
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/. The 
Creative Commons Public Domain Dedication waiver (​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​p​​u​b​l​​i​c​d​o​​m​a​​i​n​/​z​e​r​o​/​1​.​0​/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Gudayneh et al. International Journal of Retina and Vitreous           (2025) 11:17 
https://doi.org/10.1186/s40942-025-00631-2

International Journal of Retina 
and Vitreous

*Correspondence:
Yitayal Abebe Gudayneh
abebeyitayal1983@gmail.com

Full list of author information is available at the end of the article

Abstract
Introduction  Hypertensive retinopathy refers to changes in the retinal microvasculature resulting from elevated 
blood pressure, and the global burden ranges from 2 to 85%. However, there was no evidence on prevalence and 
associated factors of hypertensive retinopathy among adult hypertensive patients in the study area even in Ethiopia.

Objective  The aim of this study was to investigate prevalence of hypertensive retinopathy and associated factors in 
adult hypertensive patients attending at Comprehensive Specialized Hospitals in Northwest Ethiopia in 2024.

Methods  Multicenter hospital-based cross-sectional study was conducted in Northwest Ethiopia Comprehensive 
specialized hospitals from June, 07 to August, 07, 2024. A multistage sampling technique with an interval of 3 was 
applied to select 696 study participants. Data were collected through personal interviews, review of medical records 
and eye examinations. Data were entered into the Kobo Toolbox and then transferred to STATA version 17 for analysis. 
Bivariable and then multivariable binary logistic regression models were fitted to determine factors associated 
with hypertensive retinopathy. Variables with a P-value of less than 0.05 at multivariable analysis were considered 
statistically significant.

Result  A total of 696 (95.34%) participants were included in the study. The prevalence of hypertensive retinopathy 
was 57.47%(95%CI: 53.75, 61.10). Age > 74 years (AOR = 4.24, 95%CI = 1.54,11.64), heart disease(AOR = 5.38, 
95%CI = 1.86,15.58), duration of hypertension > 5years (AOR = 12.66, 95%CI = 3.88,41.29), dyslipidemia 
(AOR = 3.44,95%CI = 1.59–7.45), uncontrolled current levels of hypertension (AOR = 40.03, 95%CI = 17.19,93.18), poor 
adherence of hypertensive medications (AOR = 1.84, 95%CI = 1.12,3.03) and diabetes (AOR = 3.56, 95%CI = 1.49,5.99) 
were positively associated with hypertensive retinopathy.

Conclusion  -The prevalence of hypertensive retinopathy is high among systemic hypertensive patients seen in 
Northwest Ethiopia comprehensive specialized hospitals and independently associated with older age, longer 
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Introduction
According to World health organization; systemic arte-
rial hypertension (HTN) is defined as a systolic pres-
sure greater than 140 mmHg and/or a diastolic pressure 
greater than 90 mmHg. It also estimates that; 1.13 billion 
people worldwide have HTN and fewer than 1 in 5 people 
with HTN have under control their blood pressure which 
declared as the cause for more than 10  million deaths 
per year [1]. This systemic devastating vascular disease 
had been progressively increasing in the study area [2, 3] 
as well as in Ethiopia [4, 5]. It is also a well-known risk 
factor for other diseases; called hypertension-mediated 
target organ damage (TOD), such as stroke, disability, 
myocardial infarction, hypertensive retinopathy(HR) and 
others [6].

HTN affects the eye causing 3 types of ocular damage: 
choroidopathy, retinopathy, and optic neuropathy [7]. HR 
refers to changes in retinal microvasculature that occurs 
due to elevated BP [8, 9]. It is a visible manifestation of 
hypertensive vascular damage in which millions of peo-
ple in the world are suffering with systemic morbidity 
and mortality due to TOD [8–10].

The common clinical signs of HR are focal arteriolar 
narrowing, arterio-venous nicking (AVN), micro-aneu-
rysms, soft exudates, blot hemorrhages, flamed-shaped 
hemorrhages, cotton wool patches and optic disc edema 
[11, 12]. In addition, HR may also associate with various 
ocular morbidities; such as sub-conjunctival hemorrhage, 
retinal vein occlusion; retinal artery occlusion, ischemic 
optic neuropathy and cranial nerve palsy [13–16].

Duration of HTN, poor control of BP, older age, smok-
ing, concurrent hyperlipidemia, high plasma level of 
endothelin-1 and family history of HTN was significantly 
associated with HR [14–19]. Furthermore, serum uric 
acid concentration levels were significantly associated 
with HR [20].

Studies showed that the magnitude of HR ranges from 
2 to 85% [9, 21–23]. Pakistan 85% [21] and  56% [24], 
Bangladesh 29.9% [25], China 77.1% [26] and 76.6% [27], 
Nepal 83.7% [28], 56.5% [29] and 12.6% [30] Iran 39.9% 
[11], India 12% [31], 28.5% [32], 62.25% [33], 49.33% [34], 
and 21% [35] USA 6.7% [36],Texas 51.6% [37], Denmark 
8.3% [38] and 20.3% [39], Cameroon 16% [40], Kenya 
23.3% [41], Democratic Republic of Congo 83.6% [42], 
Tanzania 70.1% [22], Malawi 75% [43], Nigeria 71% [44] 
were some studies which reflect burdens of HR.

In most patients; HR does not cause vision loss, if 
HTN is treated. However, if the BP remains untreated, it 

can lead to vision loss within a short period. The cause 
of vision loss might be either due to retinal pigmentary 
changes or secondary to optic atrophy, neither of which 
is reversible [13–16, 45]. Visual impairment due to HR 
can also be gradual and painless [46] but has a devastat-
ing effect on the working age group in the world affect-
ing the daily lives of millions of people [19]. The severity 
of HR ranges from grade I(arterial narrowing) to grade 
IV(disc edema) [47].

Due to the high prevalence of HR and its associated 
increased morbidity and mortality, the economic cost 
of hypertensive-retinopathy diseases was estimated at 
$76.6  billion per year in 2010 [48]. It also affects one’s 
quality of life, independence, and mobility [49]. In North-
west Ethiopia the magnitude of visual impairment among 
hypertensive patients was reported as 32.4% [49].

Raising prevalence of HTN and clinically observed HR 
with no evidence of prevalence and factors associated 
with HR in the study area, even in Ethiopia were the pri-
mary reasons for conducting this study. The information 
about the magnitude and associated factors could impact 
subsequent disease treatment and management plans [9]. 
Therefore, this study aimed to assess the prevalence of 
HR and its associated factors among adult hypertensive 
patients attending Comprehensive Specialized Hospitals 
in Northwest Ethiopia, 2024. Furthermore, this study will 
give baseline evidence for further HR study in Ethiopia.

Methods and materials
Study design
A multi-centered hospital-based cross-sectional study.

Study area and period
This study was conducted at University of Gondar, Felege 
Hiwot, and Tibebe Ghion Comprehensive Specialized 
Hospitals in Northwest Ethiopia from June 07 to August 
07, 2024.

All comprehensive specialized hospitals had ophthal-
mic departments staffed by ophthalmologists, optom-
etrists, and ophthalmic nurses. All hospitals uniformly 
do a dilated fundus examination with a + 90D Volk lens to 
examine the fundus.

Source and study population
Source population
All adult hypertensive patients who were on hypertensive 
medical care at Northwest Ethiopia Comprehensive Spe-
cialized Hospitals.

duration of hypertension, heart disease, diabetes, dyslipidemia, poor adherence of hypertension medications and 
uncontrolled hypertension. Early diagnosis and treatment of hypertension was recommended to prevent target organ 
complications.

Keywords  Prevalence, Hypertensive retinopathy, Adult, Hypertensive patients, Northwest Ethiopia
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Study population
All hypertensive patients aged ≥ 18 years old who were on 
hypertensive medication with HTN duration ≥ 3months 
or faced with hypertensive crisis at University of Gondar, 
Tibebe Gion, and Felege Hiwot Comprehensive Special-
ized Hospitals and available during the data collection 
period.

Inclusion and exclusion criteria
Inclusion criteria
Adult hypertensive patients on hypertensive medical 
care, HTN duration ≥ 3months or faced with complica-
tion available during the data collection period were 
included.

Exclusion criteria
Adult hypertensive patients who were unable to answer 
the questionnaire because of speech or mental health 
problem, patients who were admitted to the inpatient 
unit due to a serious illness that prevented slit-lamp 
examination, patients with dense central media opaci-
ties which affects visualization of the funds and patients 
with a shallow anterior chamber angle, HTN dura-
tion < 3months were excluded from the study.

Sample size determination
Sample size determination for objective one
The sample size was calculated by using single population 
proportion formula within the following assumptions:

Where,
n = the required sample size,
Z = Value of z statistic at 95% confidence level = 1.96,
P = expected proportion to HR among hypertensive 

patients were assumed to be 0.5 (50%). This was because, 
as far as exhaustive search, there was no study previ-
ously done on HR prevalence in Ethiopia. However it was 

not taken from other settings since socio-demographic, 
health service delivery; diagnostic material difference and 
clinical variation were considered.

d = margin of error, which was 5% (0.05), therefore, the 
calculated sample size was 385.

Sample size determination for objective two
Family history of hypertension [19], uncontrolled blood 
pressure and treatment modality of HTN [50],were fac-
tors positively associated with HR and were used to 
calculate the sample size of objective two through Epide-
miological Information (EPI INFO) 7 computer software 
(Table 1).

Finally, Sample size determined by using the family his-
tory of hypertension was selected since it was larger than 
the first objective and sample size determined based on 
uncontrolled BP and treatment of HTN. n=442×10&×1.5, 
n=730.

By considering 10% non-response rate and a design 
effect of 1.5, the final planned sample size was 730.

Sampling technique and procedures
A multistage sampling technique was employed during 
sampling process. Among 5 comprehensive specialized 
hospitals in Northwest Ethiopia, 3 hospitals were selected 
by using lottery method. Based on the number of patients 
attending at chronic clinic, proportional allocation of 
the desired sample was made among the three hospitals. 
The logbooks of three hospitals on average showed that, 
about 2264 hypertensive patients were attended in previ-
ous 2 years with similar data collection period (June 07 to 
August 07/2022 and 2023). By taking this statistics; pro-
portional allocation were done among those hospitals.

Finally, systematic random sampling technique with 
an interval of 3 was applied to select the study partici-
pants. The sampling interval were calculated by dividing 
the expected number of hypertensive patients who had 
come to the hypertensive clinic last 2years in the same 
months with the data collection period by the required 
sample size. The kth interval calculation was thus, 
K = N/n = 2264/730 = 3.1. Again simple random sampling 

Table 1  Sample size determination for objective two by considering the family history of hypertension, uncontrolled blood pressure 
and treatment of HTN as the factor of hypertensive retinopathy
Variable Hypertensive retinopathy Power and con-

fidence level
Sam-
ple 
size

Yes No Crude 
odds ratio

Ratio of 
unexposed to 
exposed

Percentage of 
outcome in the 
unexposed group

Family history of hypertension Yes 79 67 1.75 0.74 54.1% 80% power
95% confidence 
level

442
No 33 49

Uncontrolled blood pressure Yes 17 51 0.117 2.96 74%
No 20 7 50

Treatment of hypertension Yes 23 49 0.300 1.9 60.9% 116
No 14 9
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(Lottery method) was applied to draw the 1st sample of 
the first 3 participants and continue with every third par-
ticipant (Fig. 1).

Study variables
Dependent variable  Hypertensive retinopathy.

Independent variables
Socio-demographic variables  age, sex, residence, mari-
tal status, educational status, occupational status, family 
average monthly income, health insurance, family history 
of hypertension.

Behavioral factors  cigarette smoking, physical exercise, 
Checking blood pressure regularly, hypertensive medica-
tion adherence.

Systemic comorbidities factors  Atherosclerosis, diabe-
tes mellitus, chronic heart disease, chronic kidney disease, 
dementia, cognitive impairment, dyslipidemia.

Clinical factors  -Duration of hypertension, severity of 
disease (uncontrolled or untreated), body mass index, 
duration hypertensive medication, serum uric acid con-
centration, high plasma level of endothelin-1,

Ocular related factors  History of cataract surgery, His-
tory of eye examination, awareness of hypertension affects 
the eye/s, physicians’ advice to do eye checkup, and hav-
ing controlling BP to preserve vision.

Operational definitions
Hypertensive Retinopathy (HR): was diagnosed by 
using a + 90D volk lens under mydriasis using tropi-
camide 1% eye drop. It was categorized as HR positive 
when at least one of the following clinical findings was 
observed at least in one eye; detectable arterial narrow-
ing, AVN, retinal hemorrhage and/or exudates and disc 
swelling (papilledema), silver wiring, vascular tortuos-
ity, and negative when there was none of the above signs 
were present. Furthermore; HR was recorded Stage 1: 
Widening of the arteriole light reflex;

Stage 2: Stage 1 + arteriovenous crossing sign.
Stage 3: Copper wiring of arterioles (copper-coloured 

arteriole light reflex).
Stage 4: Silver wiring of arterioles (silver-coloured arte-

riole light reflex) modified Scheie Classification [47, 51].
Body mass index (Kg/m2)-was calculated as weight 

(kg) divided by height in square meters (m2) and was 
graded according to the World health organization classi-
fication. When A BMI of < 18.5 was underweight, a BMI 
of 18.5–24.9  kg/m2 was normal, BMI in between 25.0 
and 29.9 kg/m2 it was recorded as overweight, while BMI 
more than 30 kg/m2 was obese- defined [52].

History of eye examination  Participants received an eye 
examination at least once within a year after being diag-
nosed as hypertensive before the data collection period 
[53].

Fig. 1  A diagram shows the sampling procedure and sampling techniques of study participants attending at Comprehensive Specialized Hospitals in 
Northwest Ethiopia, 2024
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Physical exercise  This can be defined poor; when regu-
lar exercise was less than 150 min (3–5 days) of work per 
week and it was considered to have good regular exercise 
when greater than 150 min(≥ 5days)of work per week [54].

Duration of HTN  Was categorized based on interquar-
tile range as ≤ 3 years, 3–5 years, 5–8 year and > 8 years 
but the last category had less 5 cells in cross tabulation 
and it was merged in third categories.

Smoking cigarette  A person was grouped under smoker 
when at least he/she smokes one stick per day [55].

Medication adherence  An activity a patient used their 
hypertensive medications as indicated by their physicians. 
Adherence to hypertensive medication was assessed with 
a six-item compliance scale and scored 1 point for each 
positive response, so that a higher score indicated a lower 
level of compliance. A score of 3 or more positives was 
taken as poor adherence [56].

Current levels of hypertension  It was grouped under 
uncontrolled when (systolic BP ≥ 140mmHg or diastolic 
BP ≥ 90mmHg) [57].

Dyslipidemia  It was defined when total cholesterol 
(> 200  mg/dl), triglycerides (> 150  mg/dl), low density 
lipoprotein (> 160 mg/dl) [58].

Age  It was categorized as 19–51 years, 52–63 years, 
64–74 years, and age > 74 years based on interquartile 
range.

Visual acuity  Presenting distance visual acuity status of 
the study participants was categorized as normal visual 
acuity (if a presenting visual acuity(PVA) was better than 
6/12), mild visual impairment(if a PVA was < 6/12 to 
≥ 6/18), moderate visual impairment(if a PVA was < 6/18 
to ≥ 6/60), severe visual impairment(if a PVA was < 6/60 
to ≥ 3/60), and blind (if a PVA was less than 3/60) based 
on International Calcification of Disease 11th definition 
of visual impairment [59].

Data collection technique, instruments and personnel
Data were collected through face-to-face interviews 
for socio demographic informations, medical record 
reviews for recording medications and laboratory pro-
file to check whether it was done before ¾ monthes or 
not, and an ocular examination. A total of 9 data col-
lectors were involved during the process. A face-to-face 
interview, review of a medical record, and measurement 
of height and weight of the study participants were done 
by trained geneneral nurses while an ocular examination 

was performed by senior clinical optometrists and 
ophthalmologists.

A face-to-face interview was conducted using a pre-
tested and structured questionnaire, which consists 
of information on socio-demographic characteristics, 
behavioral data, past ocular history and adherance to 
hyperensive medication.

A structured questionnaire was adapted from the pre-
vious similar literatures [19, 60]. General nurses was 
recording medical, socio-demographic factors and behav-
ioral characteristic variables, measure blood pressure and 
relevant tests as requested. optometrists for visual acuity 
testing and recording, anterior and posterior segment 
examination while ophthalmologists involved for diag-
nosis of HR. Clinical data such as current level of hyper-
tention, duration of hypertention, treatment modality, 
and systemic co-morbidities like diabetes, heart disease, 
dyslipidemia, atherosclerosis, and kidney disease were 
recorded from each study participants’ medical record. 
Weight was measured using a balance-beam scale, and 
height was measured using a wall-mounted stadiometer 
with participants in their underwear and without shoes. 
After completing the interview, all the study participants 
underwent a comprehensive ocular examination. A pre-
senting distance visual acuity of the study participants 
was measured in each eye using a snellen acuity chart at 
distance of 6/3 meters in optimal room illumination.

Anterior segment eye examination followed by poster 
segment eye examination in dilated pupil using 1% 
tropicamide eye drop was performed for each eye using 
slit-lamp biomicroscope with a 90-dioptre volk lens to 
diagnois of hyperetensive retinopathy. Vital signs(blood 
pressure) were measured from all study participants.

Data quality assurance
To ensure the qualty of of this study, the data collection 
tools were pretested on 5% of the sample size at Debre 
Tabor comprehensive specialized hospital. English ver-
sion of data collection tools was translated to Amharic 
for the purpose of simplicity and to communicate easily 
with study participants and after the required data were 
collected. Then, training was given for the data collectors 
on how to collect the data by principal investigator and 
supervision was made. Then after it was returned back 
to keep its original meaning. Furthermore, the collected 
data were checked for completeness at the end of the day 
to ensure data quality.

Data processing and analysis
All the necessary information collected from the study 
participants were entered into kobo toolbox and then 
transferred to STATA version 17 for analysis. Multi-
collinearity was checked using the variance inflation 
factor and tolerance and no significant relationship was 
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detected between the predictor variables (VIF = 2.25). 
Proportions and summary statistics such as median and 
standard deviation were calculated for the descriptive 
data.

Bivariable followed by a multivariable binary logis-
tic regression were fitted to determine factors associ-
ated with HR. Variables with a P-value less than 0.2 in 
the bivariable analysis were entered into a multivari-
able logistic regression. The strength of the associa-
tion between dependent and independent variables was 
expressed by an adjusted odds ratio (AOR) with a 95% 
confidence interval (CI). The model fitness was checked 
by estat gof and the p- value was 0.314(> 0.05). Variables 
having p-values of less than 0.05 in multivariable logistic 
regression analysis were declared as associated factors of 
HR.

Results
Socio-demographic and behavioral characteristics of the 
study participants
Six hundred ninety six study participants were involved 
in this study, with a response rate of 95.34%. The median 
age of the study participants was 63years with IQR [50, 
73]. Among the study participants, 374(53.74%), were 
male, 450(64.66%) were urban resident, 395(56.8%) 
had formal educational status, 5(0.72%) were smokers, 
261(37.5%) had poor physical exercise habit, 166(23.85%) 
had no health insurance, 136(19.54%) had family 

history of HTN, 591(84.91%) had check their BP regu-
larly (Table 2).

Clinical and systemic characteristics of the study 
participants
Among the study participants; 688(98.85%) were on anti-
hypertensive medication, 474 (68.1%) had controlled 
their HTN, 299(42.96%) had hypertensive related com-
plications. hypertensive related complications were; 
233(33.48%) had DM, 180(25.86%) had dyslipidemia, 
139(19.97%) had heart disease, 112 (16.09%) had stroke, 
81(11.64%) had kidney disease and 26%(3.34%) had 
hypertensive related complications. There were two 
dementia and cognitive impaired hypertensive patients 
with psychotic medication and they were positive for HR 
(Table 3).

Laboratory results of adult hypertensive patients
Patient’s laboratory result was done and results repre-
sented as follow (Table 4).

Ocular related data among study participants
When participants were assessed; 480(68.97%) had 
no history of eye examination in the last year and only 
254(35.92%) had have awareness about HTN affects 
their eyes. Moreover, 64% of the study participants had 
not got physician’s advice to do eye checkup. Other ocu-
lar comorbidities were assessed with 45(6.47%) mild 
to severe glaucoma, 93(13.36%) dry or wet age related 
macular degeneration, 228(32.76%) immature cataract 
and 91(13.07%) diabetic retinopathy. Furthermore most 
of participants were visually impaired. Among visual 

Table 2  Socio-demographic and behavioral characteristics 
of adult hypertensive patients attending at Comprehensive 
Specialized Hospitals in Northwest Ethiopia, 2024(n = 696)
Variables Frequency Percent
Occupational status
  Farmer 225 32.3
  Retire 104 14.9
  Non-government employee 97 13.9
  House wife 89 12.9
  Government employee 79 11.4
  Merchant 44 6.3
  Others 58 8.3
Marital status
  Unmarried 29 4.20
  Married 534 76.7
  Divorced 32 4.60
  Widowed 101 14.50
Family average monthly income 
(Ethiopian birr)
  500–4148 174 25
  4149–8000 185 26.6
  8001–12,000 192 27.6
  >12,000 145 20.8
Note: Others includes driver, Broker, monk, oustaz, hotelier, mechanic, family 
dependent)

Table 3  Clinical and systemic characteristics of adult 
hypertensive patients attending at Comprehensive Specialized 
Hospitals in Northwest Ethiopia, 2024(n = 696)
Variables Frequency Percent
Adherence to Hypertensive medication
  Good 374 53.74
  Poor 322 46.26
History of atherosclerosis
  No 670 96.26
  Yes 26 3.74
History of kidney disease
  Yes 81 11.64
  No 615 88.36
Body mass index(kg/m2)
  <25 483 69.40
  25-29.9 196 28.16
  ≥ 30 17 2.44
Dyslipidemia
  Yes 180 25.86
  No 516 74.14
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impairments; 15.7% were severely impaired and 10.6% 
were blind (Table 5).

Prevalence of hypertensive retinopathy
In this study, prevalence of HR among hypertensive 
patients was 57.47% (95% CI: 53.75, 61.10) (Fig. 2).

Stages of hypertensive retinopathy
From HR, grade-III was high score for right eye (55.75%) 
and left eye (50%) (Fig. 3). This unusual condition might 
be due to low adherence to hypertensive medication, 
higher aggravating comorbidities, lower control of BP, 
low eye checkup practice and lack of physician advice for 
eye checkup were suggested.

Factors associated with HR
By using a bivariable binary logistic regression analysis, 
older age, monthly income, marital status, duration of 
HTN, adherence of hypertensive medication, medication 
duration, physician advice to eye checkup, ocular exami-
nation history, current levels of HTN, DM, stroke, heart 
disease, chronic kidney disease, hearing HTN affecting 
eyes, having blood pressure control to preserve vision 
and BMI were independently associated with HR. How-
ever, in multivariable binary logistic regression analysis, 
older age, longer duration of HTN, history of heart dis-
ease, history of diabetes mellitus, history of dyslipidemia, 
poor adherence to hypertensive medications and uncon-
trolled HTN remained significantly associated with HR.

The odds of developing HR for those participants 
aged above 74 years were 4.24 times higher than those 
participants age ranges from 19-51years(AOR = 4.24, 
95%CI:1.54,11.64).

Participants who had history of heart disease were 
5.38 times (AOR = 5.38; 95%CI: 1.86, 15.58) more likely 
to develop HR than participants who had not history 
of heart disease. Participants with DM were 3.00 times 
more likely to have HR as compared with those partici-
pants without DM (AOR = 3.00; 95% CI: 1.49, 5.99).

The odds of developing HR for those participants 
with duration of HTN since diagnosis > 5 years were 
12.66 times higher than participants with duration 
of HTN ≤ 3years (AOR = 12.66; 95% CI: 3.88, 41.29). 

Table 4  Laboratory results of adult hypertensive patients 
attending at Comprehensive Specialized Hospital in Northwest 
Ethiopia 2024 (n = 696)
Variables Frequency Percentage
Total cholesterol
≤ 200 mg/dl 527 75.83
> 200 mg/dl 168 24.17
Triglyceride
≤ 150 mg/dl 494 70.98
> 150 mg/dl 202 29.02
Low density lipoprotein
≤ 160 mg/dl 567 81.47
> 160 mg/dl 129 18.53
Serum creatine (in mg/dl)
≤ 1.1 630 90.5
> 1.1 66 9.5
Urea(BUN) in mg/dl
≤ 50 634 91.1
> 50 62 8.9
Uric acid(in mg/dl)
≤ 7.1 643 92.4
> 7.1 53 7.6

Table 5  Ocular related data among adult hypertensive patients 
attending at Comprehensive Specialized Hospitals in Northwest 
Ethiopia, 2024(n = 696)
Variables Frequency Percent
Stage of HR(N = 400)
  Grade I 42 6.03
  Grade II 111 15.95
  Grade III 223 32.04
  Grade IV 24 3.45
Awareness about HTN that affects eye/s
  Yes 254 36.49
  No 442 63.51
Having controlling BP to preserve vision
  Yes 236 33.91
  No 460 66.09
History of cataract surgery
  Yes 110 15.80
  No 586 84.2
Visual acuity status
  6/6 - ≥6/12 106 15.2
  < 6/12 -≥ 6/18 188 27.0
  < 6/18 -≥60 219 31.5
  < 6/60 -≥3/60 109 15.7
  < 3/60 74 10.6

Fig. 2  Prevalence of hypertensive retinopathy among hypertensive pa-
tient attending comprehensive specialized hospitals in Northwest Ethio-
pia, 2024(n = 696)

 



Page 8 of 13Gudayneh et al. International Journal of Retina and Vitreous           (2025) 11:17 

Participants who had poor control of BP were 40 times 
more likely to have HR than participants who had good 
control of BP (AOR = 40.03; 95%CI: 17.19–93.18).

The odds of developing HR for those participants with 
dyslipidemia were 3.44 times (AOR = 3.44, 95%CI: 1.59–
7.45) higher than participants without dyslipidemia.

Participants who had poor adherence of hyperten-
sive medication were 1.84 times more likely to have HR 
as compare to those participants who had good adher-
ence of hypertensive medication (AOR = 1.84, 95% CI: 
1.12,3.03) (Table 6).

Discussion
The prevalence of HR in this study was 57.47% (95% CI: 
53.75, 61.10) which in lines with un observational study 
done in Pakistan 56% [24] and hospital based cross-sec-
tional study done in Nepal 56.5% [29]. This might be due 
to similarities of socio-demographic factors like age of 
participants.

However, the result of this study was lower than cross-
sectional studies conducted in Democratic Republic of 
Congo 83.6% [42], Tanzania 70.1% [22], Malawi 75% [43], 
Nigeria 71% [44], China 77.1% [26], Nepal 83.7% [28].

This discrepancy could be due to differences in the 
socio-demographic, clinical characteristics of the study 
population, the study area and the newly diagnosed 
hypertensive patients. For example, the studies in Demo-
cratic Republic of Congo and Nigeria were conducted in 
hypertensive patients with cardiovascular disease; on the 
other hand, this study was conducted on hypertensive 
patients with or without having comorbidities on hyper-
tensive patient. A study done in Tanzania was on hyper-
tensive patients with chronic kidney disease, and study 
conducted in China on hypertensive patients with albu-
minuria but this study was conducted on patients with/
without comorbidities. Those conditions are risk factors 
for high magnitude of HR; and might be the cause for the 
discrepancy.

In addition, the study conducted in Nepal was specifi-
cally referred to an age ≥ 60 years, which increases the 
magnitude of HR, but in our study the population was 
age ≥ 18 years old. Moreover, a study done in Pakistan 
was on inpatient wards, which increases HR prevalence 
but our study was on outpatient hypertensive patients 
by excluding inpatient hypertensive participants. Finally, 
a study conducted in China was on newly diagnosed 
hypertensive patients, which exaggerates the magnitude 
of HR.

On the contrary, the finding of this study was higher 
than cross-sectional studies done in Iran 39.9% [11], 
Nepal 12.6% [30], Denmark 8.3% [38], Bangladesh 29.9% 
[25], Cameroon 16% [40] and Kenya 23.3% [41].

This discrepancy could be due to differences in study 
population characteristics, such as duration of hyperten-
sion, blood pressure control status, and differences in 
study settings. For example, a study done in Nepal was a 
population-based study, while this study was conducted 
at chronic follow up clinical.

Studies in Kenya, Cameroon, India, Iran and Bangla-
desh were conducted in one hospital setting, but this 
was done at multicenter leading to high extent of HR 
prevalence.

In addition, the studies conducted in the US, Denmark 
and Texas were carried out on hypertensive patients 
without diabetes and coronary heart disease, but this 
study included these patients which are important risk 
factors for the development HR [61, 62],whereas this 
study tried to include all hypertensive patients with or 
without concomitant systemic diseases like DM or coro-
nary heart disease. This could be the reason for the high 
prevalence of HR in this study.

Moreover, participants from US, Denmark, Texas, Iran 
and others are from developed countries which had bet-
ter setup for earlier diagnosis and giving awareness about 
HTN, but in this study earlier diagnosis opportunity is 
low and hospitality setup is retarded relative to others 
which impacts high magnitude of HR.

Fig. 3  Shows grades of HR among adult hypertensive patients at Comprehensive Specialized Hospitals in Northwest Ethiopia (n = 400)
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Table 6  Factors associated with hypertensive retinopathy among adult hypertensive patients attending at Comprehensive 
Specialized Hospitals in Northwest Ethiopia, 2024(n = 696)
Variables Hypertensive retinopathy

Yes No Crude Odds Ratio(95%CI) Adjusted Odds Ratio(95%CI) P-value
Age(in years)
19–51 62 123 1.00 1.00
52–63 77 105 1.45(0.95–2.22) 0.84(0.42–1.67) 0.62
64–74 104 53 3.89(2.48–6.11) 1.31(0.61–2.83) 0.49
> 74 157 15 20.76(11.27–38.27) 4.24(1.54–11.64) 0.005
Marital status
Unmarried 11 18 1.00 1.00
Married 284 250 1.86(0.86–4.01 2.79(0.76–10.31) 0.12
Divorced 19 13 2.39(0.85–6.70) 4.57(0.81–25.75) 0.09
Widowed 86 15 9.38(3.70-23.76) 3.51(0.71–17.31) 0.12
Family average monthly income(Ethiopian birr)
> 12,000 74 71 1.00 1.00
500–4148 122 52 2.25(1.42–3.57) 1.76(0.74–4.17) 0.21
4149–8000 103 82 1.21(0.78–1.84) 0.89(0.42–1.91) 0.78
8000–12,000 101 91 1.06(0.69–1.64) 0.86(0.42–1.78) 0.69
History of eye examination after diagnosis of HTN
Yes 164 52 1.00 1.00
No 236 244 3.26(2.28–4.67) 1.23(0.50–3.06) 0.65
Duration of HTN (in years)
≤ 3years 59 175 1.00 1.00
3-5years 74 95 2.31(1.51–3.53) 3.44(1.73–6.83) 0.001
> 5 years 274 26 30.46(18.49–50.17) 12.66(3.8841.29) 0.001
History of heart disease
No 268 289 1.00 1.00
Yes 132 7 20.33(9.35–44.28) 5.38(1.86–15.58) 0.002
History of stroke
No 295 289 1.00 1.00
Yes 105 7 14.69(6.72–32.12) 2.64(0.91–7.68) 0.074
History of dyslipidemia
No 238 278 1.00 1.00
Yes 162 18 10.51(4.33–24.65) 3.44(1.59–7.45) 0.002
History of DM
No 189 274 1.00 1.00
Yes 211 22 13.90(8.63–22.39) 3.00(1.49–5.99) 0.002
Duration of using of hypertensive medication (in year)
≤ 5 years 143 270 1.00 1.00
> 5 years 257 26 18.66(11.88–29.31) 1.26(0.44–3.59) 0.66
Current levels of HTN
Controlled 189 285 1.00 1.00
Uncontrolled 211 11 28.92(15.35–54.50) 40.03(17.19–63.18) 0.001
Adherence to Hypertensive medication
Good 142 180 1.00 1.00
Poor 258 116 2.81(2.07–3.85) 1.84(1.12–3.03) 0.016
Physicians’ advice for eye checkup
Yes 221 225 1.00 1.00
No 179 71 2.57(1.84–3.58) 1.29(0.60–2.81) 0.51
Awareness about HTN that affects eyes
Yes 226 216 1.00 1.00
No 174 80 2.08(1.50–2.87) 1.85(0.62–5.48) 0.27
Having control BP to preserve vision
Yes 235 216 1.00 1.00
No 165 80 2.23(1.60–3.16) 1.1.25(0.45–3.48) 0.66
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In this study, participants aged over 74 years had a 
4.24-fold higher risk of developing HR than participants 
aged 19–51 years. This finding was consistent with stud-
ies done in Turkey [63], Iran [11], China [19], Bangladesh 
[25] and India [34]. This is due to the stiffening of arteries 
caused by the gradual replacement of elastin by collagen 
and other age-related changes [64]. When the large arter-
ies are affected by stiffening, the aortic reservoir cannot 
expand and store as much blood [65].

This study showed that participants with duration of 
HTN of 3–5 years and over 5 years had a 3.44- and 12.66-
fold higher risk of HR, respectively, than participants 
with duration of HTN ≤ 3 years. This finding is supported 
by the studies done in Bangladesh [25], India [66, 67], 
and Nepal [68]. This is because persistent high BP leads 
to exudative vascular changes, which is a consequence of 
endothelial damage and necrosis [69].

In the present study; participants with uncontrolled 
HTN were forty times (40.03) more likely to develop HR 
than participants who had their BP under control. This 
study was consistent with the studies done in Turkey 
[70], Island [47], Sidney [69] and China [19].

This is because increased BP is transmitted directly to 
the vessels, which initially constrict the retinal vessels. 
However, further increase in BP overcomes this com-
pensatory tone, leading to damage to the muscle layer 
and the endothelium [71]. For this reason, severe or pro-
longed HTN disrupts the blood‒retinal barrier, leading 
to necrosis of retinal endothelial cells, exudation of blood 
and lipids, and ischemia of the retinal nerve fiber layer 
[72].

In addition, arterioles of the retina will show an 
increased light reflex when BP is uncontrolled. Over 
time, the interface between the arteriole and the vein 
changes, with the arteriole pressing on the vein and caus-
ing compression at the interface. If the stress on the vas-
cular system is not stopped, loss of auto-regulation can 
occur, leading to unexpected loss of arteriole and endo-
thelial cells. There is leakage of plasma and blood from 
the vessels, including exudates [70]. Finally, after an 
increase in BP, the microcirculation of the retina is dam-
aged to varying degrees.

In current study, participants with HTN with dyslipid-
emia had a 3.44 times higher risk of developing HR than 
participants without a history of dyslipidemia. The result 
was supported by the studies done in Nepal [29, 73], 
Moldova [74] and India [75].

The possible reason for this is that high BP causes the 
blood to be forced through the vessels at a higher pres-
sure, while dyslipidemia increases the viscosity of the 
blood. Cholesterol emboli may be released from plaques 
in the internal carotid artery and travel into the arterioles 
of the retina [70].

The other reason is that a high concentration of choles-
terol in the blood in the form of low-density lipoproteins 
is the primary causal factor for atherosclerosis, which 
affects the larger caliber arteries and the central retinal 
artery before it branches, while arteriolosclerosis devel-
ops in the retinal arterioles [75].

This study found that participants with a history of 
heart disease were 5.38 times more likely to develop HR 
than participants without a history of heart disease. This 
study result was agreed with studies done in Australia 
[76], Turkey [77], Japan [39, 78], German [79],and Neth-
erland [80].This could be due to the fact that elevated BP 
increases luminal pressure and activates the auto-regu-
latory mechanism responsible for the narrowing of the 
arteries and the occurrence of vasospasm. This is directly 
related to cardiovascular disease and increased arterio-
lar wall reflex within the joint adventitial sheath due to 
increased BP [78].

On the contrary, other previous studies have shown 
that the relationship between heart rate and the inci-
dence of heart disease is independent of HTN. Although 
the underlying mechanism is not yet fully understood, 
unusual HTN that are not revealed by typical measure-
ments, such as paroxysmal and nocturnal HTN and 
microarterial HTN, play an important role [39]. HR is 
independently associated with a higher risk of cardiovas-
cular disease regardless of BP and other cardiovascular 
risk factors [81].

Study participants who had DM were three times more 
likely develop HR than those participants who were not 
DM. This finding was consistent with the studies done in 
Nepal [68] and US [82]. This might be due to the endo-
thelium of the retinal capillaries is injured in HR, and dia-
betes promotes endothelial disturbance [83].

Moreover, participants who had poor medication 
adherence were 1.84 times more likely to develop HR 
than those participants who had good medication adher-
ence. Patients poor adherence in patients of HTN who 
perceived adverse effects [84]. This is due to significant 
relationship between poor adherence and uncontrolled 
HTN [85]. So, this uncontrolled HTN leads to formation 
of HR.

Limitation of the study
The limitations of the study include: Being a cross-sec-
tional study, this study may show the temporal relation-
ship between predictors and hypertensive retinopathy 
rather than the actual cause–effect relationship. Also, 
this study was conducted in three specialized hospitals 
in Northwest Ethiopia, which may affect the generaliz-
ability of the study results to the entirety of hypertensive 
patients in Ethiopia. In addition, electrolyte testing was 
not performed on the participants of this study for data 
consistency, as this was not done in all hospitals.
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Conclusion
The prevalence of hypertensive retinopathy is high 
among systemic hypertensive patients seen in North-
west Ethiopia comprehensive specialized hospitals and 
independently associated with older age, longer duration 
of hypertension, heart disease, diabetes, dyslipidemia, 
poor adherence of hypertension medications and uncon-
trolled hypertension. Early diagnosis and treatment of 
hypertension was recommended to prevent target organ 
complications.

Recommendations
For ministry of health  It is better to educate the popula-
tion about the effects of hypertensive retinopathy and to 
take measures for prevention and treatment.

For University of Gondar, Felege and Tibebe Ghion 
Comprehensive Specialized hospitals  It would be bet-
ter to make hypertensive retinopathy an integral part of 
the eye examination and create awareness of the ocular 
complications of hypertension and the effects of medica-
tion use to prevent these complications in patients.

For physicians  It is better if hypertensive patients are 
treated holistically by a doctor and an ophthalmologist 
together to prevent visual impairment due to hyperten-
sive retinopathy.

For participants  It is better to control high blood pres-
sure and perform regular follow-up examinations to avoid 
hypertensive retinopathy.

For researchers  Finally, the researchers had to conduct 
further longitudinal studies to measure the causal rela-
tionship of hypertensive retinopathy.
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