR estimates of any variable
already in the model. Cases with missing observations
were excluding from the model on a case by case basis.
All statistical analyses were performed using STATA
version 13 (StataCorp, College Station, Texas, USA).

Results

Study participants

A total of 1414 subjects participated in the baseline cohort
pilot study. Of the 1414 participants, at least two blood
pressure measurements were available from 1269 (89.7 %)
participants and were used in this analysis. These included
163 nurses in Nigeria, 477 school teachers in South Africa,
167 school teachers in Tanzania, and from Uganda 297
peri-urban and 165 rural residents.

Of the 1269 participants, 820 (64.6 %) were females,
671 (52.9 %) were aged 30 to 49 years, and 879 (69.3 %)
had received up to secondary school education or at
least 8 years of schooling. The majority of participants
(772 or 60.8 %) were over-weight with a body mass
index (BMI) of 25 kilograms per squared meter (kg/m?)
or higher, including the 407 (32.1 %) that were obese
(BMI = 30 kg/m?). Of the participants, 121 (9.5 %) re-
ported current use of some form of tobacco and only
272 (21.4 %) reported physical activity levels that meet
the WHO recommendation of at least 75 min of
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vigorous-intensity or 150 min of moderate-intensity
physical activity per week [19]. The rest of characteris-
tics of the participants are presented in Table 1.

Prevalence of hypertension and pre-hypertension
Of the 1269 participants, 468 were classified as being
hypertensive giving an overall crude prevalence of

Table 1 Participant characteristics

Characteristic -n- Percentage
Population group Rural residents 165 130 %
Peri-urban residents 297 234 %
School teachers, Tanzania 167 132 %
Nurses, Nigeria 163 128 %
School teachers, South Africa 477 376 %
Sex: Males 449 354 %
Females 820 646 %
Age in years: 18-29 231 182 %
30-39 287 226 %
40-49 384 303 %
250 314 247 %
Not stated 53 42%
Level of education: None 49 39%
Primary not completed 142 112 %
(1-6 yrs)
Primary completed (7 yrs) 87 69%
Secondary/High Sch 406 319 %
(8-13 yrs)
University 516 406 %
Not stated 71 56%
Marital status: Never married 436 344 %
Married/Co-habiting 655 516 %
Separated/divorced 100 79 %
Other 51 40%
Not stated 27 21%
Family history of HPT® No 869 685%
Yes 400 315%
Body mass index <185 23 18%
(kg/m?)
185-24.9 386 304 %
250-299 365 288 %
230.0 407 321 %
Not stated 71 56 %
Tobacco use type: Never 842 664 %
Stopped 104 82 %
Current user 121 95 %
Not stated 202 159 %

2HPT Hypertension
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36.9 %. The overall age-adjusted prevalence was
25.9 %. Hypertension was highest amongst nurses in
Nigeria with age-adjusted prevalence of 25.8 %, followed
by school teachers in South Africa with age-adjusted
prevalence of 23.2 %, then by school teachers in Tanzania
with age-adjusted prevalence of 23.1 %, whereas the peri-
urban and rural residents in Uganda had an age-adjusted
prevalence of 20.5 % and 8.7 %, respectively (Table 2).

Only 234 of the 468 participants with hypertension
(50.0 %), were aware of their raised blood pressure con-
dition. The level of awareness varied significantly by
population group (p<0.001), being highest among
nurses in Nigeria at 77.9 %, and lowest among rural resi-
dents in Uganda at 14.3 %. Figure 1 shows the percent-
age of participants with hypertension who were aware of
their raised blood pressure status, by population group.

A total of 378 participants were classified as being
pre-hypertensive, giving a crude prevalence of 29.8 %,
and an overall age-adjusted prevalence of 21.0 %. Pre-
hypertension was highest among school teachers in
South Africa with an age-adjusted prevalence of 26.0 %,
followed by peri-urban and rural residents in Uganda
with age-adjusted prevalence of 21.6 % and 19.5 % re-
spectively, followed by nurses in Nigeria and school
teachers in Tanzania with age-adjusted prevalence of
16.3 % and 7.5 %, respectively (Table 2).

Factors associated with hypertension

Factors found to be associated with hypertension in-
cluded population group, age, body mass index, fasting
plasma glucose (FPG), level of education, and tobacco
use. Compared to the rural residents in Uganda, the
prevalence of hypertension was highest among nurses in
Nigeria with an adjusted prevalence ratio (PR) of 6.49
[95 % CI=2.26 — 18.7]. The prevalence of hypertension
was significantly higher among participants aged 50 years
or older compared to those aged 18 — 29 years with an
adjusted PR of 2.20 [95 % CI=1.49 — 3.25]. We found a
significantly lower adjusted prevalence among partici-
pants who attained secondary school level of education
compared to those reporting no formal education, with
a PR of 0.54 [95 % CI=0.31 — 0.93]. We also the preva-
lence of hypertension to be significantly higher among
participants with BMI between 25 to 29.9 kg/m* com-
pared to those with BMI less than 25, with an adjusted
PR=1.61 [95 % CI=1.18 - 2.20], and even higher
among the obese (BMI>30 kg/m?) participants com-
pared to those with BMI less than 25 with an adjusted
PR=211 [95 % CI=1.56 — 2.84]. The prevalence of
hypertension was also more likely to be higher among
participants with fasting plasma glucose (FPG) of
7.0 mmol/L or higher, compared to those with FPG less
than 6.1 mmol/L, with an adjusted PR of 1.38 [95 % CI =
1.10 — 1 171]. Finally, the prevalence of hypertension was
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Table 2 Prevalence of hypertension and pre-hypertension by population group

Characteristic Hypertension

Pre-hypertension

-n- Crude Age-standardized Crude Age-standardized
All participants 1269 468 (36.8 %) 259 % 378 (29.8 %) 21.0 %
Rural residents, Uganda 165 21 (12.7 %) 8.7 % 55 (33.3 %) 19.5 %
Peri-urban residents, Uganda 297 70 (23.6 %) 205 % 97 (32.7 %) 21.6 %
Nurses, Nigeria 163 77 (47.2 %) 258 % 34 (20.9 %) 16.3 %
School teachers, South Africa 477 228 (47.8 %) 232 % 166 (34.8 %) 26.0 %
School teachers, Tanzania 167 72 (43.1 %) 23.1% 26 (15.6 %) 75 %

significantly higher among participants reporting to use
unfiltered tobacco, compared to those reporting to
had never used tobacco, with an adjusted PR of 1.7
[1.04 — 2.91] (Table 3).

Discussion

In this study we found the overall age-standardized
prevalence of hypertension to be high in the population
groups studied, at nearly 26 %. Prevalence varied signifi-
cantly by population group defined by occupation, and
degree of urbanization, from rural to peri-urban resi-
dents, and between school teachers and nurses that were
from urban centers. Our findings clearly demonstrate
the urban-rural divide of the burden of hypertension in
sub-Saharan Africa that has been highlighted by others
[3, 7, 20]. Surprising was the finding that prevalence was
highest among the health care workers - nurses in Nigeria.
The astoundingly high prevalence of hypertension signals
an enormous future burden of hypertension-related
NCDs. The variation by population groups also suggests
that it might be more cost effective to design interventions
that target specific population groups with higher burden
of hypertension. Thus larger and more inclusive studies

are needed to identify population groups with higher bur-
den of hypertension.

We also found that overall, only 50 % of persons with
hypertension were aware of their hypertension, demon-
strating the high burden of undiagnosed and untreated
hypertension in SSA, a problem that has been highlighted
by others [3, 4, 21-23]. The complications of uncontrolled
blood pressure are devastating and include a number of
hypertension-related NCDs like myocardial infarction,
stroke, chronic kidney disease, and renal failure all of
which may be life threatening [24]. The high burden of
undiagnosed and untreated hypertension also signals the
need to increase detection rates of existing hypertension
and provide resources for adequate treatment [4, 23].

We also found a high age-standardized prevalence of
pre-hypertension at 21 %, which also varied significantly by
population group. It is recognised that persons with pre-
hypertension are at higher risk of progressing to hyperten-
sion, and becoming prone to hypertension-associated
cardiovascular diseases [12, 25, 26]. In fact Vasan et al.
(2001) estimated a 30 % conversion rate from pre-
hypertension state to hypertension every four years [27].
Risk reduction interventions aimed at preventing persons
with pre-hypertension progressing to hypertension are

100.0%
90.0%
80.0%
o
g 70.0%
© 60.0%
-
5 50.0%
E 40.0%
o 30.0%
0 500%
.
Do School
Rural Peri-urban School i
X X Nurses- teachers-
residents- | residents- | teachers- oens Overall
. Nigeria South
Uganda Uganda Tanzania -
Africa
%ge 14.3% 31.4% 30.6% 77.9% 55.7% 50.0%
Fig. 1 Percentage of participants with hypertension who are aware of their high blood pressure
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Table 3 Crude and adjusted prevalence ratio (PR) estimates for hypertension
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Variable

-n-

# Hypertensive (%)

Crude PR [95 % CI]

Adjusted PR® [95 % Cl]

Population group:
Rural residents
Peri-urban residents
School teachers, Tanzania
Nurses, Nigeria
School teachers, South Africa
Sex:
Males
Females
Age (years):
18-29
30-39
40-49
250
Level of education
None
Primary not completed
Primary completed
Secondary school
University or higher
Family history of hypertension:
No
Yes
Body mass index (kg/m?):
<250
25.0-29.9
2300
FPG/DM category:
<6.1
6.1-69
27.0, or on DM? Rx

Met WHO® physical activity recommednations?

No

Yes
Tobacco used:

Never

Stopped

Filtered

Unfiltered

215
294
385
319

871
401

409
367
407

603
103
135

845
104
98
23

21 (127 %
70 (235 %
72 (429 %
77 (47.2 %
229 (47.9 %)

)
)
)
)

146 (32.4 %)
323 (39.3 %)

40 (18.6 %)
80 (27.2 %)
147 (38.2 %)
186 (58.3 %)

15 (30.6 %)
28 (19.6 %)
21 (24.1 %)
137 (33.7 %)
229 (44.4 %)

290 (33.3 %)
179 (44.6 %)

83 (203 %)
131 (35.7 %)
210 (51.6 %)

168 (27.9 %)
28 (27.2 %)
80 (59.3 %)

274 (324 %)
42 (404 %)
45 (45.9 %)
8 (34.8)

1.0

1.85 [1.18-2.90]
339 [2.19-5.24]
371 [241-5.71]
3.76 [2.49-5.66]

1.0
1.21 [1.04-143]

10

1.53 [1.10-2.13]
211 [1.56-2.85]
3.22 [241-4.30]

1.0

0.64 [0.38-1.10]
0.79 [0.45-1.38]
1.10 [0.71-1.72]
146 [0.93-2.21]

1.0
1.3 [1.15-1.54]

1.0
1.78 [1.40-2.25]
259 [2.09-3.21]

10
0.92 [0.66-1.27]
1.94 [1.62-2.31]

10
0.60 [0.48-0.75]

10

1.25 [0.97-1.60]
142 [1.12-1.79]
1.07 [061-1.89]

1.0

2.28 [1.38-3.76]
3.96 [2.22-7.06]
6.49 [2.26-18.7]
291 [1.56-5.45]

1.0
0.94 [0.76-1.17]

1.0

1.00 [0.65-1.53]
1.28 [0.84-1.95]
2.20 [1.49-3.25]

1.0

0.81 [046-1.43]
062 [0.33-1.17]
0.54 [0.31-0.93]
0.56 [0.30-1.05]

1.0
1.21 [0.96-1.52]

1.0
1.61 [1.18-2.20]
2.11 [1.56-2.84]

1.0
091 [0.64-1.30]
1.38 [1.10-1.71]

10
248 [0.34-18.0]

1.0
0.98 [0.73-1.31]
1.21 [0.91-1.60]

1.74 [1.04-2.91]

bAdjusted for Population group, Age, Level of education, BMI, FPG and Tobacco use

°FPG Fasting Plasma Glucose (mmol/L)
4DM Diabetes Mellitus
€WHO World Health Organization
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urgently needed to contribute to the overall reduction in
the prevalence of hypertension in SSA.

The factors we found to be associated with hyper-
tension in this study included population group, age,
BMI, level of education, and tobacco use. Most of
these have previously been identified some of the im-
portant risk factors for hypertension by the different
studies conducted in different parts of SSA [3, 28-31].
However we recognize that perhaps because of the
small sample size in our study, we were unable to dis-
entangle the various determinants of hypertension in
the population groups studied that may include
urban/rural, high/low social economic status as de-
fined by occupation, education, and country-specific
gross level of income, and potential regional differ-
ences due to ethnicity/genetics, and other shared but
unmeasured risk factors that may include stress, diet,
etc. Thus substantial variation in the prevalence of
hypertension remained in the multi-variable analysis.
This variation seems to have at least two important
consequences. The first is that it would be inconsider-
ate to make estimates for SSA based on small and ar-
bitrary selected samples. Thus our findings can only
be generalized to similar population groups included
in our analysis, not to the whole SSA populations. Sec-
ondly, the fact that a six-fold variation for one of the
population groups remained even in the multi-variable
analysis (nurses in Nigeria), indicates that there must
be other risk factors of fundamental importance for
hypertension other than those analyzed here. Thus
larger investigative studies of the type that PaCT
represents are needed in SSA to tease these out.

Conclusions
There are three key messages from this analysis:

a) The prevalence of hypertension is high at 25.9 %,
but differed significantly by population group
defined by occupation and degree of urbanization.
Interventions prioritizing higher prevalence
population groups might be more effective in
controlling hypertension in the population.

b) Fifty percent of persons with hypertension are
unaware of their hypertension, demonstrating a
high burden of undiagnosed and uncontrolled
hypertension, and signalling the need to increase
detection rates of existing hypertension and provide
resources for adequate treatment

c) Pre-hypertension is also high at 21 %, an indicator of
an enormous future burden of hypertension-related
non-communicable diseases (NCDs) if no appropriate
interventions are implemented. Interventions aimed at
preventing persons with pre-hypertension progressing
to hypertension are urgently needed.

Page 7 of 8

Abbreviations

ASP: Age-standardized prevalence; BMI: Body mass index; Cl: Confidence
interval; DBP: Diastolic blood pressure; DM: Diabetes mellitus; FPG: Fasting
plasma glucose; HPT: Hypertension; kg/m? Kilograms per squared meter;
mm Hg: Millimetres of mercury; mmol/L: Milli moles per liter; NCD: Non-
communicable diseases; PaCT: Partnership for cohort research and training;
PRR: Prevalence rate ratio; SPB: Systolic blood pressure; SSA: Sub-Saharan
Africa; WHO: World Health Organization.

Competing interests
None of the authors have any competing interest to declare.

Authors’ contributions

HOA, MDH, SD, DG, CA, JV, FB and MN conceptualized the study. DG,
JNM, RK, CL, FB, MN, FSC, IA, SD and TR implemented the study. DG
conducted the data analysis. DG had primary responsibility for final
content. All authors participated in writing, read and approved the final
manuscript.

Acknowledgements

The authors acknowledge the research participants who volunteered to
participate in the PaCT pilot studies, and the institutional support at the five
country sites in Uganda, Tanzania, South Africa and Nigeria.

This work was supported in part by a grant from the Dean'’s office and
the Department of Epidemiology at the Harvard School of Public Health, and
the Karolinska Institute Distinguished Professor Award to HOA

[Dnr: 2368/10-221].

Author details

'Department of Epidemiology and Biostatistics, School of Public Health,
Makerere University College of Health Sciences, Kampala, Uganda.
’Department of Medicine, School of Medicine, Makerere University College
of Health Sciences, Kampala, Uganda. 3Centre for Evidence-based Health
Care, Faculty of Medicine and Health Sciences, Stellenbosch University, Cape
Town, South Africa. *Institute of Human Virology, Abuja, Nigeria. *Greenbaum
Cancer Center and Institute of Human Virology, University of Maryland,
School of Medicine, Baltimore, MD, USA. 6Departmem of Epidemiology and
Medical Statistics, Faculty of Public Health, College of Medicine, University of
Ibadan, Ibadan, Nigeria. 7Department of Community Health, Mbarara
University Of Science and Technology, Mbarara, Uganda. ®Department of
Physiology, Muhimbili University of Health and Allied Sciences, Dar es
Salaam, Tanzania. “Department of Epidemiology, Harvard School of Public
Health, Boston, MA, USA. '°The South African Cochrane Centre, South African
Medical Research Council, Cape Town, South Africa. ''Department of Medical
Epidemiology and Biostatistics, Karolinska Institute, Stockholm, Sweden.
'?Channing Division of Network Medicine, Department of Medicine, Brigham
and Women'’s Hospital and Harvard Medical School, Boston, MA, USA.

Received: 12 June 2015 Accepted: 30 November 2015
Published online: 05 December 2015

References

1. Poulter NR, Prabhakaran D, Caulfield M. Hypertension. Lancet. 2015;386:
801-12. doi:10.1016/50140-6736(14)61468-9.

2. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H,
et al. A comparative risk assessment of burden of disease and injury
attributable to 67 risk factors and risk factor clusters in 21 regions,
1990-2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet. 2012;380:2224-60.
doi:10.1016/50140-6736(12)61766-8.
Hendriks ME, Wit FWNM, Roos MTL, Brewster LM, Akande TM, de Beer IH,
et al. Hypertension in sub-Saharan Africa: cross-sectional surveys in four
rural and urban communities. PLoS One. 2012;7:¢32638. doi:10.1371/journal.
pone.0032638.
Ataklte F, Erqou S, Kaptoge S, Taye B, Echouffo-Tcheugui JB, Kengne
AP. Burden of undiagnosed hypertension in sub-saharan Africa: a
systematic review and meta-analysis. Hypertension. 2015,65:291-8.
doi:10.1161/HYPERTENSIONAHA.114.04394.
Bromfield S, Muntner P. High blood pressure: the leading global burden of
disease risk factor and the need for worldwide prevention programs. Curr
Hypertens Rep. 2013;15:134-6. doi:10.1007/511906-013-0340-9.


http://dx.doi.org/10.1016/S0140-6736(14)61468-9
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1371/journal.pone.0032638
http://dx.doi.org/10.1371/journal.pone.0032638
http://dx.doi.org/10.1161/HYPERTENSIONAHA.114.04394
http://dx.doi.org/10.1007/s11906-013-0340-9

Guwatudde et al. BMC Public Health (2015) 15:1211

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mendis S. Challenges for the management of hypertension in low-resource
settings. Ethn Dis. 2003;13:567-70.

Opie LH, Seedat YK. Hypertension in sub-Saharan African populations.
Circulation. 2005;112:3562-8. doi:10.1161/CIRCULATIONAHA.105.539569.
Addo J, Smeeth L, Leon DA. Hypertension in sub-saharan Africa: a systematic
review. Hypertension. 2007;50:1012-8. doi:10.1161/HYPERTENSIONAHA.107.
093336.

Steyn K, Bradshaw D, Norman R, Laubscher R. Determinants and treatment
of hypertension in South Africans: the first Demographic and Health Survey.
S Afr Med J. 2008;98:376-80.

Dalal S, Holmes MD, Laurence C, Bajunirwe F, Guwatudde D, Njelekela M,
et al. Feasibility of a large cohort study in sub-Saharan Africa assessed
through a four-country study. Glob Health Action. 2015,8:27422.

WHO. WHO | STEPwise approach to surveillance (STEPS). WHO Website
2009. http://www.who.int/chp/steps/manual/en/

(accessed December 04, 2015).

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL,
et al. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure: the JNC 7 report. JAMA. 2003;289:2560-72.
doi:10.1001/jama.289.19.2560.

Whitworth JA. 2003 World Health Organization (WHO)/International
Society of Hypertension (ISH) statement on management of hypertension.
J Hypertens. 2003;21:1983-92. doi:10.1097/01.hjh.0000084751.37215.d2.
Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M.

Age Standardization of Rates: A New WHO Standard. WHO Website 2001.
www.who.int/healthinfo/paper31.pdf (accessed December 04, 2015).

WHO. World (WHO 2000-2025) Standard - Standard Populations - SEER
Datasets. WHO Website 2013. seer.cancer.gov/stdpopulations/world.who.
html (accessed December 04, 2015).

World Health Organization (WHO). Definition and Diagnosis of Diabetes
Mellitus and Intermediate Hyperglycemia. WHO Website 2006:50.
doi:ISBN 92 4 159493 4.

Zou G. A modified poisson regression approach to prospective studies with
binary data. Am J Epidemiol. 2004;159:702-6.

Yelland LN, Salter AB, Ryan P. Performance of the modified Poisson
regression approach for estimating relative risks from clustered prospective
data. Am J Epidemiol. 2011;174:984-92. doi:10.1093/aje/kwr183.

WHO. Global recommendations on physical activity for health. WHO Website
2010. apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf
(accessed December 04, 2015).

Agyemang C. Rural and urban differences in blood pressure and
hypertension in Ghana, West Africa. Public Health. 2006;120:525-33.
doi:10.1016/j.puhe.2006.02.002.

Musinguzi G, Nuwaha F. Prevalence, awareness and control of
hypertension in Uganda. PLoS One. 2013;8:¢62236.
doi:10.1371/journal.pone.0062236.

Musinguzi G, Van Geertruyden J-P, Bastiaens H, Nuwaha F. Uncontrolled
hypertension in Uganda: a comparative cross-sectional study. J Clin
Hypertens (Greenwich). 2015;17:63-9. doi:10.1111/jch.12371.

Cappuccio FP, Micah FB, Emmett L, Kerry SM, Antwi S, Martin-Peprah R, et
al. Prevalence, detection, management, and control of hypertension in
Ashanti, West Africa. Hypertension. 2004;43:1017-22. doi:10.1161/01.HYP.
0000126176.03319.d8.

Arima H, Murakami Y, Lam TH, Kim HC, Ueshima H, Woo J, et al. Effects
of prehypertension and hypertension subtype on cardiovascular disease
in the Asia-Pacific Region. Hypertension. 2012;59:1118-23. doi:10.1161/
HYPERTENSIONAHA.111.187252.

Suri MFK, Qureshi Al. Prehypertension as a risk factor for cardiovascular
diseases. J Cardiovasc Nurs. 2006;21:478-82. quiz 483-4.

Sit JWH, Sijian L, Wong EMY, Yanling Z, Ziping W, Jiangiang J, et al.
Prevalence and risk factors associated with prehypertension: identification
of foci for primary prevention of hypertension. J Cardiovasc Nurs 25:461-9.
doi:10.1097/JCN.0b013e3181dcb551.

Vasan RS, Larson MG, Leip EP, Kannel WB, Levy D. Assessment of frequency
of progression to hypertension in non-hypertensive participants in the
Framingham Heart Study: a cohort study. Lancet. 2001;358:1682-6.
doi:10.1016/50140-6736(01)06710-1.

Pires JE, Sebastido YV, Langa AJ, Nery SV. Hypertension in Northern
Angola: prevalence, associated factors, awareness, treatment and control.
BMC Public Health. 2013;13:90. doi:10.1186/1471-2458-13-90.

29.

30.

31

Page 8 of 8

Wamala JF, Karyabakabo Z, Ndungutse D, Guwatudde D. Prevalence factors
associated with hypertension in Rukungiri district, Uganda-a community-
based study. Afr Health Sci. 2009;9:153-60.

Maher D, Waswa L, Baisley K, Karabarinde A, Unwin N. Epidemiology of
hypertension in low-income countries: a cross-sectional population-based
survey in rural Uganda. J Hypertens. 2011;29:1061-8. doi:10.1097/HJH.
0b013e3283466e90.

Helelo TP, Gelaw YA, Adane AA. Prevalence and associated factors of
hypertension among adults in Durame Town, Southern Ethiopia. PLoS
One. 2014,9:¢112790. doi:10.1371/journal.pone.0112790.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

® Thorough peer review

e Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://dx.doi.org/10.1161/CIRCULATIONAHA.105.539569
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.093336
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.093336
http://www.who.int/chp/steps/en/
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1097/01.hjh.0000084751.37215.d2
http://www.who.int/healthinfo/paper31.pdf
http://seer.cancer.gov/stdpopulations/world.who.html
http://seer.cancer.gov/stdpopulations/world.who.html
http://dx.doi.org/10.1093/aje/kwr183
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://dx.doi.org/10.1016/j.puhe.2006.02.002
http://dx.doi.org/10.1371/journal.pone.0062236
http://dx.doi.org/10.1111/jch.12371
http://dx.doi.org/10.1161/01.HYP.0000126176.03319.d8
http://dx.doi.org/10.1161/01.HYP.0000126176.03319.d8
http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.187252
http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.187252
http://dx.doi.org/10.1097/JCN.0b013e3181dcb551
http://dx.doi.org/10.1016/S0140-6736(01)06710-1
http://dx.doi.org/10.1186/1471-2458-13-90
http://dx.doi.org/10.1097/HJH.0b013e3283466e90
http://dx.doi.org/10.1097/HJH.0b013e3283466e90
http://dx.doi.org/10.1371/journal.pone.0112790

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Study population
	Ethics, consent and permissions
	Measurements
	Statistical analysis

	Results
	Study participants
	Prevalence of hypertension and pre-hypertension
	Factors associated with hypertension

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



