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Purpose: To determine the prevalence of diabetic retinopathy (DR) and the factors associated with retinopathy among type 
2 diabetes mellitus (DM) patients in Brunei Darussalam.

Methods: Cross-sectional study of all type 2 DM patients who attended diabetic eye screening over a 3-month period at one 
of four government hospitals. We assessed association between DR with the following variables: age, sex, glycated hemoglo-
bin (HbA1c), duration of DM, hypertension, hyperlipidemia, and microalbuminuria. 

Results: There were 341 patients (female, 58.9%; mean age, 55.3 ± 11.9 years) with a mean duration of DM of 9.4 ± 7.4 years 
and mean serum HbA1c of 8.4% ± 1.9%. The overall prevalence of any DR was 22.6% (95% confidence interval, 18.8–27.1) 
with prevalence rates of 4.1% (95% confidence interval, 2.1–6.4) for proliferative DR and 9.7% (95% confidence interval, 
6.8–13.2) for vision-threatening DR. Multivariate analysis showed that DR was significantly associated with certain age groups 
(reduced in older age groups), longer duration of DM (11 years or more), poor control (HbA1c >9.0%) and presence of any mi-
croalbuminuria. 

Conclusions: DR affects one in five patients with DM in Brunei Darussalam, comparable to rates reported for other Asian 
populations. It is especially worrying that one in ten patients with DM had vision-threatening DR. DR was significantly as-
sociated with longer duration of DM, poor control and presence of microalbuminuria but reduced in older age groups. It is 
important to advocate good control right from the time of diagnosis of DM and institute timely and effective management of 
retinopathy. DR was significantly associated with longer duration of DM, poor control of diabetes, and presence of microalbu-
minuria but reduced in older age groups.
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Diabetic retinopathy (DR) is a leading cause of blindness 
among adults worldwide [1]. It progresses in stages from 
mild to moderate, severe non-proliferative DR (NPDR) 
and proliferative DR (PDR) [2]. Vitreous hemorrhage in 
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PDR is a cause of severe or sudden loss of vision. Macular 
oedema can occur in any stages of retinopathy and cause 
moderate loss of vision. Vision-threatening DR (VTDR) is 
defined as severe NPDR, PDR, or the presence of diabetic 
macular oedema [3].

With the increasing prevalence of non-communicable 
diseases, the number of people with diabetes mellitus (DM) 
and related complications is expected to increase. A decade 
ago, the overall global prevalence of DR was reported as 
34.6% [4]. A more recent review of articles published be-
tween 2015 and 2018 reported a global prevalence of 27% 
and highlighted considerable heterogeneity in prevalence. 
The lowest prevalence was reported in Europe (20.6%) and 
Southeast Asia (12.5%) and highest in Africa (33.8%), Mid-
dle East and North Africa (33.8%), North America (34%), 
and the Western Pacific region (36.2%) [5]. This heteroge-
neity may be due to varying prevalence of DM and other 
non-communicable diseases such as obesity, as well as dif-
ferences in awareness, level of knowledge and available 
medical facilities in different parts of the world.

The International Diabetic Federation estimates the 
worldwide prevalence of DM is 9.1% with type 2 DM be-
ing the most common form [6]. Brunei Darussalam has an 
estimated prevalence of 13.3% [6]. The National Diabetic 
Management Programme of Brunei Darussalam mandates 
annual retinopathy screening for all patients with DM. To 
date, there have only been three studies published that had 
reported on prevalence of DR in Brunei Darussalam [7-9]. 
A study in 1998 at the Pengiran Muda Mahkota Pengiran 
Muda Haji Al-Muhtadee Billah Hospital, Tutong looked at 
DM control and reported a prevalence of DR of 18.0% 
(background DR, 17.1%; vitreous hemorrhage, 0.6%; and 
blindness, 0.3%) [7]. Another study between 1997 and 
2000 from the tertiary center in Brunei Darussalam re-
ported prevalence of DR of 19% (background DR, 15%; 
DR with maculopathy, 4%) [8]. The latest study done in 
2014 to assess a new screening tool for DR in Brunei 
Darussalam reported a prevalence of DR at 18.5% includ-
ing combined prevalence of severe DR and PDR of 3.7% 
[9]. Since the purpose of that study was to assess a new 
screening tool, the results obtained may not be a true rep-
resentation of the epidemiological situation. None of these 
three studies assessed associations with other factors. The 
purpose of our study is to assess the current prevalence of 
DR and associated factors in Brunei Darussalam and to 
compare with reported rates of other populations. 

Materials and Methods 

Setting and study design

Brunei Darussalam has a small population of 450,000 
people living across its four districts and served by four 
government hospitals. There is also support from 15 health 
centers, ten clinics and 22 maternal and child healthcare 
facilities. All patients with DM are routinely screened for 
DR at government health facilities. There is currently no 
private ophthalmic facility that offers DR screening and 
follow-up. This study was conducted at one of the four dis-
trict hospitals, serving a population of 52,700 (2019 estima-
tion; Department of Economic Planning and Statistics, 
Brunei Darussalam). The demographic breakdown resem-
bles the national breakdown [10]. It is the only facility in 
the district equipped with NW8F (Topcon Health Care, 
Tokyo, Japan) for fundus digital imaging and fluorescein 
angiography, and Nidek MC-500 Pascal laser (Nidek, Aic-
hi, Japan) for retina screening and treatment. The Brunei 
Darussalam Health Information and Management System 
(Bru-HIMS) electronically links all government health fa-
cilities across the country. Patients requiring vitrectomy or 
intravitreal anti-vascular endothelial growth factor treat-
ment are referred to a tertiary center where these treat-
ments are available. 

This is a non-interventional cross-sectional study which 
retrospectively looked at the prevalence of DR and factors 
associated with DR. The data was collected as a part of a 
planned improvement of ophthalmic services audit in the 
district. During this period, services were provided as per 
normal departmental protocol and there were no new 
treatments or interventions provided. Institutional review 
board approval was not required. Data collected were ano-
nymized. A statistician unfamiliar with the study popula-
tion then analyzed and curated the data. This study was 
conducted with adherence to the general principles of the 
Helsinki declaration 2008. All patients gave verbal consent 
for their data to be analyzed for the study.

Patients and study participants

Based on the population size and estimated prevalence 
of DM in Brunei Darussalam, the estimated burden of DM 
in the district is approximately 4,400 patients. All patients 
diagnosed with DM within the district are referred to the 
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district hospital for assessment of visual acuity, non-con-
tact intraocular pressure and retinal examination by 
non-mydriatic camera or by slit-lamp bio-microscopy if 
photographic images are not of gradable quality. Findings 
are recorded in the Bru-HIMS electronic database and fur-
ther review appointments given based on the retinal find-
ings; annually for patients with no retinopathy and 3 to 12 
months for patients with DR, depending on severity. Fluo-
rescein angiography is being done less frequently unless 
the patient has concurrent retinal vessel occlusions, sus-
pected ischemic macular disease, or optic nerve head dis-
ease. Laser treatment for DR is offered in the eye clinic 
and patients requiring anti-vascular endothelial growth 
factor or vitrectomy are referred to the national referral 
center for treatment, whilst still maintaining an appoint-
ment for routine follow-up in the district hospital.

Sample size calculation was conducted prior to the study 
based on prevalence of DR in the Western Pacific region 
(36.2%) and the estimated DM population (4,400) in the 
district. A sample of 329 patients was required to provide a 
95% confidence interval (CI) and 5% margin of error. Pa-
tients with DM who attended the diabetic eye clinic for DR 
screening and monitoring over a 3-month period (October 
7, 2019 to January 7, 2020) were recruited consecutively 
until sample size was achieved. In total, data of all patients 
(n = 341) who attended screening or follow-up during the 
3-month study was collected. The extracted data included 
age, sex, duration of DM, glycated hemoglobin (HbA1c) 
levels, presence of hypertension, hyperlipidemia, and mi-
croalbuminuria. 

DR screening outcome

DR screening was done using the Topcon NW8F 
non-mydriatic camera. Retinal images for each patient are 
captured and stored in the patient database linked to the 
Bru-HIMS electronic record system. For patients with 
non-gradable quality digital images, a dilated fundus ex-
amination was conducted using a slit-lamp biomicroscope. 
DR was classified into five groups based on a simplified 
version of the Early Treatment of Diabetic Retinopathy 
Study classification. The five groups are no DR; mild 
NPDR, if there are only microaneurysms less than 20 in 
four quadrants; severe NPDR, if there are four quadrant 
intraretinal bleeding, venous beading in at least two quad-
rants, or intraretinal microvascular abnormality in at least 

one quadrant; moderate NPDR, which has features more 
than mild but less than severe NPDR; and lastly, presence 
of new vessels at the disc or elsewhere on the retina with 
or without vitreous hemorrhage classify as PDR. 

Statistics

Descriptive and statistical analyses were carried out us-
ing IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). 
Data of all patients (n = 341) were used for the descriptive 
analyses and data are presented as mean and standard de-
viations for continuous variables and absolute number and 
percentages for categorical variables including 95% CI. 
Ten patients with anemia were excluded as serum HbA1c 
is affected by this condition and hence may not reflect true 
DM control, leaving 331 patients for analyses. Age groups 
were categorized into under 40, 41 to 50, 51 to 60, 61 to 70, 
and over 70 years, with duration of DM in years into under 
5, 6 to 10, 11 to 15, 15 to 20, and over 20 years. DM control 
was categorized based on HbA1c level into good control 
(≤7.5%), suboptimal (7.6% to 8.9%) and poor control 
(≥9.0%). Univariate analyses were conducted using the chi-
square test and any variables found to be significant (p < 
0.05) were entered into multivariate analysis. 

Results

The largest age group was in the 51 to 60 years old 
range, with more females than males (58.9%) and the pop-
ulation was predominantly Malay (consistent with the dis-
trict and national population breakdown). Most patients 
had DM of less than 10 years (61.9%), and the mean dura-
tion of DM was 9.4 ± 7.4 years. Thirty patients (8.8%) had 
DM of less than one year. The mean serum HbA1c level 
was 8.5% ± 1.9% with 150 patients (44.0%; 95% CI, 
38.9%–49.4%) categorized as having good control (HbA1c 
≤7.5%). Hypertension (86.8%) and dyslipidemia (84.5%) 
were common and 22.6% had microalbuminuria or worst. 
Patients’ demographics and profiles are shown in Table 1.

The prevalence of DR was 22.6% (95% CI, 18.8–27.1). 
Among patients with DR, 14 patients (18.2%; 95% CI, 9.8–
28.4) had PDR with overall prevalence of PDR being 4.1% 
(95% CI, 2.1%–6.5%). Macular oedema occurred in 17 pa-
tients (5.0%; 95% CI, 2.9–7.7) and VTDR occurred in 9.7% 
(95% CI, 6.8%–13.3%) of all patients. The breakdown is 
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shown in Table 2. 
In univariate analysis, age groups (p = 0.030 for trend), 

longer duration of DM (p = 0.002 for trend), DM control (p 
< 0.0001 for trend) and presence of any microalbuminuria 

(p < 0.05) were significantly associated with DR (Table 3). 
Sex, hypertension, and dyslipidemia did not show signifi-
cant associations (all p > 0.05). When these variables were 
entered into multivariate analysis, duration of DM, poor 
control of DM, and presence of microalbuminuria re-
mained significantly associated with presence of any DR 
(Table 4). Duration of DM for 11 years or more, having 
poor DM control, and microalbuminuria were associated 
with any DR. Compared to the youngest age group (<40 
years), the 61 to 70 and over 70 age groups had 80% to 
90% lower risk for DR (p = 0.006). 

Discussion

Our study showed that DR is common among patients 
with type 2 DM in Brunei Darussalam with one in five af-
fected and that certain variables were associated with the 
presence of DR. The prevalence of DR at 22.6% in our 
study is within the range reported across continents in the 
literature as shown in Table 5 [7-9,11-25]. Globally, report-
ed rates range from those in Spain (12.3%) [15], India 
(15.4%) [18], and Korea (15.8%) [24] to high rates reported 
in Indonesia (43.1%) [23], Malaysia (39.3%) [20], and Saudi 
Arabia (36.4%) [17]. Studies from China, UK, and US all 
reported rates of above 30% [11,14,19]. Overall, there seems 
to be no definite correlations with the relative development 
of the countries. These variations can be accounted by sev-
eral factors especially the patient population studied in 
these publications. Generally, studies tend to be done in 

Table 1. The patients’ demographic and profiles (n = 341) 

Variable Value
95% 

confidence 
interval

Age (yr) 55.3 ± 11.9 54.0–56.6
≤30 12 (3.5) 1.8–5.5
31–40 29 (8.5) 5.6–11.7
41–50 65 (19.1) 15.1–23.5
51–60 118 (34.0) 29.2–40.0
61–70 92 (27.10) 22.1–31.5
>70 25 (7.43) 4.7–10.4

Sex
Male 140 (41.1) 35.7–46.3
Female 201 (58.9) 53.7–64.3

Ethnicity
Malays 254 (74.5) 69.5–79.0
Chinese 21 (6.1) 3.9–9.3
Indigenous 66 (19.4) 15.3–24.0

Duration of diabetes  
  mellitus (yr)

9.4 ± 7.4 8.6–10.2

≤5 136 (39.9) 34.7–45.1
6–10 75 (22.0) 17.5–26.6
11–15 63 (18.5) 14.1–22.6
16–20 33 (9.7) 6.7–12.9
>20 34 (10.0) 7.0–13.2

Glycated hemoglobin (%) 8.4 ± 1.9 8.2–8.6
≤6.9 82 (24.0) 19.5–28.4
7.0–7.9 84 (24.6) 20.1–29.4
8.0–8.9 58 (17.0) 13.3–21.3
9.0–9.9 53 (15.5) 11.7–19.5
10.0–10.9 21 (6.2) 3.8–8.8
11.0–11.9 24 (7.0) 4.7–9.9
≥12.0 19 (5.6) 3.2–8.2

Comorbidities
Hypertension (yes) 296 (86.8) 82.9–90.1
Dyslipidemia (yes) 288 (84.5) 80.5–88.3
Albuminuria (yes) 77 (22.6) 18.8–27.1

Values are presented as mean ± standard deviation or number 
(%).

Table 2. The breakdown of retina screening outcome (n = 
341)

Type of retinopathy Value 95% confidence 
interval

No DR 263 (77.1) 72.7–81.9
Any DR 78 (22.9) 18.8–27.1

Mild NPDR 24 (7.0) 4.4–9.9
Moderate NPDR 34 (10.0) 7.0–13.2
Severe NPDR 6 (1.8) 0.6–3.2
PDR 14 (4.1) 2.1–6.5

Values are presented as number (%).
DR = diabetic retinopathy; NPDR = non-proliferative DR; PDR 
= proliferative DR.
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academic or large centers and this can result in over repre-
sentations of more severe cases. Milder or controlled cases 
are usually followed up in peripheral clinics and such pa-
tients may not be included in the population samples. 
Availability of healthcare and its’ infrastructure are also 
important. With greater accessibility, the proportion of pa-
tients diagnosed with DM early is higher and the propor-
tion of undiagnosed cases is expected to be lower. On the 
other hand, in less developed countries where prevalence 
of obesity is low or just beginning to increase, the preva-
lence of DM may similarly be low or just increasing. 
Therefore, the true prevalence of complications related to 
diabetes such as DR is likely to be lower in less developed 
countries when compared to developed countries. Despite 
this, reported figures represent major universal public 
health concern with one in eight to almost one in two hav-
ing DR [11-26]. This is particularly important given that 

DR is the main cause of visual impairment and blindness 
in adults and that the prevalence of DM is increasing [1].

Similarly, there is also heterogeneity in the reported 
prevalence of VTDR globally (Table 5) [7-9,11-25]. Inter-
estingly, the prevalence of VTDR is generally low in de-
veloped nations and high in developing countries. This 
may be related to better control of DM and timely treat-
ment of DR in the more developed world. On the other 
hand, changing food habits, increasing prevalence of 
non-communicable diseases such as obesity, hypertension, 
and dyslipidemia, and non-availability of timely and ap-
propriate treatment of retinopathy may be reasons for in-
creased rates of VTDR in developing countries. Further 
research is required to ascertain the reasons.

The current rate of 22.9% for any DR in Brunei Darus-
salam is slightly higher than the rates (18.0%–19.0%) re-
ported in the previous local studies from nearly two de-

Table 3. Univariate analyses between variables and presence or absence of any DR (n = 331)

Variable Any DR No DR p-value
Age group (yr)

≤40 11 (27.5) 29 (76.7) 0.030 for trend
41–50 15 (24.2) 47 (75.8)
51–60 36 (30.8) 81 (69.2)
61–70 13 (14.8) 75 (85.2)
>70 2 (8.3) 22 (91.7)

Sex
Male 31 (23.0) 104 (77.0) 0.915
Female 46 (23.5) 150 (76.5)

Duration of diabetes mellitus (yr)
≤5 19 (14.7) 110 (85.3) 0.002 for trend
6–10 13 (17.6) 61 (82.4)
11–15 22 (36.1) 39 (63.9)
16–20 11 (33.3) 22 (66.7)
>20 12 (35.3) 22 (64.7)

Diabetes mellitus control
Good control 20 (14.3) 120 (85.7) <0.0001 for trend
Suboptimal 15 (20.3) 59 (79.7)
Poor 42 (35.9) 75 (64.1)

Hypertension (yes) 67 (87.0) 222 (87.4) 0.928
Dyslipidemia (yes) 68 (88.3) 215 (84.6) 0.424
Microalbuminuria (yes) 48 (62.3) 106 (41.7) 0.001

Values are presented as number (%).
DR = diabetic retinopathy.
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cades ago [7-9]. The combined rate of severe DR and PDR 
(6.3%) in the current study is also higher than the last 
study of 3.7% carried out more than 5 years ago [9]. The 
study by Da and Nyunt [7] which was conducted in the 
same institution as the current study provided a unique 
opportunity for comparison. The proportion of patients 
with good control of DM (HbA1c <8.0%) has declined 
from 48.6% in the year 2003 to 60.1% at present. In con-
trast, the proportion of patients with hypertension has in-
creased from 61.7% to 86.8% and likewise dyslipidemia 
has increased, ref lecting changes to the patient demo-
graphic over time [7]. Retinopathy has increased from 
18.0% to 22.9%. These differences may be a true reflection 
of increasing prevalence of DR in Brunei Darussalam. 
Perhaps the prevalence of non-communicable diseases in-
cluding DM has been increasing with greater awareness 
and understanding, contributing to the increasing number 
of patients being diagnosed with DM. 

Our study showed several factors to be significantly as-
sociated with DR. Among the known risk factors for de-
velopment of DR, duration of DM is the most important 
non-modifiable factor. According to large epidemiological 

studies, the risk of developing DR increased several folds 
after a latent period of 8 to 10 years’ duration of DM [4,25]. 
We showed that patients who had DM of more than 10 
years were significantly associated with DR: 11 to 15 years 
(odds ratio [OR], 3.88), 16 to 20 years (OR, 3.39) and over 
20 years (OR, 5.43). Among the patients in this study, 
61.9% have DM of less than 10 years duration. This indi-
cates a likely increase in the prevalence of DR in the popu-
lation in the coming years.

In the management of DM, good control of diabetes is 
very important to reduce the risk of future complications. 
However, even with good control, complications do occur 
due to the chronic nature of the disease. Our study showed 
a linear correlation between DR and levels of control: good 
control (14.3%), suboptimal control (20.3%) and poor con-
trol (35.9%). Poor control was significantly associated with 
development of DR (OR, 2.01). The American Diabetes 
Association recommends 7% as target of HbA1c level for 
good control [26]. The Diabetes Control and Complications 
Trial and the United Kingdom Prospective Diabetes Study 
showed that increasing levels of HbA1c correlated well 
with occurrence and progression of DR [27,28]. However, 

Table 4. Multivariate analyses of association with any diabetic retinopathy (n = 331)

Variable Number Odds ratio p-value 95% confidence interval
Age group (yr)

≤40 40 Reference
41–50 62 0.63 0.348 0.230–1.67
51–60 117 0.76 0.545 0.320–1.84
61–70 88 0.22 0.006 0.076–0.65
≥71 24 0.09 0.007 0.020–0.52

Duration of diabetes mellitus (yr)
≤5 129 Reference
6–10 74 1.53 0.301 0.68–3.47
11–15 61 3.88 0.001 1.78–8.46
16–20 33 3.39 0.014 1.23–8.98
>20 34 5.43 0.002 1.89–15.59

Diabetes mellitus control
Good 140 Reference
Suboptimal 74 1.14 0.753 0.51–2.51
Poor 117 2.01 0.039 1.03–3.90

Microalbuminuria
No 177 Reference
Yes 154 2.00 0.019 1.12–3.59
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later studies demonstrated that strict control of DM does 
not give clear benefits in controlling macro-vascular dis-
eases, unlike in microvascular diseases [29-31]. The Action 
to Control Cardiovascular Risk in Diabetes study showed 
that intensive control of DM increased the risk of mortali-
ty especially in type 2 DM [32]. In our setting, we use 
HbA1c ≤7.5% as a target value for good control. Later 
analysis of the above mentioned and similar studies sug-
gest that HbA1c targets should be individualized based on 
the duration of the DM and existing comorbidities [33]. 
Generally, younger individuals with DM who are other-
wise healthy should aim for a lower target value whereas 
older individuals with cardiovascular comorbidities should 
have a higher target level of HbA1c.

Albuminuria in DM is a wide spectrum ranging from 
micro to macroalbuminuria, which usually correlates with 

duration and severity of the disease. It is an important pre-
dictor of DM nephropathy. Not unexpectedly, our study 
showed a positive association between microalbuminuria 
and DR (OR, 2.00). Therefore, it is important that interval 
screening for microalbuminuria be carried out.

Interestingly, we found that among the age groups, the 
older patients had a lower risk for DR, (61–70 years group 
with OR 0.22, p = 0.006 and >70 years group with OR 0.09, 
p = 0.007) when compared to the over 40 years group. This 
probably indicates for uncertain reason that the younger 
age groups were at higher risk for DR. At first sight, this 
may seem contradictory to our finding that a longer dura-
tion of DM was significantly associated with DR. We 
found that the older groups (61–70 and >70), despite having 
a longer duration of DM, had better mean HbA1c levels 
and good DM control when compared to the younger age 

Table 5. Comparison of prevalence of diabetic retinopathy among diabetes patients in Brunei Darussalam with some recently pub-
lished data from countries around the world 

Study Country Sample size Mean age 
(yr) DR (%)

Vision-threatening DR (%)
Severe NPDR PDR DME

Naik et al. (2018) [11] USA 5,242 NR 34.0 1.6 1.2 4.3
Kanjee et al. (2016) [12] Canada 4,338 53.0 25.1 NR 6.5 0.2
Vujosevic et al. (2017) [13] Italy 8,596 NR 27.5 2.9 0.9 5.7
Thomas et al. (2015) [14] UK 8,6390 65.3 30.3 NR 0.31 NR
Rodriguez-Poncelas et al.  
(2015) [15] Spain 10,8723 66.9 12.3 0.86 0.36 0.18

Dehghan et al. (2015) [16] Iran 529 44.0 29.6 3.9 3.9 4.9
Ahmed et al. (2016) [17] Saudi Arabia 401 54.5 36.4 11.0 11.6 7.2
Sunita et al. (2018) [18] India 592 51.0 15.4 NR 6.7 6.6*

Liu et al. (2017) [19] China 13,473 62.5 34.1 0.89 11.5 NR
Abougalambou SS and  
Abougalambou AS (2014) [20] Malaysia 1,077 NR 39.3 NR NR  NR

Tan et al. (2018) [21] Singapore 2,862 61.6 33.9 0.71 3.75 7.6
Jongsareejit et al. (2013) [22] Thailand 1,120 NR 24.0 NR 2.8 NR
Sasongko et al. (2017) [23] Indonesia 1,138 59.0 43.1 11.1 12.1 17.1
Jee et al. (2013) [24] Korea 1,678 63.0 15.8 0.8 2.8 4.5
Current study (2020) Brunei Darussalam 341 55.3 22.9 1.5 4.7 5.0
Da and Nyunt (2003) [7] Brunei Darussalam 358 NR 18.0 NR NR NR
Joshi et al. (2003) [8] Brunei Darussalam 5,365 NR 19.0 NR NR 4.0
Ali et al. (2015) [9] Brunei Darussalam 1,184 NR 18.5 3.7† NR 6.4

Values are presented as number.
DR = diabetic retinopathy; NPDR = non-proliferative DR; PDR = proliferative DR; DME = diabetic macular oedema; NR = not 
recorded.
*Clinically significant DME. †Includes PDR.
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groups. Furthermore, factors that were not considered in 
our study may contribute, such as genetic predisposition 
and lifestyle. The phenomenon of young DM patients hav-
ing more complications is probably a ref lection of the 
changing demographic in DM, with more young people 
developing DM, corresponding with the increasing preva-
lence of obesity and metabolic syndromes. 

Among the factors assessed, hypertension and hyperlip-
idemia were not associated with DR. Hypertension can 
cause retinopathy and nephropathy and is often correlated 
with severe and chronic hypertension. In DM, the manage-
ment of hypertension is more aggressive with lower target 
levels making contribution of hypertension less important 
than DM itself [34,35]. There have been several studies ex-
amining the effect of hypertension and hyperlipidemia in 
relation to diabetic complications. A meta-analytic review 
published in Cochrane patients concluded that there is only 
weak evidence for beneficial effects of reduction in blood 
pressure with respect to preventing DR [36]. The Action to 
Control Cardiovascular Risk in Diabetes Eye Study 
showed that intensive glycemic control together with con-
trol of dyslipidemia using fenofibrate and simvastatin re-
duced the proportion of eyes that had progression of DR 
by one-third [37]. However, the beneficial effect may be 
due to the intensive management of DM rather than lipid 
control. Similar to the management of hypertension, the 
recommendation for initiating treatment for dyslipidemia 
in patients with DM is also more aggressive. All our pa-
tients with diagnosis of hypertension and hyperlipidemia 
were receiving treatment. 

There are several limitations to our study that need to be 
considered when interpreting the study findings. First, our 
study was a retrospective study and there are inherent lim-
itations with retrospective studies such as incomplete data 
and selection bias. Our study looked into already known 
risk factors for DR in the context of Brunei Darussalam. 
Second, this study was conducted in a single hospital and 
might not accurately represent the whole country. Howev-
er, the patient population breakdown in our study is con-
sistent with that of the national breakdown and previous 
studies from different districts have reported comparable 
results [7,8]. Third, we only included patients over a 
3-month period, and it is possible that more patients with 
significant DR would be included, given their shorter fol-
low-up intervals. This may inflate the prevalence of DR. 
However, the total number of patients with significant 

PDR who will have shorter follow-up interval of 3 months 
is small. Fourth, our study population excluded patients 
with complicated diseases such as diabetic foot disease, 
cardiac, or renal disease, as they typically received treat-
ment and are followed up in the tertiary hospital. Such pa-
tients are likely to have DR and not captured in our study. 
Hence, the prevalence of DR could be higher than our esti-
mate. However, the proportion of such patients is estimat-
ed to be small. 

We showed that DR in Brunei Darussalam is common 
with a rate of 22.6%, which is comparable to what has been 
reported in the literature. DR affects one in five patients 
with type 2 DM in Brunei Darussalam, comparable to rates 
reported for other Asian populations. A third of those with 
DR had either PDR or VTDR. Longer duration of DM, poor 
control of diabetes, and presence of microalbuminuria are 
significantly associated with DR. Interestingly, age groups 
were not linearly associated with DR, and this requires fur-
ther study. Since a large percentage of DR occurs in young 
and middle-aged patients, it is worthwhile to advocate strict 
control of DM from the outset. Public and targeted aware-
ness programs are needed, especially in countries with 
young and growing population, like Brunei Darussalam.
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