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Abstract
Background: Current data indicate a persisting concern about possible cataractogenecity of statins. Objective: To perform a
meta-analysis of studies pertaining to statins and cataract. Methods: We identified 363 records by a systematic search of the
MedLine, Web of Knowledge, Cochrane database, and ClinicalTrials.gov. After exclusion of duplicates, studies without cataract
as an outcome, reviews, and animal or basic science studies, we analyzed 14 studies. Two end points were examined: clinical cataract (requiring extraction or reported by the patient) and lens opacities discovered by slit-lamp examination. Results: Using
random effects meta-analysis, a statistically significant decrease in cataracts with statins was observed among studies examining
clinical cataract (odds ratio [OR] 0.81, 95% confidence interval [CI] 0.71-0.93, P ¼ .0022). Absolute risk reduction was 1.4% +
0.015%, 95% CI 1.1%-1.7%, P < .0001, corresponding to 71, 95% CI 59-91, number needed to treat. The effect was larger for the
harder end point of cataract extraction (OR 0.66, 95% CI 0.61-0.71, P < .0001). Metaregression indicated an increase in benefit
with longer duration of statin use with OR varying from 0.54 for a treatment duration of 14 years to 0.95 for a treatment duration
of 6 months. Older age was associated with lower benefit (OR 1.03 for persons in their 70s to OR 0.49 for persons in their 40s),
and there were no differences by gender. Several sensitivity analyses confirmed the results. Limitations of this analysis include the
combination of randomized and observational studies and imprecise ascertainment of exposure and incomplete adjustment for
confounders in several observational studies. Conclusion: This meta-analysis indicates a clinically relevant protective effect of
statins in preventing cataracts. The effect is more pronounced in younger patients and with longer duration of follow-up, while
there is no difference by gender.
Keywords
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Introduction
Cataract is the leading cause of visual impairment other than
uncorrected refractive errors worldwide. Statins decrease morbid and mortal cardiovascular events in primary and secondary
prevention, in both genders, different ages, and patient
subsets.1-3 In addition, statins have been found beneficial in
conditions not directly related to the cardiovascular system
such as infections.4 However, statins have been associated with
adverse effects including effects on liver enzymes, myositis,
rhabdomyolysis, diabetes, and with ambiguous findings regarding cancer, and dementia.5,6 Cataracts were considered a side
effect of statins in early studies. High doses of lovastatin, the
first Food and Drug Administration (FDA)-approved statin,
caused cataracts in beagle dogs.7 In 1987, lovastatin was
approved for human use with the precaution ‘‘that patients
placed on lovastatin therapy be examined with a slit-lamp
before and shortly after initiation of treatment, and annually
thereafter.’’8,9 This recommendation was removed from the
labeling by the FDA in 1991. Prior publications have reported
inconsistent findings on the effect of statins on cataract.
Recently, Machan et al reported that in the Waterloo Eye

Study, statin use was substantially higher in patients with type
2 diabetes and was associated with cataracts.10 Also, recent
data on statins indicate continuing concern among patients,
pharmacists, and other health care providers as reported in electronic drug information sites. Drug Facts and Comparisons11
state that in the package inserts, cataract is associated with the
statin class. On the other hand, the opposite may also be true,
that is, statins may prevent cataracts through their antioxidant
and other pleiotropic effects.12-15
In order to address this issue, that is, concern regarding
cataractogenecity versus possible prevention of cataracts by
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Table 1. Listing of Studies Included in the Meta-Analysis.
Cataract
Type
Binary

Study

Cataract
Type

Chodick clinical study

Surgery

Clinical

Chylack clinical study
Collins clinical study
Harris clinical study
Havel opacities study
Hermans clinical study
Klein clinical study
Laties clinical study
Lundh opacities study
Pedersen clinical study
Pedersen opacities
study
Schlienger clinical study
Smeeth clinical study
Tan clinical study

Opacities
Mixed
Clinical
Opacities
Mixed
Mixed
Surgery
Opacities
Surgery
Opacities
Clinical
Clinical
Mixed

Randomized/
Observational

Statin

Total
Total
Total
N
N
N
Comparison Cataracts Opacities (Months)

Clinical
Clinical
Clinical
Opacities
Clinical
Clinical
Clinical
Opacities
Clinical
Opacities

Observational Unspecified Infrequent
statin use
Randomized Lovastatin Placebo
Observational Unspecified No statin
Randomized Simvastatin Placebo
Randomized Lovastatin Placebo
Observational Unspecified No statin
Observational Unspecified No statin
Randomized Lovastatin Placebo
Observational Simvastatin No statin
Randomized Simvastatin Placebo
Randomized Simvastatin Placebo

32
20 785
218
2
131
227
53
3
5
119

Clinical
Clinical
Clinical

Observational Unspecified No statin
Observational Unspecified No statin
Observational Unspecified No statin

582
598
495

Study

N
Active

Cataract
Active

AR
Active

Chodick clinical study
Chylack clinical study
Collins clinical study
Harris clinical study
Havel opacities study
Hermans clinical study
Klein clinical study
Laties clinical study
Lundh opacities study
Pedersen clinical study
Pedersen opacities study
Schlienger clinical study
Smeeth clinical study
Tan clinical study

59 584
196
281 982
321
80
435
214
6591
29
2221
2221
7405
15 479
63

1091
15
2260
143
1
65
42
25
1
2
53
111
305
22

0.018
0.077
0.008
0.445
0.013
0.149
0.196
0.004
0.034
0.001
0.024
0.015
0.02
0.349

Opacities
Active

AR Opacities
Active

15

0.077

1

0.013

1

0.034

53

0.024

statins, we performed a meta-analysis of published studies on
the association of statins with cataracts and examined the influence of age, gender, and duration of therapy on the observed
effects.

Methods
Studies Included in the Meta-analysis and Data
Extraction
We performed a meta-analysis according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. A systematic search of the MedLine, Web of
Knowledge, Cochrane Database, and ClinicalTrials.gov was
performed for the intersection of the terms ‘‘statins,’’ each of
the marketed statins individually, and ‘‘cholesterol lowering
medications’’ with ‘‘cataract’’ through the end of October
2012 (Supplemental Table 1; Figure 1). The searches were

2368

N
Control
45870
196
1 923 631
153
80
345
834
6652
29
2223
2223
28327
15 479
981

32

2

3
119

Cataract
Control
1277
17
18 525
75
1
66
185
28
2
3
66
471
293
473

% Avg
FU Men Age

105 454

60

51

57

192
2 205 613
474
160
780
1048
13 243
58
4444
4444

24
60
18
1.5
156
60
12
24
65
65

55
54
86
61
60
44
59
55
82
82

53
64
63
44
64
68
56
56
59
59

35 732
30 958
1044

74 39
20 35
120 43

69
75
64

AR
AR Active Minus
Control
Control
0.028
0.087
0.01
0.49
0.013
0.191
0.222
0.004
0.069
0.001
0.03
0.017
0.019
0.482

0.0095
0.0102
0.0016
0.0447
0
0.0419
0.0256
0.0004
0.0345
0.0004
0.0004
0.0016
0.0008
0.133

performed by the 2 investigators together while evaluation of
the citations was done independently by each of the 2 investigators, and disagreements were reconciled at scheduled meetings. Studies were included if they were carried out on
humans, had comparison groups, and had cataract as an outcome. Placebo or usual care was used as comparison group.
Basic science studies, nutrition or animal studies, reviews, editorials/letters, case reports, and studies without comparison
groups were excluded. Using the search strategy described in
Supplemental Table 1, we identified 363 potentially appropriate titles for possible inclusion in the analysis (Figure 1). Of the
363 records retrieved (359 by the literature searches and 4 identified from other sources, that is, reading the references of
reviews and the articles retrieved), we excluded 185 duplicate
titles and screened 178 abstracts relevant to the analysis. Of the
remaining 178 records,110 were excluded by reading the fulltext articles. Of the remaining 68 records, 55 were excluded
because they did not include cataract as an outcome, were basic
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Table 1. Continued.
Study

RR

Chodick clinical study
Chylack clinical study
Collins clinical study
Harris clinical study
Havel opacities study
Hermans clinical study
Klein clinical study
Laties clinical study
Lundh opacities study
Pedersen clinical study
Pedersen opacities study
Schlienger clinical study
Smeeth clinical study
Tan clinical study

0.925
0.882
0.832
0.909
1
0.781
0.885
0.901
0.5
0.333
0.015
0.902
1.041
0.724

Opacities
Control

AR Opacities
Control

Opacities AR Active
Minus Control

17

0.867

0.01

1

0.013

0

2

0.069

0.0345

0.5

66

0.03

0.0058

0.804

Opacities RR
0.882

1

Funding
Unknown
MSD
University
Unknown
MSD
Unknown
Federal US
MSD
MSD/Swedish MRC
MSD
MSD
Industry
Personal gift
Federal-Australian

Abbreviations: Avg, average; AR, absolute risk; FU, follow-up; N, number RR, relative risk; MSD, Merck Sharp Dohme; MRC, Medical Research Council.

359 records idenﬁed
through database searches

4 records idenﬁed
through other sources

185 duplicate tles

178 records screened

110 excluded

68 full text arcles
Screened for eligibility

13 studies
were included in the
meta-analysis

55 studies excluded
9: no cataract as outcome
3: nutrion studies
9: duplicate reports of trials
3: animal studies
10: basic science
9: review/editorial/leer/case
12: no controls

Figure 1. Search strategy.

science, animal or nutrition studies, duplicate reports from the
same trial, reviews, editorials, letters, case reports, or they did
not have a comparison group leaving 13 records for inclusion in
the meta-analysis.16-28
Each of the 2 authors independently reviewed and tabulated
data individually by reading the reports of all studies included
in the meta-analysis and adjudicated disagreements by discussion. Two end points were analyzed: clinical cataract (those

requiring extraction or those reported by the patient) and lens
opacities (discovered by slit-lamp examination). Since agematched reports of the number of cataracts were not available
in the reports by Chodick et al,16 Schlienger et al,24 Smeeth
et al,25 Collins and Altman,18 and Tan et al,26 we used the
weighted average of age-adjusted hazard ratios and the number
of cataracts in the comparison groups to calculate the number
of cataracts in the active groups. In the study by Havel et al,
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where no opacities were observed in either the placebo or
lovastatin group, we entered 1 cataract in each group in order
to avoid division by 0 to obtain an odds ratio (OR).27 The specific statin, type of study (randomized vs observational), duration of follow-up in months, percentage of patients who were
men, and average age were recorded. Lovastatin was used in
3 studies,17,22,27 and simvastatin in 4 studies.19,23,28 In 7 studies, more than 1 statin was used, and the data were presented
in the aggregate rather than by individual statin. The
following statins were used in these 7 studies: in the study by
Tan et al, simvastatin, fluvastatin, lovastatin, atorvastatin, and
pravastatin were used.26 In the study by Hermans et al, simvastatin, atorvastatin, rosuvastatin, and pravastatin were used.20 In
the study by Klein et al, simvastatin, fluvastatin, lovastatin,
atorvastatin, and pravastatin were used.21 In the study by
Schlienger et al, simvastatin (72%), pravastatin (18%), and
other (10%) were used.24 In the study by Smeeth et al, simvastatin, atorvastatin, pravastatin, fluvastatin, and cerivastatin
were used.25 In the study by Chodick et al, lovastatin, pravastatin, simvastatin, fluvastatin, cerivastatin, and rosuvastatin
were used.16 In the study by Collins and Altman, pravastatin,
simvastatin, fluvastatin, rosuvastatin, and atorvastatin were
used.18 In the study by Pedersen et al, cataract was not the primary end point, and the data were derived by the authors in a
post hoc analysis.23 In studies where all pertinent information
was not included in the primary publication of the trial, we used
other publications from the same study in order to obtain the
data. When specific data on the rate of the occurrence of cataract were not included in the publications, we contacted the
senior authors to obtain the requisite information. When
the dose of the individual statins used was known, the relative
dose was calculated by multiplying the dose used times the relative potency (1 for lovastatin, fluvastatin, and pravastatin; 2 for
simvastatin; 4 for atorvastatin; and 8 for rosuvastatin).29-31
Metaregression of studies with known relative potency was
performed. There were no studies using either atorvastatin or
rosuvastatin alone.
In addition to examining studies identified by the search
strategy, the authors performed an additional search of the primary publications of the important randomized trials of statin
therapy in cardiovascular disease. This was performed in
order to identify additional studies where cataract was not
an end point but was mentioned in the text. Mention of cataract was not detected in any of the 27 trials examined (Supplemental Table 2).

Statistical Methods
The primary outcome examined was cataract. Specific subanalyses were performed for clinical cataracts and opacities
separately. For clinical cataracts, metaregression was performed by the specific type of study outcome, that is, cataract
extraction, mixed outcome (including some extractions and
some cataracts reported by patients), and studies that included
only cataracts reported by patients. The number of primary
and secondary end points and the number of patients in the

statin and comparison groups were recorded. The types of all
analyses were prespecified.

Data Synthesis and Analysis
The rates of cataract were calculated for the intervention and
comparison groups of each study. JMP version 9.0.2 (2010
SAS Institute Inc, Cary, North Carolina) was used for univariate analysis and distributions, and Comprehensive MetaAnalysis 2.2 (Biostat, Englewood, New Jersey) was used to
perform the meta-analyses and metaregressions. Odds ratios
and 95% confidence intervals (CIs) were calculated for each
study and weighted pooled effects were computed using random effects models. Heterogeneity was evaluated by the use
of the Q statistic, and sensitivity analysis was performed by
repeating the analyses 14 times while sequentially removing
1 study at a time. Additional sensitivity analyses were performed after exclusion of observational studies with very large
numbers of patients, that is, Chylack et al17and Collins and
Altman18 studies together. Also, sensitivity analysis was done
after the exclusion of the Havel study, where no cataracts
occurred in either of the randomized groups. Randomized and
observational studies were analyzed separately. In addition,
we performed sensitivity analysis by excluding the study by
Havel where cataract was not observed in either the statin
or the comparison group. We examined publication bias by
performing cumulative meta-analysis by the Duval and Tweedie’s Trim and Fill method and the fail-safe N models of
Rosenthal and Orwin.32-34 Metaregressions of the log ORs
of the effects over the duration of the studies and over the
mean age of the participants of each study were performed.
To investigate whether the effect of statins on cataract was
influenced by the gender of the participants, we performed
2 additional sensitivity analyses: comparing the studies with
percentage of men <55% to all other studies and comparing
the studies with percentage of men <55% to all other studies.

Results
Description of the studies
The characteristics of the studies included are shown in Table
1, and the quality of the studies are shown in Supplemental
Table 3. The following items were assessed for each study:
randomization, method of diagnosis of cataract, baseline similarity, defined eligibility, placebo, adjustment for confounders,
and blinding. In addition, possible bias in each study is tabulated using the guidelines laid down by the Cochrane library
(Supplemental Table 4).
The meta-analysis included 13 clinical trials.16-28 One of the
studies had separate data for clinical cataract and for lens
opacities detected by slit-lamp examination.23 Overall, the
meta-analysis included 2 403 644 patients (2 399 200 if data
from Pedersen et al23 with separate analyses for clinical cataract
and lens opacities were counted only once) and 25 618 cataracts.
The average number of patients in the studies analyzed was 171
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Effect of Statins on Cataract: All Studies by Type of Cataract
Group by
Cataract Type Binary

Study name

Statistics for each study
Odds Lower Upper
ratio limit limit p-Value

Cataract / Total

Active
2 / 2221

Control

clinical

Pedersen 1996 Clinical

0.67

0.11

4.00 0.6575

clinical

Laties 1991 Clinical

0.90

0.52

1.55 0.7046 25 / 6591

28 / 6652

clinical

Tan 2007 Clinical

0.58

0.34

0.98 0.0427

473 / 981

clinical

Harris 1995 Clinical

0.84

0.57

1.23 0.3614 143 / 321

75 / 153

clinical

Hermans 2011 Clinical

0.74

0.51

1.08 0.1210

65 / 435

66 / 345

clinical

Klein 2006 Clinical

0.86

0.59

1.25 0.4184

42 / 214

185 / 834

clinical

Schlienger 2001 Clinical

0.90

0.73

1.11 0.3219 111 / 7405

471 / 28327

clinical

Smeeth 2003 Clinical

1.04

0.89

1.22 0.6203 305 / 15479

293 / 15479
1277 / 45870

22 / 63

3 / 2223

clinical

Chodick 2010 Clinical

0.65

0.60

0.71 0.0000 1091 / 59584

clinical

Collins 2012 Clinical

0.83

0.80

0.87 0.0000 2260 / 281982 18525 / 1923631

0.81

0.71

0.93 0.0022

clinical

Odds ratio and 95% CI

opacities

Havel 1987 Opacities

1.00

0.06

16.27 1.0000

1 / 80

1 / 80

opacities

Lundh 1990 Opacities

0.48

0.04

5.63 0.5608

1 / 29

2 / 29

opacities

Chylack 1993 Opacities

0.90

0.42

1.94 0.7963

15 / 94

17 / 98

opacities

Pedersen 1996 Opacities

0.80

0.55

1.15 0.2299 53 / 2221

opacities

0.81

0.59

1.12 0.2106

Overall

0.81

0.72

0.92 0.0009

66 / 2223

0.1

0.2

0.5

Favors Statin

1

2

5

10

Favors Control

Figure 2. Forest plot of the effect of statins on cataract by type of cataract (clinical, ie, reported by the patient vs opacities determined by slitlamp examination). Solid squares represent the odds ratios in individual trials and have a size proportional to the inverse of the variance. Horizontal lines, diamonds, and squares denote the 95% confidence intervals for individual trials and summary statistics. Pooled estimates were
computed from a random effects model. For the clinical trials, Q was 6.079 with 9 degrees of freedom, P ¼ .7320, I2 ¼ 0.00. For the opacities
trials, Q was 0.279 with 3 degrees of freedom, P ¼ .9639, I2 ¼ 0.00. Overall, Q was 6.358 with 13 degrees of freedom, P ¼ .9321, I2 ¼ 0.00.

689, standard deviation (SD) 586 097, median 2746. When the 2
largest observational studies16,18 were not included, the total
number of patients was 92 577 (average 7715, SD 12 573, median
1 046), and the total number of cataracts was 2465 (average 205,
SD 227, median 125). The average duration of treatment was 54
months, SD 43, median 60; average age was 61 years, SD 8, median 61; and 58% were men, SD 16, median 55.

Clinical Cataracts and Opacities
Overall, statin use was associated with a 19% decrease in the risk
of cataract (OR 0.81, 95% CI 0.72-0.92, P ¼ .0009, Figure 2).
The effect was statistically significant for clinical cataract
(19% decrease, OR 0.81, 95% CI 0.71-0.93, P ¼ .0022).
The 19% decrease observed in the studies of lenticular opacities
was not statistically significant (OR 0.81, 95% CI 0.59-1.12,
P ¼ .2106). The effect observed in the 8 observational
studies is statistically significant (OR 0.81, 95% CI 0.700.93, P ¼ .0040), while the effect in the 6 randomized trials

was similar in magnitude but not statistically significant
(OR 0.84, 95% CI 0.67-1.05, P ¼ .1189, Figure 3). Metaregression indicated an increase in the benefit of statins with
longer duration of use with OR varying from 0.54 for a treatment duration of 14 years to 0.95 for a treatment duration of 6
months (P for slope ¼ .0119, Figure 4). The opposite effect
was observed in metaregression according to the average age of
patients in each study (P for slope < .0001, Supplemental Figure
1). Increasing age was associated with lower benefit (OR 1.03 for
persons in their 70s to 0.49 for persons in their 40s). In metaregression of studies of the 6 studies with known statin and dose, the
effect versus the relative dose was not statistically significant with
a slope .00112, 95% CI 0.01295 to 0.01519, P ¼ .8760.
There was no significant heterogeneity among any of these
analyses with I2 approaching 0. The benefit was more pronounced
among studies reporting cataract extractions (OR 0.66, 95% CI
0.61-0.71, P < .0001) compared to studies not reporting extractions (OR 0.84, 95% CI 0.81-0.88, P < .0001, Figure 5). Although
the effect was strongly statistically significant for both extraction
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Effect of Statins on Cataract: Randomized and Observational Studies
Group by
Randomized/Observ ational

Study name

Statistics for each study

Observational

Lundh 1990 Opacities

0.48

0.04

5.63

0.5608

Observational

Tan 2007 Clinical

0.58

0.34

0.98

0.0427

Odds
ratio

Lower
limit

Upper
limit

Odds ratio and 95% CI

p-Value

Observational

Hermans 2011 Clinical

0.74

0.51

1.08

0.1210

Observational

Klein 2006 Clinical

0.86

0.59

1.25

0.4184

Observational

Schlienger 2001 Clinical

0.90

0.73

1.11

0.3219

Observational

Smeeth 2003 Clinical

1.04

0.89

1.22

0.6203

Observational

Chodick 2010 Clinical

0.65

0.60

0.71

0.0000

Observational

Collins 2012 Clinical

0.83

0.80

0.87

0.0000
0.0040

0.81

0.70

0.93

Randomized

Observational
Havel 1987 Opacities

1.00

0.06

16.27

1.0000

Randomized

Pedersen 1996 Clinical

0.67

0.11

4.00

0.6575

Randomized

Chylack 1993 Opacities

0.90

0.42

1.94

0.7963

Randomized

Laties 1991 Clinical

0.90

0.52

1.55

0.7046

Randomized

Harris 1995 Clinical

0.84

0.57

1.23

0.3614

Randomized

Pedersen 1996 Opacities

0.80

0.55

1.15

0.2299

Randomized

0.84

0.67

1.05

0.1189

Overall

0.82

0.72

0.92

0.0011
0.1

0.2

0.5

Favors Statin

1

2

5

10

Favors Control

Figure 3. Forest plot of the effect of statins on cataract in observational and randomized trials. The effect observed in the 8 observational
studies was statistically significant (OR 0.81, 95% CI 0.70-0.93, P ¼ .0040), while the effect in the 6 randomized trials was similar in magnitude
but not statistically significant (OR 0.84, 95% CI 0.67-1.05, P ¼ .1189). Significant heterogeneity was not observed (P for heterogeneity .9465, I2
0.00). Solid squares represent the ORs in individual trials and have a size proportional to the inverse of the variance. Horizontal lines, diamonds,
and squares denote the 95% CIs for individual trials and summary statistics. Pooled estimates were computed from a random effects model. CI
indicates confidence interval; OR, odds ratio.

Regression of Duration on Log odds ratio
0.10
0.01
–0.08
Log odds ratio

–0.17
–0.26
–0.35
–0.44
–0.53
–0.62
–0.71
–0.80
–13.95

4.59

23.13

41.67

60.21

78.75

97.29 115.83 134.37 152.91 171.45

Duration

Figure 4. Metaregression of duration of statin therapy in months versus the log odds ratio for cataract.
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Effect of Statins on Cataract: All Studies, Extraction vs. No Extraction
Group by
Extraction/No Extraction

Study name

Statistics for each study

Odds ratio and 95% CI

Odds Lower Upper
ratio limit
limit p-Value
Extraction

Pedersen 1996 Clinical

0.67

0.11

4.00

0.6575

Extraction

Laties 1991 Clinical

0.90

0.52

1.55

0.7046

Extraction

Chodick 2010 Clinical

0.65

0.60

0.71

0.0000

0.66

0.61

0.71

0.0000

Extraction
No Extraction

Havel 1987 Opacities

1.00

0.06

16.27

1.0000

No Extraction

Lundh 1990 Opacities

0.48

0.04

5.63

0.5608

No Extraction

Chylack 1993 Opacities

0.90

0.42

1.94

0.7963

No Extraction

Tan 2007 Clinical

0.58

0.34

0.98

0.0427

No Extraction

Harris 1995 Clinical

0.84

0.57

1.23

0.3614

No Extraction

Hermans 2011 Clinical

0.74

0.51

1.08

0.1210

No Extraction

Klein 2006 Clinical

0.86

0.59

1.25

0.4184

No Extraction

Pedersen 1996 Opacities 0.80

0.55

1.15

0.2299

No Extraction

Schlienger 2001 Clinical

0.90

0.73

1.11

0.3219

No Extraction

Smeeth 2003 Clinical

1.04

0.89

1.22

0.6203

No Extraction

Collins 2012 Clinical

0.83
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0.87
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No Extraction
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Figure 5. Forest plot of the effect of statins on cataract by whether cataract extraction or no extraction was the dependent variable. The benefit is significantly more pronounced for studies reporting cataract extraction than in those that used softer end points (overall P for heterogeneity .0001, I2 68.221. Significant heterogeneity was not observed among the extraction studies (P ¼ .5086, I2 0.000) or for the no extraction
studies (P ¼ .3606, I2 0.952). Solid squares represent the odds ratios in individual trials and have a size proportional to the inverse of the variance.
Horizontal lines, diamonds, and squares denote the 95% confidence intervals for individual trials and summary statistics. Pooled estimates were
computed from a random effects model.

and no extraction studies, there was significant heterogeneity
between the 2 groups of studies with P value <.0001 and I2 of
68.22. Meta-analysis of absolute risk reduction indicated a
decrease in absolute risk by statins of 1.4% + 0.015%, 95% CI
1.1%-1.7%, P < .0001. The corresponding number needed to treat
was 71, 95% CI 59-91.

Sensitivity Analysis
To investigate whether 1 study biased the results, we performed
the analysis 14 times removing 1 study at a time sequentially.
The ORs ranged from 0.78, 95% CI 0.69-0.88, P < .000127 to
OR 0.84, 95% CI 0.81-0.88, P < .000118 (Supplemental Figure
2). The studies were homogeneous with P for heterogeneity
.9321, I2 0.00 for all studies; .7320, I2 0.00 for clinical studies;

and .9639, I2 0.00 for studies pertaining to opacities. Cumulative meta-analysis by increasing the number of participants
in each study indicated a decreasing size of the 95% CI with
the point estimate of the effect always in favor of statins (Supplemental Figure 3). A funnel plot of all studies was symmetrical which was compatible with absence of publication bias
(Figure 6). Consistent with this, Duval and Tweedie’s Trim
and Fill Test indicated identical effects (OR 0.81, 95% CI
0.72-0.92). Fail-safe N, as described by Rosenthal, indicated
that 179 neutral studies need to be added to the 14 studies
included in the meta-analysis to bring the P value to a value
higher than .05. Using Orwin Fail Safe N 16, neutral studies
would be needed to bring the OR to 0.90 (ie, approximately
10% benefit). The protective effect was similar in men and
women (P ¼ .1838).
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Figure 6. Funnel plot of precision (1/standard error) versus log odds
ratio is symmetrical.

When the analysis was restricted to the 13 smaller studies by
excluding the study by Collins, the benefit of statins remained
significant and nearly identical to the one described previously
(OR 0.81 95% CI 0.69-0.95, P ¼ .0105, Supplemental Figure
4). Again, the effect was significant for studies reporting on
clinical cataract (OR 0.81 95% CI 0.67-0.97, P ¼ .0257), while
the trend was not significant for studies on opacities (OR 0.81
95% CI 0.59-01.12, P ¼ .2106). To investigate whether 1 study
biased the results, we performed the analysis 13 times removing 1 study at a time sequentially. The ORs ranged from 0.74,
95% CI 0.67-0.83, P < .000127 to OR 0.91, 95% CI 0.82-1.00,
P ¼ .0566 (Supplemental Figure 5).16 The studies were homogeneous with P for heterogeneity .9853, I2 0.00 for all studies;
.8920, I2 0.00 for clinical studies; and .9639, I2 0.00 for studies
pertaining to opacities. Cumulative meta-analysis by increasing the number of participants in each study indicated a
decreasing size of the 95% CI with the point estimate of the
effect in favor of statins (Supplemental Figure 6). Fail-safe
N, as described by Rosenthal, indicated that 81 neutral studies
need to be added to the 13 studies included in the meta-analysis
to bring the P value to a value higher than .05. Using Orwin’s
Fail Safe N 24, neutral studies would be needed to bring the OR
to 0.90 (ie, approximately 10% benefit).
When the 2 larger studies (Chylack17 and Collins and
Altman18) were excluded, the OR was 0.91, 95% CI 0.821.0, P ¼ .0566 (Supplemental Figure 7). When all studies except
the one by Havel et al,27 where no cataract was observed in either
the statin or the control group (one cataract was added in each
group in the original analysis), were analyzed, the
effect remained the same as the original effect (OR 0.81 95%
CI 0.72-0.92, P ¼ .0008, Supplemental Figure 8).

Discussion
This study demonstrated a clinically relevant and statistically
significant protective effect on statins (19% lower rate of
occurrence). This effect remained significant after several

types of sensitivity analysis, was present in both studies reporting on cataract extraction as well as those with softer end
points, and there was no significant heterogeneity among studies included in the analysis. The protective effect of statins in
preventing cataracts was more pronounced in younger patients
and with longer duration of follow-up. The bigger benefit in
younger persons and the related decrease in the benefit of
advanced age may be due to the slow time course of the
development of cataract and the increased baseline risk of this
condition in older persons. We did not observe a difference
with respect to gender. Individual studies have not shown a statistically significant benefit of statins in women especially in
primary prevention.3 This may be due to the lower representation of women in these studies since a meta-analysis of randomized trials with gender-specific outcomes demonstrated that
statin therapy was associated with significant decreases in cardiovascular events and in all-cause mortality in women as well
as in men. In agreement with this meta-analysis, we observed
similar benefits with respect to cataract in men and women.3
New onset diabetes occurs in some patients with statin therapy,
and the risk is higher with high-intensity dose statin therapy
usually with rosuvastatin or atorvastatin.35 In this metaanalysis, there were no studies where either atorvastatin or
rosuvastatin were used alone, and the dose was available only
in 6 studies. Examining these 6 studies, we did not find a significant relationship between relative dose of statins and
cataract.
Although the benefit of statins in preventing cardiovascular
events has been established by controlled clinical trials,
reviews, and meta-analyses and has been vetted by clinical
guidelines throughout the globe, there have been concerns
about a possible association of statins with adverse events such
as cancer, cognitive dysfunction, and diabetes as well as with
cataracts.5,6 The concern that statins might cause cataracts
when these agents were first marketed persists among some
physicians, patients, pharmacists, and other health care providers as reported in electronic drug information sites.11-13
The mechanism of the effect of statins in preventing cataracts is not known. It may be related to low-density lipoprotein
lowering although our literature search did not identify a citation relating cataracts with familial hypercholesterolemia. The
benefit may be related to an antioxidant pleiotropic effect of
statins.36 Patients with cataract had lower plasma antioxidant
levels and higher levels of oxidative stress than those of healthy
controls.37
This study has limitations inherent to meta-analyses including studies of different designs, randomized clinical trials
where cataract was not a predefined end point, imprecise
ascertainment of exposure in several observational studies,
incomplete adjustment for confounders, possible reporting
bias, and incomplete follow-up in some studies. It is possible
that the combination of observational studies and randomized
studies in the same meta-analysis has increased the introduction of bias and confounding and may have magnified the
effect. To address this question, we performed the metaanalysis both separately for observational and randomized
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trials and with both types of trials together. The effect observed
in the 8 observational studies is statistically significant while
the effect in the 6 randomized trials was similar (OR 0.84 vs
OR 0.81) in magnitude but not statistically significant. The
absence of a statistically significant effect in the randomized
trials may imply that the effect, if it exists, is small. Observational studies have inherent biases and confounding whose
identity is difficult, if not impossible, to discern and they may
introduce bias and confounding while decreasing the role of
chance. Combined analysis of randomized and observational
studies is not uncommon and as Concato and associates
reported that the results of well-designed observational studies
do not systematically overestimate the magnitude of the
effects.38
However, our study has significant strengths in that it
includes all published reports on the topic and that the effect
is consistent when analyzed from various aspects. The effect
of statins in preventing cataract was significantly more pronounced for the hard end point of cataract extraction than
patient reported or slit lamp detected cataract where there may
be detection bias. This point makes our observations more reliable, since there is no detection bias with respect to cataract
extraction. Also, there was no publication bias as determined
by a symmetrical funnel plot.

Conclusion
In conclusion, this meta-analysis indicates a clinically relevant
protective effect of statins in preventing cataracts, and this
effect is more pronounced in younger patients and with longer
duration of follow-up while there is no effect by gender.
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