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Abstract
Introduction: Singapore’s ageing population is likely to see an increase in chronic eye 

conditions in the future. This study aimed to estimate the burden of eye diseases among 
resident Singaporeans stratified for age and ethnicity by 2040. Materials and Methods: 
Prevalence data on myopia, epiretinal membrane (ERM), retinal vein occlusion (RVO), age 
macular degeneration (AMD), diabetic retinopathy (DR), cataract, glaucoma and refractive 
error (RE) by age cohorts and educational attainment from the Singapore Epidemiology 
of Eye Diseases (SEED) study were applied to population estimates from the Singapore 
population model. Results: All eye conditions are projected to increase by 2040. Myopia 
and RE will remain the most prevalent condition, at 2.393 million (2.32 to 2.41 million) 
cases, representing a 58% increase from 2015. It is followed by cataract and ERM, with 
1.33 million (1.31 to 1.35 million), representing an 81% increase, and 0.54 million (0.53 to 
0.549 million) cases representing a 97% increase, respectively. Eye conditions that will see 
the greatest increase from 2015 to 2040 in the Chinese are: DR (112%), glaucoma (100%) 
and ERM (91.4%). For Malays, DR (154%), ERM (136%), and cataract (122%) cases are 
expected to increase the most while for Indians, ERM (112%), AMD (101%), and cataract 
(87%) are estimated to increase the most in the same period. Conclusion: Results indicate 
that the burden for all eye diseases is expected to increase significantly into the future, but 
at different rates. These projections can facilitate the planning efforts of both policymakers 
and healthcare providers in the development and provision of infrastructure and resources 
to adequately meet the eye care needs of the population. By stratifying for age and ethnicity, 
high risk groups may be identified and targeted interventions may be implemented.	
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Introduction
Singapore, like many countries, has a rapidly ageing 

population. The proportion of residents aged 65 years and 
above is expected to increase by 207% from 2010 to 2050,1 
while those aged 40 years and above is projected to increase 
by 67% from 2010 to 2040. This has several repercussions 
on the healthcare system. For chronic eye conditions such 
as diabetic retinopathy (DR) and glaucoma, the main risk 
factor is age,2 and this will therefore result in an inevitable 
increase in the demand for eye care services. Furthermore, 
the disproportionate increase in chronic eye conditions may 

bring about an unprecedented demand for eye care needs. 
This rising trend in disease burden is further compounded 
by variations in the prevalence of eye diseases across ethnic 
groups. Even within a single Asian country like Singapore, 
for instance, the Chinese suffer higher prevalence of myopia 
and acute angle closure glaucoma than Malays or Indians.2 

Several studies have examined the prevalence of key eye 
diseases in the local context comprehensively, such as the 
Singapore Epidemiology of Eye Diseases (SEED) study3-6 

and the Tanjong Pagar Survey,7-9 both implemented by the 
Singapore Eye Research Institute (SERI). These studies, 
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while helpful in presenting an overview of the current 
eye disease burden in Singapore and establishing ethnic 
differences in the prevalence of major eye diseases, provide 
less data that can inform pre-emptive eye care policies, such as 
ophthalmologist training numbers or eye care system design.

To do so, effective planning is key to providing adequate 
eye care services and the manpower required. This will 
require credible projections of  the number of individuals 
with eye diseases and subsequently, the associated demand 
for eye care services in future. These estimates provide 
evidence for healthcare planners and policymakers to 
support any scaling up or down of eye care services in 
order not to under or overprovide services. To address 
this knowledge gap, this study projects—up to year 
2040—the burden of eye and vision disease among resident 
Singaporeans—disaggregated by age and ethnicity—using 
inputs from the SEED study. This will help policymakers and 
healthcare providers to plan infrastructural and workforce 
requirements in order to meet future eye care needs. 

Materials and Methods
To project the number of people with eye diseases in 

Singapore, ethnic, education and age-specific prevalence 
estimates from the SEED study3-5 were used. The SEED 
study consisted of   3 population-based studies of Singapore 
residents – Chinese, Malays, and Indians – aged 40 years 
or older. The cross-sectional SEED study was conducted in 
southwestern Singapore between 2004 and 2011. Using an 
age-stratified random sampling strategy, 6752 Chinese, 5600 
Malays, and 6350 Indians were selected from a registry of 
Singapore residents obtained from the Ministry of Home 
Affairs, of which 4605 Chinese, 4168 Malays, and 4497 
Indians were deemed eligible to participate. Those who 
had moved from the residential address, had not lived there 
in the past 6 months, or were deceased or terminally ill 
were considered ineligible. A total of 3353 Chinese, 3280 
Malays and 3400 Indians participated in the study, giving 
a response rate of 72.8%, 78.7% and 75.6%, respectively. 

The eye conditions included in the model are myopia, 
epiretinal membrane (ERM), retinal vein occlusion (RVO), 
age-related macular degeneration (AMD), DR, cataract, 
glaucoma, and refractive error (RE). Table 1 shows the 
definition of all the eye conditions. Estimated prevalence 
of eye conditions by ethnicity, education and age from the 
study are shown in Figures 1 to 3. 

Table 1. Definition of Eye Conditions

Condition Definition

Myopia Myopia was defined as spherical equivalent (SE) of less than -0.5 Diopter.

Refractive error Refractive error (RE) was defined as the difference between presenting visual acuity and best corrected visual acuity that is no 
less than 0.2 logMAR.

Epiretinal membrane Epiretinal membrane (ERM) was defined with either surface wrinkling retinopathy (preretinal fibrosis), with folds, tension lines 
or a patch, or cellophane reflex only (macular pucker).

Retinal vein occlusion Retinal vein occlusion (RVO) included branch retinal vein occlusion or central retinal vein occlusion.

Age macular 
degeneration

Early age macular degeneration (AMD) was defined as the presence of either any soft drusen (distinct or indistinct) plus pigmentary 
abnormalities, reticular drusen, or large soft drusen >125 µm in diameter with drusen area >500 µm in diameter. Late AMD is 
defined as the presence of neovascular AMD or geographic atrophy (GA). Neovascular AMD included serous or haemorrhagic 
detachment of the retinal pigment epithelium (RPE) or sensory retina, and the presence of subretinal or sub-RPE haemorrhages 
or subretinal fibrous scar tissue. GA was characterised by sharply edged, roughly round or oval areas of RPE hypopigmentation, 
with clearly visible choroidal vessels. The minimum diameter of GA was 175 µm, or larger. All colour fundus photographs were 
graded initially in a masked manner and discrepancies were adjudicated by a senior retinal specialist.

Diabetic retinopathy Diabetic retinopathy (DR) was considered present if characteristic lesions as defined by the Early Treatment Diabetic Retinopathy 
Study (ETDRS) (i.e. microaneurysms, haemorrhages, cotton wool spots, intraretinal microvascular abnormalities, hard exudates, 
venous beading, new vessels) were observed. DR severity was graded based on the modified Airlie House classification system, 
using the Blue Mountains Eye Study protocol. Individual DR status was defined based on the severity scores of the worse eye. 
Clinically significant macular oedema (CSMO) was considered present when the macular oedema involved was within 500 µm 
of the foveal centre or if focal photocoagulation scars were present in the macular area. Vision-threatening DR was defined as 
the presence of severe non-proliferative DR, proliferative DR or CSMO.

Cataract Cataract was defined using the Wisconsin Cataract Grading System. In our previous study, using the Wisconsin cataract grading, 
we defined cortical and PSC cataract as ± 5% and >0% of total lens area, respectively. In the current study, nuclear cataract was 
defined as grade 4 or more, cortical cataract was defined as ± 25% of total lens area, and posterior subcapsular (PSC) cataract 
was defined as ± 5% of total lens area. Any cataract was defined as nuclear, cortical, or PSC cataract in at least 1 eye.

Glaucoma Glaucoma was defined according to the International Society of Geographical and Epidemiological Ophthalmology (ISGEO) 
criteria based on 3 categories. In brief, category 1 cases were defined as optic disc abnormality (vertical cup:disc ratio [VCDR] 
or VCDR asymmetry ≥97.5 percentile) with a corresponding glaucomatous visual field defect. Category 2 cases were defined as 
having a severely damaged optic disc (VCDR or VCDR asymmetry ≥99.5 percentile) in the absence of reliable visual field test 
results. Category 3 cases were defined for subjects who were blind (corrected visual acuity of <3/60), were without visual field 
or optic disc data, and had previous glaucoma surgery or intraocular pressure >99.5 percentile.
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Fig.1. Prevalence of eye conditions by educational attainment for the Chinese. AMD: Age-related macular degeneration; DR: Diabetic retinopathy;  
ERM: Epiretinal membrane; RVO: Retinal vein occlusion.

Fig.2. Prevalence of eye conditions by educational attainment for Malays. AMD: Age-related macular degeneration; DR: Diabetic retinopathy;  
ERM: Epiretinal membrane; RVO: Retinal vein occlusion.
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To estimate the future number of people with eye and 
vision diseases, the ethnic, education and age-specific 
prevalence estimates from the SEED study were applied to 
a Singapore population model. The Singapore population 
model was developed using systems dynamics methodology 
and has been described elsewhere.10,11 The model represents 
resident population—citizens, permanent residents and 
foreigners—disaggregated by ethnicity (Chinese, Malays, 
Indians and Others); age (0 to 100 and older); and educational 
attainment (no formal, primary, secondary and tertiary 
education). Because the SEED study includes only the 
3 major ethnic groups, prevalence of eye diseases for 
minority ethnic groups classified as others was assumed 
to be similar to that of Indians. In addition, a sensitivity 
analysis was performed by varying all the ethnic, education 
and age-specific prevalence estimates ± 20%. The model 
was run 200 times, and the estimated average, as well as 
the minimum and maximum values at 95% confidence 
level for each run, were used to show the credible interval. 

Results
Projected prevalence rates of specific eye conditions for 

resident Singaporeans 40 years and older up to the year 2040 
are shown in Table 2. All eye conditions are projected to 

increase from 2015 to 2040. In 2015, the 3 most prevalent 
conditions were myopia and RE, cataract and ERM, with a 
total of 1.5 million (sensitivity analysis at 95% confidence 
range: 1.48 to 1.51 million), 0.73 million (0.72 to 0.74 
million) and 0.274 million (0.27 to 0.279 million) cases, 
respectively. In 2040, myopia and RE will still be the most 
prevalent condition, with a total of  2.393 million (2.34 
to 2.41 million) cases, representing an increase of 58% 
compared with 2015. This is followed by cataract, with 1.33 
million (1.31 to 1.35 million) cases, representing an increase 
of 81%; and ERM, with 0.54 million (0.53 to 0.549 million) 
cases, representing a 97% increase by the year 2040. The 
next conditions are in decreasing order of prevalence—DR, 
AMD, glaucoma and RVO. The prevalence of   DR and AMD 
are expected to be 0.248 million (0.24 to 0.256 million) 
(113%) and 0.193 million (0.19 to 0.196 million) (54%), 
respectively. Similarly, glaucoma and RVO are projected 
to reach 0.15 million (0.148 to 0.153 million) (101%), and 
0.0208 million (0.02 to 0.021 million) (46%), respectively.

The projected prevalence of the various eye diseases 
disaggregated by age and ethnicity are shown in Tables 3 
to 7. Prevalence of myopia and refractive error are reported 
separately in Table 7. 

Fig.3. Prevalence of eye conditions by educational attainment for Indians. AMD: Age-related macular degeneration; DR: Diabetic retinopathy;  
ERM: Epiretinal membrane; RVO: Retinal vein occlusion.



January 2018, Vol. 47 No. 1

17Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

2.
 P

re
va

le
nc

e 
of

 E
ye

 C
on

di
tio

ns
 in

 S
in

ga
po

re
 R

es
id

en
ts

 b
y 

A
ge

 a
nd

 E
th

ni
ci

ty

E
ye

 
C

on
di

tio
n

B
as

e Y
ea

r
Pr

oj
ec

te
d

C
ha

ng
e 

fr
om

20
15

  –
  2

04
0 

20
10

20
15

20
20

20
25

20
30

20
35

20
40

M
yo

pi
a 

an
d 

re
fr

ac
tiv

e 
er

ro
r

1,
27

5,
99

7
(1

,26
2,7

64
  –

 1,
28

9,2
30

)
1,

50
1,

03
2

(1
,48

3,6
59

  –
 1,

51
8,4

05
)

1,
69

4,
63

9
(1

,67
3,5

32
  –

 1,
71

5,7
46

)
1,

87
6,

27
0

(1
,85

1,4
90

  –
  1

,90
1,0

50
)

2,
05

8,
55

3
(2

,02
9,9

45
  –

  2
,08

7,1
61

)
2,

23
1,

65
1

(2
,19

9,2
41

  –
  2

,26
4,0

61
)

2,
37

6,
32

0
(2

,34
0,5

18
  –

  2
,41

2,1
22

)
58

%

Ep
ire

tin
al

 
m

em
br

an
e

21
6,

20
5

(2
12

,6
95

 –
 2

19
,7

14
)

27
4,

80
6

(2
70

,3
46

 –
 2

79
,2

67
)

33
8,

98
4

(3
33

,4
82

 –
 3

44
,4

86
)

40
2,

35
9

(3
95

,8
29

 –
 4

08
,8

90
)

45
8,

32
5

(4
50

,8
86

 –
 4

65
,7

64
)

50
4,

40
9

(4
96

,2
22

 –
 5

12
,5

96
)

54
0,

68
9

(5
31

,9
12

 –
 5

49
,4

65
)

97
%

R
et

in
al

 v
ei

n 
oc

cl
us

io
n

12
,5

23
(1

2,
32

0 
– 

12
,7

26
)

14
,2

76
(1

4,
04

4 
– 

14
,5

08
)

15
,8

10
(1

5,
55

3 
– 

16
,0

66
)

17
,2

36
(1

6,
95

6 
– 

17
,5

16
)

18
,6

34
(1

8,
33

1 
– 

18
,9

36
)

19
,9

02
(1

9,
57

9 
– 

20
,2

25
)

20
,8

88
(2

0,
54

9 
– 

21
,2

27
)

46
%

A
ge

 m
ac

ul
ar

 
de

ge
ne

ra
tio

n
10

6,
17

2
(1

04
,4

49
 –

 1
07

,8
96

)
12

5,
27

4
(1

23
,2

41
 –

 1
27

,3
07

)
14

4,
94

0
(1

42
,5

87
 –

 1
47

,2
92

)
16

3,
65

0
(1

60
,9

93
 –

 1
66

,3
06

)
17

9,
16

2
(1

76
,2

54
 –

 1
82

,0
70

)
18

9,
40

4
(1

86
,3

29
 –

 1
92

,4
78

)
19

3,
43

5
(1

90
,2

95
 –

 1
96

,5
75

)
54

%

D
ia

be
tic

 
re

tin
op

at
hy

92
,1

35
(8

9,
16

0 
– 

95
,1

10
)

11
6,

58
4

(1
12

,8
20

 –
 1

20
,3

48
)

14
4,

05
4

(1
39

,4
03

 –
 1

48
,7

05
)

17
2,

60
2

(1
67

,0
29

 –
 1

78
,1

75
)

20
0,

08
4

(1
93

,6
24

 –
 2

06
,5

45
)

22
5,

39
7

(2
18

,1
19

 –
 2

32
,6

74
)

24
8,

14
5

(2
40

,1
33

 –
 2

56
,1

57
)

11
3%

C
at

ar
ac

t
58

7,
78

0
(5

78
,2

40
 –

 5
97

,3
22

)
73

6,
18

3
(7

24
,2

34
 –

 7
48

,1
32

)
89

5,
33

4
(8

80
,8

02
 –

 9
09

,8
67

)
1,

04
8,

05
8

(1
,03

1,0
46

 – 
1,0

65
,06

0)
1,

17
7,

79
7

(1
,1

58
,6

80
 –

 1
,1

96
,9

14
)

1,
27

4,
10

4
(1

,25
3,4

23
 – 

1,2
94

,78
4)

1,
33

5,
05

1
(1

,3
13

,3
81

 –
 1

,3
56

,7
20

)
81

%

G
la

uc
om

a
59

,0
30

(5
8,

07
1 

– 
59

,9
88

)
75

,0
43

(7
3,

82
5 

– 
76

,2
61

)
93

,2
73

(9
1,

75
9 

– 
94

,7
87

)
11

1,
96

7
(1

10
,1

49
 –

 1
13

,7
84

)
12

8,
98

0
(1

26
,8

87
 –

 1
31

,0
74

)
14

2,
31

3
(1

40
,0

03
 –

 1
44

,6
23

)
15

0,
96

5
(1

48
,5

15
 –

 1
53

,4
15

)
10

1%

Ta
bl

e 3
. P

re
va

le
nc

e o
f A

ge
-R

el
at

ed
 M

ac
ul

ar
 D

eg
en

er
at

io
n 

an
d 

D
ia

be
tic

 R
et

in
op

at
hy

 o
f S

in
ga

po
re

 R
es

id
en

ts 
by

 A
ge

 an
d 

Et
hn

ic
ity

Ye
ar

E
th

ni
ci

ty
A

ge
-R

ela
te

d 
M

ac
ul

ar
 D

eg
en

er
at

io
n

D
ia

be
tic

 R
et

in
op

at
hy

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

20
10

C
hi

ne
se

12
,7

75
 

(1
2,5

68
   –

  12
,98

3)
15

,6
70

(1
5,4

15
  – 

 15
,92

4)
24

,8
31

(2
4,4

28
   –

   2
5,2

34
)

23
,5

34
(2

3,1
52

  –
  2

3,9
16

)
11

,4
30

(1
1,2

44
  –

  1
1,6

16
)

99
33

(9
61

2 
– 

10
,2

53
)

14
,7

01
(1

4,2
27

 – 
15

,17
6)

17
,1

07
(1

6,5
55

   –
  17

,66
0)

10
,1

59
(9

83
1 

– 
10

,4
87

)
49

01
(4

74
3 

– 
50

59
)

M
al

ay
15

95
(1

56
9 

– 
16

21
)

18
73

(1
84

2 
– 

19
03

)
21

00
(2

06
6 

– 
21

34
)

21
47

(2
11

2 
– 

21
81

)
10

53
(1

03
6 

– 
10

70
)

35
59

(3
44

4 
– 

36
73

)
56

91
(5

50
7 

– 
58

75
)

52
42

(5
07

3 
– 

54
12

)
20

08
(1

94
3 

– 
20

73
)

57
5

(5
56

 –
 5

93
)

In
di

an
12

65
(1

24
4 

– 
12

85
)

16
68

(1
64

1 
– 

16
95

)
17

10
(1

68
3 

– 
17

38
)

19
56

(1
92

5 
– 

19
88

)
98

4
(9

68
 –

 1
00

0)
29

37
(2

84
2 

– 
30

32
)

51
46

(4
98

0 
– 

53
12

40
50

(3
91

9 
– 

41
80

)
22

97
(2

22
3 

– 
23

71
)

10
02

(9
70

 –
 1

03
5)

O
th

er
s

21
6

(2
13

 –
 2

20
)

29
1

(2
86

 –
 2

96
)

33
6

(3
30

 –
 3

41
)

36
6

(3
60

 –
 3

72
)

19
6

(1
93

 –
 1

99
)

52
6

(5
09

 –
 5

43
)

95
4

(9
23

 –
 9

85
)

74
1

(7
17

 –
 7

65
)

41
4

(4
01

 –
 4

28
)

19
2

(1
86

 –
 1

98
)

20
15

C
hi

ne
se

11
,1

66
(1

0,9
85

  –
  1

1,3
47

)
15

,8
65

(1
5,6

08
  –

 16
,12

3)
32

,2
00

(3
1,6

77
 – 

32
,72

2)
29

,2
25

(2
8,7

51
 – 

29
,70

0)
15

,0
71

(1
4,8

26
   –

  15
,31

5)
11

,4
47

(1
10

77
 –

 1
18

16
)

15
,9

43
(1

5,4
28

  –
 16

,45
8)

23
,8

04
(2

3,0
36

  –
  2

4,5
73

)
13

,5
47

(1
3,1

10
  –

 13
,98

5)
67

81
(6

56
2 

– 
70

00
)

M
al

ay
14

14
(1

39
2 

– 
14

37
)

22
30

(2
19

4 
– 

22
66

)
31

72
(3

12
1 

– 
32

24
)

23
62

(2
32

4 
– 

24
01

)
14

38
(1

41
4 

– 
14

61
)

35
77

(3
46

1 
– 

36
92

)
73

10
(7

07
4 

– 
75

47
)

80
56

(7
79

6 
– 

83
16

)
27

16
(2

62
9 

– 
28

04
)

93
8

(9
07

 –
 9

68
)

In
di

an
11

31
(1

11
3 

– 
11

50
)

19
27

(1
89

6 
– 

19
58

)
24

38
(2

39
9 

– 
24

78
)

23
60

(2
32

2 
– 

23
99

)
23

60
(2

32
2 

– 
23

99
)

27
71

(2
68

2 
– 

28
61

)
62

70
(6

06
7 

– 
64

72
)

58
50

(5
66

1 
– 

60
39

)
27

26
(2

63
8 

– 
28

14
)

13
48

(1
30

4 
– 

13
91

)

O
th

er
s

19
3

(1
90

 –
 1

96
)

33
2

(3
27

 –
 3

38
)

48
3

(4
75

 –
 4

91
)

45
7

(4
46

 –
 4

68
)

24
9

(2
45

 –
 2

53
)

49
3

(4
77

 –
 5

09
)

11
72

(1
13

5 
– 

12
10

)
10

71
(1

03
7 

– 
11

06
)

51
5

(4
98

 –
 5

31
)

24
8

(2
40

 –
 2

56
)

20
20

C
hi

ne
se

89
65

(8
82

0 
– 

91
11

)
14

,6
81

(1
4,4

42
  –

 14
,91

9)
37

,9
24

(3
7,3

08
  –

  3
8,5

39
)

38
,0

93
(37

,47
5  

–  
38

,71
2)

19
,18

8
(1

8,8
77

 – 
19

,49
9)

14
,21

2
(1

3,7
54

  –
 14

,67
1)

16
,26

9
(1

5,7
43

  –
 16

,79
4)

29
,89

4
(28

,92
8  

–  
30

,85
9)

19
,0

75
(1

8,4
59

  –
  1

9,6
91

)
91

20
(8

82
5 

– 
94

14
)



18

Annals Academy of Medicine

 Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 3

. P
re

va
le

nc
e o

f A
ge

-R
el

at
ed

 M
ac

ul
ar

 D
eg

en
er

at
io

n 
an

d 
D

ia
be

tic
 R

et
in

op
at

hy
 o

f S
in

ga
po

re
 R

es
id

en
ts 

by
 A

ge
 an

d 
Et

hn
ic

ity
 (C

on
t'd

)

Ye
ar

E
th

ni
ci

ty
A

ge
-R

ela
te

d 
M

ac
ul

ar
 D

eg
en

er
at

io
n

D
ia

be
tic

 R
et

in
op

at
hy

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

M
al

ay
13

20
(1

29
8 

– 
13

41
)

22
48

(2
21

1 
– 

22
84

)
44

56
(4

38
3 

– 
45

28
)

29
84

(2
93

6 
– 

30
33

)
17

32
(1

70
4 

– 
17

60
)

37
30

(3
60

9 
– 

38
50

)
79

74
(7

71
6 

– 
82

31
)

11
,3

71
(1

1,
00

4 
–1

1,
73

8)
44

03
(4

26
1 

– 
45

45
)

13
80

(1
33

5 
– 

14
24

)

In
di

an
93

0
(9

15
 –

 9
45

)
19

57
(1

92
5 

– 
19

89
)

32
24

(3
17

2 
– 

32
77

)
33

29
(3

27
4 

– 
33

83
)

15
79

(1
55

3 
– 

16
04

)
25

36
(2

45
4 

– 
26

17
)

67
44

(6
52

7 
– 

69
62

)
77

47
(7

49
7 

– 
79

97
)

37
84

(3
66

1 
– 

39
06

)
16

51
(1

59
8 

– 
17

05
)

O
th

er
s

16
2

(1
59

 –
 1

64
)

33
7

(3
31

 –
 3

42
)

63
5

(6
25

 –
 6

45
)

65
4

(6
43

 –
 6

64
)

30
3

(2
98

 –
 3

08
)

45
2

(4
38

 –
 4

67
)

12
65

(1
22

4 
– 

13
06

)
14

08
(1

36
3 

– 
14

54
)

73
3

(7
10

 –
 7

57
)

30
6

(2
96

 –
 3

16
)

20
25

C
hi

ne
se

71
46

(7
03

0 
– 

72
62

)
12

,80
5

(1
2,5

97
 – 

13
,01

2)
40

,50
4

(3
9,8

47
  –

  4
1,1

62
)

48
,09

3
(4

7,3
13

  –
  4

8,8
74

)
24

,32
3

(2
3,9

28
 – 

24
,71

8)
18

,10
8

(1
7,5

23
 – 

18
,69

2)
16

,01
7

(1
5,5

00
  –

 16
,53

4)
33

,81
8

(32
,72

6  
–  

34
,91

0)
26

,19
4

(2
5,3

49
  –

 27
,04

0)
12

,32
6

(11
,92

8  
– 1

2,7
24

)

M
al

ay
14

11
(1

38
8 

– 
14

34
)

20
63

(2
03

0 
– 

20
97

)
54

72
(5

38
3 

– 
55

60
)

40
25

(3
96

0 
– 

40
91

)
20

31
(1

99
8 

– 
20

64
)

44
34

(4
29

1 
– 

45
77

)
79

33
(7

67
7 

– 
81

89
)

14
,02

5
(1

3,5
72

  –
  1

4,4
78

)
71

56
(6

92
5 

– 
73

87
)

20
87

(2
02

0 
– 

21
54

)

In
di

an
81

5
(8

02
 –

 8
29

)
17

48
(1

72
0 

– 
17

77
)

38
45

(3
78

2 
– 

39
07

)
47

24
(4

64
8 

– 
48

01
)

19
96

(1
96

4 
– 

20
28

)
25

66
(2

48
4 

– 
26

49
)

65
55

(6
34

3 
– 

67
67

)
91

51
(8

85
5 

– 
94

46
)

53
31

(5
15

9 
– 

55
03

)
21

03
(2

03
5 

– 
21

71
)

O
th

er
s

15
0

(1
47

 –
 1

52
)

30
4

(2
99

 –
 3

09
)

75
6

(7
44

 –
 7

68
)

91
7

(9
02

 –
 9

32
)

38
9

(3
83

 –
 3

95
)

47
6

(4
61

 –
 4

91
)

12
24

(1
18

4 
– 

12
63

)
16

70
(1

61
6 

– 
17

23
)

10
30

(9
96

 –
 1

06
3)

39
9

(3
86

 –
 4

12
)

20
30

C
hi

ne
se

65
39

(6
43

3 
– 

66
45

)
10

,6
20

(1
0,4

48
  –

 10
7,9

2)
40

,5
40

(3
9,8

82
 – 

 41
,19

8)
54

,9
70

(5
4,0

78
  –

  5
5,8

62
)

31
,1

89
(3

0,6
83

  –
  3

1,6
95

)
22

,3
68

(2
1,6

46
  –

  2
3,0

90
)

15
,5

65
(1

5,0
62

 – 
16

,06
7)

35
,6

03
(3

4,4
54

  –
  3

6,7
53

)
32

,8
86

(3
1,8

25
  –

  3
3,9

48
)

16
,9

63
(1

6,4
15

 – 
17

,51
1)

M
al

ay
16

21
(1

59
5 

– 
16

47
)

19
58

(1
92

6 
– 

19
89

)
58

64
(5

76
9 

– 
59

59
)

51
35

(5
05

1 
– 

52
18

)
25

43
(2

50
2 

– 
25

84
)

56
10

(5
42

9 
– 

57
92

)
81

88
(7

92
3 

– 
84

52
)

15
,1

65
(1

4,6
75

 – 
15

,65
4)

10
,3

04
(9

97
2 

– 
10

,6
37

)
34

37
(3

32
6 

– 
35

47
)

In
di

an
83

3
(8

19
 –

 8
46

)
14

10
(1

38
7 

– 
14

33
41

17
(4

05
0 

– 
41

83
)

61
45

(6
04

5 
– 

62
45

)
27

37
(2

69
2 

– 
27

81
)

28
94

(2
80

0 
– 

29
87

)
62

64
(6

06
1 

– 
64

66
)

96
20

(9
30

9 
– 

99
31

)
69

19
(6

69
5 

– 
71

42
)

29
02

(2
80

8 
– 

29
96

)

O
th

er
s

16
3

(1
61

 –
 1

66
)

25
4

(2
50

 –
 2

58
)

80
3

(7
90

 –
 8

16
)

11
79

(1
16

0 
– 

11
98

)
53

5
(5

27
 –

 5
44

)
56

5
(5

47
 –

 5
83

)
11

77
(1

13
9 

– 
12

15
)

17
68

(1
71

1 
– 

18
25

)
13

27
(1

28
5 

– 
13

70
)

55
9

(5
41

 –
 5

77
)

20
35

C
hi

ne
se

66
59

(6
55

1 
– 

67
67

)
89

25
(8

78
0 

– 
90

70
)

39
,3

39
(3

8,7
00

  –
  3

9,9
77

)
56

,7
46

(5
5,8

25
 – 

57
,66

7)
38

,5
96

(3
7,9

70
 – 

39
,22

3)
26

,3
59

(2
5,5

08
 – 

27
,21

1)
11

77
(1

13
9 

– 
12

15
)

35
,9

84
(3

4,8
22

 – 
37

,14
6)

37
,9

03
(3

6,6
79

  –
  3

9,1
27

)
22

62
9

(2
1,8

99
  –

  2
3,3

60
)

M
al

ay
18

15
(1

78
5 

– 
18

44
)

20
52

(2
01

9 
– 

20
86

)
58

02
(5

70
8 

– 
58

96
)

58
34

(5
73

9 
– 

59
29

)
32

98
(3

24
4 

– 
33

51
)

68
43

(6
62

2 
– 

70
63

)
92

84
(8

98
4 

– 
95

84
)

15
,3

64
(1

4,8
68

  –
 15

,86
0)

12
,8

94
(1

2,4
77

 – 
13

,31
0)

55
76

(5
39

6 
– 

57
56

)

In
di

an
89

7
(8

82
 –

 9
11

)
11

47
(1

12
8 

– 
11

66
)

40
90

(4
02

3 
– 

41
56

)
71

68
(7

05
2 

– 
72

85
)

37
64

(3
70

2 
– 

38
25

)
32

74
(3

16
8 

– 
33

80
)

64
29

(6
22

2 
– 

66
37

)
92

07
(8

91
0 

– 
95

05
)

80
73

(7
81

3 
– 

83
34

)
40

35
(3

90
5 

– 
41

65
)

O
th

er
s

18
3

(1
80

 –
 1

86
)

22
0

(2
17

 –
 2

24
)

78
9

(7
76

 –
 8

01
)

13
70

(1
34

7 
– 

13
92

)
73

1
(7

20
 –

 7
43

)
66

2
(6

41
 –

 6
84

)
12

45
(1

20
4 

– 
12

85
)

17
10

(1
65

5 
– 

17
65

0)
15

46
(1

49
7 

– 
15

96
)

77
9

(7
54

 –
 8

04
)

20
40

C
hi

ne
se

67
97

(6
68

7 
– 

69
07

)
82

54
(8

12
0 

– 
83

88
)

38
,0

94
(3

7,4
75

 – 
38

,71
2)

53
,9

53
(5

3,0
77

  –
  5

4,8
29

)
44

,30
0

(43
,58

1  
–  

45
,01

9)
29

,32
1

(28
,37

5  
–  

30
,26

8)
16

,5
82

(1
6,0

46
  –

 17
,11

7)
35

,9
04

(34
,74

5  
–  

37
,06

4)
41

,4
51

(4
0,1

13
  –

  4
2,7

89
)

28
,2

36
(2

7,3
25

 – 
29

,14
8)

M
al

ay
19

16
(1

88
5 

– 
19

47
)

22
80

(2
24

3 
– 

23
17

)
58

08
(5

71
4 

– 
59

02
)

58
84

(5
78

9 
– 

59
80

)
41

15
(4

04
9 

– 
41

82
)

78
01

(7
54

9 
– 

80
53

)
10

,9
73

(1
0,6

19
  –

 11
,32

8)
15

,99
7

(15
,48

0  
– 1

6,5
13

)
14

,4
12

(1
3,9

47
 – 

14
,87

7)
82

18
(7

95
3 

– 
84

84
)

In
di

an
92

5
(9

10
 –

 9
40

)
10

57
(1

04
0 

– 
10

74
)

40
56

(3
99

0 
– 

41
22

)
75

32
(7

41
0 

– 
76

54
)

48
54

(4
77

5 
– 

49
33

)
34

82
(3

37
0 

– 
35

95
)

10
,9

73
(1

0,6
19

 – 
11

,32
8)

85
25

(8
25

0 
– 

88
01

)
84

95
(8

22
0 

– 
87

69
)

52
82

(5
11

1 
– 

54
52

)

O
th

er
s

19
2

(1
89

 –
 1

95
)

21
6

(2
13

 –
 2

20
)

78
3

(7
70

 –
 7

95
)

14
35

(1
41

1 
– 

14
58

)
93

9
(9

24
 –

 9
54

)
71

7
(6

94
 –

 7
41

)
14

19
(1

37
3 

– 
14

65
)

16
19

(1
56

7 
– 

16
72

)
16

24
(1

57
1 

– 
16

76
)

10
20

(9
87

 –
 1

05
3)



January 2018, Vol. 47 No. 1

19Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

4.
 P

re
va

le
nc

e 
of

 C
at

ar
ac

t a
nd

 G
la

uc
om

a 
of

 S
in

ga
po

re
 R

es
id

en
ts

 b
y 

A
ge

 a
nd

 E
th

ni
ci

ty
	

Ye
ar

E
th

ni
ci

ty
C

at
ar

ac
t

G
la

uc
om

a

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

20
10

C
hi

ne
se

35
,0

00
(3

4,4
32

  –  
 35

,56
8)

90
,9

86
(8

9,5
09

  –
  9

2,4
63

)
16

0,8
13

(15
8,2

02
  –  

16
3,4

23
)

11
8,

29
3

(11
6,3

73
  –

  1
20

,21
3)

55
,4

33
(5

4,5
33

 – 
56

,33
3)

41
30

(4
19

7 
– 

40
63

)
13

,0
26

(1
2,8

15
 – 

13
,23

8)
11

,0
99

(1
0,9

18
 – 

11
,27

9)
12

,8
85

(1
2,6

76
  –

 13
,09

4)
56

92
(5

60
0 

– 
57

84
)

M
al

ay
53

57
(5

27
0 

– 
54

44
)

20
,9

83
(2

0,6
43

  –
  2

1,3
24

)
23

,9
10

(2
3,5

22
  –

  2
,42

98
)

16
,3

95
(1

6,
12

9 
 –

 1
6,

66
2)

76
42

(7
51

8 
– 

77
66

)
17

14
(1

68
6 

– 
17

42
)

26
60

(2
61

8 
– 

27
04

)
23

14
(2

27
7 

– 
23

52
)

14
78

(1
45

4 
– 

15
02

)
67

8
(6

67
 –

 6
89

)

In
di

an
32

66
(3

21
3 

– 
33

19
)

10
,7

48
(1

0,5
73

 – 
10

,92
2)

13
,9

54
(1

3,7
27

 – 
14

,18
0)

11
,2

43
(1

1,
06

1 –
 11

,4
26

)
58

11
(5

71
7 

– 
59

05
)

63
0

(6
29

 –
 6

40
)

78
2

(7
69

 –
 7

94
)

70
1

(6
90

 –
 7

13
)

47
6

(4
68

 –
 4

84
)

25
2

(2
48

 –
 2

56
)

O
th

er
s

55
2

(5
43

 –
 5

61
)

18
69

(1
83

9 
– 

19
00

)
24

40
(2

40
0 

– 
24

79
)

19
93

(1
96

0 
– 

20
25

)
10

95
(1

07
7 

– 
11

13
)

10
7

(1
06

 –
 1

09
)

15
2

(1
50

 –
 1

55
)

12
7

(1
25

 –
 1

29
)

79
(7

8 
– 

80
)

45
(4

4 
– 

46
)

20
15

C
hi

ne
se

35
,0

50
(3

4,4
81

  –
  3

5,6
19

)
96

,6
31

(9
5,0

62
  –

  9
8,1

99
)

21
5,8

93
(21

2,3
89

   – 
  21

9,3
97

)
15

2,4
57

(1
49

,98
3  –

 15
4,9

32
)

74
,0

30
(7

2,8
28

  – 
 75

,23
1)

39
82

(3
91

7 
– 

40
46

)
14

,5
37

(1
4,3

02
 – 

14
,77

4)
16

,0
72

(1
5,8

12
 – 

16
,33

3)
17

,2
63

(1
6,9

82
  –

  1
7,5

43
)

77
80

(7
65

3 
– 

79
06

)

M
al

ay
47

41
(4

66
4 

– 
48

18
)

25
,3

77
(2

4,9
65

  –
  2

5,7
89

)
36

,1
16

(3
5,5

29
 – 

36
,70

2)
19

,7
05

(1
9,

38
5 –

 20
,0

25
)

10
,5

97
(1

0,4
25

 – 
10

,76
9)

14
53

(1
43

0 
– 

14
77

)
32

66
(3

21
3 

– 
33

19
)

39
65

(3
90

1 
– 

40
30

)
17

87
(1

75
8 

– 
18

16
)

94
6

(9
31

 –
 9

62
)

In
di

an
27

74
(2

72
9 

– 
28

19
)

12
,5

03
(1

2,3
00

 – 
12

,70
6)

19
,4

10
(1

9,
09

5 
– 

19
,7

25
)

13
,2

79
(1

3,
06

4 
– 

13
,4

95
)

76
21

(7
49

7 
– 

77
44

)
56

1
(5

52
 –

 5
70

)
94

9
(9

33
 –

 9
64

)
98

8
(9

72
 –

 1
00

4)
55

1
(5

42
 –

 5
60

)
32

7
(3

22
 –

 3
33

)

O
th

er
s

49
8

(4
90

 –
 5

06
)

22
10

(2
17

5 
– 

22
46

)
34

54
(3

39
8 

– 
35

10
)

24
59

(2
41

9 
– 

24
99

)
13

77
(1

35
5 

– 
13

99
)

96
(9

4 
– 

98
)

18
8

(1
85

 –
 1

91
)

18
0

(1
77

 –
 1

83
)

96
(9

5 
– 

98
)

55
(5

4 
– 

56
)

20
20

C
hi

ne
se

35
,2

07
(3

4,6
35

  – 
 35

,77
8)

94
,9

82
(9

3,4
40

  –
  9

6,5
24

)
25

9,
30

9
(25

5,1
00

   – 
  26

3,5
18

)
20

7,9
49

(20
4,5

74
    –

   2
11

,32
4)

96
,4

39
(9

4,8
73

  –
  9

8,0
04

)
39

97
(3

93
2 

– 
40

62
)

15
,3

39
(1

5,0
90

 – 
15

,58
8)

20
,1

77
(1

9,8
50

 – 
20

,50
5)

24
,3

48
(2

3,9
53

 – 
 33

,24
6)

10
,4

68
(1

0,2
98

 – 
10

,63
8)

M
al

ay
44

36
(4

36
4 

– 
45

08
)

26
,2

43
(2

5,8
17

 – 
 26

,66
9)

49
,5

57
(4

8,
75

3 
– 

50
,3

61
)

28
,2

36
(2

7,
77

8 
– 

28
,6

95
)

13
,2

71
(1

3,0
55

  – 
 13

,48
6)

13
32

(1
31

1 
– 

13
54

)
34

80
(3

42
3 

– 
35

36
)

57
63

(5
67

0 
– 

58
57

)
25

62
(2

52
0 

– 
26

04
)

11
93

(1
17

4 
– 

12
12

)

In
di

an
21

64
(2

12
9 

– 
21

99
)

12
,8

35
(1

2,6
27

  –
  1

3,0
43

)
24

,9
80

(2
4,

57
5 

– 
25

,3
86

)
18

,2
94

(1
7,

99
8 

– 
18

,5
91

)
91

01
(8

95
4 

– 
92

49
)

46
2

(4
54

 –
 4

69
)

10
28

(1
01

1 
– 

10
45

)
12

79
(1

25
8 

– 
13

00
)

74
1

(7
29

 –
 7

53
)

38
6

(3
80

 –
 3

92
)

O
th

er
s

40
2

(3
95

 –
 4

09
)

23
07

(2
26

9 
– 

23
44

)
44

78
(4

40
5 

– 
45

50
)

34
88

(3
43

2 
– 

35
45

)
16

56
(1

62
9 

– 
16

83
)

81
(7

9 
– 

82
)

20
3

(2
00

 –
 2

06
)

23
2

(2
28

 –
 2

36
)

13
5

(1
33

 –
 1

37
)

66
(6

5 
– 

67
)

20
25

C
hi

ne
se

36
,3

65
(3

5,7
75

  –
  3

6,9
55

)
89

,1
17

(8
7,6

71
 – 

 90
,56

4)
28

0,
02

6
(27

5,4
81

  – 
 28

4,5
71

)
27

4,
13

2
(26

9,6
83

  –
  2

78
,58

2)
12

6,
63

2
(12

4,5
77

  – 
 12

8,6
87

)
42

01
(4

13
3 

– 
42

69
)

15
,8

13
(1

5,5
56

  –
 16

,06
9)

22
,4

57
(2

2,0
92

  –
  2

2,8
21

)
32

,7
15

(3
2,1

84
  –

  3
3,2

46
)

14
,2

61
(1

4,0
30

  –
  1

4,4
92

)

M
al

ay
47

65
(4

68
8 

– 
48

42
)

25
,0

46
(2

4,6
39

  –
  2

5,4
52

)
59

,2
25

(5
8,2

64
  –

  6
0,1

86
)

41
,8

45
(4

1,1
66

  –
  4

2,5
25

)
16

,9
12

(1
6,6

37
 – 

17
,18

6)
14

33
(1

41
0 

– 
14

56
)

34
,5

12
(3

39
6 

– 
35

08
)

71
03

(6
98

8 
– 

72
19

)
39

73
(3

73
1 

– 
38

54
)

15
29

(1
50

4 
– 

15
53

)

In
di

an
17

86
(1

75
7 

– 
18

15
)

11
,8

17
(1

1,6
25

 – 
12

,00
9)

28
,8

28
(2

8,3
60

 – 
29

,29
6)

25
,5

72
(2

5,
15

7 –
  2

5,
98

7)
11

,2
68

(11
,08

5 –
 11

,45
0)

40
7

(4
00

 –
 4

13
)

10
23

(1
00

7 
– 

10
10

)
14

81
(1

45
7 

– 
15

05
)

10
18

(1
00

1 
– 

10
34

)
46

9
(4

61
 –

 4
76

)

O
th

er
s

34
8

(3
42

 –
 3

53
)

21
53

(2
11

8 
– 

21
88

)
52

49
(5

16
4 

– 
53

34
)

48
72

(4
79

3 
– 

49
51

)
20

99
(2

06
5 

– 
21

33
)

75
(7

4 
– 

76
)

19
8

(1
95

 –
 2

01
)

27
0

(2
66

 –
 2

74
)

18
8

(1
85

 –
 1

91
)

82
(8

1 
– 

84
)

20
30

C
hi

ne
se

38
,9

50
(3

8,3
18

 – 
39

,58
2)

81
,4

05
(8

00
84

 – 
82

72
6)

28
0,

96
7

(27
6,4

07
  – 

28
5,5

28
)

32
7,

75
8

(32
2,4

38
 – 

33
3,0

78
)

16
9,

34
6

(16
6,5

98
   –  

 17
2,0

95
)

45
52

(4
47

8 
– 

46
25

)
16

,4
05

(1
6,1

39
  –

  1
6,6

71
)

23
,0

29
(2

3,4
03

 – 
22

,65
5)

39
,3

73
(38

,73
4  

–  
40

,01
2)

19
,6

88
(1

9,3
68

 – 
20

,00
7)

M
al

ay
54

87
(5

39
8 

– 
55

76
)

24
,8

63
(2

4,4
59

 – 
25

,26
6)

62
,2

73
(6

1,
26

3 
– 

63
,2

84
)

56
,2

69
(5

5,
35

5 –
 57

,1
82

)
23

,6
28

(2
3,2

44
 – 

24
,01

1)
16

54
(1

62
8 

– 
16

81
)

35
40

(3
48

3 
– 

35
98

)
77

01
(7

57
6 

– 
78

26
)

50
96

(5
01

3 
– 

51
78

)
21

40
(2

10
6 

– 
21

75
)



20

Annals Academy of Medicine

 Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

4.
 P

re
va

le
nc

e 
of

 C
at

ar
ac

t a
nd

 G
la

uc
om

a 
of

 S
in

ga
po

re
 R

es
id

en
ts

 b
y 

A
ge

 a
nd

 E
th

ni
ci

ty
 (C

on
t'd

)	

Ye
ar

E
th

ni
ci

ty
C

at
ar

ac
t

G
la

uc
om

a

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

In
di

an
17

49
(1

72
1 

– 
17

77
)

10
,4

02
(1

0,
23

3  –
 10

,5
70

)
29

,7
14

(2
9,

23
2 –

 30
,1

96
)

32
,9

61
(3

2,
42

6 –
 33

,4
96

)
15

,1
12

(1
4,

86
6 

– 
15

,3
57

)
41

7
(4

10
 –

 4
23

)
10

32
(1

01
6 

– 
10

49
)

15
28

(1
50

4 
– 

15
53

)
12

97
(1

27
6 

– 
13

18
)

61
5

(6
05

 –
 6

25
)

O
th

er
s

35
8

(3
53

 –
 3

64
)

19
41

(1
90

9 
– 

19
72

)
54

97
(5

40
8 

– 
55

87
)

62
53

(6
15

1 
– 

63
54

)
28

64
(2

81
8 

– 
29

11
)

82
(8

0 
– 

83
)

19
7

(1
94

 –
 2

00
)

28
1

(2
76

 –
 2

86
)

24
1

(2
37

 –
 2

45
)

11
1

(1
09

 –
 1

13
)

20
35

C
hi

ne
se

41
,7

30
(4

1,0
53

  –
  4

2,4
08

)
76

,1
16

(7
4,

88
1 –

  77
,3

52
)

26
8,

79
2

(2
64

,42
9   

 –    
 27

3,1
55

)
35

7,
21

8
(35

1,4
20

  – 
 36

3,0
16

)
21

8,
60

4
(21

5,0
55

  –
  2

22
,15

2)
48

92
(4

81
2 

– 
49

71
)

17
,3

54
(1

7,0
72

  –
  1

7,6
36

)
22

,2
97

(2
1,9

35
 – 

22
,65

9)
42

,8
17

(4
2,1

22
  –

  4
3,5

12
)

25
,9

20
(2

5,4
99

 – 
26

,34
1)

M
al

ay
61

47
(6

04
7 

– 
62

46
)

27
,0

36
(2

6,5
97

 – 
27

,47
5)

61
,5

90
(6

0,
59

1 –
 62

,5
90

)
66

,4
09

(6
5,3

31
 – 

67
,48

7)
33

,4
98

(3
2,

95
4 

– 
34

,0
41

)
18

53
(1

82
3 

– 
18

83
)

39
27

(3
86

3 
– 

39
91

)
78

89
(7

76
1 

– 
80

17
)

59
99

(5
90

2 
– 

60
97

)
30

35
(2

98
6 

– 
30

85
)

In
di

an
18

51
(1

82
1 

– 
18

81
)

97
06

(9
54

9 
– 

98
64

)
28

,0
40

(2
7,

58
5 –

 28
,4

95
)

38
,2

22
(3

7,
60

2 –
 38

,8
42

)
20

,4
54

(2
0,

12
2 

– 
20

,7
85

)
44

9
(4

42
 –

 4
57

)
11

24
(1

10
6 

– 
11

42
)

14
37

(1
41

4 
– 

14
60

)
14

93
(1

46
8 

– 
15

17
)

81
8

(8
04

 –
 8

31
)

O
th

er
s

39
1

(3
85

 –
 3

98
)

18
89

(1
85

9 
– 

19
20

)
52

64
(5

17
8 

– 
53

49
)

72
55

(7
13

7 
– 

73
72

)
38

94
(3

83
1 

– 
39

57
)

92
(9

0 
– 

93
)

21
9

(2
15

 –
 2

22
)

26
7

(2
63

 –
 2

71
)

28
0

(2
76

 –
 2

85
)

15
1

(1
48

 –
 1

53
)

20
40

C
hi

ne
se

42
,9

99
(4

2,3
01

 – 
 43

,69
7)

75
,8

42
(7

4,6
11

 – 
 77

,07
3)

25
1,

34
5

(24
7,2

65
  – 

 25
5,4

24
)

36
4,

73
4

(35
8,8

14
  –

  3
70

,65
4)

26
2,

25
1

(25
7,9

94
   –

  2
66

,50
7)

50
45

(4
96

3 
– 

51
27

)
18

,6
10

(1
8,3

08
 – 

18
,91

2)
20

,8
74

(2
0,5

36
 – 

21
,21

3)
43

,3
20

(4
2,6

16
  –

  4
4,0

23
)

31
,3

63
(3

0,8
54

  –
  3

1,8
72

)

M
al

ay
64

91
(6

38
6 

– 
65

97
)

30
,6

14
(3

0,1
17

  –
  3

1,1
11

)
62

,6
47

(6
1,6

30
 – 

63
,66

4)
70

,1
14

(6
8,

97
6 

– 
71

,2
52

)
44

,2
87

(4
3,

56
8 

– 
45

,0
06

)
19

57
(1

92
5 

– 
19

88
)

44
89

(4
41

6 
– 

45
61

)
82

91
(8

15
6 

– 
84

26
)

63
00

(6
19

7 
– 

64
02

)
40

10
(3

94
5 

– 
40

75
)

In
di

an
19

04
(1

87
3 

– 
19

35
)

99
69

(9
80

7 
– 

10
,1

31
)

25
,8

13
(2

5,3
94

  –
  2

6,2
32

)
39

,9
71

(3
9,3

22
  –

  4
0,6

20
)

26
,1

11
(2

5,
68

7 
– 

26
,5

34
)

46
3

(4
56

 –
 4

71
)

12
69

(1
24

8 
– 

12
89

)
13

07
(1

28
6 

– 
13

29
)

15
51

(1
52

6 
– 

15
76

)
10

31
(1

01
5 

– 
10

48
)

O
th

er
s

40
9

(4
02

 –
 4

15
)

20
26

(1
99

3 
– 

20
59

)
49

52
(4

87
1 

– 
50

32
)

75
89

(7
46

6 
– 

77
12

)
49

86
(4

90
5 

– 
50

67
)

96
(9

5 
– 

98
)

25
4

(2
50

 –
 2

58
)

24
9

(2
45

 –
 2

53
)

29
4

(2
89

 –
 2

98
)

19
3

(1
89

 –
 1

96
)



January 2018, Vol. 47 No. 1

21Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

5.
 P

re
va

le
nc

e 
of

 M
yo

pi
a 

an
d 

R
ef

ra
ct

iv
e 

Er
ro

r o
f S

in
ga

po
re

 R
es

id
en

ts
 b

y 
A

ge
 a

nd
 E

th
ni

ci
ty

Ye
ar

Et
hn

ic
ity

M
yo

pi
a

R
ef

ra
ct

iv
e 

E
rr

or

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

20
10

C
hi

ne
se

34
5,

77
8

(34
0,7

41
  –

  3
50

,81
4)

23
4,

34
3

(23
3,8

46
       –

      2
34

,84
0)

10
1,

96
8

(10
1,9

67
  –

  1
01

,96
9)

41
,0

23
(4

1,0
23

  –
  4

1,0
23

)
21

,3
71

(2
1,3

71
  –

  2
1,3

71
)

72
,7

19
(71

,53
9  

–  
73

,89
9)

77
,3

20
(7

6,0
65

  –
  7

8,5
75

)
52

,2
65

(5
1,4

17
 – 

53
,11

4)
27

,5
30

(2
7,0

83
  –

  2
7,9

77
)

13
,9

89
(1

3,7
62

  – 
 14

,21
6)

M
al

ay
59

,2
04

(5
8,

29
9 

– 
60

,1
09

)
21

,9
51

(2
1,

85
9 

– 
22

,0
13

)
61

72
(6

17
2 

– 
61

72
)

28
26

(2
82

6 
– 

28
26

)
22

55
(2

25
5 

– 
22

55
)

12
,0

74
(11

,87
8  

– 1
2,2

70
)

14
,5

95
(14

,35
9  

–  
14

,83
2)

91
00

(8
95

2 
– 

92
47

)
46

52
(4

57
6 

– 
47

27
 )

22
56

(2
21

9 
– 

22
93

)

In
di

an
36

,0
45

(3
5,

49
2 

– 
36

,5
97

)
14

,2
42

(1
4,

18
8 

– 
14

,2
95

)
49

30
(4

93
0 

– 
49

30
)

24
72

(2
47

2 
– 

24
72

)
17

49
(1

74
9 

– 
17

49
)

80
14

(7
88

4 
– 

81
44

)
11

,0
59

(1
0,

87
9 

– 
11

,2
38

)
66

54
(6

54
6 

– 
67

62
)

27
98

(2
75

2 
– 

28
43

)
15

46
(1

52
1 

– 
15

71
)

O
th

er
s

64
94

(6
39

4 
– 

65
93

)
26

42
(2

63
2 

– 
26

52
)

96
2

(9
62

 –
 9

62
)

44
5

(4
45

 –
 4

45
)

33
8

(3
38

 –
 3

38
)

13
56

(1
33

4 
– 

13
78

)
19

95
(1

96
3 

– 
20

28
)

12
17

(1
19

7 
– 

12
36

)
39

6
(3

89
 –

 4
02

)
23

8
(2

34
 –

 2
42

)

20
15

C
hi

ne
se

35
8,

25
4

(3
52

,49
7  –

   36
4,0

10
)

28
9,

11
6

(2
86

,57
9  –

   29
1,6

54
)

16
0,

58
3

(1
60

,51
5  

– 1
60

,65
0)

58
,4

15
(5

8,4
15

 – 
58

,41
5)

26
,3

46
(2

6,3
46

  –
 26

,34
6)

68
,1

59
(67

,05
3  

–  
69

,26
6)

78
,9

77
(7

7,
69

5 –
 80

,2
59

)
67

,4
78

(6
6,3

83
  – 

 68
,57

4)
32

,8
72

(3
2,3

38
 – 

33
,40

5)
18

,1
49

(1
7,8

55
  – 

 18
,44

4)

M
al

ay
60

,4
24

(5
9,4

49
  –

  6
13

,99
9)

40
,5

48
(4

0,
08

1 
– 

41
,0

14
)

11
,5

45
(1

1,
53

3 
– 

11
,5

58
)

35
66

(3
56

6 
– 

35
66

)
23

76
(2

37
6 

– 
23

76
)

10
,6

58
(1

0,4
85

 – 
10

,83
1)

17
,7

69
(1

7,
48

1 –
 18

,0
58

)
14

,2
00

(1
3,9

70
  –

 14
,43

1)
52

98
(5

21
2 

– 
53

84
)

30
89

(3
03

8 
– 

31
39

)

In
di

an
37

,4
81

(3
6,

87
5 

– 
38

,0
86

)
24

,3
39

(2
5,

60
1 –

 24
,6

16
)

85
70

(8
56

3 
– 

85
78

)
28

24
(2

82
4 

– 
28

24
)

20
02

(2
00

2 
– 

20
02

)
70

50
(6

93
6 

– 
71

65
)

13
,0

87
(1

2,8
74

  –
 13

,29
9)

93
97

(9
24

4 
– 

95
49

)
31

07
(3

05
6 

– 
31

57
)

15
46

(1
52

1 
– 

15
71

)

O
th

er
s

65
33

(6
42

8 
– 

66
39

)
44

61
(4

41
0 

– 
45

11
)

16
31

(1
63

0 
– 

16
33

)
53

7
(5

37
 –

 5
37

)
37

0
(3

70
 –

 3
70

)
12

10
(1

19
1 

– 
12

30
)

24
06

(2
36

7 
– 

24
45

)
17

23
(1

69
5 

– 
17

51
)

46
6

(4
59

 –
 4

74
)

29
0

(2
85

 –
 2

94
)

20
20

C
hi

ne
se

34
2,

51
8

(33
6,9

6  
 – 

 34
8,0

75
)

33
1,

85
5

(32
7,2

31
  –

  3
36

,47
9)

27
0,

90
9

(26
8,4

38
  –

  2
73

,37
9)

91
,7

41
(9

1,7
33

  –
  9

1,7
49

)
34

,4
94

(3
4,4

94
  –

  3
4,4

94
)

62
,5

61
(61

,54
6  

–  
63

,57
7)

73
,9

72
(7

2,7
72

  –
  7

5,1
73

)
79

,2
69

(7
7,9

83
  –

  8
0,5

56
)

41
,1

25
(4

0,4
58

  –
  4

1,7
93

)
22

,4
91

(2
2,1

26
  – 

 22
,85

6)

M
al

ay
58

,5
25

(5
7,

57
6 

– 
59

,4
75

)
55

,0
27

(5
4,

20
6 

– 
55

,8
49

)
22

,3
58

(2
2,

21
8 

– 
22

,4
99

)
58

28
(5

82
7 

– 
58

30
)

25
39

(2
53

9 
– 

25
39

)
99

77
(9

81
5 –

 10
,1

39
)

18
,3

85
(1

8,
08

6  
– 1

8,
68

3)
19

,7
96

(1
9,4

74
  –

  2
0,1

17
)

70
87

(6
97

2 
– 

72
02

)
37

66
(3

70
4 

– 
38

27
)

In
di

an
34

,0
84

(3
3,

53
1 

– 
34

,6
37

)
33

,5
49

(3
3,

04
7 –

 34
,0

52
)

14
,3

39
(1

4,
25

7 
– 

14
,4

22
)

45
52

(4
55

1 
– 

45
53

)
21

07
(2

10
7 

– 
21

07
)

56
82

(5
59

0 
– 

57
74

)
13

,6
94

(1
3,

47
2 –

 13
,9

16
)

12
,1

95
(1

1,9
97

 – 
12

,39
3)

39
65

(3
90

1 
– 

40
30

)
22

80
(2

24
3 

– 
23

17
)

O
th

er
s

58
38

(5
74

3 
– 

59
32

)
60

25
(5

93
5 

– 
61

15
)

26
63

(2
64

8 
– 

26
78

)
87

9
(8

79
 –

 8
79

)
39

1
(3

91
 –

 3
91

)
99

9
(9

83
 –

 1
01

5)
25

49
(2

50
8 

– 
25

91
)

22
23

(2
18

7 
– 

22
59

)
64

1
(6

30
 –

 6
51

)
33

4
(3

28
 –

 3
39

)

20
25

C
hi

ne
se

33
0,

82
8

(32
5,4

58
  –

  3
36

,19
7)

34
4,

43
6

(3
38

,99
7  –

  34
9,8

74
)

27
0,

90
9

(2
68

,43
8  

–  
27

3,3
79

)
13

8,
95

0
(13

8,7
95

   – 
 13

9,1
05

)
49

,2
44

(4
9,2

43
  –

  4
9,2

45
)

59
,2

46
(58

,28
5  –

  6
0,2

08
)

64
,9

79
(6

3,9
24

  –
  6

6,0
34

)
84

,5
24

(8
3,1

53
  –

  8
5,8

96
)

50
,6

58
(4

9,8
36

  –
  5

1,4
80

)
27

,4
92

(2
7,0

45
  – 

 27
,93

8)

M
al

ay
63

,9
71

(6
2,

93
3 –

 65
,0

10
)

58
,1

60
(5

27
,2

31
  – 

 59
,0

90
)

38
,0

03
(3

7,
55

3 
– 

38
,4

52
)

10
,9

28
(1

0,8
99

 – 
10

,95
7)

31
97

(3
19

6 
– 

31
97

)
10

,7
41

(1
0,5

67
  –  

10
,91

6)
17

,5
03

(1
7,2

19
 – 

17
,78

7)
23

,8
71

(2
3,4

84
  –

  2
4,2

59
)

10
,0

13
(9

85
0 

– 
10

,1
75

)
45

62
(4

48
8 

– 
46

36
)

In
di

an
33

,5
64

(3
3,

02
0 

– 
34

,1
09

)
35

,5
73

(3
5,

00
4 

– 
36

,1
42

)
23

,0
60

(2
2,

79
1 

– 
23

,3
29

)
77

59
(7

74
3 

– 
77

76
)

25
55

(2
55

5 
– 

25
55

)
48

56
(4

77
7 

– 
49

35
 )

12
,9

89
(1

2,
77

8 –
 13

,2
00

)
14

,1
43

(1
3,9

13
 – 

14
,37

2)
52

31
(5

14
6 

– 
53

16
)

26
60

(2
61

7 
– 

27
03

)

O
th

er
s

59
40

(5
84

4 
– 

60
37

)
62

20
(6

12
1 

– 
63

20
)

42
20

(4
17

1 
– 

42
70

)
14

69
(1

46
6 

– 
14

72
)

48
6

(4
86

 –
 4

86
)

90
3

(8
88

 –
 9

18
)

24
25

(2
38

6 
– 

24
65

)
25

87
(2

54
5 

– 
26

29
 )

88
9

(8
75

 –
 9

03
)

40
4

(3
97

 –
 4

10
)

20
30

C
hi

ne
se

34
0,

81
4

(33
5,2

82
  – 

 34
6,3

46
)

33
4,

57
0

(3
29

,15
9  –

  33
9,9

82
)

30
7,

56
7

(30
3,3

95
  –

  3
11

,74
0)

18
7,

25
5

(18
6,3

97
  –  

 18
8,1

13
)

74
,8

34
(7

4,
81

1 –
 74

,8
56

)
60

,6
57

(5
9,6

72
  –  

 61
,64

1)
53

,6
40

(5
2,7

69
  –

  5
4,5

11
)

84
,6

56
(8

3,2
82

  – 
  86

,03
0)

57
,7

07
(56

,77
1  

–  
58

,64
4)

33
,9

83
(33

,43
1  –

   3
4,5

35
)

M
al

ay
75

,3
09

(7
4,

08
7 –

 76
,5

31
)

58
,3

67
(5

7,4
22

  –
  5

9,3
13

)
49

,9
81

(4
9,

24
5 

– 
50

,7
17

)
20

,3
62

(2
0,2

04
  –

  2
0,5

19
)

50
66

(5
06

1 
– 

50
70

)
12

,3
86

(12
,18

5  
–  

12
,58

7)
17

,2
92

(1
7,0

11
 – 

17
,57

2)
25

,3
45

(2
4,9

34
  –

  2
5,7

56
)

13
,1

20
(1

2,9
07

 – 
13

,33
3)

59
94

(5
89

7 
– 

60
92

)



22

Annals Academy of Medicine

 Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

5.
 P

re
va

le
nc

e 
of

 M
yo

pi
a 

an
d 

R
ef

ra
ct

iv
e 

Er
ro

r o
f S

in
ga

po
re

 R
es

id
en

ts
 b

y 
A

ge
 a

nd
 E

th
ni

ci
ty

 (C
on

t'd
)

Ye
ar

Et
hn

ic
ity

M
yo

pi
a

R
ef

ra
ct

iv
e 

E
rr

or

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

In
di

an
37

,1
11

(3
6,

50
8  

–  
37

,7
13

)
33

,6
72

(3
3,

12
6  

–  
34

,2
17

)
30

,4
61

(3
0,

01
2 

– 
30

,9
11

)
77

59
(7

74
3 

– 
77

76
)

38
60

(3
85

7 
– 

38
62

)
48

75
(4

79
6 

– 
49

54
)

12
,1

39
(1

1,9
42

  –
 12

,33
6)

14
,6

18
(1

4,3
81

  –
  1

4,8
56

)
64

99
(6

39
4 

– 
66

05
)

33
26

(3
27

2 
– 

33
80

)

O
th

er
s

69
77

(6
86

3 
– 

70
90

)
58

26
(5

73
1 

– 
59

20
)

55
08

(5
45

6 
– 

56
40

)
24

04
(2

38
7 

– 
24

21
)

73
8

(7
38

 –
 7

39
)

96
5

(9
49

 –
 9

81
)

22
90

(2
25

3 
– 

23
27

)
26

91
(2

64
8 

– 
27

35
)

11
51

(1
13

3 
– 

11
70

)
53

3
(5

24
 –

 5
42

)

20
35

C
hi

ne
se

36
3,

39
2

(35
7,4

93
  –

  3
69

,29
0)

32
6,

87
6

(32
1,5

72
  –

  3
32

,18
0)

31
9,

69
0

(31
4,7

25
  –

  3
11

,74
0)

22
9,

05
3

(22
6,8

58
  – 

 23
1,2

48
)

10
9,

75
5

(10
,95

6  
–  

11
0,9

94
)

64
,1

19
(63

,07
8  

 – 
  6

5,1
60

)
44

,4
38

(43
,71

7  
–  

 45
,15

9)
82

,7
53

(8
1,4

10
  –

  8
4,0

96
)

60
,5

69
(5

9,5
86

  –
  6

1,5
52

)
41

,0
70

(40
,40

4  
–  

41
,73

7)

M
al

ay
86

,2
73

(8
4,

87
3 

– 
87

,6
73

)
63

,6
98

(6
2,

66
4 

– 
64

,7
31

)
49

,9
81

(4
9,

24
5 

– 
50

,7
17

)
32

,4
19

(32
,02

4  
–  

32
,81

5)
91

66
(9

13
0 

– 
92

01
)

12
,3

86
(12

,18
5   

–  1
2,5

87
)

18
,7

14
(1

8,4
10

  –
  1

9,0
18

)
25

,3
60

(2
4,9

48
   –

   2
5,7

72
)

15
,2

20
(1

4,9
73

  –
  1

5,4
67

)
81

11
(7

97
9 

– 
82

42
)

In
di

an
41

,6
29

(4
0,

95
3  

–  
42

,3
05

)
33

,5
45

(3
3,

00
1 

– 
34

,0
89

)
32

,6
57

(3
2,

14
0 

– 
33

,1
75

)
12

,9
27

(1
2,8

34
  –

  1
3,0

20
)

63
47

(6
32

6 
– 

63
68

)
48

75
(4

79
6 

– 
49

54
)

12
,2

04
(1

2,0
06

 – 
12

,40
2)

13
,7

68
(13

,54
5  

–  
13

,99
2)

73
51

(7
23

2 
– 

74
71

)
42

52
(4

18
3 

– 
43

21
)

O
th

er
s

81
89

(8
05

6 
– 

83
22

)
59

84
(5

88
7 

– 
60

81
)

57
40

(5
64

9 
– 

58
31

)
36

28
(3

58
4 

– 
36

71
)

12
02

(1
19

8 
– 

12
06

)
10

72
(1

05
5 

– 
10

89
)

23
73

(2
33

4 
– 

24
11

)
25

59
(2

51
8 

– 
26

01
)

13
55

(1
33

3 
– 

13
77

)
71

7
(7

05
 –

 7
29

)

20
40

C
hi

ne
se

37
7,

65
6

(37
1,5

26
  –

  3
83

,78
6)

33
5,

64
9

(3
30

,20
1  –

   3
41

,09
6)

31
4,

27
0

(3
09

,21
0  

 – 
  3

19
,32

9)
25

7,
48

7
(25

4,0
23

   –
   2

60
,95

1)
14

7,
87

2
(14

7,1
32

   – 
 14

8,6
11

)
65

,9
08

(64
,83

8  
–  

66
,97

8)
40

,5
62

(3
9,9

04
  –

  4
1,2

21
)

81
,3

89
(8

0,0
68

  –
  8

2,7
10

)
60

,0
83

(5
9,1

08
 – 

61
,05

9)
46

,8
46

(46
,08

5  
–  

47
,60

6)

M
al

ay
92

,6
24

(9
1,

12
1 –

  9
4,

12
8)

73
,7

17
(7

2,
21

 –
 7

4,
91

4)
55

,6
87

(5
4,

78
7 

– 
56

,5
87

)
41

,4
50

(4
0,8

42
  –

  4
2,0

59
)

16
,2

13
(1

6,0
78

  –
  1

6,3
48

)
14

,6
57

(14
,41

9   
–  1

4,8
94

)
21

,1
38

(2
0,7

95
  –

  2
1,4

81
)

26
,0

83
(2

5,6
59

  –
  2

6,5
06

)
15

,7
68

(1
5,5

12
   –

 16
,02

4)
10

,4
19

(1
0,2

50
    –

  10
,58

8)

In
di

an
43

,9
21

(4
3,2

08
  –

  4
4,6

34
)

36
,5

37
(3

5,
94

4  
–  

37
,1

30
)

31
,8

43
(3

1,
32

8 
– 

32
,3

57
)

25
,2

00
(2

4,8
30

  –
  2

5,5
70

)
10

,3
38

(1
0,2

58
  –

  1
0,4

18
)

53
75

(5
28

8 
– 

54
62

)
13

,1
63

(1
2,9

50
  –

  1
3,3

77
)

12
,5

51
(1

2,3
47

  –
  1

2,7
54

)
75

58
(7

43
5 

– 
76

81
)

52
17

(5
13

3 
– 

53
02

)

O
th

er
s

88
48

(8
70

3 
– 

89
91

)
68

76
(6

76
4 

– 
69

87
)

55
66

(5
47

6 
– 

56
56

)
45

49
(4

48
3 

– 
46

16
)

19
39

(1
92

4 
– 

19
54

)
11

24
(1

10
6 

– 
11

42
)

26
54

(2
61

1 
– 

26
97

)
23

85
(2

34
6 

– 
24

23
)

14
38

(1
41

5 
– 

14
61

)
92

2
(9

08
 –

 9
37

)



January 2018, Vol. 47 No. 1

23Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

6.
 P

re
va

le
nc

e 
of

 E
pi

re
tin

al
 M

em
br

an
e 

an
d 

R
et

in
al

 V
ei

n 
O

cc
lu

si
on

 o
f S

in
ga

po
re

 R
es

id
en

ts
 b

y 
A

ge
 a

nd
 E

th
ni

ci
ty

Ye
ar

E
th

ni
ci

ty
E

pi
re

tin
al

 M
em

br
an

e
R

et
in

al
 V

ei
n 

O
cc

lu
si

on

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

20
10

C
hi

ne
se

16
,2

03
(1

5,9
40

  –
  1

6,4
66

)
49

,4
49

(4
8,6

46
  –

  5
0,2

52
)

60
,5

16
(5

9,
53

4 
– 

61
,4

99
)

39
,3

47
(3

8,
70

8 
– 

39
,9

86
)

17
,5

48
(1

7,
26

3 
– 

17
,8

33
)

34
21

(3
36

6 
– 

34
77

)
32

47
(3

19
5 –

 33
00

)
18

81
(1

85
0 

– 
19

11
)

90
6

(8
91

 –
 9

20
)

41
7

(4
10

 –
 4

24
)

M
al

ay
16

86
(1

65
9 

– 
17

14
)

47
24

(4
64

7 
– 

48
01

)
69

14
(6

80
1 

– 
70

26
)

33
08

(3
25

5 
– 

33
62

)
14

57
(1

43
4 

– 
14

81
)

60
4

(5
94

 –
 6

14
)

50
1

(4
93

 –
 5

09
)

23
3

(2
29

 –
 2

37
)

12
1

(1
19

 –
 1

23
)

56
(5

5 
– 

57
)

In
di

an
20

74
(2

04
0 

– 
21

08
)

26
64

(2
62

1 
– 

27
07

)
29

33
(2

88
5 

– 
29

80
)

32
45

(3
19

2 
– 

32
97

)
14

57
(1

43
4 

– 
14

81
)

37
0

(3
64

 –
 3

76
)

30
3

(2
98

 –
 3

08
)

15
6

(1
54

 –
 1

59
)

84
(8

2 
– 

85
)

43
(4

2 
– 

44
)

O
th

er
s

36
6

(3
60

 –
 3

72
)

48
6

(4
78

 –
 4

94
)

70
9

(6
98

 –
 7

21
)

56
9

(5
59

 –
 5

78
)

31
6

(3
11

 –
 3

21
)

67
(6

6 
– 

68
)

58
(5

7 
– 

59
)

31
(3

0 
– 

31
)

15
(1

5 
– 

15
)

8
(8

 –
 8

)

20
15

C
hi

ne
se

16
,6

31
(1

6,3
61

 – 
16

,90
1)

55
,3

54
(5

4,4
55

  –
  5

6,2
52

)
82

,8
11

(8
1,

46
7 

– 
84

,1
55

)
53

,2
17

(5
2,

35
3 

– 
54

,0
80

)
23

,8
54

(2
3,

46
7 

– 
24

,2
41

)
33

21
(3

26
7 

– 
33

75
)

35
78

(3
52

0 –
 36

36
)

25
78

(2
53

6 
– 

26
20

)
11

85
(1

16
6 

– 
12

05
)

56
1

(5
52

 –
 5

70
)

M
al

ay
15

28
(1

50
3 

– 
15

53
)

56
81

(5
58

9 
– 

57
74

)
10

,8
83

(1
0,

70
6 

– 
11

,0
59

)
42

30
(4

16
2 

– 
42

99
)

20
60

(2
02

6 
– 

20
93

)
56

0
(5

51
 –

 5
69

)
61

3
(6

04
 –

 6
23

)
35

8
(3

52
 –

 3
64

)
14

6
(1

44
 –

 1
49

)
78

(7
7 

– 
80

)

In
di

an
18

65
(1

83
5 

– 
18

95
)

31
55

(3
10

4 
– 

32
06

)
44

79
(4

40
6 

– 
45

52
)

38
07

(3
74

5 
– 

38
69

)
22

09
(2

17
3 

– 
22

45
)

34
5

(3
39

 –
 3

50
)

36
6

(3
60

 –
 3

71
)

22
6

(2
22

 –
 2

29
)

10
0

(9
8 

– 
10

1)
57

(5
6 

– 
58

)

O
th

er
s

33
1

(3
26

 –
 3

36
)

57
8

(5
69

 –
 5

87
)

10
44

(1
02

7 
– 

10
61

)
69

5
(6

84
 –

 7
06

)
39

6
(3

89
 –

 4
02

)
61

(6
0 

– 
62

)
69

(6
8 

– 
71

)
44

(4
4 

– 
45

)
19

(1
9 

– 
19

)
10

(1
0 

– 
11

)

20
20

C
hi

ne
se

17
,4

78
(1

7,1
94

  –
 17

,76
2)

56
,8

90
(5

5,9
66

  –
  5

7,8
13

)
10

1,
67

0
(1

00
,0

20
 –

 1
03

,3
20

)
76

,4
49

(7
5,

20
8 

– 
77

,6
90

)
32

,0
84

(3
1,5

63
  –

  3
2,6

05
)

31
69

(3
11

8 
– 

32
21

)
36

68
(3

60
8 –

 37
27

)
31

57
(3

10
6 

– 
32

09
)

16
44

(1
61

7 
– 

16
71

)
73

8
(7

26
 –

 7
50

)

M
al

ay
14

73
(1

44
9 

– 
14

96
)

58
42

(5
74

7 
– 

59
37

)
15

,2
29

(1
4,

98
2 

– 
15

,4
77

)
64

83
(6

37
8 

– 
65

89
)

26
73

(2
63

0 
– 

27
17

)
55

2
(5

43
 –

 5
61

)
64

2
(6

32
 –

 6
53

)
49

5
(4

87
 –

 5
03

)
21

0
(2

07
 –

 2
14

)
98

(9
7 

– 
10

0)

In
di

an
15

95
(1

56
9 

– 
16

21
)

32
98

(3
24

4 
– 

33
51

)
62

50
(6

14
8 

– 
63

51
)

52
04

(5
11

9 
– 

52
88

)
26

28
(2

58
6 

– 
26

71
)

31
5

(3
10

 –
 3

20
)

38
9

(3
83

 –
 3

95
)

29
9

(2
94

 –
 3

04
)

13
8

(1
36

 –
 1

41
)

68
(6

7 
– 

69
)

O
th

er
s

28
6

(2
82

 –
 2

91
)

60
5

(5
95

 –
 6

15
)

13
96

(1
37

3 
– 

14
18

)
97

9
(9

63
 –

 9
95

)
47

3
(4

65
 –

 4
80

)
56

(5
5 

– 
57

)
73

(7
2 

– 
74

)
58

(5
7 

– 
59

)
27

(2
7 

– 
28

)
13

(1
2 

– 
13

)

20
25

C
hi

ne
se

18
,8

48
(1

8,5
42

 – 
19

,15
4)

55
,0

60
(5

4,1
66

  –
  5

5,9
53

)
11

2,
92

1
(1

11
,0

88
 –

 1
14

,7
53

)
10

4,
86

7
(1

03
,1

65
 –

 1
06

,5
69

)
44

,0
87

(4
3,3

71
 – 

 44
,80

3)
31

10
(3

05
9 

– 
31

60
)

36
12

(3
55

3 –
 36

71
)

34
86

(3
43

0 
– 

35
43

)
21

96
(2

16
0 

– 
22

31
)

98
3

(9
68

 –
 9

99
)

M
al

ay
16

20
(1

59
4 

– 
16

47
)

55
34

(5
44

4 
– 

56
23

)
18

,4
17

(1
8,

11
8 

– 
18

,7
16

)
10

,0
10

(9
84

7 
– 

10
,1

72
)

36
13

(3
55

4 
– 

36
72

)
61

6
(6

06
 –

 6
26

)
62

2
(6

12
 –

 6
32

)
59

4
(5

84
 –

 6
04

)
31

2
(3

07
 –

 3
17

)
12

6
(1

23
 –

 1
28

)

In
di

an
14

93
(1

46
9 

– 
15

18
)

31
01

(3
05

1 
– 

31
52

)
78

35
(7

70
8 

– 
79

62
)

72
30

(7
11

3 
– 

73
48

)
32

33
(3

18
0 

– 
32

85
)

32
0

(3
15

 –
 3

25
)

37
5

(3
69

 –
 3

81
)

35
5

(3
49

 –
 3

61
)

19
5

(1
92

 –
 1

98
)

84
(8

3 
– 

86
)

O
th

er
s

27
9

(2
75

 –
 2

84
)

56
9

(5
60

 –
 5

78
)

16
88

(1
66

0 
– 

17
15

)
13

61
(1

33
9 

– 
13

83
)

59
4

(5
85

 –
 6

04
)

59
(5

8 
– 

60
)

70
(6

8 
– 

71
)

68
(6

7 
– 

70
)

38
(3

8 
– 

39
)

16
(1

6 
– 

16
)

20
30

C
hi

ne
se

20
,6

20
(2

0,2
85

 – 
20

,95
5)

51
,0

25
(5

0,1
97

 – 
 51

,85
3)

11
7,

47
0

(1
15

,5
63

 –
 11

9,
37

7)
12

9,
31

0
(1

27
,2

11
 – 

13
1,

40
9)

61
,8

26
(6

0,
82

3 –
  6

2,
83

0)
32

43
(3

19
0 

– 
32

95
)

35
07

(3
45

0 –
 35

63
)

35
92

(3
53

4 
– 

36
50

)
26

53
(2

61
0 

– 
26

96
)

13
36

(1
31

4 
– 

13
57

)

M
al

ay
18

87
(1

85
6 

– 
19

17
)

54
48

(5
36

0 
– 

55
37

)
19

,6
43

(1
9,

32
5 

– 
19

,9
62

)
13

,7
34

(1
3,

51
1 

– 
13

,9
57

)
53

68
(5

28
1 

– 
54

55
)

72
2

(7
10

 –
 7

34
)

62
6

(6
15

 –
 6

36
)

62
6

(6
15

 –
 6

36
)

42
0

(4
13

 –
 4

26
)

17
6

(1
73

 –
 1

79
)

In
di

an
15

91
(1

56
5 

– 
16

17
)

28
24

(2
77

8 
– 

28
70

)
88

08
(8

66
5 

– 
89

51
)

92
69

(9
11

9 
– 

94
20

)
43

04
(4

23
4 

– 
43

74
)

35
7

(3
51

 –
 3

63
)

35
5

(3
49

 –
 3

61
)

37
7

(3
71

 –
 3

83
)

25
3

(2
49

 –
 2

57
)

11
4

(1
12

 –
 1

16
)



24

Annals Academy of Medicine

 Projection of Eye Disease Burden—John P Ansah et al
Ta

bl
e 

6.
 P

re
va

le
nc

e 
of

 E
pi

re
tin

al
 M

em
br

an
e 

an
d 

R
et

in
al

 V
ei

n 
O

cc
lu

si
on

 o
f S

in
ga

po
re

 R
es

id
en

ts
 b

y 
A

ge
 a

nd
 E

th
ni

ci
ty

 (C
on

t'd
)

Ye
ar

E
th

ni
ci

ty
E

pi
re

tin
al

 M
em

br
an

e
R

et
in

al
 V

ei
n 

O
cc

lu
si

on

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

40
 –

 4
9

50
 –

 5
9

60
 –

 6
9

70
 –

 7
9

80
+

O
th

er
s

31
4

(3
09

 –
 3

19
)

52
6

(5
17

 –
 5

34
)

18
16

(1
78

6 
– 

18
45

)
17

38
(1

70
9 

– 
17

66
)

80
5

(7
92

 –
 8

19
)

69
(6

8 
– 

70
)

66
(6

5 
– 

67
)

72
(7

1 
– 

73
)

49
(4

8 
– 

50
)

22
(2

2 
– 

23
)

20
35

C
hi

ne
se

22
,2

26
(2

1,8
66

 – 
22

,58
7)

47
,8

48
(4

7,0
71

 – 
 48

,62
5)

11
8,

25
3

(1
16

,3
34

 –
 1

20
,1

73
)

14
4,

95
4

(1
42

,6
02

 – 
14

7,
30

7)
82

,9
84

(8
1,

63
7 –

  8
4,

33
1)

34
47

(3
39

1 
– 

35
03

)
34

80
(3

42
4 –

 35
37

)
35

59
(3

50
2 

– 
36

17
)

29
20

(2
87

3 
– 

29
68

)
17

46
(1

71
8 

– 
17

75
)

M
al

ay
21

21
(2

08
6 

– 
21

55
)

58
87

(5
79

2 
– 

59
83

)
19

,7
73

(1
9,

45
2 

– 
20

,0
94

)
16

,3
98

(1
6,

13
2 

– 
16

,6
64

)
79

31
(7

80
3 

– 
80

60
)

81
3

(8
00

 –
 8

26
)

68
6

(6
75

 –
 6

97
)

62
0

(6
10

 –
 6

30
)

49
5

(4
87

 –
 5

03
)

25
0

(2
45

 –
 2

54
)

In
di

an
17

36
(1

70
8 

– 
17

64
)

31
01

(3
05

1 
– 

31
52

)
92

68
(9

11
8 

– 
94

18
)

10
,6

89
(1

0,
51

6 
– 

10
,8

63
)

57
88

(5
69

4 
– 

58
82

)
39

5
(3

89
 –

 4
01

)
36

2
(3

56
 –

 3
68

)
36

9
(3

63
 –

 3
75

)
29

7
(2

92
 –

 3
01

)
15

6
(1

53
 –

 1
58

)

O
th

er
s

35
4

(3
49

 –
 3

60
)

53
1

(5
22

 –
 5

39
)

18
29

(1
79

9 
– 

18
59

)
20

05
(1

97
3 

– 
20

38
)

10
89

(1
07

1 
– 

11
07

)
79

(7
8 

– 
81

)
70

(6
9 

– 
71

)
70

(6
9 

– 
71

)
57

(5
6 

– 
58

)
31

(3
0 

– 
31

)

20
40

C
hi

ne
se

22
,9

28
(2

2,5
56

 – 
23

,30
0)

47
,6

52
(4

6,8
79

 – 
48

,42
6)

11
8,

40
5

(1
16

,4
83

 –
 1

20
,3

27
)

15
2,

02
3

(1
49

,5
55

 – 
15

4,
49

0)
10

2,
75

8
(10

1,0
90

  –
  1

04
,42

6)
35

47
(3

48
9 

– 
36

04
)

35
97

(3
53

9 –
 36

56
)

34
85

(3
42

8 
– 

35
41

)
30

13
(2

96
4 

– 
30

62
)

21
18

(2
08

3 
– 

21
52

)

M
al

ay
22

41
(2

20
5 

– 
22

78
)

66
45

(6
53

7 
– 

67
53

)
20

,4
51

(2
0,

11
9 

– 
20

,7
83

)
17

,4
90

(1
7,

20
6 

– 
17

,7
74

)
10

,7
30

(1
0,

55
6 –

 10
,9

05
)

86
0

(8
46

 –
 8

74
)

78
0

(7
68

 –
 7

93
)

63
1

(6
21

 –
 6

41
)

52
3

(5
14

 –
 5

31
)

33
0

(3
25

 –
 3

35
)

In
di

an
17

96
(1

76
7 

– 
18

25
)

28
96

(2
84

9 
– 

29
43

)
98

85
(9

72
4 

– 
10

04
5)

11
,1

01
(1

0,
92

0 
– 

11
,2

81
)

73
48

(7
22

9 
– 

74
67

)
41

0
(4

03
 –

 4
17

)
39

3
(3

87
 –

 3
99

)
35

7
(3

51
 –

 3
62

)
31

3
(3

08
 –

 3
19

)
20

0
(1

97
 –

 2
04

)

O
th

er
s

37
3

(3
67

 –
 3

79
)

58
4

(5
74

 –
 5

93
)

19
11

(1
88

 –
 1

94
2)

20
86

(2
05

2 
– 

21
20

)
13

87
(1

36
4 

– 
14

09
)

84
(8

3 
– 

85
)

79
(7

7 
– 

80
)

68
(6

7 
– 

69
)

60
(5

9 
– 

61
)

39
(3

9 
– 

40
)



January 2018, Vol. 47 No. 1

25Projection of Eye Disease Burden—John P Ansah et al

Table 7. Prevalence of Myopia and Refractive Error (Combined) of Singapore Residents by Age and Ethnicity

Year Ethnicity Myopia and Refractive Error

40 – 49 50 – 59 60 – 69 70 – 79 80+

2010 Chinese 418,473
(413,377 – 423,569)

311,663
(308,122 – 315,203)

154,234
(153,385 – 155,083)

68,553
(68,106 – 68,999)

35,360
(35,132 – 35,587)

Malay 71,278
(68,492 – 74,063)

36,546
(34,371 – 38,722)

15,272
(15,124 – 15,420)

7477
(7402 – 7553)

4511
(4474 – 4547)

Indian 44,059
(39,196 – 48,921)

25,300
(22,690 – 27,911)

11,584
(11,476 – 11,692)

5270
(5224 – 5315)

3295
(3270 – 3320)

Others 7850
(6427 – 9273)

4637
(3969 – 5305)

2179
(2159 – 2199)

841
(834 – 847)

576
(572 – 579)

2015 Chinese 426,390
(420,601 – 432,179)

368,093
(358,427 – 377,759)

228,061
(226,898 – 229,224)

91,287
(90,754 – 91,821)

44,495
(44,201 – 44,790)

Malay 71,082
(67,592 – 74,573)

58,317
(52,940 – 63,694)

25,745
(25,502 – 25,988)

8864
(8778 – 8950)

5464
(5414 – 5514)

Indian 44,531
(39,039 – 50,023)

37,425
(31,691 – 43,159)

17,967
(17,808 – 18,127)

5931
(5881 – 5982)

3981
(3949 – 4014)

Others 7744
(6214 – 9273)

6867
(5403 – 8331)

3354
(3325 – 3384)

1003
(996 – 1011)

659
(655 – 664)

2020 Chinese 405,059
(399,478 – 410,640)

405,827
(388,115 – 423,539)

298,985
(296,940 – 301,031)

132,867
(132,191 – 133,542)

56,986
(56,621 – 57,351)

Malay 68,502
(64,555 – 72,449)

73,412
(64,865 – 81,959)

42,154
(41,692 – 42,616)

12,915
(12,799 – 13,032)

6305
(6243 – 6366)

Indian 39,766
(34,512 – 45,020)

47,243
(38,387 – 56,100)

26,534
(26,254 – 26,814)

8517
(8452 – 8582)

4387
(4350 – 4424)

Others 6837
(5424 – 8249)

8574
(6364 – 10783)

4886
(4834 – 4937)

1520
(1509 – 1530)

725
(719 – 730)

2025 Chinese 390,054
(384,663 – 395,446)

409,415
(386,356 – 432,473)

355,433
(351,591 – 359,276)

189,608
(188,631 – 190,585)

76,736
(76,289 – 77,183)

Malay 74,713
(69,788 – 79,638)

75,663
(65,783 – 85,543)

61,874
(61,037 – 62,711)

20,941
(20,750 – 21,132)

7758
(7684 – 7833)

Indian 38,420
(33,024 – 43,817)

48,561
(38,633 – 58,490)

37,203
(36,704 – 37,701)

12,991
(12,889 – 13,092)

5215
(5172 – 5258)

Others 6843
(5372 – 8314)

8646
(6241 – 11050)

6808
(6716 – 6899)

2358
(2340 – 2375)

889
(883 – 896)

2030 Chinese 401,451
(395,897 – 407,004)

388,210
(362,695 – 413,725)

392,223
(386,677 – 397,769)

244,962
(243,168 – 246,757)

108,817
(108,242 – 109,391)

Malay 87,695
(81,188 – 94,202)

75,659
(65,049 – 86,270)

75,326
(74,178 – 76,473)

33,482
(33,111 – 33,852)

11,060
(10,958 – 11,161)

Indian 41,986
(35,741 – 48,230)

45,811
(35,976 – 55,645)

45,080
(44,393 – 45,766)

19,426
(19,228 – 19,625)

7186
(7129 – 7242)

Others 7942
(6169 – 9715)

8116
(5770 – 10462)

8161
(8037 – 8285)

3556
(3520 – 3591)

1271
(1262 – 1281)

2035 Chinese 427,489
(421,569 – 433,409)

371,314
(343,769 – 398,858)

402,443
(396,135 – 408,751)

289,622
(286,444 – 292,800)

150,825
(149,965 – 151,685)

Malay 100,151
(91,891 – 108,412)

82,412
(70,156 – 94,667)

79,370
(78,103 – 80,637)

47,639
(46,996 – 48,282)

17,276
(17,109 – 17,444)

Indian 46,847
(39,491 – 54,202)

45,749
(35,536 – 55,961)

46,425
(45,684 – 47,166)

27,113
(26,755 – 27,470)

10,599
(10,509 – 10,689)

Others 9261
(7116 – 11405)

8357
(5869 – 10,845)

8299
(8167 – 8432)

4983
(4917 – 5048)

1919
(1903 – 1934)

2040 Chinese 443,542
(437,391 – 449,694)

376,211
(345,181 – 407,241)

395,659
(389,278 – 402,039)

317,570
(313,131 – 322,009)

194,717
(193,217 – 196,217)



26

Annals Academy of Medicine

 Projection of Eye Disease Burden—John P Ansah et al

Table 7. Prevalence of Myopia and Refractive Error (Combined) of Singapore Residents by Age and Ethnicity (Cont'd)

Year Ethnicity Myopia and Refractive Error

40 – 49 50 – 59 60 – 69 70 – 79 80+

Malay 107,281
(97,544 – 117,018)

94,855
(79,962 – 109,748)

81,769
(80,446 – 83,093)

57,218
(56,354 – 58,083)

26,632
(26,328 – 26,936)

Indian 49,296
(41,148 – 57,444)

49,700
(38,193 – 61,208)

44,393
(43,675 – 45,112)

32,758
(32,265 – 33,250)

15,555
(15,391 – 15,720)

Others 9971
(7580 – 12,362)

9530
(6613 – 12,446)

7951
(7822 – 8079)

5987
(5897 – 6077)

2861
(2832 – 2891)

Comparing across ethnicity, the 3 most prevalent eye 
conditions in the Chinese population are myopia and RE 
(1.72 million), cataract (0.997 million) and ERM (0.44 
million). In the Malay population, myopia and RE (0.36 
million), cataract (0.21 million) and ERM (0.057 million) 
are the 3 most prevalent conditions. Similarly, in the Indian 
population, myopia and RE (0.191 million), cataract (0.10 
million), and ERM (0.033 million) are the most prevalent. 
Eye conditions with the greatest increase in cases from 
2015 to 2040 in the Chinese population are DR (112% 
increase), glaucoma (100%) and ERM (91.4%). For the 
Malays, DR (154%), ERM (136%), and cataract (122%) 
cases are expected to increase the most within the same 
timeframe. On the other hand, in the Indian population, 
ERM (112%), AMD (101%) and cataract (87%) cases are 
expected to increase the most from 2015 to 2040.

Discussion 
Our projections suggest that the number of Singapore 

residents aged 40 years and older with eye conditions will 
increase greatly by 2040 but differential prevalence of eye 
conditions are also noted. Consequently, this phenomenon is 
likely to result in an increased demand for eye care services 
and perhaps a change in the skill mix of the healthcare 
workforce required to provide adequate care.

The anticipated increase in the prevalence of eye 
conditions is largely due to changing population dynamics. 
Singapore’s population – both residents and non-residents – 
is expected to increase gradually, reaching an estimated 6.9 
million by year 2040.12 This is coupled with a demographic 
shift towards a larger proportion of elderly as a result of 
increasing life expectancy. Since the prevalence of eye 
conditions increases with age,2 the growing and ageing 
Singapore population will inevitably see a rise in individuals 
afflicted with eye conditions. 

To the best of our knowledge, this is the first study that 
attempts to project the future burden of eye diseases in 
Singapore with such level of granularity. Thus, directly 
comparable data is not yet available in the literature. 

The projected increasing trend in all eye diseases 
has implications on the demand for eye services. Apart 
from an increased disease burden, eye care utilisation is 
dependent on a myriad of factors. Socioeconomic factors 
have been found to influence the utilisation patterns of eye 
care services.13,14 Strict education policies in Singapore, 
such as the Compulsory Education Act passed in 2000,15 

have resulted in a burgeoning proportion of the educated 
population. For instance, 74% of Singapore resident non-
students aged 25 to 34 years received tertiary education in 
2012, up from 50% in 2002.16 The prevalence of some eye 
diseases has also been found to increase positively with 
educational attainment.17-21 Moreover, rising educational 
status is expected to increase expectations of one’s visual 
acuity, resulting in an increased use of eye care services. 
It has also been shown that those with higher educational 
attainment have a higher consumption of preventive eye care 
and specialist care utilisation.22 Furthermore, educational 
attainment and affluence are positively correlated. Singapore 
residents with a higher education profile tend to earn higher 
monthly gross income than their less educated counterparts.23 
Thus, this change in demographics is likely to see an increase 
in the affluence of the general population. Consequently, the 
utilisation of eye care services is expected to increase.14,24-27

In addition, there has been increasing governmental 
efforts to enhance the accessibility, affordability and quality 
of healthcare in Singapore through the Healthcare 2020 
Masterplan by expanding healthcare capacity and increasing 
subsidies.28 Subsidies introduced under this masterplan has 
proven to be effective in increasing healthcare utilisation.29 
Increased frequency of screening for various conditions, 
such as eye diseases, will also be implemented. Eye 
screening has been proven to be effective in the detection of 
many asymptomatic eye conditions in the initial stages. In the 
case of eye screenings, the resultant diagnosis would compel 
patients to seek treatment, thereby increasing the utilisation 
of eye care services. The main implication for the projection 
of prevalence by ethnic groups is to facilitate targeted 
screening and implementation of interventions among 
high-risk ethnic and age groups for specific eye diseases. 
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