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Abstract

Background Hypertension remains a major global health challenge, including in low- and middle-income
countries. In Rwanda, a lack of adequate information and healthcare services impacts healthcare-seeking behaviors,
contributing to undiagnosed hypertension in rural areas. Therefore, the need to determine its prevalence and
associated factors.

Methods A cross-sectional study was conducted with 393 adults in the Ndera Sector, of Rwanda's Gasabo

District, through a multistage sampling technique. Data was gathered using the WHO STEP-wise approach to non-
communicable disease risk factor surveillance (STEPS) questionnaire; physical examination was done to determine
blood pressure and body-mass index (BMI), after which the data collected was analyzed using SPSS. Newly diagnosed
hypertension was determined when on two different intervals, systolic blood pressure readings was > 140 mmHg,
and/or the diastolic blood pressure readings was >90 mmHg, in the absence of previous hypertension diagnosis.

Results The overall prevalence of hypertension among patients at Ndera sector was 15%, all of which were newly
diagnosed. The mean (SD) age of the participants was 37 (13.7) years and half (53%) were women. The mean systolic
blood pressure for men was 124.3 mmHg compared to 120.9 mmHg for women (p=0.043, 95%Cl: 0.12-6.74). Women
had a significantly higher mean BMI (26.0) compared to men (22.8) (p<0.001, 95%Cl: -4.18 - -2.31). Age ()(2 = 37400,
p<0.001), residence (x> = 10.200, p<0.001), BMI (* = 22.1, p< 0.001), and lack of knowledge about hypertension (x’ =
25.1,p<0.001) were the factors with significantly undiagnosed hypertension.

Conclusions The high prevalence of undiagnosed hypertension in Ndera Sector is linked to gender, older age,
higher BMI, location, and lack of hypertension knowledge. These findings call for multifaceted approaches, combining
educational initiatives, geographical targeting, lifestyle modifications, and policy implementations, all aimed at
mitigating the burden of undiagnosed hypertension and enhancing community health within the Ndera Sector.
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Background

Non-communicable diseases (NCDs) are the leading
cause of mortality worldwide and represent an emerg-
ing global health threat [1]. It is estimated that 41 mil-
lion deaths are attributed to NCDs, which accounts for
71% of the annual global mortality rate [2]. Among these,
hypertension is a major public health challenge and the
most substantial risk for cardiovascular diseases (CVDs),
affecting around one-billion people globally in 2008, with
a projected increase to 1.5 billion by 2025 [3]. In 2021
,approximately 1.3 billion people worldwide suffer from
hypertension, with two-thirds living in low- or mid-
dle-income countries and 46% of these individuals are
unaware of their condition [4] .

Hypertension, commonly known as high blood pres-
sure, is diagnosed when systolic blood pressure readings
are consistently>140 mmHg and/or the diastolic blood
pressure readings is =290 mmHg at two different intervals
[4]. The diagnosis of hypertension is made according to
these standard measures, using a blood pressure monitor
by a physician or other healthcare staff [5] .

In Africa, hypertension is the leading cause of cardio-
vascular disease deaths. Sub-Saharan Africa (SSA), which
comprises low- and middle-income countries (except for
high income Seychelles), is experiencing a double disease
burden from both communicable diseases and NCDs like
hypertension [6]. The prevalence of hypertension in SSA
varies from 5 to 50%, depending on the country, with a
significant increase observed over recent decades [7].
A systematic review and meta-analysis revealed a high
prevalence of hypertension among individuals of 60 years
and above in Africa, even in rural populations, contribut-
ing to 57% of overall prevalence [8] .

In Rwanda, the 2021 NCD STEP-wise survey reported
that 16.2% of the population had hypertension, with an
expected increase to 17.8% by the year 2025 due to fac-
tors such as imbalanced diets, physical inactivity, tobacco
use, alcohol abuse, age and family history [9]. The
Rwanda Biomedical Center (RBC) estimates that, of the
over one million people with high blood pressure, only
8,000 (less than 1%) are enrolled in clinics, indicating
that 99% of the population living with hypertension do
not have access to diagnosis and treatment [10]. Almost
all individuals with hypertension remain undiagnosed,
untreated, or only partially treated, exacerbating the car-
diovascular disease burden in the region [10]. For exam-
ple, it is estimated that 46% of adults with hypertension
in Ethiopia are undiagnosed [7] .

Undiagnosed hypertension is defined as having hyper-
tension without being informed by health profession-
als [11]. Often termed the “silent killer; hypertension
typically presents symptoms only after causing perma-
nent organ damage. This asymptomatic nature leads to
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a significant discrepancy between available community
prevalence data and hospital based data [3] .

In rural parts of Rwanda, a study among 155 partici-
pants in 2019 found a high proportion (42%) of undi-
agnosed hypertension, with gender, age, and alcohol
consumption being significantly associated factors [12].
The Ndera Sector is the third most populated sector in
Kigali, is predominantly rural [13]. Urban residents have
greater access to hypertension information through
interventions like mass campaigns and free NCD risk
factors screenings organized by the city of Kigali includ-
ing car free days to encourage physical activity [14].
Conversely, rural areas like the Ndera Sector lack these
opportunities [6] .

Despite the importance of determining the prevalence
of undiagnosed hypertenion, there is a paucity of lit-
erature on undiagnosed hypertension among Rwandan’s
72.1% rural populations [13], .

This study aimed to determine the prevalence of undi-
agnosed hypertension and its associated factors in Ndera
Sector, Gasabo District, Rwanda so as to inform the
development of effective strategies for the prevention,
early detection, management and monitoring of hyper-
tension in Rwanda, ultimately improving public health
outcomes.

Methods

Study site & population

A cross-sectional study was conducted in Bwiza Cell,
Cyaruzinge Cell, and Kibenga Cell of Ndera Sector of
Gasabo District, in Rwanda, in 2023, through a struc-
tured questionnaire and physical examination. Ndera
Sector, largely a rural area, is the third most populated
sector of 15 sectors in Kigali that make up Gasabo Dis-
trict, with a population of 95,164, as indicated by the
Rwanda Population and Housing Census 2022 [13] .

Inclusion criteria

The study included participants aged 18 years and above
with the following characteristics: not known to be
hypertensive, voluntarily accepted to participate in the
study, had no medical conditions such as gestational
hypertension. In the last 30 min prior to the investiga-
tion, there should have been no physical activity, no caf-
feine or stimulant intake.

Exclusion criteria

The study excluded pregnant women above 20 weeks of
gestation, those who had a diagnosed mental disorder
and those with hearing and/or speaking disabilities due
to either communication problems or incoherent answers
to the eligibility criteria questionnaire.
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Sample size calculation and sampling technique

The sample size was determined using Taro Yamane’s
calculation formula [15]. Accordingly, the sample size
drawn from the study population was 393 participants.
A multistage sampling technique was then used to select
three cells among six cells that make up Ndera Sector,
which are Bwiza Cell, Cyaruzinge Cell, and Kibenga Cell.
This is because Ndera Sector is a highly populated area.
Thus, it was difficult and impractical to survey the entire
population directly. In addition, Bwiza, Cyaruzinge, and
Kibenga Cells are the most highly populated cells, with a
population size of 22,001 adults aged 18 and above.

N
n=——->
1+ N(e)
Where n=sample size,
N=population size=22,001.
e=margin of error (0.05), and.
Reliability level is 95%,

22,001
n=———
14 22,001(0.05)
= 392.857 = 393

In the first stage of the multistage sampling technique, a
list of all the villages of the three selected cells of Ndera
Sector was obtained from the National Institute of Sta-
tistics of Rwanda [15], and was used as a sampling frame
for a random selection of enumeration areas (EAs) within
each study cell. The Probability Proportional to Size
(PPS) sampling method was also applied to select three
EAs in each study cell randomly; thus, the selection was
based on the size of EAs. In the second stage, the number
of villages to be sampled in each EA was determined by
dividing the total sample size by the total number of EAs
selected. These villages were then selected from each of
the identified EAs using a systematic random sampling
method. Finally, in the third stage, all eligible participants
aged 18 years and above were randomly selected from
each cell and enrolled in the study.

Data collection
The standardized WHO STEP-wise approach V.3.2 tool
designed for surveillance of non-communicable disease
(WHO STEPS) [16], was used. The WHO STEPS for
NCD risk factors surveillance consists of gathering infor-
mation on socio-demographic characteristics and key
risk factors using a set of questions, as well as physical
measurements of blood pressure, height, and weight. The
questionnaire was developed in English and was trans-
lated into the local language (Kinyarwanda).

A structured closed-ended questionnaire for socio-
demographics and medical history was administered to

Page 3 of 8

participants, and a physical examination was performed
to determine participants’ blood pressure and body-mass
index (BMI). Participants’ information on sociodemo-
graphic variables (e.g. age, sex, marital status, cell of resi-
dence, education level), behavioural and lifestyle factors
(e.g. physical activity, consumption of additional salt,
smoking, alcohol consumption), and physical measure-
ments (e.g. blood pressure, height, weight) was collected .

Before official data collection began, the structured
questionnaire underwent a pilot test in one of the cells
(Bwiza Cell) not included in the study to assess its psy-
chometric properties. This pilot test was conducted to
ensure the validity and reliability of the questionnaire.
Content, construct, and face validity were evaluated
through participant feedback and expert review. Subse-
quent necessary corrections were made to improve the
questionnaire’s accuracy and consistency. This process
ensured that the instrument was well-suited for the offi-
cial data collection phase. Blood pressure was measured
using an automated clinically validated blood pressure
machine. Blood pressure measurements were taken at
two separate time points and were performed by clini-
cians for validation. Participants were asked to rest (relax)
in a chair for 30 min before measurement, with their
legs not crossed and with their feet on the floor to sup-
port their back. Participants were also required to have
an empty bladder, not to smoke, and not to drink coffee
or tea. The upper arm was exposed two inches above the
crease of the elbow. The blood pressure cuff was applied
to the brachial artery on the upper arm. Two blood pres-
sure measurements were taken three minutes apart in a
sitting position; this is the standard practice in Rwanda.
The mean of the two readings was taken to determine the
blood pressure status of the participants.

Anthropometric measurements were performed using
standard procedures (as prescribed by WHO STEPs )
and calibrated instruments (clinically validated machines
to measure weight, height, and blood pressure). Partici-
pants’ weight was recorded to the nearest 0.1 kg, and the
height was also measured using a portable stadiometer
and recorded to the nearest 0.1 cm [17]. With this infor-
mation, BMI was calculated using the height and weight
measurements [18, 19].

Data analysis

Descriptive statistics were used to summarize the preva-
lence of undiagnosed hypertension and the sociodemo-
graphic characteristics of the study population. Namely,
we summarised the frequency of individuals in our popu-
lation that belonged to various age groups, sexes, mari-
tal statuses, cells of residence, education levels, physical
activity level, consumption of additional salt, smoking,
and alcohol consumption. SPSS (statistical package for
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the social science) program version 21 was used for data
entry and analysis [20].

Several variables were included in subsequent bivariate
analysis (Chi-squared) to understand the prevalence of
undiagnosed hypertension and its association with socio-
demographic factors (namely age groups, sexes, marital
statuses, cells of residence, education levels, physical
activity level, consumption of additional salt, smoking,
and alcohol consumption). Chi-squared analysis was
chosen to investigate associations between each afore-
mentioned sociodemographic variable and the outcome
of interest, separately.

In the data analysis process, the study employed a
significance level, utilizing p-values, to determine the
strength of associations between variables. During bivar-
iate association calculations (Chi-square), a p-value cut-
off of 0.05 was set to determine statistical significance.
The utilization of this specific p-value cut-off contributed
to the precision and reliability of the findings, allowing
for the identification of meaningful patterns and asso-
ciations in the context of undiagnosed hypertension
prevalence.

Dependent variable

Newly diagnosed High Blood Pressure: This is the main
outcome variable of the study, representing the pro-
portion of individuals in the Ndera Sector with systolic
blood pressure readings on two different intervals being
>140 mmHg, and / or the diastolic blood pressure read-
ings being >90 mmHg, but have not been previously
diagnosed with hypertension. Undiagnosed hypertension
was determined when someone met the aforementioned
criteria for high blood pressure [21].

Independent variables (Associated Factors)

1. Age: The age of the participants may influence
the prevalence of undiagnosed hypertension, as
hypertension is known to be more prevalent among
older individuals.

2. Gender: Gender differences might play a role in
hypertension rates, and the study explored whether
the prevalence varies between males and females.

3. Marital Status: Marital status may have an influence
on lifestyle habits and social support, potentially
affecting hypertension prevalence.

4. Lifestyle Factors: These may include variables such
as smoking, alcohol consumption, self-reported
regular physical activity, and dietary habits, which
can influence hypertension rates.

5. Body Mass Index (BMI): BMI could be relevant as
obesity is a known risk factor for hypertension.
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Ethical considerations

The research study adhered to the ethical principles [22].
Ethical approval was obtained from the Institutional
Review Board (IRB) of the University of Rwanda and
Kibagabaga District Hospital (Gasabo approval reference
No: 1294/KBGH_EC/2023, UR CMHS reference No:
CMHS/IRB/433/2023). The study followed the guidelines
and regulations of these institutions, ensuring the protec-
tion of participants’ rights and confidentiality. Informed
consent was obtained from all participants.

Results

The mean age of the participants was 36.8 years
(SD=13.7), with an age range from 18 to 82 years. The
age distribution revealed that most participants were
young adults, with 31.3% aged 25-34 years, followed by
26.2% aged 35-44 years. Participants aged 18-24 and
45-54 years each constituted 18.1% and 12.2% of the
sample, respectively, while those aged 55 years and above
also represented 12.2%. Regarding sex distribution, there
was a higher representation of females (57.3%) compared
to males (42.7%). Marital status data showed that over
half of the participants (52.9%) were currently married,
while 35.9% had never married. A smaller proportion
of the sample were divorced (4.6%), separated (6.1%), or
widowed (0.5%). The participants were distributed across
three cells within the sector, with Bwiza hosting the larg-
est share of the sample (36.6%), followed by Kibenga
(34.1%) and Cyaruzinge (29.3%). Educational attainment
among participants varied, with nearly half (49.4%) hav-
ing completed primary school. Secondary school educa-
tion was completed by 41.0% of the participants, while
5.3% had attained university education. A minority (4.3%)
had no formal schooling (Table 1).

Table 2 provides the breakdown of behavioral patterns
and dietary habits among the respondents within the
study focused on undiagnosed hypertension in Ndera
sector, Gasabo district, Rwanda. The data reveals that
physical activity levels vary within the community, with
41% reporting engagement in regular physical activ-
ity, defined as exercise at least 3 times 30 min a week.
Regarding salt consumption, there’s a notable variation in
habits, with a significant portion (38.9%) reporting addi-
tional salt intake, followed by 31.3% who mention never
adding extra salt to their meals. Smoking appears to be
infrequent within this population, with only 2% report-
ing as smokers defined as smoking cigarettes every day.
However, alcohol consumption is more prevalent, with
33.1% of respondents admitting to alcohol intake defined
as drinking alcohol like beer, wine, and more over the
past 12 months. These findings shed light on the diverse
behavioral and dietary practices within the community
of persons with undiagnosed hypertension, underscoring
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Table 1 Sociodemographic characteristics of the participants
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Table 2 Gender distribution of behavioural and dietary factors

Variable Frequency (n) Percentage (%)
Age (years)
Mean (SD) 36.8(13.7)
Min, Max 18,82
18-24 71 18.1
25-34 123 313
2‘5“‘5‘1‘ 103 262
555 48 12.2
48 12.2
Sex
Male 168 427
Female 225 573
Marital status
Never Married 141 359
Divorced 18 4.6
Separated 24 6.1
Widowed 2 0.5
Currently married 208 529
Cell
Bwiza 144 36.6
Cyaruzinge 115 293
Kibenga 134 341
Education level
No formal School 17 43
Primary School 194 494
Secondary School 161 41.0
University 21 53

*Total number of participants (N)=393

the need considering these varied habits when addressing
undiagnosed hypertension.

Table 3 presents the bivariate analysis of blood pres-
sure and BMI according to sex. The mean systolic blood
pressure for men was 124.3 mmHg, compared to 120.9
mmHg for women, with a mean difference of 3.4 mmHg
(p=0.043, 95% CI: 0.12-6.74), indicating a statistically sig-
nificant difference. Conversely, the mean diastolic blood
pressure was slightly higher in women (80.1 mmHg) than
in men (78.3 mmHg), but this difference was not statisti-
cally significant (mean difference = -1.8 mmHg, p=0.101,
95% CI: -4.03-0.36). Regarding BMI, women had a sig-
nificantly higher mean BMI (26.0) compared to men
(22.8), with a mean difference of -3.2 (p<0.001, 95% CI:
-4.18 - -2.31). Age (x> = 37.400, p<0.001), residence (x*
=10.200, p<0.001), BMI (x* = 22.1, p<0.001), and lack of
knowledge about hypertension (x> = 25.1, p<0.001) were
the factors with significantly undiagnosed hypertension.
However, the sex differential on diastolic blood pressure
was not significant.

The bivariate analysis in Table 4 provides valuable
insights into the association between various sociodemo-
graphic, behavioral, and diet-related factors with undi-
agnosed hypertension within the Ndera sector, Gasabo
district of Rwanda. Among the factors examined, gender,

Variable Total Men (n, Women Chi-square p-value
%) (n,%)
Physical 0434 0.51
activity
Yes 161 72 89 (39.6)
(42.9)
No 232 96 136 (60.4)
(57.1)
No eating 1.703° 0.192
vegetables
No 392 167 225 (100.0)
(99.4)
Yes 1 1(0.6) 0(0.0)
Smoking 7.121° 0.008*
No 385 161 224 (99.6)
(95.8)
Yes 8 7(4.2) 1(04)
Alcohol 2.591 0.107
consumption
No 263 105 158 (70.2)
(62.5)
Yes 130 63 67 (29.8)
(37.5)
Consumption 70.116 <0.001*
of additional
salt
No 123 14 (8.3) 109 (48.4)
Yes 270 154 116 (51.6)
(91.7)

a Expected count less than 5, Likelihood ratio presented
*Significant at p<0.05

Table 3 Bivariate analysis of blood pressure and BMI according

to sex
Variable Men Women  Mean p-value 95%
difference Cl

Blood

pressure

Systolic 1243 1209 34 0.043* 0.12-
6.74

Diastolic 783 80.1 -1.8 0.101 -4.03-
0.36

BMI 228 26.0 -32 <0.001**  -418
--2.31

BMI, body mass index; 95% Cl, 95% confidence interval
*Significant at p<0.05

age, BMI, knowledge on hypertension, and residence dis-
played significant associations with undiagnosed hyper-
tension. Among women, 17% (39/225) had hypertension,
compared to 13% (21/168) among men.

Among individuals aged 55 and above 43% (21/49)
had undiagnosed hypertension compared to 7% (25/344)
among younger age groups. Among individuals with obe-
sity, 38% (18/48) had undiagnosed hypertension, com-
pared to 12% (42/343) among individuals who were not
obese.
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Variable Hypertension status Chi-square p-value
Normal Undiagnosed Hypertension
n (%)* n (%)*
Age 374 <0.001**
18-24 69 (19.8) 2(44)
25-34 114 (32.8) 8(17.3)
35-44 96 (27.6) 7(15.2)
45-54 40(11.5) 8(17.3)
>55 28 (8.0) 21 (45.6)
Sex 74 0.2
Male 147 (44.1) 21 (35.0)
Female 186 (55.9) 39 (65.0)
Marital Status 0.7 09
Never married 123 (35.4) 18 (39.1)
Currently married 184 (53.0) 24 (52.2)
Divorced 16 (4.6) 2 (44)
Separated 22 (6.3) 2 (4.4)
Widowed 2(0.6) 0(0)
Education Level 17 (4.9)
No Formal School 175 (50.4) 0(0)
Primary School 137 (39.5) 19 (41.3)
Secondary School 18 (5.2) 24 (52.2) 47 0.2
University 3(6.52)
Residence (Cell)
Bwiza 126 (37.8) 18 (30.0) 10.2 <0.001**
Cyaruzinge 104 (31.2) 11(183)
Kibenga 103 (30.9) 31(51.7)
BMI 22.1 <0.001**
Underweight 22 (6.6) 1(1.7)
Normal 186 (56.2) 29 (48.3)
Overweight 93 (28.1) 12 (20)
Obese 30(9.1) 18 (30)
Awareness of HTN
No 35 306
Yes 11 41 251 <0.001**
Physical activity 0.5 0.5
Yes 134 (40.2) 27 (45)
No 199 (59.8) 33(55)
Salt Addition while Eating 32 0.5
Always 14 (4) 1.1
Never 109 (31.4) 14 (30.4)
Often 28 (8) 7(15.2)
Rarely 61(17.5) 6(13.0)
Sometimes 135(38.9) 18 (39.1)
Smoking 0.6 04
No 327(98.2) 88 (96.7)
Yes 6(1.8) 2(33)
Alcohol use 04 0.5
No 225 (67.5) 38 (63.3)
Yes 108 (32.4) 22 (36.7)

*Total number of participants (N)=393

** Significant p values
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Discussion

The study revealed a 15% prevalence of undiagnosed
hypertension in the Ndera sector, Gasabo district,
Rwanda, highlighting key risk factors such as age (par-
ticularly those 55 and older) and BMI, with obesity
being notably associated with higher hypertension rates.
A significant knowledge gap about hypertension was
identified, emphasizing the need for health education
to improve awareness and early detection. Geographic
disparities were also evident, with higher prevalence in
cells farther from Rubungo Health Centre, indicating
the necessity for targeted interventions in these areas.
Factors such as sex, marital status, physical activity, salt
consumption, smoking, alcohol use, and education level
showed no significant association with undiagnosed
hypertension. These findings underscore the impor-
tance of tailored health education, weight management
programs, and addressing geographic disparities to
effectively combat undiagnosed hypertension in the com-
munity. However, physical activity, salt consumption,
smoking, alcohol use are known to be risk factors for all
NCDs and health promotion should address all risks.

This research in Ndera Sector aligns with regional and
global findings regarding the impact of age, BMI, and
health awareness on undiagnosed hypertension. Dif-
ferences in significant factors across studies in Rwanda
suggest that socio-demographic and lifestyle variations
influence hypertension rates. These insights highlight the
need for targeted interventions tailored to the specific
needs of different communities.

Similarities exist between this study and a study con-
ducted in Kirehe District, Rwanda. In the Kirehe study,
21.2% (1=910) of the sampled population had elevated
blood pressure at screening, with 18.7% (1=752) of those
individuals not previously diagnosed with hyperten-
sion. Both univariate and multivariate analyses showed
that age, weight, smoking, and other factors were asso-
ciated with elevated blood pressure [18]. Another study
conducted in Rulindo District, rural Rwanda, assessed
the prevalence and risk factors associated with undiag-
nosed hypertension. It revealed that 41.9% of the partici-
pants were hypertensive without a prior diagnosis [10].
Both studies identified age as a significant factor associ-
ated with hypertension, with older age groups exhibiting
a higher likelihood of undiagnosed hypertension. The
prevalence of undiagnosed hypertension was statistically
significantly higher among older individuals. This finding
aligns with the general physiological understanding that
blood vessel walls lose elasticity with age, contributing to
increased blood pressure [22].

Similar to our study findings, a systematic review and
meta-analysis conducted in Ethiopia revealed a high
pooled prevalence of undiagnosed hypertension, esti-
mated at 23.7%. Risk factors identified included older age,
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BMI greater than 25 kg/m? and comorbidity with diabe-
tes mellitus (DM) [5]. This suggests shared risk factors
and the importance of awareness in managing hyper-
tension across these African populations. The global
context underscores lifestyle-related risk factors such as
unhealthy diets, physical inactivity, tobacco and alcohol
use, and obesity [5].

Conclusions

This study on undiagnosed hypertension in Ndera Sec-
tor, Gasabo District, Rwanda, highlights critical impli-
cations for public health interventions and targeted
healthcare strategies. Addressing BMI through weight
management programs is crucial to mitigate hyperten-
sion risk. Enhancing health awareness, particularly about
hypertension, requires focused interventions to improve
knowledge without inadvertently increasing undiagnosed
hypertension rates among the well-informed. Address-
ing geographical disparities in hypertension prevalence
calls for targeted healthcare initiatives to ensure equi-
table access to screenings. Tailored healthcare strategies
for older age groups are essential due to their higher sus-
ceptibility to hypertension. These findings underscore
the need for multifaceted approaches that address BMI,
health awareness, geographical disparities, and age-
related health concerns to effectively combat undiag-
nosed hypertension in the Ndera Sector community.
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