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We conducted a cross-sectional study among school/college students in Tanzania
and Uganda to determine the prevalence of high blood pressure (BP) and associated
factors. Participants were classified to have high BP if they had pre-hypertension or
hypertension. Interviews were done using the WHO STEPS instrument. Using data
from both countries (n = 1596), the overall prevalence of high BP was 40% (95% ClI:
37-42). The prevalence of pre-hypertension was 29% (95% Cl: 26-31) and that of
hypertension was 11% (95% Cl: 10-13). High BP was independently associated with
obesity (@aOR = 6.7, 95% Cl: 2.2-20.0), male sex (aOR = 3.2, 95% Cl: 2.4-4.4), and
among males aged above 20 years (aOR = 5.5, 95% Cl: 2.9-10.5). Consumption of
fruits/vegetables was associated with decreased odds for high BP (aOR = 0.7, 95% ClI:
0.50-0.98). The increasing burden of pre-hypertension across age groups could ex-
plain the early onset of hypertension and cardiovascular diseases (CVDs) among
young African adults. There is a need for longitudinal studies to explore the drivers of

pre-hypertension in East African adolescents.

1 | INTRODUCTION

Approximately 80% of all cardiovascular disease (CVD) deaths occur
in low- and middle-income countries including those in Africa.l
Moreover, CVDs occur at a younger age with significant impact on
national productivity.’® The World Health Organization estimates
that Africa has the highest age-adjusted rates of CVDs in the world. *

High blood pressure (BP) includes those with pre-hypertension
or hypertension. Among those aged below 18 years, pre-hyper-
tension is defined as mean systolic and/or diastolic BP at 290th to
<95th percentile or 2120/80 mm Hg to <95th percentile and hyper-
tension is defined as mean systolic and/or diastolic BP 295th per-
centile (using age, sex, and height-specific percentile tables). For
those aged 18 years and above, pre-hypertension is defined as mean
blood pressure in the range of (120-139) mm Hg for systolic BP and
(80-89) mm Hg for diastolic BP, while hypertension is defined as
mean blood pressure above or equal to 140/90 mm Hg.5'6

Pre-hypertension is an important and distinct phase in the
pathophysiology of high BP and an independent CVD's risk fac-
tor.”? The category was introduced to the US pediatric BP guide-
lines in 2004 to promote early diagnosis and intervention for high
BP to prevent later CVDs.> Adolescents with pre-hypertension are
known to be two to three times more likely to develop hypertension
as young adults, and this risk may be higher among those of African
ancestry.f"’10 Pre-hypertension during adolescence is associated with
end-organ damage including left ventricular hypertrophy, diastolic
dysfunction, and kidney disease.®1*> Pre-hypertension in African
adolescents could therefore explain the onset of hypertension and
CVDs in this region at a younger age.g"4

Past studies on high BP in adolescents in sub-Saharan Africa
have been limited by use of non-standardized methods of BP mea-
surement, by use of BP definitions that do not take into account key
variables such as sex, age, and height, and by involving small sample

sizes or populations from a single location.*%’
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In order to contribute more accurate prevalence estimates of
high BP among adolescents and young adults in sub-Saharan Africa,
we conducted a cross-sectional study among secondary school/col-
lege students to determine the prevalence of pre-hypertension and
hypertension and to assess associated factors.

2 | MATERIALS AND METHODS

2.1 | Study participants and sampling

We conducted a cross-sectional study among secondary school and col-
lege/university students in Mwanza (Tanzania) and Kampala (Uganda)
cities in East Africa. Mwanza is the second largest city of Tanzania, situ-
ated on the southern shores of Lake Victoria, and Kampala is the capital
city of Uganda situated on the northern shores of the lake.

In Mwanza, a list of all registered public and private-owned sec-
ondary schools and colleges/universities with their respective number
of students was obtained. From the list, we retained schools/colleges
which enrolled students of both sexes. From this list, four schools (two
from private and two from public) and four private colleges/universi-
ties were randomly selected on probability proportional to size. Since
age and class/year of study were expected to be highly correlated, each
participating institution was restricted to contribute one class/year of
study which was randomly selected. All students aged between 15 and
24 years in the selected class/year of study were invited to join the study.

In Kampala, similar procedures were used to randomly select five
schools (four public and one private). In each school, we invited all
students aged between 12 and 24 years from each of the six classes
to participate. We did not enroll from colleges/universities as they
were closed during the survey.

2.2 | Ethical considerations

The study was approved by the ethics committee of the National
Institute for Medical Research in Tanzania, by the Uganda Virus
Research Institute Research and Ethics committee as well as the
National Council of Science and Technology in Uganda.

Before enrollment, all parents were informed about the study by
using an information sheet which was sent to them through students.
Parents/guardians were given an opportunity to opt out if they did not
want their children to participate. Participants aged 12-17 years signed
an informed assent, and those aged 18-24 years signed an informed
consent. In addition, the head teachers signed student's informed as-
sent/consent forms in their capacity as legal guardians to students.

Obtained data were handled in a strict confidentiality manner.

2.3 | Data collection

Between May and November 2015, we collected data in the se-
lected institutions in both countries. Trained research assistants
interviewed students in private using a structured questionnaire
adapted from the WHO stepwise approach to non-communicable
disease risk factor surveillance (STEPS instrument).’ Data were
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captured electronically using pre-programmed tablets. We collected
data on demographic characteristics and potential risk factors for
high BP, including alcohol and cigarette use, physical activity and
consumption of fruits, vegetables, salt, and sugar.

Weight and height measurements were then performed using
standardized procedures. Weight was measured to the near-
est 0.1 kg using digital Seca® 813 weight scales (Seca, Hamburg,
Germany) in minimal clothing and shoes removed. Height was mea-
sured to the nearest 0.1 centimeter using Seca® 213 stadiometer
(Seca). These measurements were used to calculate body mass index
(BMI) which was further categorized into four groups (underweight,
normal weight, overweight, and obesity) using WHO's BMI for age
Z-scores for participants below 18 years.?’ Adult BMI cutoff points
were used for those aged 18 years and above.

Blood pressure was measured in an upright seated position
after 15 minutes of rest, using the Omron digital monitor model
M6 (Omron Health care, Binh Du'o'ng Province, Vietnam). Cuff size
(small, medium, or large) was chosen based on the mid-upper-arm
circumference. BP was measured on the right upper arm, then left
upper arm, and again on the right upper arm at a spacing of 2 min-
utes. The average of the last two readings was used as final BP of the
participant. We adapted this approach of BP measurements due to a
high likelihood of clinical and sub-clinical congenital heart diseases in
this population including coarctation of aorta.?! For participants aged
12-17 years of age, the final BP was categorized into normal, pre-hy-
pertension, and hypertension using percentile scores (taking into ac-
count participant's sex, age, and height).5 Similar BP categories using
adult cutoff points were used in participants aged 18-24 years.® All
study staff involved in measuring BP received standardized training.

2.4 | Statistical analysis

Statistical analysis was performed using Stata IC version 13
(StataCorp, College Station, TX, USA). The primary outcome was
high BP, defined as either having pre-hypertension or hypertension.

In each country, we computed summary statistics, including me-
dian and interquartile range for systolic and diastolic BP stratified
by age and sex. We also calculated the proportion of students with
pre-hypertension and hypertension stratified by age and sex. The
resulting proportions were reported with their corresponding 95%
confidence intervals (Cl).

A hierarchical logistic regression model was used to determine
independent factors associated with high BP, using a multilevel con-
ceptual framework.?> We first calculated unadjusted odds ratios
(ORs) for each potential risk factor and corresponding 95% CIl. We
then estimated adjusted odds ratios (aORs), adjusted in a stepwise
approach starting with all demographic characteristics, followed by
socioeconomic variables and lastly BMI and behavioral variables.
Variables with a P-value <0.05 in the final model were regarded as
independently associated with high BP.

To assess potential interactions between age and sex, we exam-
ined the associations between high BP and age, stratified by sex.
P-value <0.05 for interaction was considered to be significant.
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3 | RESULTS

3.1 | Sampled participants and background
characteristics

In Mwanza, out of 1159 eligible students who were invited for en-
rollment, 908 (78%) provided consent/assent and were enrolled.
In Kampala, out of 1098 eligible students were invited, 759 (69%)
provided consent/assent and were enrolled. The main reason for
non-participation across sites was being absent at school/college on
the enrollment day and during two subsequent follow-up visits con-
ducted within 7 days of enrollment.

In this analysis, we excluded 71 (4.3%) participants with incom-
plete data from missing physical examination. From Table 1, 1596
participants (891 from Mwanza and 705 from Kampala), who were in-
cluded in the analysis, had significant differences in their demographic
characteristics. Overall, the majority were male (54%) and from sec-
ondary schools (55%), and 72% reported to receive less than 20 USD

Tanzania, n (%)

Variable (N = 1596) 891 (100) 705 (100)
Sex
Male 518 (58) 347 (49)
Female 373 (42) 358 (51)
Age, mean (= SD) 19.2 (£3.1) 16.3 (£2.8)
Religion
Muslims 216 (24) 101 (14)
Christians 675 (76) 604 (86)
Level of study
Form 1-4 377 (42) 444 (63)
Form 5-6 123 (14) 261 (37)
College/university 391 (44) 0(0)
Monthly pocket money given (USD)
0 (None) 121 (14) 45 (6)
<20 447 (50) 539 (77)
220 318 (36) 121 (17)
Household items owned
No car/refrigerator/house 231 (26) 144 (20)
for rent
Car and either refrigerator or 353 (40) 354 (50)
house for rent
Refrigerator and house for 241 (27) 160 (23)
rent only
House for rent only 66 (7) 47 (7)
Body Mass Index categories (BMI)®
Normal 692 (78) 570 (81)
Underweight 90 (10) 48 (7)
Overweight 87 (10) 71 (10)
Obese 21(2) 16 (2)
t test.

PMissing observation.

Uganda, n (%)

as monthly pocket money (usually given by parents/guardians to cover
for transport, snacks at school, stationeries, and other small personal
items). The majority (56%) of participants spent their time resting or
watching television after school sessions and/or during weekend (as
opposed to engagement in sports or manual work). Overall, the major-
ity of the participants had normal BMI (79%), with more females (21%)

than males (5%) being either overweight or obese.

3.2 | Blood pressure distribution

In Figure 1, we present the distribution of BP by age and sex across
the two countries. In males, the median systolic and diastolic BP in-
creased across age groups, with a nearly identical trend observed
in both Uganda and Tanzania (Kruskal-Wallis test P-value = 0.001).
Among females, median systolic BP decreased across age groups
in both countries, while median diastolic BP increased across age
groups in a similar trend as observed among males.

TABLE 1 Background characteristics
of the study participants by country

2 -
X* (P-value) (N = 1596)

<0.001

<0.001*

<0.001

<0.001

<0.001

<0.001

0.139
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3.3 | Prevalence of pre-hypertension and
hypertension

Using combined data from both countries, the overall prevalence
of high BP was 40% (95% Cl: 37-42). The prevalence of high BP
increased across age groups among males (Figure 2). The overall
prevalence of pre-hypertension was 29% (95% Cl: 26-31) and that
of hypertension was 11% (95% Cl: 10-13). The prevalence of pre-hy-
pertension among adolescents (12-19 years old) was 24% (95% ClI:
22-27) and that of young adults (20-24 years old) was 38% (95% Cl:
34-42). Similarly, the prevalence of hypertension in adolescents was
12% (95% Cl: 10-14) and that of young adults was 10% (95% Cl: 7-13).

In Table 2, we present the prevalence of pre-hypertension and
hypertension by age and sex using data combined from both coun-

tries. Overall, the sex combined prevalence of pre-hypertension

significantly increased from 16% (95% Cl: 11-23) in participants
aged 12-14 years to 39% (95% Cl: 34 -44) in those aged 21-24 years,
while that of hypertension decreased from 15% (95% Cl: 10-21) in
12-14 years to 9% (95% Cl: 7-13) in 21-24 years.

On stratification by sex, the prevalence of pre-hypertension among
males increased sharply from 17% (95% Cl: 9-28) in 12-14 years to 47%
(95% Cl: 41-54) in 21-24 years, whereas among females in same-age
groups, the increment was modest, from 16% (95% Cl: 9-25) to 24%
(95% Cl: 17-31). In contrast, the prevalence of hypertension did not

show a clear trend among males and a decreasing trend among females.

3.4 | Factors associated with high BP

In Table 3, we present factors associated with high BP. Males had

more than threefold increased odds of high BP compared to females,
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FIGURE 2 Bar graph showing the prevalence of high blood
pressure by age groups and sex

which remained statistically significant after adjusting for sociode-
mographic, economic, BMI, and behavioral factors (@OR = 3.2, 95%
Cl: 2.4-4.4). We also observed a positive association between high
BP and age (P-value, test for linear trend = 0.001). However, high BP
remained significantly associated with age only in males, with those
aged above 20 years having more than fivefold increased odds of
high BP when compared to males aged 12-14 years (aOR = 5.5, 95%
Cl: 2.9-10.5; P-value, test for interaction <0.001).

Daily consumption of at least one serving of fruits and/or vegeta-
bles was protective to high BP (aOR 0.73, 95% Cl: 0.54, 0.98). Other
economic or behavioral factors (salt and sugar consumption, alcohol
drinking) did not show independent association with high BP.

We observed a positive association between high BP and BMI
categories (P-value, test for linear trend = 0.005). Obese student
had nearly sevenfold increased odds of high BP compared to those
with normal BMI (aOR = 6.7, 95% Cl: 2.2-20.0). Overweight males
had relatively higher odds of high BP than overweight females,
but this did not reach statistical significance in the adjusted model
(@OR =3.0, 95% Cl: 1.2-7.7 vs 1.1, 95% Cl: 0.6-1.9; P-value, test for
interaction = 0.07). Similarly, obesity remained significantly associ-
ated with high BP in both males and females. However, obesity and
overweight contributed to only 2.5% of the burden of high BP (pop-

ulation attributable fraction).

4 | DISCUSSION

In our study, about 40% of participants had high BP. High prevalence
of high BP in adolescents and young adults have previously been
reported in other African countries. 7?>2* Interestingly, these previ-
ous estimates (5%-40%) are considerably higher than the estimates
observed in similar populations living in high-income countries in-
cluding the United States (nearly 15%).2°

We found that 75% of participants with high BP had pre-hyper-
tension. This is one of the few studies to examine the prevalence
of pre-hypertension using standard definitions among adolescents

and young people in sub-Saharan Africa. Evidence has shown that

1596

TABLE 2 Prevalence of pre-hypertension (Pre-HTN) and hypertension (HTN) by sex and age groups, N

Females

Males

Males and Females (combined)

Hypertension
% (95% Cl)

Pre-hypertension

% (95% Cl)

Normal BP

Hypertension
% (95% Cl)
6(2,15)

Pre-hypertension

% (95% Cl)
17 (9, 28)

Normal BP

Hypertension
% (95% Cl)

Pre-hypertension

% (95% Cl)

Normal BP

% (95% Cl)

N

% (95% Cl)

N

N % (95% Cl)

Age groups

21 (14, 31)
14 (10, 18)

16 (9, 25)

63(53,73)
69 (64, 74)
78(71,83)

90

327
174

77 (65, 86)
56(50, 61)
47 (41, 54)

65
345
219

15 (10, 21)
15 (12, 18)
6(4,8)

16 (11, 23)
23 (20, 26)
33(29, 38)
39 (34, 44)

69 (61, 76)

155
672
393
376

12-14
15-17
18-20
21-24

17 (13, 22)
18 (13, 25)
24 (17, 31)

16 (12, 20)
7 (4,11)

28 (24, 33)
46 (39, 52)

62 (58, 66)
61 (56, 66)
52 (47,57)

4(2,8)

3(1,8)

73 (65, 80)

140

13 (9, 18)

47 (41, 54)

40 (34, 46)

236

9(7,13)
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TABLE 3 Factors associated with high blood pressure among adolescents and young people

Factors

Overall prevalence
Demographic factors
Country
Uganda
Tanzania
Sex
Female
Male
Age in years
12-14
15-17
18-20
21-24
Religion
Muslim
Christians
Socioeconomic factors
Monthly income given (USD)
0 (None)
<20
220
Economic items owned

No car/refrigerator/
house for rent

Car and either refrigera-
tor/house for rent

Refrigerator and house
for rent only

House for rent only
Behavioral factors

Work-related activity after
study hours

Manual work

Relaxing/watching TV

High BP
N (%)

1596 (40)

705 (37)
891 (41)

731(28)
865 (49)

155 (30)
672 (37)
393(39)
376 (48)

317 (44)
1279 (38)

166 (46)
986 (37)
439 (42)

375(39)
707 (40)
401 (39)

113 (42)

704 (38)
887 (41)

Crude OR
(95% Cl)

1
1.19(0.97, 1.46)

1
2.41(1.95,2.96)

1

1.41(0.97,2.06)
1.53(1.02, 2.28)
2.18(1.46, 3.25)

1
0.79 (0.61, 1.01)

1
0.69 (0.50, 0.97)
0.83(0.58, 1.18)

1.04 (0.80, 1.34)

1.03(0.77,1.38)

1.17 (0.76, 1.79)

1
1.13(0.92,1.38)

Eating at least 1 serving of fruits/vegetables day

No
Yes
Addition of more salt to food
No
Yes

Number of sugar teaspoon added to your cup of tea or drinks/day

0
<2
>2

497 (41)
537 (3¢6)

785 (42)
810 (38)

57 (37)
700 (41)
605 (39)

1
0.79 (0.61, 1.01)

1
0.84(0.69, 1.04)

1
0.67,2.06)
1.07(0.61, 1.88)

Model 1
OR (95% Cl)

1
0.83(0.64,1.07)

1
2.29 (1.86, 2.83)

1

1.36(0.91, 2.03)
1.42(0.93, 2.16)
2.16 (1.36, 3.48)

1
0.75(0.58, 0.98)

Model 2
OR (95% Cl)

1
0.80(0.62, 1.04)

1
2.30(1.89, 2.85)

1

1.32(0.88, 1.98)
1.44(0.95, 2.20)
2.24(1.36, 3.68)

1
0.74(0.57,0.97)

1
0.76 (0.53, 1.08)
0.72(0.49, 1.06)

0.93(0.70, 1.23)

0.99(0.73,1.34)

1.24(0.80, 1.93)

Model 3
OR (95% Cl)

1
1.04(0.69, 1.56)

1
3.22(2.35,4.41)

1

1.97(1.13,3.33)
2.22(1.22,4.02)
2.64(1.30, 5.35)

1
0.63(0.43,0.92)

1
0.68(0.39, 1.18)
0.74(0.42,1.32)

1.34(0.89, 2.03)

1.36(0.89, 2.09)

1.50(0.81, 2.80)

1
0.76 (0.54, 1.06)

1
0.73(0.54,0.98)

1
1.10(0.82, 1.49)

1
1.01(0.49, 2.08)
0.88(0.41, 1.88)

(Continues)
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TABLE 3 (Continued)
High BP Crude OR
Factors N (%) (95% Cl)
Alcohol drinking
Never drinkers 1201 (39) 1
Current drinkers 204 (39) 1.01(0.75,1.37)
Past drinkers 191 (44) 1.23(0.91, 1.68)
Anthropometric
Body Mass Index (BMI)?
Normal 1262 (39) 1
Underweight 138 (33) 0.77 (0.53,1.12)
Overweight 158 (42) 1.11(0.79, 1.55)
Obese 37 (62) 2.54(1.29,4.98)

Model 1-Adjusted for sociodemographic factors
Model 2-Adjusted for sociodemographic and economic factors

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

1
0.78(0.47,1.28)
1.24(0.78, 1.99)

1

0.91(0.55, 1.51)
1.70(1.02, 2.83)
6.66(2.21,20.02)

Model 3-Adjusted for sociodemographic, economic factors, behavioral factors, and anthropometric (BMlI)
BMI—Participants aged below 18 years, the World Health Organization's BMI for age Z-scores was used whereas for participants aged 18 years and

above, adult cutoff points were used.

adolescents with pre-hypertension have a two to three times higher
risk of developing hypertension as young adults and that this risk
is even higher in those with African ancestry.c”’10 Studies from the
United States and Europe have demonstrated that pre-hypertension
in adolescents is associated with end-organ damage.®'213 Therefore,
pre-hypertension in African adolescents could partly explain the
high prevalence of hypertension and CVDs seen among young and
middle-aged adults in Africa.

In both Uganda and Tanzania, the prevalence of pre-hyperten-
sion increased dramatically with age among males. Overall, 47% of
males between the ages of 21 and 24 years had pre-hypertension
compared to 15% of males between the ages of 12 and 14 years.
This finding can partly be explained by normal physiological changes
during puberty driven by increase in testosterone and muscle mass.
However, the physiological annual increase in BP with age usually
remains modest up to 20 years when it predicts adult healthy BP
level.?® Factors such as high salt consumption have earlier been re-
ported to exaggerate BP increase with age'® and could be an import-
ant factor in a salt-sensitive population. Interestingly, our findings
differ from surveys from West and Southern Africa where the in-
crease in BP with age was more pronounced among females. 23
Higher proportion of overweight and obese females in those stud-
ies can partly explain the difference. In a 20-year follow-up study
in South Africa, the prevalence of pre-hypertension remained fairly
constant up to the age of 16 before it decreased.?” This contrast-
ing finding may highlight the role of socioeconomic factors of the
post-independence South Africa and those prevailing in East Africa
on high BP.

We found that obesity was associated with approximately sev-
enfold increased odds of high BP. Obesity is a well-documented
predictor of high BP.2% Sadly, the global burden of obesity among
adolescents has tripled over the past three decades, from 5.0% to

18.8%.%In females, obesity is known to overcome the protective

effects of estrogen and can reverse the downward trend of BP.?3
Additionally, our observation is of particular importance in sub-
Saharan Africa, where obesity is traditionally perceived as a sign of
beauty and health.'®2% Hence, BP interventions among adolescents
and young people must address the problem of obesity.

Daily consumption of at least one serving of fruits/vegetables
was associated with decreased odds for high BP. This finding is in
agreement with other studies.?>*! However, we did not find associa-
tions with economic indicators and most of other behavioral factors,
despite being established risk factors to high BP. Some of these fac-
tors may have been underreported due to potential stigma or social
disapproval (eg, alcohol use or cigarette smoking). Additionally, other
diet-related factors (excessive salt and sugar consumption) may have
been underreported because of difficulties to recall past diet prac-
tices in absence of diet diaries. Also, it is acknowledged that some
of these factors (alcohol consumption and cigarette use) may need
longer exposure to impact on BP.

Our study had some strengths and limitations. A strength was
that we enrolled participants from two countries in East Africa and
found consistent results in the study sites. Another strength was
that we used standard definitions of pre-hypertension and hyper-
tension in adolescents while these had not been applied in most sim-
ilar surveys in Africa.

The main limitation was the cross-sectional design of our study,
which does not allow causal relationships to be established. In addi-
tion, behavioral and socioeconomic factors were self-reported and
may have been biased by recall and social desirability. Moreover,
despite taking three BP measurements and final BP obtained by
averaging the last two readings with the aim of reducing measure-
ment errors and the potential effect of “white coat hypertension,”
we acknowledge that there could be some residual “white coat hy-
pertension” and hence overestimation of the disease burden.®? Our

approach of averaging two readings from different arms might limit
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comparability of our results from other studies. Also, despite the
sampling procedures used, our findings may not be representative to
a wider population of school/college attending adolescents/young
people in sub-Saharan Africa.

In conclusion, the prevalence of high BP among school/college
attending adolescents in Mwanza and Kampala cities (East Africa)
is high. Pre-hypertension is the major contributor to high BP partic-
ularly in males across age groups. The increasing burden of high BP
across age groups could explain the early onset of hypertension and
CVDs in young African adults. Obesity was associated with high BP
but could only explain a small fraction of the high BP we observed.
Prevention of high BP in African adolescents might be an important
target for interventions to combat the epidemic of CVDs in Africa.
There is a need for longitudinal studies to explore on incidence and
drivers of pre-hypertension in East African adolescents.
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