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Abstract
Background  Early detection of hypertension is associated with improved blood pressure control and a reduced risk 
of cardiovascular diseases. However, in rural areas of Ethiopia, evidence is scarce where access to healthcare services 
is low. This study aimed to estimate the proportion of undiagnosed hypertension and identify its determinants and 
mediators among patients with hypertension in rural northwest Ethiopia.

Methods  A community-based cross-sectional study was conducted from September to November 2020. A three-
stage sampling technique was used to select a total of 2436 study participants. Blood pressure was measured using 
an aneroid sphygmomanometer two times, 30 min apart. A validated tool was used to assess participants’ beliefs 
and knowledge of hypertension. The proportion, determinants, and mediators of undiagnosed hypertension were 
determined among patients with hypertension. The regression-based approach used to calculate the direct and 
indirect effects of determinants of undiagnosed hypertension. Joint significance testing was used to determine the 
significance of the indirect effect.

Results  The proportion of undiagnosed hypertension was 84.0% (95% CI: 81.4–86.7%). Participants aged 25–34 years 
(AOR = 6.03; 95% CI: 2.11, 17.29), who drank alcohol (AOR = 2.40; 95% CI: 1.37, 4.20), were overweight (AOR = 0.41; 95% 
CI: 0.18, 0.98), had a family history of hypertension (AOR = 0.32; 95% CI: 0.20, 0.53), and had comorbidities (AOR = 0.28; 
95% CI: 0.15, 0.54) were significantly associated with undiagnosed hypertension. The mediation analysis revealed 
that hypertension health information mediated 64.1% and 68.2% of the effect of family history of hypertension and 
comorbidities on undiagnosed hypertension, respectively. Perceived susceptibility to hypertensive disease mediated 
33.3% of the total effect of age on undiagnosed hypertension. Health facility visits also mediated the effect of alcohol 
drinking (14.2%) and comorbidities (12.3%) on undiagnosed hypertension.

Conclusion  A higher proportion of hypertensive patients remain undiagnosed. Being young, drinking alcohol, being 
overweight, having a family history of hypertension, and having comorbidities were significant factors. Hypertension 
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Background
Noncommunicable diseases, a major public health prob-
lem in Ethiopia [1, 2], account for about 37.5% of the dis-
ease burden and 43.5% of all deaths [1]. Hypertension 
is a major risk factor for cardiovascular diseases (CVD) 
deaths, which are the leading cause of death from non-
communicable diseases in the country [3]. Hypertension 
affects more than 20% of adults in the country [4–6], 
making it a major public health concern. The pooled 
prevalence of hypertension in rural settings of the coun-
try was 18.5% [7]. In some rural areas of the country, the 
prevalence of hypertension can reach up to 25.3% [4].

In Ethiopia, only one out of every 67 hypertensive 
adults has their blood pressure (BP) under control, mak-
ing it a difficult task [3]. Hypertension complications are 
now the leading cause of hospitalization and death in the 
country. A hospital-based study found that hypertension 
complications account for 11.3% of all medical admis-
sions and 14.6% of all medical ward deaths [8]. A similar 
study at Mekelle Hospital found that hypertension was 
the cause of 66.2% of all stroke admissions [9].

Early detection of hypertension is a critical first step in 
the hypertension care cascade toward improving hyper-
tension care [10], preventing the disease’s domino effect 
[11], and saving lives [12]. Individuals with hypertension 
diagnosed early will benefit from a healthier lifestyle, bet-
ter treatment, effective BP control [13], and a lower risk 
of coronary heart disease and stroke [14]. Despite the 
benefits of early hypertension diagnosis and treatment, 
only a small proportion of hypertensive patients are 
aware of, treated for, and controlled for it, making hyper-
tension an iceberg disease. A study conducted in high, 
medium, and low-income countries, for example, found 
that only 46.5% of those with hypertension were aware 
of their condition [15]. In a population-based cross-sec-
tional study of 44 lower and middle-income countries, 
39.2% of those with hypertension were aware of their 
hypertension [16]. A systematic review and meta-analysis 
of hypertension awareness in sub-Saharan Africa found 
that only 27% were aware of their disease status [17].

Hypertension prevention and management were not 
given attention in Ethiopian rural communities, where 
the majority (80%) of the population lived [18], with 
limited access to healthcare and a shortage of health-
care providers [19]. In Ethiopia, few studies and reports 
revealed that less than 40% of hypertensive patients 
were diagnosed, one-third of those diagnosed received 

treatment, and only 26% of those on treatment had ade-
quate BP control [1, 4, 20]. The 2015 Ethiopian STEPS 
survey report also showed that only 2.8% of hypertensive 
patients received treatment [21]. The portion of the ice-
berg below the water line represented the community’s 
latent or undiagnosed cases of hypertension [22].

Reliable evidence on the prevalence and determinants 
of undiagnosed hypertension are essential for develop-
ing effective health policies and hypertension manage-
ment strategies. Exploring the mechanism of effects and 
quantifying the impact of modifiable risk factors in causal 
pathways between the determinants and undiagnosed 
hypertension may help in the development of targeted, 
population specific public health interventions to reduce 
the community’s burden of undiagnosed hypertension. 
Hence, this study aimed to determine the proportion of 
undiagnosed hypertension and to identify determinants 
and mediating variables using mediation analysis in adult 
populations in rural districts of northwest Ethiopia.

Methods
Study design and setting
A community-based cross-sectional study was conducted 
in the Dabat and Gondar Zuria districts of Amhara 
National Regional State in northwest Ethiopia between 
September and November 2020. The study settings have 
been described in detail elsewhere [23].

Study participants and sampling
Adult population aged 25 years and more who lived for 
at least 6 months in the study settings participated in the 
study. Pregnant women were excluded from the study 
because of the effect of pregnancy-induced hyperten-
sion. A single population proportion formula was used 
to estimate the 2436 adult population using a 13.25% 
estimated prevalence of undiagnosed hypertension [24], 
a 95% confidence level (α = 5%), a 2% margin of error, 
a design effect of 2, and a non-response rate of 10%. A 
three-stage sampling technique was used to select study 
participants. First, total of 20 kebeles (10 from each dis-
trict) were selected using a simple random sampling 
technique. Then, villages from each kebele were selected 
using a simple random sampling technique. Finally, from 
each village, one participant per household was included 
using the lottery method.

health information, knowledge of hypertensive symptoms, and perceived susceptibility to hypertension were 
identified as important mediators. Public health interventions aimed at providing adequate hypertension health 
information, particularly to young adults and drinkers, could improve knowledge and perceived susceptibility to 
hypertensive disease and reduce the burden of undiagnosed hypertension.
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Data collection tools and procedures
A structured questionnaire adapted from the WHO 
STEP-wise approach to surveillance of non-communica-
ble diseases [25] was used to collect the data on socio-
demographics, behavioral, psychosocial stress levels, 
and clinical-related factors. The Ethiopian demographic 
health survey tool was used to assess wealth status of 
the participants. Existing litratures were used to collect 
data on hypertension health information, hypertension 
knowledge, health beliefs, healthcare access, travel time 
and distance to a nearby health facility, health insurance 
coverage, health seeking behavior and healthcare utili-
zation, personal history of hypertension, and linkage to 
hypertension care and treatment. Height, weight, and BP 
were also measured. The health extension workers, data 
collectors (MSc in emergency and critical care nursing 
and public health officers with a master of public health 
degree), and supervisors received two days of theoreti-
cal and practical training on the disease condition. The 
practical session included the selection of the correct cuff 
size, proper body positioning during measurement, and 
conducting the BP measurement. Face-to-face interviews 
were performed using an Amharic version of the ques-
tionnaire. The research team closely monitored the data 
collection process daily.

Measurement and operational definition
The rural community’s household assets were used to 
calculate the family’s wealth [26]. These were combined 
into a single wealth index and then divided into three 
equal-sized groups of poor, medium, and rich. Health 
insurance status is defined by the questions, “Is your 
family a member of a community-based health insur-
ance?” Those who answered “no” were categorized as 
“uninsured” [27]. Those who answered “yes” were asked 
the question, “Does the insurance cover all health care 
costs?” Participants who answered “yes” to this ques-
tion were classified as “fully or adequately insured,“ while 
those who answered “no” were classified as “underin-
sured.“ Alcohol consumption was assessed by asking par-
ticipants if they had consumed alcohol in the previous 
12 months and categorizing them as alcohol users if they 
had used alcohol either regularly or occasionally. Partici-
pants’ physical activity was assessed using three specific 
types of activities: walking, moderate-intensity activities, 
and vigorous-intensity activities in the past 7 days. Physi-
cal activity was classified as low if it was < 600 metabolic 
equivalent tasks (MET) min/week, moderate when it was 
between 600 and 2999 MET min/week, and high when 
it was ≥3000 MET min/week [28]. Self-reported comor-
bidity data were collected using yes/no questions such as 
“Have you ever been told by a health care provider that 
you have: cardiovascular disease (heart attack, stroke), 
diabetes mellitus, and chronic respiratory disease such as 

asthma, chronic kidney disease, or cancer?“ Participants 
with chronic comorbidities were defined as having at 
least one chronic comorbid condition [29].

A 24-items questionnaire was used to assess partici-
pants’ knowledge of hypertensive disease. It consisted of 
questions with yes (1), no (2), or don’t know responses 
(3). Negative questions were encoded in the opposite 
direction to the other items. Correct responses received 
a score of one, while incorrect or don’t know responses 
received a score of zero. The sum score for each sub-
domain was calculated, converted to percentage, and 
classified as having poor knowledge (< 50%), medium 
knowledge (50–75%), or good knowledge (> 75%) [30, 
31]. The hypertension belief assessment tool (HBAT) was 
used to assess participants’ health beliefs about hyper-
tension. The hypertension belief assessment tool has 
23 items, including perceived susceptibility, perceived 
health-related severity, perceived socio-economic related 
severity, perceived benefits, perceived barriers, and self-
efficacy. The items were measured on a five-point Likert 
scale, ranging from strongly disagree (1) to strongly agree 
(5), and were found to have good reliability and validity 
[32]. The mean score for each subdomain was computed 
by adding the scores of all items in each subdomain, 
divided by the total number of items in each subdomain. 
Participants were categorized as having high perceived 
susceptibility, perceived health-related severity, perceived 
socio-economic related severity, perceived benefits, per-
ceived barriers, and self-efficacy if they scored mean and 
above the mean score, and low belief if they scored below 
the mean.

Blood pressure was measured in the sitting position on 
the left arm. A calibrated aneroid sphygmomanometers 
and stethoscopes were used to measure BP. The partici-
pants were asked whether they smoked, drank caffein-
ated beverages, and had been working within 30  min 
or not before the BP measurements [33]. Health exten-
sion workers measured the first BP and recorded it to 
the nearest 2 mmHg. The trained data collectors also 
took two BP measurements for each individual 30  min 
apart, one before and the other at the end of the inter-
view. The average of the last two BP measurements was 
used to estimate the mean BP. Hypertension is defined 
as a mean systolic BP of ≥130 mmHg or a diastolic BP of 
≥80 mmHg or regular use of antihypertensive treatment 
[34]. Undiagnosed hypertension is defined as individuals 
who responded that they had not been told by a health-
care provider that they had hypertension but who would 
be diagnosed with hypertension based on the average of 
BP ≥ 130/80 mmHg cut point. The weight of the partici-
pants was measured using a digital scale to the nearest 
0.1 kg while they wore light clothing and without shoes. 
Participants’ heights were measured with a tape to the 
nearest 0.1 cm. Participants were asked to stand upright 
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and straight, without shoes, with their heels together 
and their eyes forward. Body mass index was calculated 
by dividing one’s weight in kilograms by one’s height in 
meters squared (weight/height in m2), and classified as 
underweight (< 18.5), normal (18.5–24.9), overweight 
(25-29.9), and obese (≥ 30) [35].

Data analysis
The data were entered into Epi Data 4.6 and analyzed 
with STATA 16. The data were cleaned, coded, and 
recoded. Frequency, percentages, and median with an 
interquartile range were used to describe the data. Texts, 
tables, and graphs were used to present the findings.

Mediation analysis was performed among hypertensive 
patients to explore the causal pathway from the indepen-
dent variables to the dependent variable (undiagnosed 
hypertension) via mediating variables. The regression-
based approach [36], consisting of three separate regres-
sion models, was used to estimate the path or regression 
coefficients. Regression Eq.  1 uses multivariable binary 
logistic regression to determine the determinants of 
undiagnosed hypertension (path c). Regression Eq.  2 
uses binary logistic regression (binary mediators) and 
ordinal logistic regression (ordinal mediator variable) to 
examine the relationship between independent variables 
and potential mediators (path a) adjusted for covari-
ates. Regression Eq.  3 employs a binary logistic regres-
sion model to predict undiagnosed hypertension from 
both mediators and independent variables (paths b and 
c’), while controlling for covariates. The results were pre-
sented as adjusted odds ratios (AORs) with 95% confi-
dence intervals (CIs) and regression coefficient values.

The direct and indirect effects of each independent 
variables were calculated. The indirect effect is the por-
tion of the total effect that can be explained by the 
mediator/s (path “a” and “b”). The indirect effect was 
estimated using the product method (ab) [37, 38] and the 
joint significance testing method was used to determine 
its significance at a p-value of 0.05. According to this sim-
ple rule of thumb, we infer support for mediation if two 
conditions are met: path “a” is statistically significant, and 
path “b” is also statistically significant [39]. The propor-
tion of effect explained by each mediator was calculated 
by dividing the specific indirect effect of each mediator 
by the total effect, where the total effect was calculated 
as the sum of the total indirect effect (all mediators com-
bined) and the direct effect and multiplied by 100% [40].

Results
Sociodemographic characteristics of participants
A total of 2423 study participants included in the study 
(response rate of 99.5%). The median age of the par-
ticipants was 45 (IQR: 34–55) years. Of the partici-
pants, 1337 (55.2%) were female, 2396 (98.9%) followed 

Orthodox Tewahido Christianity by religion, 1989 
(82.1%) were married, and 1698 (70.1%) could not read 
and write (Table 1).

Behavioral and lifestyle characteristics of the participants
Among the participants, only 18 (0.8%) and 8 (0.3%) 
had ever chewed chat and smoked cigarettes, respec-
tively. Most of the participants, 2293 (94.6%) had ever 
used alcohol; and 2208 (91.1%) used alcohol during the 
previous 12 months. Three hundred thirteen (12.9%) of 
the study participants had a low level of physical activity, 
323 (13.3%) slept for less than six hours per day, and 257 
(10.6%) had a high level of stress. Of the participants, 654 
(27.0%) were underweight and only 78 (3.2%) were over-
weight (Table 2).

Table 1  Sociodemographic characteristics of participants in 
rural areas of northwest Ethiopia, September-November 2020
Variables Total 

participants 
(n = 2423)

Hyper-
tension 
(n = 758)

Sex

      Male 1,086 (44.8) 304 (40.1)

      Female 1,337 (55.2) 454 (59.9)

Age

      25–34 613 (25.3) 98 (12.9)

      35–44 597 (24.6) 152 (20.1)

      45–54 523 (21.6) 164 (21.6)

      55–64 337 (13.9) 141 (18.6)

      ≥65 353 (14.6) 203 (26.8)

Religion

      Orthodox 2,396 (98.9) 751 (99.1)

      Muslim 27 (1.1) 7 (0.9)

Marital status

      Single 147 (6.1) 25 (3.3)

      Married 1989 (82.1) 582 (76.8)

      Divorced 98 (4.0) 45 (5.9)

      Widowed 189 (7.8) 106 (14.0)

Educational status

      Unable to read and write 1698 (70.1) 546 (72.0)

      Able to read and write 429 (17.7) 138 (18.2)

      Primary school or more completed 296 (12.2) 74 (9.8)

Occupational status

      Farmer 2324 (95.9) 739 (97.5)

      Student 49 (2.0) 9 (1.2)

      Others* 50 (2.1) 10 (1.4)

Wealth index**

      Poor 808 (33.4) 293 (38.7)

      Medium 808 (33.4) 247 (32.6)

      Rich 807 (33.3) 218 (28.8)
*Daily laborer, Merchant

**Income is categorized based on percentiles
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Clinical characteristics of the participants
Of the total participants, 275 (11.4%) had a family his-
tory of hypertension (FHH), 88 (3.6%) had CVD, 40 
(1.7%) had chronic kidney disease, 40 (1.7%) had chronic 
obstructive respiratory diseases, and 36 (1.5%) had diabe-
tes mellitus. One hundred sixty (6.6%) of the participants 
had either or all of the aforementioned comorbidities. Of 
hypertensive patients, 129 (17.0%) had a FHH, 34 (4.5%) 
had CVD, 17 (2.3%) had chronic kidney disease, 12 (1.6%) 
had chronic obstructive respiratory diseases, 2 (0.3%) had 
diabetes mellitus, and 59 (7.8%) had one or more of the 
aforementioned comorbidities.

Health information, knowledge, and beliefs about 
hypertension
Of the total participants, 518 (21.4%) had heard any 
health information about hypertension. Of those, 
388(74.9%), 166 (32.0%), 141 (27.2%), and 100 (19.3%) 
heard the health information from health workers, fam-
ily, relatives, and mass media, respectively. Similarly, 185 
(24.4%) of hypertensive patients heard any hyperten-
sion-related health information. Health workers, fam-
ily, relatives, and the media were the sources of health 
information for 154 (83.2%), 56 (30.3%), 52 (28.1%), and 
23 (12.4%) of hypertensive patients. Of the total partici-
pants, 496 (20.5%) had overall good knowledge of hyper-
tension, 640 (26.4%) had good knowledge of common 
hypertensive symptoms, 1225 (50.6%) had good knowl-
edge of lifestyle risk factors and preventive measures. Of 
the total participants, 957 (39.5%) had a high perceived 
susceptibility to hypertensive disease, 1394 (57.5%) had 
high perceived health-related severity of hypertension, 
1248 (51.5%) had high perceived socioeconomic-related 
severity of hypertension, 1514 (62.5%) had a high per-
ceived benefit of taking action, 1152 (47.5%) had low 
perceived barriers to taking action, and 1257 (51.9%) had 
high perceived self-efficacy of taking preventive measures 
(Table 3).

Health service related characteristics of the participants
The health center was the nearest health facility to access 
healthcare services for most of participants (99.1%). The 
average distance and time to reach the nearest health 
facility were 6 km and 61 min, respectively. Of the par-
ticipants, 1814 (74.9%) can reach the nearest health facil-
ity within 60 min and 2079 (85.8%) use foot to reach the 
nearest health facility. Only 654 (27.0%) of study partici-
pants have full community-based health insurance, 1198 
(49.4%) have visited a health facility in the previous 12 
months, with 1192 (99.5%) obtaining healthcare services 
for their own health (Table 4).

Proportion of undiagnosed hypertension
Of the total study participants, 758 (31.3%, 95% CI: 
29.4–33.1%) had hypertension, with 637 (84.0%; 95% 
CI: 81.4–86.7%) having undiagnosed hypertension. Only 
121(16.0%) of the participants with hypertension were 
aware of their diagnosis, and only 25 (3.3%) received 
treatment. The proportion of undiagnosed hypertension 
was higher among young adults and alcohol drinkers. But 
lower among participants having FHH, comorbidities, 
and higher Body Mass Index.

Factors associated with undiagnosed hypertension
The multivariable binary logistic regression analysis 
in model 1 revealed that being young and having alco-
holic drinks within the previous 12 months positively 

Table 2  Behavioral and lifestyle characteristics of study 
participants in rural areas of northwest Ethiopia, September-
November 2020
Variables Frequency Percent
Ever smoked cigarette

      Yes 8 0.3

      No 2445 99.7

Ever chewed chat

      Yes 18 0.8

      No 2405 99.2

Ever used alcohol

      Yes 2293 94.6

      No 130 5.4

Alcohol drinking within the last 12 months

      Yes 2208 91.1

      No 215 8.9

Number of alcohol drinking days (n = 2208)

      Daily 121 5.5

      5–6 days per week 151 6.8

      3–4 days per week 249 11.3

      1–2 days per week 732 33.2

      1–3 days per month 671 30.4

      Less than once a month 284 12.9

Level of physical activity

      Low 313 12.9

      Moderate 583 24.1

      High 1527 63.0

Sleep duration, hours

      < 6 323 13.3

      ≥6 2100 86.7

Stressful life

      Not at all 1359 56.1

      Some extent 807 33.3

      Much 257 10.6

Body Mass Index

      Underweight 654 27.0

      Normal 1691 69.8

      Overweight 78 3.2
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and significantly associated with undiagnosed hyper-
tension. On the other hand, being overweight, hav-
ing FHH, and comorbidities were negatively and 
significantly associated with undiagnosed hyperten-
sion. Hypertensive people aged 25–34 and 35–44 years 
were about six times (AOR = 6.03; 95% CI: 2.11, 17.29) 
and four times (AOR = 3.55; 95% CI: 1.66, 7.60) more 
likely to have undiagnosed hypertension than their older 

Table 3  Participants’ knowledge and beliefs about hypertension 
in rural areas of northwest Ethiopia, September-November 2020
Variable Number of 

participants 
(%)

Hyper-
tension, 
n (%)

Knowledge of common hypertensive 
symptoms

      Good 640 (26.4) 233 (30.7)

      Moderate 280 (11.6) 96 (12.7)

      Poor 1503 (62.0) 429 (56.6)

Knowledge of lifestyle risk factors and 
hypertensive prevention measures

      Good 1225 (50.6) 375 (49.5)

      Moderate 496 (20.5) 155 (20.5)

      Poor 702 (29.0) 228 (30.1)

Knowledge of biological and behavioral risk 
factors

      Good 208 (8.6) 78 (10.3)

      Moderate 813 (33.6) 233 (30.7)

      Poor 1402 (57.9) 447 (59.0)

Knowledge of the health consequences of 
hypertension

      Good 145 (6.0) 40 (5.3)

      Moderate 1028 (42.4) 321 (42.4)

      Poor 1,250 (51.6) 397 (52.4)

Overall knowledge of hypertension

      Good 496 (20.5) 175 (23.1)

      Moderate 893 (36.9) 267 (35.2)

      Low 1034 (42.7) 316 (41.7)

Perceived susceptibility

      High 957 (39.5) 344 (45.4)

      Low 1466 (60.5) 414 (54.6)

Perceived health related severity

      High 1394 (57.5) 433 (57.1)

      Low 1029 (42.5) 325 (42.9)

Perceived socioeconomic related severity

      High 1248 (51.5) 405 (53.4)

      Low 1175 (48.5) 353 (46.6)

Perceived benefit of taking action

      High 1514 (62.5) 473 (62.4)

      Low 909 (37.5) 285 (37.6)

Perceived barriers of taking action

      High 1271 (52.5) 396 (52.2)

      Low 1152 (47.5) 362 (47.8)

Perceived self-efficacy

      High 1257 (51.9) 432 (57.0)

      Low 1166 (48.1) 326 (43.0)

Table 4  Health services related characteristics of study 
participants in rural northwest Ethiopia, September-November 
2020
Variables Frequency Percent
Nearest health facility

      Health center 2401 99.1

      Private clinic 22 0.9

Travel distance to the nearest health facility

      ≤ 5 km 1473 60.8

      6–10 km 794 32.8

      > 10 km 156 6.4

Travel time to the nearest health facility, in 
minutes

      ≤ 60 1814 74.9

      61–120 447 18.5

      > 120 h 162 6.7

Thinking about distance to the nearest health 
facility

      Near 1518 62.7

      Normal 481 19.9

      Far 424 17.5

Thinking about travel time to the nearest 
health facility

      Short 1488 61.4

      Normal 504 20.8

      Long 431 17.8

Types of transport

      Public transportation 280 11.6

      On foot 2079 85.8

      Others* 64 2.6

Community based health insurance

      Adequately insured 654 27.0

      Under insured 179 7.4

      Uninsured 1590 65.6

Who covers the cost of the health care 
(n = 1769)

      From saving 364 20.6

      Family 204 11.5

      Fee waiver 37 2.1

      Borrowing 220 12.4

      Selling asset 944 53.4

Health facility visit during the last 12 months

      Yes 1198 49.4

      No 1225 50.6

Health care utilization

      Yes 1192 99.5

      No 6 0.5

Source of healthcare services (n = 1192)

      Health center 1078 90.4

      Hospital 155 13.0

      Private clinic 143 12. 0
*Horse or mule ride, traditional ambulance
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counterparts. Participants who had consumed alcohol 
in the previous 12 months were two times (AOR = 2.40; 
95% CI: 1.37, 4.20) more likely to have undiagnosed 
hypertension as who had not. Overweight participants 
had a 59% (AOR = 0.41; 95% CI: 0.18, 0.98) lower risk 
of undiagnosed hypertension than participants with 

normal-weight participants. Participants with a FHH had 
a 68% (AOR = 0.32; 95% CI: 0.20, 0.53) lower proportion 
of undiagnosed hypertension than those without a FHH. 
Participants with comorbidities had a 72% (AOR = 0.28; 
95% CI: 0.15, 0.54) lower proportion of undiagnosed 
hypertension than those without (Table 5).

Association between determinants and mediating 
variables
The regression analysis in model 2 revealed that partici-
pants who drank alcohol with in the previous 12 months 
were 52% (AOR = 0.48; 95% CI: 0.28, 0.80) less likely to 
have hypertension health information than non-drinkers. 
Participants with a FHH (AOR = 2.45; 95% CI: 1.59, 3.79) 
and comorbidities (AOR = 2.48; 95% CI: 1.33, 4.62) were 
twice as likely as their counterparts to have hypertension 
health information. Participants with a FHH were twice 
(AOR = 2.01; 95% CI: 1.34, 3.03) more likely to have good 
knowledge of common hypertensive symptoms than 
those without. Participants who had access to hyper-
tension health information were five times (AOR = 4.97; 
95% CI: 3.48, 7.11) more likely to have good knowledge 
of common hypertensive symptoms than those who did 
not. Young participants were 61% (AOR = 0.39; 95% CI: 
0.20, 0.75) less likely than the elderly to have a high per-
ceived susceptibility to hypertension. Alcohol drinkers 
were also 48% (AOR = 0.52; 95% CI: 0.30, 0.90) less likely 
to visit a health facility than non-drinkers, while partici-
pants with comorbidities were two times (AOR = 2.07; 
95% CI: 1.04, 4.15) more likely to visit a health facility 
than non-comorbid participants (Supplementary File).

Associations between mediating variables and 
undiagnosed hypertension
In model 3, adequate hypertension health information, 
knowledge of common hypertensive symptoms, per-
ceived susceptibility to hypertensive disease, and health 
facility visit were significantly associated with undiag-
nosed hypertension while controlling for the indepen-
dent variables and covariates. Patients with hypertension 
who had adequate hypertension health information had 
a 68% (AOR = 0.32; 95% CI: 0.19, 0.55) lower risk of undi-
agnosed hypertension compared to participants who did 
not have any hypertension health information. Patients 
with hypertension who had a good knowledge of com-
mon hypertensive symptoms had a 72% (AOR = 0.28; 
95% CI: 0.14, 0.53) lower proportion of undiagnosed 
hypertension than those who did not. Participants with 
a high perceived susceptibility to hypertensive disease 
have a 42% (AOR = 0.58; 95% CI: 0.35, 0.97) lower pro-
portion of undiagnosed hypertension than those who 
did not. Participants who visited a health facility have a 
60% (AOR = 0.40; 95% CI: 0.24, 0.69) lower proportion of 

Table 5  Bivariate and multivariable logistic regression analysis of 
factors associated with undiagnosed hypertension
Variables Estimating path c

Undiagnosed 
hypertension

COR 
(95% 
CI)

$AOR(95% 
CI)

β

Yes No
Age

      25–34 92 
(93.9)

6 (6.1) 5.28 
(2.18, 
12.78)

6.03 (2.11, 
17.29)

1.79**

      35–44 137 
(90.1)

15 (9.9) 3.15 
(1.70, 
5.84)

3.55 (1.66, 
7.60)

1.27**

      45–64 257 
(84.3)

48 
(15.7)

1.84 
(1.19, 
2.87)

2.03 (1.16, 
3.55)

0.71*

      ≥65 151 
(74.4)

52 
(25.6)

1 1

Alcoholic drink 
during the last 12 
months

      Yes 581 
(87.2)

85 
(12.8)

4.39 
(2.73, 
7.08)

2.40 (1.37, 
4.20)

0.88*

      No 56 
(39.1)

36 
(60.9)

1 1

Body Mass Index

      Underweight 187 
(88.2)

25 
(11.8)

1.45 
(0.89, 
2.33)

1.71 (0.99, 
2.94)

0.54

      Normal 429 
(83.8)

83 
(16.2)

1 1

      Overweight 21 
(61.8)

13 
(38.2)

0.31 
(0.15, 
0.65)

0.41 (0.18, 
0.98)

-0.88*

Family history of 
hypertension

      Yes 83 
(64.3)

46 
(35.7)

0.24 
(0.16, 
0.38)

0.32 (0.20, 
0.53)

-
1.13**

      No 554 
(88.1)

75 
(11.9)

1 1

Comorbidities

      Yes 30 
(50.8)

29 
(49.2)

0.16(0.09, 
0.27)

0.28 (0.15, 
0.54)

-
1.27**

      No 607 
(86.8)

92 
(13.2)

1 1

*P-value < 0.05 **P-value < 0.001 Hosmer and Lemeshow Test = 0.8958
$adjusted for sex, age, marital status, educational status, marital status, 
household income, alcohol consumption, physical activity, body mass index, 
family history of hypertension, comorbidities, health insurance, and travel time 
to nearest health facility
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undiagnosed hypertension than those did not (Supple-
mentary File).

Mediation analysis
The study found that the association between age and 
undiagnosed hypertension was mediated in part by per-
ceived susceptibility to hypertensive disease, as well as 
its association with poor health facility visits. Poor per-
ceived susceptibility to hypertensive disease accounted 
for 18.1% of the relationship between young age and 
undiagnosed hypertension. Poor perceived susceptibility 
to hypertensive disease and poor health facility visit in 
combination explained 33.3% of the association between 
young age and undiagnosed hypertension. Poor health 
facility visit mediated 14.2% of the relationship between 
alcohol consumption and undiagnosed hypertension 
and 12.3% of the relationship between comorbidities and 
undiagnosed hypertension. After controlling for media-
tors, the effect of alcohol drinking within the previous 
12 months on undiagnosed hypertension was no longer 
significant (β=0.57, p = 0.09), indicating that this relation-
ship has no direct effect. Hypertension health informa-
tion mediated 64.1% of the total effect of FHH on lower 
proportion of undiagnosed hypertension, both indepen-
dently and through the other 3 mediators (knowledge of 
common hypertensive symptoms, perceived susceptibil-
ity to hypertensive disease, and visits to a health facility). 
Knowledge of common hypertensive symptoms medi-
ated 22.4% of the total effect of FHH on lower proportion 
of undiagnosed hypertension, both independently and 
through the other 2 mediators (perceived susceptibility 

to hypertensive disease and visits to a health facility). 
Hypertension health information also mediated 68.2% of 
the total effect of having comorbidities on lower propor-
tion of undiagnosed hypertension through its association 
with undiagnosed hypertension and through the other 3 
mediators (knowledge of common hypertensive symp-
toms, perceived susceptibility to hypertensive disease, 
and visits to a health facility) (Fig. 1).

Discussion
In this study, we found a high prevalence of hyperten-
sion (31.3%) with a very low awareness rate (16.0%). This 
reveal that unable to meet Ethiopia’s target of improv-
ing the proportion of hypertensive adults diagnosed and 
aware of their status to 50% by 2022 [2]. The study found 
that factors such as young age, drinking alcohol, being 
overweight, having FHH and comorbidities were all inde-
pendently associated with undiagnosed hypertension.

In this study, nearly 9 out of 10 of patients with hyper-
tension remained undiagnosed, implying that they were 
hiding in plain sight. This finding was supported by stud-
ies conducted in Kenya (84.4%) [41], rural Nigeria (81.5%) 
[42], and rural areas of Southern China (82.4%) [43]. This 
could be because the same age group and sampling strat-
egy were used. However, the proportion of undiagnosed 
hypertension was higher than in the 2018 Ethiopian non 
communicable disease and injuries commission report 
(60%) [1], and in studies conducted in Dabat district 
northwest Ethiopia (59.7%) [4], Amhara regional state 
cities (46.3%) [44], Axum town (57%) [45], and Nekemte 
town (47.3%) [46]. The high proportion of undiagnosed 

Fig. 1  Path diagram showing mediating variables mediates the association between undiagnosed hypertension and its determinants. The arrow repre-
sents the beta coefficients of the relationship between variables
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hypertension in this study could be explained by the fact 
that it was only conducted on rural adults, who are up 
to 2 times more likely than urban adults to have undi-
agnosed hypertension [47–49]. It was also higher than 
studies conducted in African rural communities in Tan-
zania (51.7% and 65.7%) [50, 51], Uganda (61.9%, 70.3%, 
and 79.0%) [52–54], Cameroon (36.6% and 62.8%) [55, 
56], Ghana (54.4%) [57], Northern Senegal (56.7%) [58], 
Benin (58.0%) [59], and South Africa (35.6%) [60]. This 
might be because the lower cut-off point used to clas-
sify hypertension in this study, which may have increased 
both the prevalence of hypertension and undiagnosed 
hypertension [61]. However, the proportion of undiag-
nosed hypertension in this study was lower than the stud-
ies conducted in rural parts of northwest Tanzania (93%) 
[49] and findings from the Uganda national noncommu-
nicable disease risk factor survey (94%) [62]. This could 
be because the majority of participants, 75.1% in Tan-
zania and 66% in Uganda, were between the ages of 15 
and 44 years and18 and 40 years, respectively, and being 
young was associated with undiagnosed hypertension.

The age of the participants was found to be strongly 
associated with undiagnosed hypertension. Undiagnosed 
hypertension was about six and four times more common 
in hypertensive patients aged 25–34 and 35–44 years, 
respectively, than those aged 65 years and older. The find-
ing were consistent with previous research from Kenya 
[41], Tanzania [50], Egypt [63], Cameroon [64], Gambia 
[65], South Africa [60], Peru [66], Bangladesh [67], Kurd-
ish adults [68], and Iran [69, 70]. This could be due to the 
poor belief that they have a low risk of developing hyper-
tension [71], which makes them less likely to visit a health 
facility and have their BP measured. The association 
between age and undiagnosed hypertension was partially 
mediated by perceived susceptibility to hypertensive dis-
ease, which explained 18.1% of the relationship. Perceived 
susceptibility to hypertensive disease with its association 
with poor health facility visit also explained 15.2% of the 
relationship. Both mediators together explained 33.3% of 
the association. Other studies have also found that peo-
ple with a low perceived susceptibility to hypertensive 
disease visit the health facility less frequently and have 
lower rates of screening and diagnosis [72]. The remain-
ing effect of age on undiagnosed hypertension could be 
attributed to the fact that young adults are less likely than 
the elderly to have comorbidities, seek medical advice, be 
informed about their BP, and be diagnosed with hyper-
tension at younger age.

Despite the fact that people who drink excessive 
amounts of alcohol are more likely to develop hyperten-
sion [7, 73, 74] and should have their BP checked, this 
study found that participants who consumed alcohol 
within the previous 12 months were 2.4 times more likely 
to have undiagnosed hypertension compared with the 

counterparts. This finding was consistent with those of 
studies in rural Tanzania [50] and China [75, 76] where 
alcohol drinkers had higher rates of undiagnosed hyper-
tension than non-drinkers. Our findings revealed that 
those who drank alcohol within the previous 12 months 
were 48% less likely to visit a health facility, and those 
who did not visit a health facility in the previous year 
were 2.5 times more likely to have undiagnosed hyper-
tension. As a result, inadequate healthcare visits account 
for about 14.2% of the overall effect of alcohol consump-
tion on the increased risk of undiagnosed hypertension. 
Another finding also revealed alcohol drinkers used less 
health care [77], implying that patients with hypertension 
who did not visit a health facility resulted more undiag-
nosed hypertension [78, 79].

Overweight participants had better hypertension 
awareness compared to those of normal weight. Similar 
empirical evidences generated from Kenya [80], Tanza-
nia [81], Egypt [63], Gambia [65], Ghana [82], Peru [66], 
Bangladesh [67], Iran [70, 83], Nepal [84], and Northeast 
China [76] found that overweight or obese participants 
were more likely to be aware of their hypertension status 
than normal-weight participants. This could be because 
being overweight is a known risk factor for hypertension 
and other comorbidities and people who are overweight 
are more likely to be screened and have their BP mea-
sured [85].

Participants who had a FHH were 68% less likely to 
have undiagnosed hypertension than those who did not. 
This finding was consistent with studies from Camer-
oon [64], Ghana [82], Iran [68], Jordan [86], and South-
ern China [43]. This could be because participants with 
a FHH may have hypertension health information and 
gain knowledge from their relatives’ experiences [87, 88], 
and improving knowledge has been shown to improve 
health seeking behavior and hypertension diagnosis by 
improving perceptions of individuals’ susceptibility to 
hypertensive disease [89, 90]. Our findings also revealed 
that having hypertension health information, a good 
knowledge of common hypertensive symptoms, a high 
perceived susceptibility to hypertensive disease, and 
adequate health facility visit explained the association 
between having a FHH and lower proportion of undiag-
nosed hypertension. Having hypertension health infor-
mation explained 64.1% of the total effect of FHH on 
lower proportion of undiagnosed hypertension in this 
study. Having a good knowledge of common hyperten-
sive symptoms also explained 22.4% of the total effect 
of FHH on lower proportion of undiagnosed hyperten-
sion via its association with high perceived susceptibil-
ity to hypertensive disease and visiting a health facility. 
This finding suggests that providing hypertension health 
information is critical for increasing knowledge and per-
ceived susceptibility to hypertensive disease, encouraging 
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people to seek medical advice, and resulting in hyperten-
sion being diagnosed earlier.

Patients with comorbidities have a higher rate of hyper-
tension detection and a lower proportions of undiag-
nosed hypertension [68, 79, 91]. In this study, patients 
with comorbidities had a 72% lower risk of undiagnosed 
hypertension than patients without comorbidities. This 
was consistent with findings from studies in South Africa 
[60], Ghana [82], Lebanon [92], and Iran [70] in which 
participants with prior CVD comorbidities had a lower 
rate of undiagnosed hypertension than those without 
CVD comorbidities. Studies conducted in Ibadan Nigeria 
[93] and Iran [94] also showed that patients with history 
of diabetes were less likely to have undiagnosed hyper-
tension. Our findings revealed that participants with 
comorbidities were twice as likely to have hypertension 
health information. Hypertension health information is a 
critical component in the early detection and treatment 
of hypertension. Having hypertension health information 
explained 68.2% of total effect of comorbidities on lower 
proportion of undiagnosed hypertension in combination 
with good common hypertensive symptoms, perceived 
susceptibility to hypertensive disease and visiting health 
facility. Participants with comorbidities were also twice 
as likely to visit a health facility, and participants who 
had visited a health facility in the previous one year were 
60% less likely than those who had not to have undiag-
nosed hypertension. As a result, adequate health facility 
visitation mediated 12.3% of the total effect of comorbidi-
ties on the reduction of undiagnosed hypertension risk. 
This findings were consistent with previous studies that 
found that visiting a health facility encourages people to 
seek medical advice and undergo hypertension screening, 
resulting in hypertension being diagnosed earlier [95, 96]. 
This finding was also consistent with findings from stud-
ies conducted in Ghana [57], Senegal [97], India [78], and 
China [79] in which seeking outpatient services in the 
previous 4 weeks was associated with increased hyper-
tension awareness.

Strengths and limitations
The study has the following strengths: first, it is the first 
to use mediation analysis to investigate the potential 
mechanisms of factors affecting undiagnosed hyperten-
sion. Second, it employs of a large representative sample. 
Third, it uses a valid and reliable tool to assess health 
measures. However, due to the study’s cross-sectional 
design, we are unable to assess the temporal relationship 
between the exposure, mediator, and outcome variables.

Conclusion
In this study, undiagnosed hypertension remains very 
high in rural northwest Ethiopia. Being young, drinking 
alcohol within the previous 12 months, being overweight, 

having FHH, and having comorbidities were found to be 
independently associated with undiagnosed hyperten-
sion. Hypertension health information, knowledge of 
common hypertensive symptoms, perceived susceptibil-
ity to hypertensive disease, and health facility visit medi-
ated predictors of undiagnosed hypertension. Public 
health interventions aimed at them, such as providing 
adequate hypertension health information, particularly 
to young adults and drinkers, may improve hypertensive 
disease knowledge, perceived susceptibility to hyper-
tensive disease, and reduce the burden of undiagnosed 
hypertension.

Abbreviations
AOR	� Adjusted Odd Ratio.
BP	� Blood Pressure.
CI	� Confidence Interval.
CVD	� Cardiovascular Diseases.
FHH	� Family History of Hypertension.
IRB	� Institutional Review Board.
WHO	� World Health Organization.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-023-09212-1.

Supplementary Material 1

Acknowledgements
We would like to express our gratitude to the University of Gondar for 
approving the research proposal. We’d also like to thank all of the study 
participants for their time and willingness to respond, as well as the data 
collectors and supervisors for their pleasant work.

Authors’ contributions
DFT is the principal investigator of the study. DFT involved in conception, 
designing research questions, conduct the study, analysis of the data, and 
write of the manuscript. SAB, TAA, AA, and KAG all contributed to the choice of 
the best research design and critical review of the manuscript. The manuscript 
has been revised and approved by all authors.

Funding
This work was funded by the University of Gondar. However, the funders 
had no say in the study’s design, data collection and analysis, manuscript 
preparation, or publication decision.

Data availability
This manuscript contains all of the data generated or analyzed during the 
study. However, the de-identified datasets used in the reported study are 
available upon reasonable request from the corresponding author.

Declarations

Ethics approval and consent to participate
The University of Gondar’s Institutional Review Board (IRB) approved this study 
on August 31st 2020 (Ref. No: V/P/RCS/05/2293/2020). Each study participant 
provided informed consent for participation in the form of a signature or 
thumb print. Confidentiality of data assured by using identification numbers 
and limiting access to the data. Participant participation in the study were 
on a voluntary basis. The chance to ask any question about the study, as well 
as the right to refuse or terminate the interview, were provided. All methods 
were followed in accordance with the Helsinki declaration.

Consent for publication
Not applicable.

http://dx.doi.org/10.1186/s12913-023-09212-1
http://dx.doi.org/10.1186/s12913-023-09212-1


Page 11 of 13Teshome et al. BMC Health Services Research          (2023) 23:222 

Competing interests
There is no competing of interests related with this work.

Author details
1Department of Epidemiology and Biostatistics, Institute of Public Health, 
College of Medicine and Health Sciences, University of Gondar, Gondar, 
Ethiopia
2Department of Internal Medicine, School of Medicine, College of 
Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia
3Department of Health Systems and Policy, Institute of Public Health, 
College of Medicine and Health Sciences, University of Gondar, Gondar, 
Ethiopia

Received: 31 October 2022 / Accepted: 23 February 2023

References
1.	 Addressing the impact of Noncommunicable Diseases and Injuries in Ethio-

pia. : Findings and recommendations from the Noncommunicable Diseases 
and Injuries (NCDI) Commision of Ethiopia: A Collaboration with the Global 
Lancet Commission on Reframing NCDIs for the Poorest Billion. https://
static1.squarespace.com/static/55d4de6de4b011a1673a40a6/t/5bfc17e24fa
51a471a8399d9/1543247843790/Ethiopia+NCDI+Commission_Full+Report_
Nov+2018.pdf

2.	 Health Sector Transformation Plan II: HSTP II 2020/21-2024/25. (2013 EFY – 
2017 EFY) [https://www.moh.gov.et/ejcc/sites/default/files/2021-05/HSTP-II.
pdf ]

3.	 Ethiopia sets to. improve hypertension prevention and con-
trol at primary health care level [https://www.afro.who.int/fr/
node/11607#:~:text=Hypertension%20is%20one%20of%20the,getting%20
appropriate%20treatment%20and%20care.]

4.	 Abebe SM, Berhane Y, Worku A, Getachew A. Prevalence and associated fac-
tors of hypertension: a crossectional community based study in Northwest 
Ethiopia. PLoS ONE. 2015;10(4):e0125210.

5.	 Demisse AG, Greffie ES, Abebe SM, Bulti AB, Alemu S, Abebe B, Mesfin N. High 
burden of hypertension across the age groups among residents of Gondar 
city in Ethiopia: a population based cross sectional study. BMC Public Health. 
2017;17(1):647.

6.	 Kebede B, Ayele G, Haftu D, Gebremichael G. The Prevalence and Associated 
Factors of Hypertension among Adults in Southern Ethiopia. International 
journal of chronic diseases 2020, 2020.

7.	 Tiruneh SA, Bukayaw YA, Yigizaw ST, Angaw DA. Prevalence of hypertension 
and its determinants in Ethiopia: a systematic review and meta-analysis. PLoS 
ONE. 2020;15(12):e0244642.

8.	 Zeru AB, Muluneh MA. Admission and Inpatient Mortality of Hypertension 
Complications in Addis Ababa. Integr Blood Press Control. 2020;13:103.

9.	 Gebremariam SA, Yang HS. Types, risk profiles, and outcomes of stroke 
patients in a tertiary teaching hospital in northern Ethiopia. Neurol Sci. 
2016;3:41–7.

10.	 Kotwani P, Balzer L, Kwarisiima D, Clark TD, Kabami J, Byonanebye D, Baino-
mujuni B, Black D, Chamie G, Jain V. Evaluating linkage to care for hyperten-
sion after community-based screening in rural U ganda. Trop Med Int Health. 
2014;19(4):459–68.

11.	 Benjamin EJ, Blaha MJ, Chiuve SE, American Heart Association Statistics Com-
mittee and Stroke Statistics Subcommittee. Heart disease and stroke statis-
tics–: 2017 update a report from the American Heart Association. Circulation 
2017, 135(10).

12.	 Gulec S. Early diagnosis saves lives: focus on patients with hypertension. 
Kidney Int supplements. 2013;3(4):332–4.

13.	 Volpe M, Gallo G, Tocci G. Is early and fast blood pressure control important in 
hypertension management? Int J Cardiol. 2018;254:328–32.

14.	 Siu AL. Screening for High Blood Pressure in Adults: U.S. Preventive Services 
Task Force Recommendation Statement. Annals of Internal Medicine 2015.

15.	 Chow CK, Teo KK, Rangarajan S, Islam S, Gupta R, Avezum A, Bahonar A, Chi-
famba J, Dagenais G, Diaz R. Prevalence, awareness, treatment, and control 
of hypertension in rural and urban communities in high-, middle-, and low-
income countries. JAMA. 2013;310(9):959–68.

16.	 Geldsetzer P, Manne-Goehler J, Marcus M-E, Ebert C, Zhumadilov Z, Wesseh 
CS, Tsabedze L, Supiyev A, Sturua L, Bahendeka SKJTL. The state of hyperten-
sion care in 44 low-income and middle-income countries: a cross-sectional 
study of nationally representative individual-level data from 1· 1 million 
adults. 2019, 394(10199):652–662.

17.	 Ataklte F, Erqou S, Kaptoge S, Taye B, Echouffo-Tcheugui JB, Kengne AP. Bur-
den of undiagnosed hypertension in sub-saharan Africa: a systematic review 
and meta-analysis. Hypertension. 2015;65(2):291–8.

18.	 Agricultural sample survey 2016/2017 (2009 E.C). report on area and produc-
tion of major crops (private peasant holdings, Meher season),. In., vol. 1. Addis 
Ababa:Central statistical agency (CSA); 2017.

19.	 Haileamlak A. How can Ethiopia mitigate the health workforce gap to meet 
universal health coverage? Ethiop J health Sci. 2018;28(3):249.

20.	 Asfaw LS, Ayanto SY, Gurmamo FL. Hypertension and its associated factors in 
Hosanna town, Southern Ethiopia: community based cross-sectional study. 
BMC Res Notes. 2018;11(1):1–6.

21.	 ETHIOPIA STEPS REPORT ON RISK FACTORS FOR NON-COMMUNICABLE DIS-
EAES, AND PREVALENCE OF SELECTED NCDs. In. Addis Ababa Ethiopia Public 
Health Institute; December 2016.

22.	 Undavalli VK, Madala P, Narni H. Prevalence of undiagnosed hyperten-
sion: a public health challenge. Int J Community Med Public Health. 
2018;5(4):1366–70.

23.	 Teshome DF, Alemu S, Ayele TA, Atnafu A, Gelaye KA. Effect of health exten-
sion workers led home-based intervention on hypertension management in 
Northwest Ethiopia, 2021: study protocol for a cluster randomised controlled 
trial. BMJ Open 2022,12.

24.	 Getachew F, Dirar A, Solomon D. Prevalence of undiagnosed hypertension 
and associated factors among residents in Gulele Sub-City, Addis Ababa, 
Ethiopia. Community Med Health Educ. 2018;8(590):2161–07111000590.

25.	 The WHO STEPwise approach. to chronic disease risk factor surveillance 
(STEPS). In. Geneva, Switzerland: World Health Organization; 26 January 2017.

26.	 Ethiopia Demographic and Health Survey. 2016. In. Addis Ababa, Ethiopia: 
Central Statistical Agency; July 2017

27.	 EPHI I: Ethiopian Public Health Institute (EPHI)[Ethiopia]. and ICF. Ethiopia Mini 
Demographic and Health Survey 2019: Key Indicators 2019.

28.	 Global physical activity questionnaire (GPAQ) analysis guide. In. Geneva: 
World Health Organization. ; 2012: 1–22.

29.	 Mannan A, Akter KM, Akter F, Chy NUHA, Alam N, Pinky SD, Chowdhury AFM, 
Biswas P, Chowdhury AS, Hossain MA. Association between comorbidity and 
health-related quality of life in a hypertensive population: a hospital-based 
study in Bangladesh. BMC Public Health. 2022;22(1):1–12.

30.	 Malik A, Yoshida Y, Erkin T, Salim D, Hamajima N. Hypertension-related 
knowledge, practice and drug adherence among inpatients of a hospital in 
Samarkand, Uzbekistan. Nagoya J Med Sci. 2014;76(3–4):255.

31.	 Ithnin M, Mohamad nor NAU, Juliana N, Mohd Effendy N, Sahar MA, Abang 
Abdullah KH, Mohd Aris MS, Mohd Rani MD. Knowledge, attitudes and 
practices on risk factors of non-communicable diseases (NCDs): a cross-
sectional survey among urban and rural adults in Negeri Sembilan, Malaysia. 
International Journal of Health Promotion and Education 2020:1–11.

32.	 Teshome DF, Balcha SA, Ayele TA, Atnafu A, Gelaye KA. Development and 
psychometric validation of the Hypertension Beliefs Assessment Tool among 
Adult Population in Northwest Ethiopia. Patient preference adherence. 
2021;15:2659.

33.	 Andersen K. 10 Steps to Accurate Manual Blood Pressure Measurement. 
In.;Monday, 27 July 2009.

34.	 Whelton P. New ACC/AHA high blood pressure guidelines lowe definition of 
hypertension. American College of Cardiology 2017.

35.	 Prime BJH. Body mass index. 39156:5.
36.	 MacKinnon DP, Dwyer JH. Estimating mediated effects in prevention studies. 

Eval Rev. 1993;17(2):144–58.
37.	 Alwin DF, Hauser RM. The decomposition of effects in path analysis. American 

sociological review 1975:37–47.
38.	 Baron RM, Kenny DA. The moderator–mediator variable distinction in social 

psychological research: conceptual, strategic, and statistical considerations. J 
personality social Psychol. 1986;51(6):1173.

39.	 MacKinnon D, Fairchild A, Fritz M. Mediation analysis. 2007, 58:593–614.
40.	 Ananth C. Proportion mediated in a causal mediation analysis: how useful is 

this measure? BJOG:An Int J Obstet Gynecol. 2019;126(8):983–3.
41.	 Mohamed SF, Mutua MK, Wamai R, Wekesah F, Haregu T, Juma P, Nyanjau 

L, Kyobutungi C, Ogola E. Prevalence, awareness, treatment and control of 
hypertension and their determinants: results from a national survey in Kenya. 
BMC Public Health. 2018;18(3):1–10.

https://www.moh.gov.et/ejcc/sites/default/files/2021-05/HSTP-II.pdf
https://www.moh.gov.et/ejcc/sites/default/files/2021-05/HSTP-II.pdf
https://www.afro.who.int/fr/node/11607#:~:text=Hypertension%20is%20one%20
https://www.afro.who.int/fr/node/11607#:~:text=Hypertension%20is%20one%20


Page 12 of 13Teshome et al. BMC Health Services Research          (2023) 23:222 

42.	 Omuemu VO, Okojie O, Omuemu C. Awareness of high blood pressure status, 
treatment and control in a rural community in Edo state. Niger J Clin Pract. 
2007;10(3):208–12.

43.	 Ma WJ, Tang JL, Zhang YH, Xu YJ, Lin JY, Li JS, Lao XQ, Tam WW, Wong MC, Yu 
IT. Hypertension prevalence, awareness, treatment, control, and associated 
factors in adults in southern China. Am J Hypertens. 2012;25(5):590–6.

44.	 Tesfaye TD, Temesgen WA, Kasa AS, Yismaw YS. Prevalence and associated 
factors of hypertension in Amhara regional state city and its’ surrounding 
rural districts: a community-based cross-sectional study. Afr Health Sci. 
2019;19(3):2580–90.

45.	 Gebrihet TA, Mesgna KH, Gebregiorgis YS, Kahsay AB, Weldehaweria NB, 
Weldu MG. Awareness, treatment, and control of hypertension is low among 
adults in Aksum town, northern Ethiopia: a sequential quantitative-qualita-
tive study. PLoS ONE. 2017;12(5):e0176904.

46.	 Geleta GT, Cheme MC, Roro EM. Physical, behavioral and sociodemographic 
determinants of hypertension among the adult population in Nekemte 
town, western Ethiopia: community based study. BMC Research Notes 2019, 
12(764).

47.	 Odili AN, Chori BS, Danladi B, Nwakile PC, Okoye IC, Abdullahi U, Nwegbu MN, 
Zawaya K, Essien I, Sada K. Prevalence, awareness, treatment and control of 
hypertension in Nigeria: data from a nationwide survey 2017. Global heart 
2020, 15(1).

48.	 Lee J, Wilkens J, Meijer E, Sekher T, Bloom DE, Hu P. Hypertension awareness, 
treatment, and control and their association with healthcare access in the 
middle-aged and older indian population: a nationwide cohort study. PLoS 
Med. 2022;19(1):e1003855.

49.	 Mosha NR, Mahande M, Juma A, Mboya I, Peck R, Urassa M, Michael D, Todd 
J. Prevalence, awareness and factors associated with hypertension in North 
West Tanzania. Global health action. 2017;10(1):1321279.

50.	 Muhihi AJ, Anaeli A, Mpembeni RN, Sunguya BF, Leyna G, Kakoko D, Kessy 
AT, Mwanyika Sando M, Njelekela M, Urassa DP. Prevalence, awareness, treat-
ment, and control of hypertension among young and middle-aged adults: 
results from a community-based survey in rural Tanzania. International journal 
of hypertension 2020, 2020.

51.	 Galson SW, Staton CA, Karia F, Kilonzo K, Lunyera J, Patel UD, Hertz JT, Stanifer 
JW. Epidemiology of hypertension in Northern Tanzania: a community-based 
mixed-methods study. BMJ open. 2017;7(11):e018829.

52.	 Musinguzi G, Nuwaha F. Prevalence, awareness and control of hypertension 
in Uganda. PLoS ONE. 2013;8(4):e62236.

53.	 Kotwani P, Kwarisiima D, Clark TD, Kabami J, Geng EH, Jain V, Chamie G, 
Petersen ML, Thirumurthy H, Kamya MR. Epidemiology and awareness of 
hypertension in a rural Ugandan community: a cross-sectional study. BMC 
Public Health. 2013;13(1):1–10.

54.	 Kwarisiima D, Balzer L, Heller D, Kotwani P, Chamie G, Clark T, Ayieko J, 
Mwangwa F, Jain V, Byonanebye D. Population-based assessment of 
hypertension epidemiology and risk factors among HIV-positive and general 
populations in rural Uganda. PLoS ONE. 2016;11(5):e0156309.

55.	 Tianyi FL, Agbor VN, Njamnshi AK. Prevalence, awareness, treatment, and con-
trol of hypertension in Cameroonians aged 50 years and older: a community-
based study. Health Sci Rep. 2018;1(5):e44.

56.	 Simo LP, Agbor VN, Noubiap JJN, Nana OP, Nkosu PS-M, Anouboweh AFA, Ndi 
JN, Mbock JN, Bakari NF, Tambou HGG. Hypertension prevalence, associated 
factors, treatment and control in rural Cameroon: a cross-sectional study. BMJ 
open. 2020;10(9):e040981.

57.	 Sanuade OA, Boatemaa S, Kushitor MK. Hypertension prevalence, awareness, 
treatment and control in ghanaian population: evidence from the Ghana 
demographic and health survey. Plose One. 2018;13(11):e0205985.

58.	 Duboz P, Boëtsch G, Gueye L, Macia E. Hypertension in the Ferlo (Northern 
Senegal): prevalence, awareness, treatment and control. The Pan African 
Medical Journal 2016,25.

59.	 Desormais I, Amidou SA, Houehanou YC, Houinato SD, Gbagouidi GN, Preux 
PM, Aboyans V, Lacroix PJBCD. The prevalence, awareness, management and 
control of hypertension in men and women in Benin, West Africa: the TAHES 
study. 2019, 19(1):303.

60.	 Jardim TV, Reiger S, Abrahams-Gessel S, Gomez-Olive FX, Wagner RG, 
Wade A, Bärnighausen TW, Salomon J, Tollman S, Gaziano TA. Hypertension 
management in a population of older adults in rural South Africa. Journal of 
hypertension 2017, 35(6):1283.

61.	 Carey RM, Whelton PK. Prevention, detection, evaluation, and management 
of high blood pressure in adults: Synopsis of the 2017 American College of 
Cardiology/American Heart Association Hypertension Guideline. Ann Intern 
Med. 2018;168:351–8.

62.	 Guwatudde D, Mutungi G, Wesonga R, Kajjura R, Kasule H, Muwonge J, 
Ssenono V, Bahendeka SK. The epidemiology of hypertension in Uganda: 
findings from the national non-communicable diseases risk factor survey. 
PLoS ONE. 2015;10(9):e0138991.

63.	 Soliman SS, Guseman EH, Haile ZT, Ice GH. Prevalence and determinants 
of hypertension unawareness in egyptian adults: a cross-sectional study of 
data from the 2015 Egyptian Health Issues Study. The Lancet Global Health. 
2020;8:20.

64.	 Mbouemboue OP, Ngoufack TJO. High blood pressure prevalence, awareness, 
control, and associated factors in a low-resource african setting. Front Cardio-
vasc Med. 2019;6:119.

65.	 Cham B, Scholes S, Ng Fat L, Badjie O, Mindell J. Burden of hypertension in 
the Gambia: evidence from a national World Health Organization (WHO) 
STEP survey. Int J Epidemiol. 2018;47(3):860–71.

66.	 Guerrero-Díaz DV, Hernández-Vásquez A, Montoya-Rivera WC, Rojas-Roque 
C, Díaz MAC, Bendezu-Quispe G. Undiagnosed hypertension in Peru: analysis 
of associated factors and socioeconomic inequalities, 2019. Heliyon 2021, 
7(7):e07516.

67.	 Ahmed S, Tariqujjaman M, Rahman MA, Hasan MZ, Hasan MM. Inequalities 
in the prevalence of undiagnosed hypertension among bangladeshi adults: 
evidence from a nationwide survey. Int J Equity Health. 2019;18(1):1–12.

68.	 Rajati F, Hamzeh B, Pasdar Y, Safari R, Moradinazar M, Shakiba E, Bazargan-
Hejazi S, Karim H, Najafi F. Prevalence, awareness, treatment, and control of 
hypertension and their determinants: results from the first cohort of non-
communicable diseases in a kurdish settlement. Sci Rep. 2019;9(1):1–10.

69.	 Mirzaei M, Mirzaei M, Bagheri B, Dehghani A. Awareness, treatment, and 
control of hypertension and related factors in adult iranian population. BMC 
Public Health. 2020;20(1):1–10.

70.	 Gandomkar A, Poustchi H, Malekzadeh F, Malekzadeh MM, Moini M, Mogha-
dami M, Imanieh H, Fattahi MR, Sagheb MM, Ayatollahi SMT. Prevalence, 
awareness, treatment, control, and correlates of hypertension in the pars 
cohort study. Arch Iran Med. 2018;21(8):335–43.

71.	 Johnson HM, Warner RC, Bowers JNLJ. " I have to live like Im old.“ Young 
adults perspectives on managing hypertension: a multi-center qualitative 
study. BMC Family Practice 2016,17.

72.	 Puspita RC, Tamtomo D, Indarto D. Health belief model for the analysis of 
factors affecting hypertension preventive behavior among adolescents in 
Surakarta. J Health Promotion Behav. 2017;2(2):183–96.

73.	 Fuchs FD, Fuchs SC. The Effect of Alcohol on blood pressure and hyperten-
sion. Curr Hypertens Rep. 2021;23(10):1–6.

74.	 Santana NMT, Mill JG, Velasquez-Melendez G, Moreira AD, Barreto SM, Viana 
MC, Molina MdCB. Consumption of alcohol and blood pressure: results of the 
ELSA-Brasil study. PLoS ONE. 2018;13(1):e0190239.

75.	 Lu J, Lu Y, Wang X, Li X, Linderman GC, Wu C, Cheng X, Mu L, Zhang H, Liu J. 
Prevalence, awareness, treatment, and control of hypertension in China: data 
from 1· 7 million adults in a population-based screening study (China PEACE 
million persons project). The Lancet. 2017;390(10112):2549–58.

76.	 Lv X, Niu H, Qu Y, Li M, Li L, Ma X, Jiang S, Gao C, Wang R, Zhang P. Awareness, 
treatment and control of hypertension among hypertensive patients aged 18 
to 59 years old in the northeast of China. Sci Rep. 2018;8(1):1–10.

77.	 Zarkin GA, Bray JW, Babor TF, Higgins-Biddle JC. Alcohol drinking patterns 
and health care utilization in a managed care organization. Health Serv Res. 
2004;39(3):553–70.

78.	 Cao Y, Sathish T, Haregu T, Wen Y, Mello GTd, Kapoor N, Oldenburg B. Factors 
associated with hypertension awareness, treatment and control among 
adults in Kerala, India.Frontiers in public health2021:1684.

79.	 Zhou J, Fang S. Association between undiagnosed hypertension and health 
factors among middle-aged and elderly chinese population. Int J Environ Res 
public Health Reviews. 2019;16(7):1214.

80.	 Mohamed SF, Mutua MK, Wamai R, Wekesah F, Haregu T, Juma P, Nyanjau 
L, Kyobutungi C, Ogola E. Prevalence, awareness, treatment and control of 
hypertension and their determinants: results from a national survey in Kenya. 
BMC Public Health. 2018;18(Suppl 3):1219.

81.	 Muhihi AJ, Anaeli A, Mpembeni RNM, Sunguya BF, Leyna G, Kakoko D, Kessy 
AT, Mwanyika Sando M, Njelekela M, Urassa DP. Prevalence, Awareness, Treat-
ment, and Control of Hypertension among Young and Middle-Aged Adults: 
Results from a Community-Based Survey in Rural Tanzania. Int J Hypertens 
2020, 2020.

82.	 Lamptey P, Laar A, Adler AJ, Dirks R, Caldwell A, Prieto-Merino D, Aerts A, 
Pearce N. Perel PJBph: Evaluation of a community-based hypertension 
improvement program (ComHIP) in Ghana: data from a baseline survey. 2017, 
17(1):368.



Page 13 of 13Teshome et al. BMC Health Services Research          (2023) 23:222 

83.	 Malekzadeh MM, Etemadi A, Kamangar F, Khademi H, Golozar A, Islami F, 
Pourshams A, Poustchi H, Navabakhsh B, Naemi M. Prevalence, awareness 
and risk factors of hypertension in a large cohort of iranian adult population. 
J Hypertens. 2013;31(7):1364.

84.	 Haider MR, Gupta RD. Inequalities in undiagnosed hypertension among adult 
nepalese population: evidence from a nationally representative survey. Int J 
Cardiol Hypertens. 2020;5:100026.

85.	 Shrestha R, Upadhyay SK, Khatri B, Bhattarai JR, Kayastha M, Upadhyay MP. 
BMI, waist to height ratio and waist circumference as a screening tool for 
hypertension in hospital outpatients: a cross-sectional, non-inferiority study. 
BMJ open. 2021;11(11):e050096.

86.	 Khader Y, Batieha A, Jaddou H, Rawashdeh SI, El-Khateeb M, Hyassat D, 
Khader A. Ajlouni KJIjoh: Hypertension in Jordan: prevalence, awareness, 
control, and its associated factors. 2019, 2019.

87.	 Rahman M, Alam S, Mia M, Haque M, Islam K. Knowledge, attitude and 
practice about hypertension among adult people of selected areas of Ban-
gladesh. MOJ Public Health. 2018;7(4):211–4.

88.	 Sadeq R, Lafta RK. Knowledge, attitude and practice about hypertension in 
hypertensive patients attending hospitals in Baghdad, Iraq. South East Asia 
Journal of Public Health. 2017;7(1):29–34.

89.	 Pirasath S, Kumanan T, Guruparan M. A study on knowledge, awareness, and 
medication adherence in patients with hypertension from a tertiary care 
centre from northern Sri Lanka.International Journal of Hypertension2017, 
2017.

90.	 Li S-S, Zhou F, Lu Y-C, Lyv P, Zhang H-F, Yao W-M, Gong L, Zhou Y-L, Yang 
R, Sheng Y-H. Hypertension related knowledge and behaviour associated 
with awareness, treatment and control of hypertension in a rural hyperten-
sive population: a community based, cross-sectional survey. Blood Press. 
2016;25(5):305–11.

91.	 Sum G, Koh GC-H, Mercer SW, Wei LY, Majeed A, Oldenburg B, Lee JT. Patients 
with more comorbidities have better detection of chronic conditions, but 
poorer management and control: findings from six middle-income countries. 
BMC Public Health. 2020;20(1):1–26.

92.	 Kanj H, Khalil A, Kossaify M, Kossaify A. Predictors of undiagnosed and uncon-
trolled hypertension in the local community of Byblos, Lebanon. Health Serv 
insights. 2018;11:1178632918791576.

93.	 Raji YR, Abiona T, Gureje O. Awareness of hypertension and its impact on 
blood pressure control among elderly Nigerians: report from the Ibadan 
study of aging.The Pan African Medical Journal2017,27.

94.	 Rajati F, Hamzeh B, Pasdar Y, Safari R, Moradinazar M, Shakiba E, Bazargan-
Hejazi S, Karim H. Najafi FJSr: Prevalence, awareness, treatment, and control 
of hypertension and their determinants: Results from the first cohort of non-
communicable diseases in a Kurdish settlement. 2019, 9(1):1–10.

95.	 Carey RM, Muntner P, Bosworth HB, Whelton PK. Prevention and con-
trol of hypertension: JACC health promotion series. J Am Coll Cardiol. 
2018;72(11):1278–93.

96.	 Ababa A. Addressing the impact on Noncommunicable diseases and Injuries 
in Ethiopia. 2018.

97.	 Macia E, Duboz P, Gueye L. Prevalence, awareness, treatment and control of 
hypertension among adults 50 years and older in Dakar, Senegal: cardiovas-
cular topics. Cardiovasc J Afr. 2012;23(5):265–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Undiagnosed hypertension and its determinants among hypertensive patients in rural districts of northwest Ethiopia: a mediation analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and setting
	﻿Study participants and sampling
	﻿Data collection tools and procedures
	﻿Measurement and operational definition
	﻿Data analysis

	﻿Results
	﻿Sociodemographic characteristics of participants
	﻿Behavioral and lifestyle characteristics of the participants
	﻿Clinical characteristics of the participants
	﻿Health information, knowledge, and beliefs about hypertension
	﻿Health service related characteristics of the participants
	﻿Proportion of undiagnosed hypertension
	﻿Factors associated with undiagnosed hypertension
	﻿Association between determinants and mediating variables
	﻿Associations between mediating variables and undiagnosed hypertension
	﻿Mediation analysis

	﻿Discussion
	﻿Strengths and limitations
	﻿Conclusion
	﻿References


