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Abstract

Background
Diabetic macular oedema (DME) is the most common causes of vision loss in diabetics. Despite the fact
that the global prevalence of DME is growing, no studies on the burden and risk factors of diabetic
macular edema have been conducted in Ethiopia. The goal of this research was to look into the
magnitude of diabetic macular edema and its associated factors among diabetic patients at Debre
Markos Referral Hospital, North-West Ethiopia, 2021.

Methods
A cross-sectional study with 426 participants was done. They were obtained using a systematic sampling
method. The explanatory data was collected from a review the medical records. The subjects' blood
pressure, weight, height, and visual acuity were already assessed. Optical coherence tomography has
been used to evaluate the funds. For analysis, data was entered into epi-data 3.1 versions and exported to
the Statistical Package for Social Science (SPSS version 25) program. For factor analyses, binary logistic
regression with a 95% con�dence level was used.

Result
Diabetic macular edema was diagnosed in 26.3% of the 426 individuals. There's none- clinically
signi�cant macula oedema in 84 (75%) of them. Visual acuity had been a problem for half of diabetic
patients (43.4%). Macular edema was strongly associated with poor glycemic management (AOR (95%
CI: 2.97 (1.86,9.76)), hypertension (AOR (95% CI: 2.55 (1.64,6.12)), and longer diabetic duration (AOR (
95% CI: 3.15 (1.78,7.52)).

Conclusion and recommendation
: Macular oedema is ubiquitous in diabetic patients (26.3%). Diabetic macular edema was found to be
positively associated with poor glycemic control, being hypertensive, and having a long history of diabetic
illness. Routine assessment of funds, early treatment, health promotion, and early control of risk factors
may all be critical in lowering the prevalence and impact of diabetic macular edema.

Background
Diabetic eye disease is a leading cause of adult blindness worldwide (1, 2). Early detection and treatment
can avoid the majority of diabetic eye problems. Diabetic macular edema is the most common cause of
vision loss in diabetics (3). Diabetes-related macular edema is becoming more common as the global
prevalence of diabetes rises. However, prevention measures are not taken to prevent visual loss,
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particularly in developing countries(2).Chronic hyperglycemia, hyperlipidemia, and hypertension all have
an impact on the pathophysiology of diabetic macular edema. A hallmark of DR is a change in the
structure and cellular composition of the microvasculature. Endothelial cells maintain the blood-retinal
barrier, and their disruption induces increased vascular permeability. After three years, untreated CSME
has a 25% chance of causing visual loss.(4, 5)

The most important ancillary test in DME diagnosis, monitoring treatment, and recording progression is
optical coherence tomography. The Stratus (Carl Zeiss Meditec) optical coherence tomography was
widely used in clinical practice and was the principal tool in numerous studies conducted by the Diabetic
Retinopathy Clinical Research Network (DRCR.net).(6, 7) Optical coherence tomography has been used to
quantify retinal thickness and other aspects of macular edema objectively. In multicenter investigations
of diabetic retinopathy, DRCR. net has utilized conventional optical coherence tomography DME
assessments. Because optical coherence tomography is quantitative, but photography or using a bio
microscope is qualitative.(8, 9)

Patients who really are screened and treated early have a better clinical outcome. DME has traditionally
been treated with focal laser therapy, but intravitreal anti-vascular endothelial growth factor (anti-VEGF)
agents have recently been introduced, dramatically improving treatment outcomes.(10) In Ethiopia, the
disease burden and risk factors have not yet been studied. As a result, the purpose of this study was to
investigate the prevalence of diabetic macular edema and its associated factors among diabetic patients
that were being followed up on at Debre Markos Referral Hospital in North-West Ethiopia.

Methods

Study design, area and period
A cross-sectional study design based on an institution was adopted. A total of 426 diabetic individuals
were recruited from Debre Markos Referral Hospital's diabetic clinic. Debre Markos Referral Hospital
located in Debre Markos, Ethiopia's capital city, which is 300 kilometers away. It is a referral center for
diabetic patients in North West Ethiopia and provides services seven days a week. The information was
gathered during April to May 2021.

Population and eligibility criteria
All diabetes patients were included as a source population for the current study, according to WHO
guidelines(11). The study excluded patients who've been critically ill, pregnant, had an optical condition
other than DME (vitreomacular traction, epiretinal membrane, etc. ), medial opacities (dense cataract,
uveitis, etc.) had an incomplete fundus examination.

Sample size determination and sampling procedures
The sample size was calculated using a single population proportion formula. The following
assumptions were used: a 95% con�dence interval, a 5% margin of error, and a 50% proportion (P). (12)
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With a 10% estimated non-response rate, the �nal sample size was 426.

Z
a
2

2
p(1−p)

d2 = 
(1.96) 20.5(1−0.5)

0.052 = 384

Final sample size =384 + 10% non-response rate = 426

As a sampling frame, a patient's registry book was used. The �rst respondent was selected via lottery
from the �rst �ve (2146/426 = 5) and successive respondents were picked every �fth to achieve a total
sample of 426. By chance, the 2nd visit was selected, and the process was repeated with a 5 interval
based on visiting card order until the desired sample size was obtained.

Operational De�nition
Macular edema is the accumulation of �uid in the macula, de�ned as cystic spaces in at least two
consecutive raster scans according to the NHANES Digital Grading Protocol, as well as retinal thickening.

According to the Early Treatment of Diabetic Retinopathy Study grading criteria, the presence of retinal
thickening at or within 500 m of the center of the macula or hard exudates at or within 500 m of the
center of the macula was de�ned as clinically signi�cant macular edema in this study.

Diabetic retinopathy is de�ned as the presence of microaneurysms, hemorrhages, exudate, cotton wool
spots, intra-retinal microvascular abnormalities, vein beading, and/or new blood vessels in at least one
fundus.

Data collection procedure and the study variables
measurement
Data on socio-demographic characteristics (age, gender, level of education, marital status, occupation,
place of residency, religion, and family history of diabetes), behavioral characteristics (history of smoking,
history of alcohol consumption), clinical characteristics (duration of DM illness, chronic cardiac illness,
and chronic kidney disease), and diabetic care (treatment modality, follow-up frequency, and routine eye
examination) were collected using semi-structured questionnaires. Blood pressure was measured using
an android digital sphygmomanometer while the respondent was seated. If the systolic blood pressure is
140 mm Hg or higher and/or the diastolic blood pressure is 90 mm Hg or higher for two consecutive
measurements kept separate by four hours, or known hypertensive, the respondent is considered
hypertensive. The glycemic index was graded as poor or good. Poor glycemic control was operationally
de�ned as having a mean fasting blood glucose (FBG) level that was greater than 130 mg/dl for at least
6 months.(13) Height was measured with a movable headboard (stadiometer) and recorded to the
nearest 0.1 centimeter. Weight was measured using a digital weight scale and recorded to the nearest 0.1

( )
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kg.(14) A Snellen chart was used to test visual acuity at 6 meters in a well-light area. Because the
participant's vision was too poor to read any letters on the chart at 6 meters, counting �nger, hand
movement, and light perception were performed in accordance with standard procedures.(15)

Funds examination and diagnostic criteria
Three highly experienced ophthalmologists examined the funds. After pupil dilation with 1 percent
tropicamide, fundus photography was performed with a digital non-mydriatic retinal camera (Canon CR-
DGi with a 20 Diopter SLR backing, Canon, Japan). According to ETDRS standard �elds, the photographs
were well centered on the optic disc and fovea of the retina. For detecting diabetic macular edema, this
photographic method has been shown to have high sensitivity and speci�city.(16) Auto�uorescence and
red-free pictures of the funds were also captured. Macula-centered high density raster scans were taken
through the fovea using a Heidelberg spectral domain of optical coherence tomography. Spectral Domain
Optical Coherence Tomography (SD-OCT) pictures were captured using the Spectralis HRA + OCT with
viewing module V.5.1.2.0 (Heidelberg Engineering, Heidelberg, Germany). The SDOCT methodology
includes a dense horizontal linear scan centered on the fovea, as well as registration and evaluation of
the retina using the HEYEX software interface (V.1.6.2.0; Heidelberg Engineering). DME was de�ned as
cystic areas in at least two consecutive raster images; CSME was determined using ETDRS criteria and
fundus pictures.(17) The reproducibility of the Heidelberg SD-OCT measurements is higher than that of
the majority of other OCT machines. (18) The OCT method was performed in accordance with the
APOSTEL recommendations, and additional details were employed to assess macular edema.(19) A
Tono-meter was used to measure intraocular pressure. An experienced ophthalmologist also reviewed the
images and performed a slit lamp examination. Patients with abnormalities that necessitated immediate
treatment were referred for treatment in accordance with NHMRC guidelines. If a dense cataract prevents
a thorough retinal examination, a B-scan ultrasound was used. Throughout the retinal fundus
examination, a third ophthalmologist was consulted in case of disagreement.

Data quality management
The questionnaire was adapted (1, 2, 20) and translated into Amharic (local language) from the English
version before being returned to English. Five days of training were given to the data collectors. A pre-test
on 10 diabetes patients was performed at Fenoteslam General Hospital to evaluate the instrument's
validity, estimate the time required for data collection, and modify the questionnaire accordingly. The data
was double-checked every day for accuracy and completeness.

Data analysis
The data were entered into epi Data 3.1 and exported to the Statistical Package for Social Science (SPSS)
version 25. Before analyzing the data, it was checked, cleaned, coded, merged, and categorized. For
sociodemographic, behavioral, clinical, and diabetic care variables, cross tabulation and frequency
distributions were computed. Continuous variable data were expressed in terms of mean standard
deviation, whereas categorical variable data were expressed in proportion. The odds ratio with a 95%
con�dence interval was used to examine the relationship between independent and dependent variables.



Page 7/20

Independent variables were dichotomized and cross tabulated with macular edema outcomes (yes/no).
To identify independent variables associated with macular edema, a simple binary logistic regression
followed by a multiple binary logistic regression analysis was done. Variables having a p-value of less
than 0.25 in simple binary logistic regression were entered into multiple logistic regression, and a p-value
of less than 0.05 was considered a signi�cant association variable with macular edema in multiple
logistic regression.(21) Finally, text, tables, charts, and graphs were used to report the results.

Result

Socio demographic characteristics of the respondents
This study enlisted the participation of 426 diabetic patients, with a 100% response rate. Their average
age was 43.20 (± 16.40) years. Two-thirds (63.84%) of the respondents were men. Half of the study
subjects (71.95%t) were over the age of 40. Two-thirds of respondents (61.74% and 62.14%, respectively)
were married and lived in cities. Half of those polled (42.98%) had a college degree or higher, and one-
third (33.57%) worked for the government or a non-governmental organization. One-third of the
respondents (31.22%) having a family history of diabetes mellitus. 5.40% of them developed macula
edema. (Table 1).
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Table 1
Socio-demographic characteristics of diabetic patients on follow up at Debre

Markos Referral Hospital, North West Ethiopia, 2021
Variables (N = 426) Diabetic macular edema

Yes No

Number (%) Number (%)

Total

number (%)

Sex    

Female 49 (11.5) 105 (24.65) 154 (36.15)

Male 63 (14.89) 209 (49.06) 272 (63.84)

Age      

≤40 years 15 (3.52) 113 (26.53) 128 (30.05)

41–65 years 84 (19.72) 180 (42.25) 264 (61.97)

> 65 years 13 (3.05) 21 (4.93) 34 (7.98)

Religions      

Orthodox 95 (22.30) 285 (66.90) 380 (89.20)

Muslim 14 (3.29) 23 (5.40) 37 (8.68)

Others 3 (0.70) 6 (1.41) 9 (2.11)

Place of Residency      

Rural 38 (8.92) 102 (23.94) 140 (32.86)

Urban 74 (17.37) 212 (49.77) 286 (67.14)

Marital status      

Single 5 (1.17) 70 (16.43) 75 (17.61)

Married 70 (16.43) 193 (53.31) 263 (61.74)

Divorced 19 (4.46) 12 (2.85) 31 (7.28)

Widowed 18 (4.23) 39 (9.15) 57 (13.38)

Educational status      

No formal education 14 (3.29) 75 (17.61) 89 (20.89)

Primary-level education 13 (3.05) 80 (18.78) 93 (21.83)

Secondary -level education 18 (4.23) 43 (10.10) 61 (14.32)

College education and above 67 (15.73) 116 (27.23) 183 (42.96)
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Variables (N = 426) Diabetic macular edema

Yes No

Number (%) Number (%)

Total

number (%)

Occupation      

Merchant 49 (11.50) 109 (25.59) 158 (37.09)

Employee 30 (7.04) 113 (26.53) 143 (33.57)

Farmer 27 (6.34) 47 (11.03) 74 (17.37)

Student 6 (1.49) 45 (10.56) 51 (11.97)

Family history of DM

No 89 (20.89) 204 (47.89) 293 (69.01)

Yes 23 (5.40) 110 (25.82) 133 (31.22)

Behavioral, clinical and diabetic care characteristics of the
respondents
One-�fth of those surveyed (20.89%) drink alcohol. One-third of the respondents (36.85%) had been
diabetic for more than ten years. The respondents' mean body mass index were 26.02 (± 3.4) kg/m2. Half
of the respondents (50.23%) had a normal BMI, whereas three-quarters (31.92%) were overweight or
obese. One-fourth of the respondents (27.23%) had a history of hypertension. The mean fast blood
glucose level was 137 (± 18.51) mg/dl, and half of the diabetic patients (53.76%) had good glycemic
control. Oral anti-glycemic medications are used by 60.56% of respondents, while insulin is being used by
36.38%. About 267 (62.68%) of respondents attended a health facility once per month for diabetic follow-
up (Table 2 and Fig. 1).
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Table 2
Behavioral, clinical and diabetic care related characteristics of the respondents at Debre

Markos Referral Hospital, North West Ethiopia, 2021
Variables (N = 426) Diabetic macular edema Total

Number (%)Yes No

Number (%) Number (%)

Alcohol consumption      

Never drink after Dx 86 (20.19) 251 (58.92) 337 (79.11)

Drinker 26 (6.1) 63 (14.89) 89 (20.89)

Duration of DM illness      

≤10 years 39 (9.15) 230 (53.99) 269 (63.15)

>10 years 73 (17.14) 84 (19.2) 157 (36.85)

Glycemic control level      

Good control 35 (8.22) 194 (45.54) 229 (53.76)

Poor control 77 (18.08) 120 (28.17) 197 (46.24)

Hypertension      

No 59 (13.85) 251 (58.92) 310 (72.77)

Yes 53 (12.44) 63 (14.79) 116 (27.23)

Chronic cardiac illness      

No 101 (23.71) 281 (65.96) 382 (89.67)

Yes 11 (2.58) 33 (7.75) 44 (10.33)

Chronic kidney disease      

No 103 (24.18) 298 (69.95) 401 (94.13)

Yes 9 (2.11) 16 (3.76) 25 (5.87)

Type of diabetes      

2 60 (14.08) 198 (48.48) 258 (60.56)

1 48 (11.27) 107 (25.12) 155 (36.38)

Both 4 (0.94) 9 (2.11) 13 (3.05)

Follow up frequency      

Every month 65 (15.26) 202 (47.42) 267 (62.68)
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Variables (N = 426) Diabetic macular edema Total

Number (%)Yes No

Number (%) Number (%)

Every two months 47 (11.03) 112 (26.29) 159 (37.32)

Routine retinal screening      

No 93 (21.83) 263 (61.74) 356 (83.57)

Yes 19 (4.46) 51 (11.97) 70 (16.43)

Diabetic eye education      

No 84 (19.71) 277 (65.02) 361 (84.74)

Yes 28 (6.57) 37 (8.68) 65 (15.26)

Prevalence of diabetic macular edema
Diabetic macular edema is presence of retinal thinking or blot hemorrhages within one-disc diameter of
the fovea center. Clinically signi�cant macular edema is the severest form of edema which edema
develop within 500 µm of the center fovea or focal photocoagulation scars present in the macular area.
Among four hundred and twenty six participants, 26.3% (95% CI 19.7–34.6) had diabetic macular edema.
Three-fourth (75%) of them had non clinically signi�cant macula edema while one-fourth (25%) of them
had clinically signi�cant macula edema. There is no fundus picture is non-gradable and 43.4% of the
respondents had visual acuity problem. About 90% of respondents those had macular edema had visual
acuity problem (Fig. 2)

Associated factors for diabetic macular edema among DM
patients
Variables with p-values less than 0.25 in bivariate logistic regression were included in multivariate logistic
regression. Diabetic maculae edema were statistically associated with poor glycemic control,
hypertension, and a long duration of diabetic illness. Those with poor glycemic control were almost three
times more likely to develop diabetic macular edema (AOR (95% CI: 2.97 (1.86,9.76) than those with good
glycemic control. Hypertensive patients had a two-and-a-half likelihood of developing diabetic macular
edema compared to non-hypertensive patients (AOR (95% CI: 2.55(1.64,6.12)). Patients with more than
ten years of diabetic illness were three times more likely to develop diabetic macular edema (AOR (95%
CI: 3.15 (1.78,7.52)) than the counterpart (Table 3).
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Table 3
Multivariable analysis of socio-demographic, clinical and diabetic care and treatment modality related

characteristics of diabetic patients at Debre Markos Referral Hospital, North-West Ethiopia, 2021
Variables (n = 302) Macular edema COR with 95% CI AOR with

95%CI
P-
value

Yes No

Age          

≤40 years 15 113 1 1  

41–65 years 84 180 3.51 (1.32,6.24) 1.11(.32,2.65) .810

>65 years 13 21 4.66
(2.11,17,21)

1.02 (.04,3.01) .74

Glycemic control
level

         

Good 35 194 1 1  

Poor 77 120 3.56
(2.41,16.67)

2.97(1.86,9.76) .001**

Hypertension          

No 59 251 1 1  

Yes 53 63 3.58 (2.71,9.12) 2.55 (1.64,6.12) .001**

Body mass index          

BMI 18.5-25kg/m2 56 158 1 1  

BMI > 25kg/m2 52 84 1.75 (1.52,9.32) 1.14 (0.82,3.43) .601

BMI < 18.5kg/m2 4 72 0.16 (0.14,2.34) .000 .999

Type of diabetes          

Type 2 60 198 1 1  

Type 1 48 107 1.48 (1.06,
7.22)

1.10 (.771,4.13) .671

Both 4 9 1.47
(1.11,18.88)

1.27 (.10,22.56) .802

Duration of DM          

≤10 years 39 230 1 1  

> 10 years 73 84 5.13 (3.45,15.2) 3.15 (1.78,7.52 .001**

(**) Statistically signi�cant at p- value < 0.05
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Discussion
Diabetic macular edema is one of the leading causes of avoidable blindness in diabetic adults. In the
current study, the prevalence of diabetic macular edema was 26.3% (95% CI: 19.7–34.6). This is
consistent with other studies conducted in Kenya 33.3% (22) and Saudi Arabian 20.3% (23). However, it is
greater than the global mata-analyses 7.48% (24), Australia 7.6% (25) ,Tunisia 8.7% (26), Norway 3.9%
(27), India 5.78% (28), and South Africa 3.2% (29). This variation in studies could be due to differences in
diabetic management, methodology, risk comorbidities, diagnostic method, quality of glycemic control,
and diabetic patients' health seeking behavior The prevalence of clinically signi�cant macular edema in
our study was 6.56%. This corresponds to the �ndings of a study conducted in China 4% (30). However, it
is higher than studies in southern India (1.4%) (31) and South Korea 1.6% (32) but lower than a study in
Brazil (9.4%)(2). This study's variation could be attributed to the quality of care provided to diabetic
patients as well as the diagnostic method used. 43.4% of those polled had a problem with their visual
acuity. Approximately 90% of those with macular edema had a problem with visual acuity.

In multivariate logistic regression, poor glycemic control, hypertension, and a long duration of diabetic
illness were associated with diabetic macular edema. The odds ratio for developing diabetic macular
edema was three times higher among those with poor glycemic control (AOR (95% CI: 2.97 (1.86,9.76))
than in those with good glycemic control. This result is consistent with the �ndings of a study in
Japan(33), Southern Iran (34), Tanzania (35) and Jimma University Hospital (36). As a result of ischemia,
hyperglycemia produces aberrant retinal blood vessel proliferation. In an attempt to supply oxygenated
blood to the hypoxic retina, these blood vessels grow. Patients with diabetes can develop DME, which is
characterized by retinal thickening in the macular area, at any moment during the course of DR. DME
occurs when the blood-retinal barrier breaks down due to microaneurysms and dilated hyperpermeable
capillaries.(37–39). DME can be reduced by 46% with strict glycemic control (47). Glycemic control
should be established early in the disease's progression and maintained for as long as possible (48).

The odds ratio for developing diabetic macular edema in hypertensive patients was two and a half times
higher (AOR (95% CI: 2.55 (1.86,9.76)) than in non-hypertensive patients. This is consistent with research
in Japan (40), Tunisia (26), Kenya (22), and Jimma University Hospital (36). Hypertension induces
choriocapillaris occlusion, which causes pigment epithelial necrosis and a rupture of the outer hemato-
retinal barrier, resulting in retinal edema. This is why, in diabetic patients, tight blood pressure control at
target pressure (150/85 mmHg) reduced the risk of microvascular illness by 37%, the rate of DR
progression by 34%, and the risk of visual acuity deterioration by 47%(41).

Long-term diabetes was also linked to diabetic macular edema in our study. Patients who had been
diabetic for more than ten years were three times more likely to develop diabetic macular edema (AOR
(95% CI: 3.15 (1.78,8.52)) than their counterparts. This conclusion is supported by research conducted in
Brazil (20), England (42), Chain (43), Kenya (44), Tanzania (35), Zimbabwe (45),and Khartoum (46).

Strength and Limitations of the study
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Even though this study had several strengths, including fundus examinations performed by skilled
ophthalmologists and the use of optical coherence tomography were two of them. It's also the �rst study
to look into the scope of macular edema in Ethiopia and the factors that contribute to it. Another aspect
of this study was the huge sample size and number of independent factors. Using a cross-sectional study
design, average fasting blood sugar was another drawback in this study area due to a lack of HbAlc
facilities.

Conclusion And Recommendation
Macular edema affected 26.3% of the respondents (95% CI:19.7–34.6).The majority of participants (75%)
had non-clinically signi�cant macula edema, while 25% had clinically signi�cant macula edema. Poor
glycemic control, being hypertensive, and having been ill for more than ten years were strongly associated
factors with macular edema. This �nding highlights the importance of the government and other
stakeholders adopting strategies and policies to reduce macular edema. We also recommend that health
professionals provide long-term health education and management on the potential risk factors for
macular edema (hypertension and poor glycemic control), as evidenced by the current study.
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Figures

Figure 1

Percentages of body mass–index values among DM patients on follow-up.
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Figure 2

Prevalence of diabetic retinopathy among diabetic patients on follow-up.


