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Online Supplementary File 1 
Data source and search strategy (Cochrane database &Embase) 

Database

(n)
Search strategy

Cochrane

(n = 12)

(conjunctivitis sicca OR keratoconjunctivitis sicca OR keratitis sicca OR Dry 

Eye Disease OR Dry eye syndrome OR Dry eye OR cornea xerosis OR corneal 

xerosis) and (ciclosporin A OR ciclosporine OR cyclosporine OR cyclosporin OR 

CsA) and (artificial tear OR artificial tears OR lubricant eye drop OR lubricant 

eye drops)

Embase

(n = 420)

('dry eye'/exp OR 'conjunctivitis sicca' OR 'cornea xerosis' OR 'dry eye' OR 'dry 

eye syndrome' OR 'dry eye syndromes' OR 'xerosis conjunctivae' OR 'dry eye 

disease' OR 'keratoconjunctivitis sicca'/exp OR 'keratitis sicca' OR 'kerato

conjunctivitis sicca' OR 'keratoconjunctivitis sicca' OR 'corneal xerosis') AND 

('cyclosporin a'/exp OR 'adi 628' OR 'adi628' OR 'cicloral' OR 'ciclosporin' OR 

'ciclosporin a' OR 'ciclosporine' OR 'consupren' OR 'cyclokat' OR 'cyclosporin a' 

OR 'cyclosporin neoral' OR 'cyclosporine a' OR 'equoral' OR 'gengraf' OR 

'ikervis' OR 'iminoral' OR 'neoral' OR 'neoral-sandimmun' OR 'nova 22007' OR 

'nova22007' OR 'ol 27400' OR 'ol27400' OR 'pulminiq' OR 'restasis' OR 

'sandimmun' OR 'sandimmun neoral' OR 'sandimmune' OR 'sandimmune neoral' 

OR 'sandimun' OR 'sandimun neoral' OR 'sandimune' OR 'sang 35' OR 'sang35' 

OR 'sangcya' OR 'vekacia' OR ciclosporine OR ciclosporin OR cyclosporine OR 

'cyclosporin'/exp OR 'cipol' OR 'cipol-n' OR 'cyclosporin' OR 'cyclosporine' OR 

'deximune' OR 'implanta' OR 'imusporin' OR csa) AND ('artificial tear'/exp OR 

'artificial tear' OR 'artificial tears' OR 'confort' OR 'contears' OR 'lubricant eye 

drops' OR 'lubricating eye drops' OR 'ocular lubricant' OR 'ocular lubricants' OR 

'optive' OR 'refresh (drug)' OR 'refresh plus' OR 'tear, artificial' OR 'unisol')

PubMed

(n = 104)

(conjunctivitis sicca OR keratoconjunctivitis sicca OR keratitis sicca OR Dry 

Eye Disease OR Dry eye syndrome OR Dry eye OR cornea xerosis OR corneal 

xerosis) AND (ciclosporin A OR ciclosporine OR cyclosporine OR cyclosporin 

OR CsA) AND (artificial tear OR artificial tears OR lubricant eye drop OR 

lubricant eye drops)

Scopus

(n = 8)

(conjunctivitis sicca OR keratoconjunctivitis sicca OR keratitis sicca OR Dry 

Eye Disease OR Dry eye syndrome OR Dry eye OR cornea xerosis OR corneal 

xerosis) AND (ciclosporin A OR ciclosporine OR cyclosporine OR cyclosporin 

OR CsA) AND (artificial tear OR artificial tears OR lubricant eye drop OR 

lubricant eye drops)

Web of Science

(n = 98)

TOPIC:((conjunctivitis sicca OR keratoconjunctivitis sicca OR keratitis sicca OR 

Dry Eye Disease OR Dry eye syndrome OR Dry eye OR cornea xerosis OR 

corneal xerosis)) ANDTOPIC: ((ciclosporin A OR ciclosporine OR cyclosporine 

OR cyclosporin OR CsA)) AND TOPIC:((artificial tear OR artificial tears OR 

lubricant eye drop OR lubricant eye drops))
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Online Supplementary File 3 
Risk of bias 

Trial Bias 1 Bias 2 Bias 3 Bias 4 Bias 5 Bias 6 Bias 7

Altiparmak et al. 2009 Unclear Unclear Unclear Low Low Low Low

Demiryay et al. 2011 Unclear Unclear High Low Low Unclear Low

Kim et al. 2009 Low Low High High High Low Low

Perry et al. 2006 Low Unclear Low Low High Low Low

Prabhasawat et al. 2012 Low Unclear High Low Low Low Low

Rao et al. 2010 Low Low Low Low High Low Low

Salib et al. 2006 Low Unclear Low Low Low Unclear Low

Schechter et al. 2009 Low Low Low Low Low Unclear Low

Willen et al. 2008 Unclear Low Low Low Low Low Low

Wu et al. 2009 Unclear High High High Low Unclear Unclear

Yang et al. 2016 Unclear Unclear High High Low Unclear Unclear

Bias 1, sequence generation.

Bias 2, allocation concealment.

Bias 3, blinding of participants and personnel.

Bias 4, blinding of outcome assessment.

Bias 5, incomplete outcome data.

Bias 6, selective reporting.

Bias 7, other source of bias.
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Online Supplementary File 3 
Forest plot of baseline TBUT

Study or Subgroup

1.1.1 Tear film breakup time (TBUT; Overall; Baseline)

Altiparmak et al. 2010

Perry et al., 2006

Prabhasawat et al., 2012

Rao et al., 2010

Willen et al., 2008

Yang et al., 2016
Subtotal (95% CI)

Heterogeneity: Tau² = 0.07; Chi² = 9.81, df = 5 (P = 0.08); I² = 49%

Test for overall effect: Z = 0.81 (P = 0.42)

Mean

6.36

9.9

2.28

4.9

7.45

4

SD

2.02

10.3

0.21

0.8

4.4594

4.47

Total

25

16

36

41

22

34
174

Mean

6.21

7.4

1.91

5

6.4

5.1

SD

1.73

6.6

0.15

0.8

2.7183

2.42

Total

48

17

34

33

22

34
188

Weight

11.9%

0.4%

47.8%

33.0%

2.7%

4.2%
100.0%

IV, Random, 95% CI

0.15 [-0.78, 1.08]

2.50 [-3.44, 8.44]

0.37 [0.28, 0.46]

-0.10 [-0.47, 0.27]

1.05 [-1.13, 3.23]

-1.10 [-2.81, 0.61]
0.15 [-0.22, 0.52]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-10 -5 0 5 10

Favours [AT] Favours [CsA]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 4 
Forest plot of baseline Schirmer’s test score

Study or Subgroup

1.2.1 Schirmer (Overall; Baseline)

Altiparmak et al. 2010

Perry et al., 2006

Prabhasawat et al., 2012

Rao et al., 2010

Willen et al., 2008

Yang et al., 2016
Subtotal (95% CI)

Heterogeneity: Tau² = 0.59; Chi² = 13.78, df = 5 (P = 0.02); I² = 64%

Test for overall effect: Z = 0.55 (P = 0.58)

Mean

3.32

14.2

18.03

7.9

8.8

13.4

SD

1.99

6.8

2.21

1.2

5.7869

3.4

Total

25

16

36

41

22

34
174

Mean

3.73

11.6

18.88

7.7

8.05

10.5

SD

1.85

7.3

2.18

0.6

7.4228

4.66

Total

48

17

34

33

22

34
188

Weight

24.6%

3.0%

23.3%

31.8%

4.4%

12.9%
100.0%

IV, Random, 95% CI

-0.41 [-1.35, 0.53]

2.60 [-2.21, 7.41]

-0.85 [-1.88, 0.18]

0.20 [-0.22, 0.62]

0.75 [-3.18, 4.68]

2.90 [0.96, 4.84]
0.25 [-0.63, 1.13]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4

Favours [AT] Favours [CsA]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 5 
Forest plot of baseline Fluorescein staining score

Study or Subgroup

1.3.1 Fluorescein staining score (Overall; Baseline)

Perry et al., 2006

Prabhasawat et al., 2012

Rao et al., 2010

Schechter et al., 2009

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Tau² = 0.04; Chi² = 5.07, df = 4 (P = 0.28); I² = 21%

Test for overall effect: Z = 1.74 (P = 0.08)

Mean

3.3

2.56

8.44

1.4

8.12

SD

2.4

0.54

0.94

0.8

3.35

Total

16

36

41

21

34

148

Mean

4.4

2.59

7.86

0.9

8.3

SD

3

2.49

1.13

0.7

1.33

Total

17

34

33

16

34

134

Weight

3.8%

15.6%

36.2%

35.9%

8.5%

100.0%

IV, Random, 95% CI

-1.10 [-2.95, 0.75]

-0.03 [-0.89, 0.83]

0.58 [0.10, 1.06]

0.50 [0.02, 0.98]

-0.18 [-1.39, 1.03]

0.33 [-0.04, 0.70]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2

Favours [CsA] Favours [AT]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 6 
Forest plot of baseline OSDI score

Study or Subgroup

1.4.1 Ocular Surface Disease Index (OSDI; Overall; Baseline)

Prabhasawat et al., 2012

Rao et al., 2010

Schechter et al., 2009

Willen et al., 2008

Subtotal (95% CI)

Heterogeneity: Tau² = 9.38; Chi² = 16.45, df = 3 (P = 0.0009); I² = 82%

Test for overall effect: Z = 0.89 (P = 0.37)

Mean

43.32

18.9

19.1

16.9

SD

3.49

2.9

13.9

18.1

Total

16

41

21

22

100

Mean

38.56

19.1

16.9

18.7

SD

2.76

1.9

15.8

18.4

Total

17

33

16

22

88

Weight

37.5%

40.9%

11.6%

10.0%

100.0%

IV, Random, 95% CI

4.76 [2.60, 6.92]

-0.20 [-1.30, 0.90]

2.20 [-7.56, 11.96]

-1.80 [-12.59, 8.99]

1.78 [-2.13, 5.68]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-10 -5 0 5 10

Favours [CsA] Favours [AT]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 
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Further analysis of Tear breakup time (TBUT)



Online Supplementary File 7 
Subset analysis of TBUT by treatment duration

Study or Subgroup

1.2.1 Tear film breakup time (TBUT; 1st month)

Perry et al., 2006

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Tau² = 10.05; Chi² = 2.88, df = 1 (P = 0.09); I² = 65%

Test for overall effect: Z = 0.88 (P = 0.38)

1.2.2 Tear film breakup time (TBUT; 2nd month)

Perry et al., 2006

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Tau² = 5.83; Chi² = 3.69, df = 1 (P = 0.05); I² = 73%

Test for overall effect: Z = 0.73 (P = 0.47)

1.2.3 Tear film breakup time (TBUT; ≥ 3rd month)

Altiparmak et al. 2010

Perry et al., 2006

Prabhasawat et al., 2012

Rao et al., 2010

Willen et al., 2008

Subtotal (95% CI)

Heterogeneity: Tau² = 0.46; Chi² = 24.88, df = 4 (P < 0.0001); I² = 84%

Test for overall effect: Z = 2.80 (P = 0.005)

Mean

11.2

7.75

10.3

8.3

10.92

10.8

3.33

6.5

12.15

SD

10.3

4.06

5.9

1.33

2.94

8

0.3

1.1

8.4377

Total

12

34

46

12

34

46

25

12

31

41

22

131

Mean

5.3

7.4

6.4

8.4

12.9

6.1

1.91

4.6

8.75

SD

3.3

4.52

4.1

2.5

3.96

3.8

0.13

0.7

4.4572

Total

14

34

48

14

34

48

48

14

33

33

22

150

Weight

36.1%

63.9%

100.0%

37.9%

62.1%

100.0%

16.4%

2.7%

40.0%

36.8%

4.0%

100.0%

IV, Random, 95% CI

5.90 [-0.18, 11.98]

0.35 [-1.69, 2.39]

2.36 [-2.87, 7.58]

3.90 [-0.07, 7.87]

-0.10 [-1.05, 0.85]

1.42 [-2.39, 5.22]

-1.98 [-3.59, -0.37]

4.70 [-0.24, 9.64]

1.42 [1.31, 1.53]

1.90 [1.49, 2.31]

3.40 [-0.59, 7.39]

1.21 [0.36, 2.05]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-10 -5 0 5 10

Favours [AT] Favours [CsA]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 8
Subset analysis of TBUT by regimen

Study or Subgroup

1.3.1 Tear film breakup time (TBUT; CsA vs AT)

Perry et al., 2006

Prabhasawat et al., 2012

Rao et al., 2010

Willen et al., 2008

Subtotal (95% CI)

Heterogeneity: Tau² = 0.15; Chi² = 8.24, df = 3 (P = 0.04); I² = 64%

Test for overall effect: Z = 5.94 (P < 0.00001)

1.3.2 Tear film breakup time (TBUT; CsA+AT vs AT)

Altiparmak et al. 2010

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Tau² = 1.51; Chi² = 4.32, df = 1 (P = 0.04); I² = 77%

Test for overall effect: Z = 0.89 (P = 0.37)

Total (95% CI)

Heterogeneity: Tau² = 0.65; Chi² = 34.40, df = 5 (P < 0.00001); I² = 85%

Test for overall effect: Z = 2.15 (P = 0.03)

Test for subgroup differences: Chi² = 6.53, df = 1 (P = 0.01), I² = 84.7%

Mean

10.8

3.33

6

12.15

10.92

8

SD

8

0.3

1.1

8.4377

2.94

1.33

Total

12

31

36

22

101

25

34

59

160

Mean

6.1

1.91

4

8.75

12.9

8

SD

3.8

0.13

0.7

4.4572

3.96

2.5

Total

14

33

22

22

91

48

34

82

173

Weight

2.8%

29.5%

27.3%

4.0%

63.6%

14.6%

21.8%

36.4%

100.0%

IV, Random, 95% CI

4.70 [-0.24, 9.64]

1.42 [1.31, 1.53]

2.00 [1.54, 2.46]

3.40 [-0.59, 7.39]

1.74 [1.17, 2.32]

-1.98 [-3.59, -0.37]

0.00 [-0.95, 0.95]

-0.88 [-2.81, 1.05]

0.94 [0.08, 1.80]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-10 -5 0 5 10

Favours [AT] Favours [CsA]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 9
Meta-regression of TBUT by mean age

Regression of Mean age on Difference in means

Mean age

D
if

fe
re

n
c

e
 i

n
 m

e
a
n

s

39.88 41.14 42.40 43.67 44.93 46.19 47.45 48.72 49.98 51.24 52.50

4.00

3.40

2.80

2.20

1.60

1.00

0.40

-0.20

-0.80

-1.40

-2.00



Online Supplementary File 10
Sensitivity analysis of TBUT

In random-effects model

Study name Statistics with study removed Difference in means (95% CI) with study removed

Standard Lower Upper 
Point error Variance limit limit Z-Value p-Value

Altiparmak et al. 2010 1.411 0.363 0.132 0.699 2.123 3.884 0.000

Perry et al., 2006 0.874 0.447 0.200 -0.002 1.750 1.955 0.051

Prabhasawat et al., 2012 0.986 0.920 0.847 -0.817 2.790 1.072 0.284

Rao et al., 2010 0.712 0.767 0.588 -0.791 2.216 0.928 0.353

Willen et al., 2008 0.882 0.457 0.209 -0.013 1.777 1.932 0.053

Yang et al., 2016 1.278 0.480 0.230 0.338 2.218 2.665 0.008

0.988 0.445 0.198 0.116 1.860 2.222 0.026

-8.00 -4.00 0.00 4.00 8.00

Favours AT Favours CsA

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A. 
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Online Supplementary File 11
Small study bias of TBUT
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Further analysis of Schirmer’s test



Online Supplementary File 12
Subset analysis of Schirmer’s test score by treatment duration

Study or Subgroup

2.2.1 Schirmer (1st month)

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 6.96 (P < 0.00001)

2.2.2 Schirmer (2nd month)

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.93 (P = 0.003)

2.2.3 Schirmer (≥ 3rd month)

Altiparmak et al. 2010

Perry et al., 2006

Rao et al., 2010

Willen et al., 2008

Subtotal (95% CI)

Heterogeneity: Tau² = 1.83; Chi² = 27.38, df = 3 (P < 0.00001); I² = 89%

Test for overall effect: Z = 0.89 (P = 0.37)

Mean

12.7

13.4

6.68

11.5

9.8

9.8

SD

4.49

3.4

4.24

4.5

1

1

Total

34

34

34

34

25

12

36

36
109

Mean

7.07

10.5

10.73

11.2

7.6

7.6

SD

1.45

4.66

5.75

8.5

1.1

1.1

Total

34

34

34

34

48

14

22

22
106

Weight

100.0%

100.0%

100.0%

100.0%

21.0%

7.8%

35.6%

35.6%
100.0%

IV, Random, 95% CI

5.63 [4.04, 7.22]

5.63 [4.04, 7.22]

2.90 [0.96, 4.84]

2.90 [0.96, 4.84]

-4.05 [-6.38, -1.72]

0.30 [-4.83, 5.43]

2.20 [1.64, 2.76]

2.20 [1.64, 2.76]
0.74 [-0.88, 2.35]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-10 -5 0 5 10

Favours [AT] Favours [CsA]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 13
Subset analysis of Schirmer’s test score by type of test

Study or Subgroup

2.3.1 Schirmer's test (without anesthesia)

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.93 (P = 0.003)

2.3.2 Schirmer's test (with anesthesia)

Altiparmak et al. 2010

Perry et al., 2006

Rao et al., 2010

Willen et al., 2008
Subtotal (95% CI)

Heterogeneity: Tau² = 13.38; Chi² = 26.77, df = 3 (P < 0.00001); I² = 89%

Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI)

Heterogeneity: Tau² = 6.74; Chi² = 27.86, df = 4 (P < 0.0001); I² = 86%

Test for overall effect: Z = 0.33 (P = 0.74)

Test for subgroup differences: Chi² = 2.02, df = 1 (P = 0.16), I² = 50.5%

Mean

13.4

6.68

11.5

9.8

14.35

SD

3.4

4.24

4.5

1

10.774

Total

34

34

25

12

36

22
95

129

Mean

10.5

10.73

11.2

7.6

14.1

SD

4.66

5.75

8.5

1.1

11.712

Total

34

34

48

14

22

22
106

140

Weight

24.6%

24.6%

23.3%

14.0%

27.8%

10.4%
75.4%

100.0%

IV, Random, 95% CI

2.90 [0.96, 4.84]

2.90 [0.96, 4.84]

-4.05 [-6.38, -1.72]

0.30 [-4.83, 5.43]

2.20 [1.64, 2.76]

0.25 [-6.40, 6.90]
-0.37 [-4.44, 3.70]

0.45 [-2.25, 3.15]

CsA AT Mean Difference Mean Difference

IV, Random, 95% CI

-10 -5 0 5 10

Favours [AT] Favours [CsA]

AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Online Supplementary File 14
Subset analysis of Schirmer’s test score by regimen

Study or Subgroup

2.4.1 Schirmer (CsA vs AT)

Perry et al., 2006

Rao et al., 2010

Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 0.52, df = 1 (P = 0.47); I² = 0%

Test for overall effect: Z = 7.61 (P < 0.00001)

2.4.2 Schirmer (CsA+AT vs AT)

Altiparmak et al. 2010

Yang et al., 2016

Subtotal (95% CI)

Heterogeneity: Tau² = 22.96; Chi² = 20.24, df = 1 (P < 0.00001); I² = 95%

Test for overall effect: Z = 0.16 (P = 0.88)

Total (95% CI)

Heterogeneity: Tau² = 7.26; Chi² = 27.63, df = 3 (P < 0.00001); I² = 89%

Test for overall effect: Z = 0.31 (P = 0.76)

Test for subgroup differences: Chi² = 0.61, df = 1 (P = 0.44), I² = 0%

Mean

11.5

9.8

6.68

13.4

SD

4.5

1

4.24

3.4

Total

12

36

48

25

34

59

107

Mean

11.2

7.6

10.73

10.5

SD

8.5

1.1

5.75

4.66

Total

14

22

36

48

34

82

118

Weight

16.0%

30.7%

46.7%

26.0%

27.3%

53.3%

100.0%

IV, Random, 95% CI

0.30 [-4.83, 5.43]

2.20 [1.64, 2.76]

2.18 [1.62, 2.74]

-4.05 [-6.38, -1.72]
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AT, artificial tears; CI, confidence interval; CsA, cyclosporine A; IV, inverse variance; SD, standard deviation. 



Regression of Mean age on Difference in means
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Meta-regression of Schirmer’s test score by mean age



Online Supplementary File 16
Small study bias of Schirmer’s test score
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