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IMPORTANCE Previous studies have suggested an association between cataract surgery and
decreased risk for all-cause mortality potentially through a mechanism of improved health
status and functional independence, but the association between cataract surgery and
cause-specific mortality has not been previously studied and is not well understood.

OBJECTIVE To examine the association between cataract surgery and total and cause-specific
mortality in older women with cataract.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study included nationwide data
collected from the Women’s Health Initiative (WHI) clinical trial and observational study
linked with the Medicare claims database. Participants in the present study were 65 years or
older with a diagnosis of cataract in the linked Medicare claims database. The WHI data were
collected from January 1, 1993, through December 31, 2015. Data were analyzed for the
present study from July 1, 2014, through September 1, 2017.

EXPOSURES Cataract surgery as determined by Medicare claims codes.

MAIN OUTCOMES AND MEASURES The outcomes of interest included all-cause mortality and
mortality attributed to vascular, cancer, accidental, neurologic, pulmonary, and infectious
causes. Mortality rates were compared by cataract surgery status using the log-rank test and
Cox regression models with time-varying covariate cataract surgery status adjusting for
demographics, systemic and ocular comorbidities, smoking, alcohol use, body mass index,
and physical activity.

RESULTS A total of 74 044 women with cataract in the WHI included 41 735 who underwent
cataract surgery. Mean (SD) age was 70.5 (4.6) years; the most common ethnicity was white
(64 430 [87.0%]), followed by black (5293 [7.1%]) and Hispanic (1723 [2.3%]). The mortality
rate was 2.56 per 100 person-years in the cataract surgery group and 1.45 per 100
person-years in the cataract diagnosis group. In covariate-adjusted Cox models, cataract
surgery was associated with higher all-cause mortality (adjusted hazards ratio [AHR], 1.07;
95% CI, 1.02-1.11) as well as higher mortality specific to vascular (AHR, 1.36; 95% CI, 1.26-1.46),
cancer (AHR, 1.27; 95% CI, 1.18-1.38), accidental (AHR, 1.36; 95% CI, 1.05-1.76), pulmonary
(AHR, 1.96; 95% CI, 1.62-2.37), and infectious (AHR, 1.37; 95% CI, 1.14-1.65) diseases.
Neurologic death causes were not associated with cataract surgery (AHR, 0.98; 95% CI,
0.83-1.17)

CONCLUSIONS AND RELEVANCE In older women with cataract in the WHI, cataract surgery
was associated with higher risk for total and cause-specific mortality (except for neurologic
causes). Further study of the interplay of cataract surgery, systemic disease, disease-related
mortality, and the best timing of when to undergo cataract surgery would be informative for
improved patient care.
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C ataract surgery is the mainstay of treatment for visu-
ally significant cataract, and its primary purpose is to
reverse the associated visual impairment.1,2 Previous

studies from administrative databases have demonstrated that
in addition to visual improvement, cataract surgery was also
associated with a lower mortality risk.3-5 Although these stud-
ies hypothesized that the observed associations are medi-
ated by improvements in health status and functional inde-
pendence after cataract surgery, they have not examined
whether the association between cataract surgery and lower
mortality risk applies to women with different medical con-
ditions that affect overall functioning to varying degrees, such
as cancer, cardiovascular disease, and dementia.

The Women’s Health Initiative (WHI) database contains de-
tailed and extensively validated information on demographic,
comorbidity, and lifestyle factors in a large cohort of US women
with more than 20 years of follow-up.6 Furthermore, the WHI
database contains information on total and cause-specific mor-
tality, which is not available in other large databases of patients
with cataract surgery in the United States.7 These factors make
the WHI an ideal cohort in which to examine the interplay be-
tween eye disease and a wide variety of systemic and lifestyle
factors in US women. Given these strengths of the WHI data-
base and the need for further understanding of the association
between cataract surgery and improved survival, the purpose
of the present study is to examine the association between cata-
ract surgery and total and cause-specific mortality in the WHI
cohort, with the hypothesis that cataract surgery improves sur-
vival among women with cataract in the WHI.

Methods
Overview of the Women’s Health Initiative
The WHI is a study of US postmenopausal women aged 50 to
79 years. The WHI included 4 overlapping, randomized clini-
cal trials evaluating hormone therapy, diet modification, and
calcium and vitamin D supplementation that enrolled 68 132
women and an observational study cohort that enrolled 93 676
women. Details of the study design have been previously
published.8-10 The protocols were approved by the institu-
tional review boards at all clinical sites, and all women pro-
vided written informed consent. The present study was addi-
tionally approved by the institutional review board at UCLA.

Data collection for the main WHI study started in January
1, 1993, and ended December 31, 2005, at 40 clinical centers, and
additional observational data were collected in 2 WHI exten-
sion studies from January 1, 2005, through December 31, 2010,11

and from January 1, 2010, through December 31, 2015.12 For WHI
participants who are also enrolled in Medicare, WHI data are
linked on an individual level to all International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM)13 diag-
nosis codes and Current Procedural Terminology (CPT)14 codes
in the administrative Medicare database.

Study Population
The study population consisted of all WHI participants
who had an ICD-9-CM diagnosis code for cataract in the linked

Medicare database at 65 years or older (eTable 1 in Supplement
1). Participants younger than 65 years at the time of cataract
diagnosis in Medicare were excluded owing to selective indi-
cations for Medicare enrollment before 65 years of age. Par-
ticipants who were younger than 65 years at the time of WHI
enrollment were not included in the study population until the
age of cataract diagnosis in the Medicare database, which de-
fined their age at study baseline.

Cataract Surgery Status
The exposure of interest was cataract surgery. The cataract sur-
gery group consisted of all participants with an ICD-9-CM di-
agnosis code for cataract and a CPT code for cataract surgery
(eTable 1 in Supplement 1). The cataract diagnosis group con-
sisted of all participants with an ICD-9-CM diagnosis code for
cataract without a CPT code for cataract surgery. Patients in
both groups were followed up starting from the date of earli-
est diagnostic code for cataract.

Outcome
The primary outcome of interest was all-cause mortality be-
fore December 31, 2015. Death and underlying cause of death
were determined at the clinical coordinating center by re-
view of medical records or death certificates and, in some cases,
by reports from participants’ relatives or by the National Death
Index.15 Of 31 311 total discovered deaths in the WHI cohort as
of December 31, 2015, cause of death was ascertained from
medical record review for 21 887 participants (69.9%), from the
initial cause of death form for 2466 (7.9%), and from the ICD-
9-CM code for 6958 (22.2%). In this study, causes of death were
grouped into vascular, cancer-related, accident-related, neu-
rologic, pulmonary, and infectious conditions (eTable 2 in
Supplement 1).

For the cataract diagnosis group, time to death was calcu-
lated as the number of days from cataract diagnosis to death.
For the cataract surgery group, time between cataract diag-
nosis and surgery was classified into follow-up time for cata-
ract diagnosis, and time after surgery was classified into fol-
low-up time for cataract surgery. Participants who did not have
a recorded death in the study were censored on the last known
date of WHI follow-up or on December 31, 2015, if they were
still enrolled.

Key Points
Question How is cataract surgery associated with mortality
outcomes in women with cataract?

Findings In this prospective cohort study of 74 044 participants
of the Women's Health Initiative with cataract, cataract surgery
was associated with increased risk for all-cause mortality and
mortality attributed to vascular, cancer-related, accidental,
pulmonary, and infectious causes, even after adjusting for
demographics and systemic and ocular comorbidities.

Meaning In women with cataract, cataract surgery may be
associated with higher mortality risk related to multiple types of
systemic illness. However, this study cannot determine whether
death events are attributable to the surgery itself, a result of
surgery postponement, or other factors.
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Covariates
Demographics that were collected included age at the time of
cataract diagnosis in Medicare, race, US region of residence,
educational level, annual income, health insurance status at
the time of WHI enrollment, use of preventive health ser-
vices (mammography and Papanicolaou smear), and WHI study
arm. Systemic comorbidities in the Charlson Comorbidity In-
dex (CCI)16 were assessed at the time of surgery and the time
of diagnosis for the cataract surgery group and at the time of
diagnosis for the cataract diagnosis group (eTable 3 in
Supplement 1). The CCI is a weighted index of systemic dis-
ease burden (range, 0-33), and a higher CCI score indicates a
higher burden of systemic disease.16 Ocular comorbidities col-
lected included age-related macular degeneration and glau-
coma. A participant was counted as having a systemic or ocu-
lar comorbidity if she had the disease based on the WHI
indicator variable for the disease, an ICD-9-CM code for the dis-
ease in Medicare, or both (eTable 4 in Supplement 1). The WHI
verified the following outcomes by central medical record re-
view: all cancers, myocardial infarction, congestive heart fail-
ure, stroke, other cardiovascular events, pulmonary emboli,
hip fracture, and dementia (only in the WHI Memory Study
subcohort).

Because objective visual acuity data were not available, the
presence of severe cataract was examined as a proxy for poor
vision. Patients with ICD-9-CM codes for subcapsular cata-
racts, total or mature cataract, hypermature cataract, and com-
bined cataracts were considered to have severe subtypes of
cataract (eTable 1 in Supplement 1).

Additional covariates collected included smoking status,
alcohol intake, body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared), and physical
activity. Smoking status and alcohol intake were self-
reported at study baseline. We determined BMI based on height
and weight measurements from study baseline. Physical ac-
tivity was based on metabolic equivalent tasks per week, which
were calculated from self-reported physical activity habits at
baseline and at years 3 and 6.

Statistical Analyses
Data were analyzed for this study from July 1, 2014, through
September 1, 2017. Patient characteristics and mortality rates
were compared by cataract surgery status descriptively. To
compare the source of diagnosis for systemic comorbidities that
were ascertained from the WHI and Medicare databases, we
performed χ2 tests for the diagnosis source for selected car-
diovascular and cancer-related comorbidities. Log-rank tests
were used to compare crude mortality rates by surgical sta-
tus. Cox regression models with time-varying covariate cata-
ract surgery status (exposure) were used to obtain covariate-
adjusted associations from cataract surgery and time to death
due to any cause and from cataract surgery and time to death
attributed to vascular, cancer, accidental, neurologic, pulmo-
nary, and infectious conditions. All demographic, CCI score,
ocular comorbidities, cataract severity, smoking status, alco-
hol intake, physical activity, and BMI data were included as co-
variates in the model. To account for potential confounding
by indication, propensity scores were created by regressing all

covariates on cataract surgery status to determine the prob-
ability of cataract surgery. Participants were then grouped by
propensity score strata, and time to all-cause mortality was
compared between participants in the cataract surgery and
cataract diagnosis groups within propensity score deciles with
Cox models with cataract surgery as a time-varying covari-
ate. P < .05 indicated significance.

Results
Baseline Characteristics
Baseline characteristics are summarized in Table 1 and eTable
5 in Supplement 1. The study cohort included 74 044 women
(mean [SD] age, 70.5 [4.6] years), of whom 41 735 were in the
cataract surgery group and 32 309 were in the cataract diag-
nosis group. The largest proportion of patients in the cataract
surgery and cataract diagnosis groups were aged 65 to 69 years
at the time of cataract diagnosis (45.6% and 55.6%, respec-
tively). The remainder of demographic factors were similar in
both groups. The most common systemic comorbidity in both
groups was solid malignant neoplasm (29.9% in the cataract
surgery and 23.6% in the cataract diagnosis groups), and the
most common ocular comorbidity was glaucoma (31.6% in the
cataract surgery and 17.5% in the cataract diagnosis groups).
Higher proportions of most comorbidities were found in the
surgery group at the time of surgery. When diagnosis sources
for selected systemic comorbidities were compared, 6.2% to
40.8% of comorbidities were diagnosed in the WHI and Medi-
care databases, whereas the remainder were diagnosed in 1 da-
tabase only (eTable 6 in Supplement 1). In both groups, most
participants were never smokers (51.5% in the cataract sur-
gery and 51.8% in the cataract diagnosis groups, of those with
available data), had 1 to less than 7 alcoholic beverages per week
(25.8% in the cataract surgery and 27.1% in the cataract diag-
nosis groups, of those with available data), had a BMI of less
than 25 (36.2% in the cataract surgery and 36.7% in the cata-
ract diagnosis groups), and had activity levels of 5 to 12 MET/wk
(64.8% in the cataract surgery and 64.5% in the cataract di-
agnosis groups, of those with available data).

Mortality Incidence
Data on mortality incidence are summarized in Table 2. The
crude incidence of all-cause mortality was 2.56 deaths per 100
person-years in the cataract surgery group and 1.45 deaths per
100 person-years in the cataract diagnosis group (P < .001 for
log-rank test comparing crude mortality incidence in both
groups).

Multivariable Associations Between Cataract Surgery
and Mortality
Multivariable associations between cataract surgery and each
type of mortality treating cataract surgery as a time-varying
covariate are summarized in Table 3. Cataract surgery was as-
sociated with a higher risk for all-cause mortality in the un-
adjusted model (hazards ratio [HR], 1.22; 95% CI, 1.18-1.27) and
adjusted model (adjusted HR [AHR], 1.07; 95% CI, 1.02-1.11).
Cataract surgery was also associated with higher hazards for
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all-cause mortality and cause-specific death for every type of
death except for neurologic causes of death in the unad-
justed and adjusted models. Additional results are given in
Table 3.

Propensity Score Analysis
Results from propensity score analyses are outlined in Table 4
and Table 5. A higher likelihood of receiving cataract surgery
at some point during follow-up (dichotomous outcome cata-

Table 1. Baseline Characteristics of Patients With Cataract in the WHI From 1993-2013

Variable
Surgery Group
(n = 41 735)

Nonsurgery Group
(n = 32 309)

Age at cataract diagnosis, y

65-69 19 035 (45.6) 17 948 (55.6)

70-74 14 642 (35.1) 9241 (28.6)

75-79 6826 (16.4) 3963 (12.3)

80-84 1095 (2.6) 927 (2.9)

≥85 137 (0.3) 230 (0.7)

Race

White 36 992 (88.6) 27 438 (84.9)

Black 2495 (6.0) 2798 (8.7)

Asian or Pacific Islander 798 (1.9) 712 (2.2)

Hispanic or Latino 855 (2.0) 868 (2.7)

Native American or Alaskan Native 122 (0.3) 110 (0.3)

Other 368 (0.9) 306 (0.9)

Unknown 105 (0.3) 77 (0.2)

US region of residence

Northeast 9610 (23.0) 8585 (26.6)

West 8807 (21.1) 6621 (20.5)

Midwest 10 682 (25.6) 8509 (26.3)

South 12 636 (30.3) 8594 (26.6)

CCI scorea,b

0 7797 (18.7)/14 673 (35.2) 11 925 (36.9)

1-2 15 122 (36.2)/17 016 (40.8) 12 728 (39.4)

3-4 10 241 (24.5)/7187 (17.2) 5032 (15.6)

≥5 8575 (20.5)/2859 (6.9) 2624 (8.1)

Systemic comorbidities in the CCIb

Myocardial infarction 4777 (11.4)/4043 (9.7) 2228 (6.9)

Congestive heart failure 6734 (16.1)/2993 (7.2) 2367 (7.3)

Peripheral vascular disease 10 499 (25.2)/4395 (10.5) 3782 (11.7)

Cerebrovascular disease 11 946 (28.6)/4719 (11.3) 4225 (13.1)

Dementia 1222 (2.9)/259 (0.6) 515 (1.6)

Chronic pulmonary diseasec 15 238 (36.5)/8948 (21.4) 6511 (20.2)

Chronic renal disease 2300 (5.5)/618 (1.5) 773 (2.4)

Connective tissue disease 5668 (13.6)/2791 (6.7) 2072 (6.4)

Peptic ulcer disease 5008 (12.0)/3944 (9.5) 2595 (8.0)

Diabetes without complications 10 610 (25.4)/5416 (13.0) 5069 (15.7)

Diabetes with complications 200 (0.5)/127 (0.3) 118 (0.4)

Hemiplegia 916 (2.2)/404 (1.0) 317 (1.0)

Leukemia or multiple myeloma 517 (1.2)/279 (0.7) 252 (0.8)

Lymphoma 714 (1.7)/432 (1.0) 329 (1.0)

Solid malignant neoplasm 12 472 (29.9)/11 202 (26.8) 7616 (23.6)

Metastatic solid malignant neoplasm 1422 (3.4)/608 (1.5) 672 (2.1)

Mild liver disease 4142 (9.9)/1569 (3.8) 1732 (5.4)

Moderate or severe liver disease 81 (0.2)/34 (0.1) 23 (0.1)

AIDS 53 (0.1)/23 (0.0) 16 (0.05)

Ocular comorbidities

Age-related macular degeneration 10 993 (26.3) 3702 (11.5)

Glaucoma 13 173 (31.6) 5639 (17.5)

Severe cataractd 18 611 (44.6) 2470 (7.6)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
CCI, Charlson Comorbidity Index;
MET, metabolic equivalent task;
WHI, Women’s Health Initiative.
a Scores range from 0 to 33, with

higher scores indicating a higher
burden of systemic disease.

b Reported in the surgical group as
numbers (percentages) at the time
of cataract surgery/at the time of
cataract diagnosis.

c Includes chronic bronchitis,
emphysema, asthma,
bronchiectasis, alveolitis, chronic
airway obstruction,
pneumoconioses, and asbestosis.

d Includes anterior and posterior
subcapsular cataracts, total or
mature cataract, hypermature
cataract, and combined forms of
cataract.
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ract surgery reported yes/no) was associated with being in the
clinical trial arm of the WHI, living outside of the Northeast,
having insurance, undergoing routine mammography, hav-
ing a CCI score higher than 0, having any ocular comorbidity,
and having a high level of physical activity. When grouping the
women into deciles according to the propensity of having a
cataract surgery during follow-up and estimating Cox models
for the subgroups so obtained, we observed a high hazard rate
ratio for all-cause mortality for the groups of women most likely
to receive cataract surgery during follow-up but not in other
subgroups (Table 5).

Discussion
In participants with cataract in the WHI, cataract surgery
was associated with a higher risk for total and cause-specific
mortality (except for neurologic cause) after adjusting for
demographics, systemic and ocular comorbidities, and
selected lifestyle factors. Specifically, WHI participants after
cataract surgery had relatively higher risks for dying due to
any cause and due to vascular, cancer, accidental, pulmo-
nary, and infectious conditions compared with participants
with a cataract who did not receive surgery. Our study
design does not allow us to distinguish whether the empiri-
cally observed increases in the hazard for these death
events are attributable to the surgery itself or whether they
are a result of individually postponing surgery until a point
in time where hazard rates are increasing in addition to the
general effects of the covariates we do adjust for, such as
age at cataract diagnosis.

A previous study of cataract surgery and mortality in the
US Medicare population3 reported that cataract surgery was as-
sociated with a lower hazard for all-cause mortality in patients
with cataract after adjusting for demographics and systemic and
ocular comorbidities, which was also seen in a subgroup analy-
sis of women within the Medicare population. In the present
study, we were able to adjust additionally for smoking, alcohol
use, BMI, and physical activity. In addition, we used an ap-
proach treating cataract surgery status as a time-varying covar-
iate, and our overall results suggested that cataract surgery is
associated with higher all-cause and (most) cause-specific
causes of mortality. This approach accounts for the time from
diagnosis to actual surgery reflecting that women at the time

of diagnosis initially continue to contribute observational time
to the nonsurgery group. While the empirically observed in-
creases in the hazard rates for all-cause or cause-specific mor-
tality might be attributable to the surgery itself, other possible
explanations remain: our results might be affected by unob-
served confounding that we are not aware of, as is typical for
observational studies. Furthermore, the empirically observed
increases in the hazard rates might be the result of individu-
ally postponing surgery until a point in time where hazard rates
would increase in addition to the general effects of the covari-
ates we do adjust for, such as age at cataract diagnosis.

To our knowledge, this study is the first to examine the as-
sociation between cataract surgery and cause-specific mor-
tality, and results from time-varying covariate Cox models sug-
gest that cataract surgery is associated with a higher hazard
rate for all-cause and cause-specific mortality.

In the present study, a mediational analysis was not per-
formed to examine potential mechanisms to explain the as-
sociation between cataract surgery and mortality from differ-
ent systemic causes. However, we hypothesize that the
mechanism of association is multifactorial and can vary across
systemic conditions. The cataract surgery group demon-
strated a higher mortality rate compared to the cataract diag-
nosis group, as well as an overall sicker systemic disease pro-
file; we suspect that these differences cannot be explained by
cataract surgery alone and that patients with cataract who do
and do not receive surgery have inherent demographic, so-
cioeconomic, and systemic differences that must be further ex-
plored in future studies.

Although limited studies examine the association
between cataract surgery and systemic conditions, previous
studies17-19 have demonstrated associations between
cataract surgery and lower risk for fall and fracture, and
others20-22 have demonstrated that patients with cataract
have higher scores on standardized cognition assessments
after cataract surgery. However, these studies did not exam-
ine the associations between these systemic conditions and
eventual mortality. Because our observed elevated hazard
rates might be a result of the individual timing of the sur-
gery, which is elective for the respective patient, studies
specifically targeting at which point in life cataract surgery
is best performed hold promise for further insight into the
benefits or harms of cataract surgery. Also, additional stud-
ies could specifically examine the association of cataract

Table 2. Mortality Rates in Older Women With Cataract by Surgical Care Status in the Women’s Health Initiative
From 1993-2013a

Cause of Mortality

Mortality Rate, No. of Deaths/Total Person-years
(Incidence per 100 Person-years)

P Valueb
Cataract Surgery Group
(n = 41 735)

Nonsurgery Group
(n = 32 309)

All-cause 6878/268 450 (2.56) 6123/420 796 (1.45) <.001

Vascular 2390/242 261 (0.99) 1982/383 555 (0.52) <.001

Cancer 1650/236 316 (0.70) 1933/378 654 (0.51) <.001

Accident 185/229 024 (0.081) 150/364 966 (0.041) .003

Neurologic 380/230 664 (0.16) 340/367 450 (0.093) .11

Pulmonary 439/230 666 (0.20) 227/366 360 (0.062) <.001

Infectious 411/230 554 (0.18) 283/366 758 (0.077) <.001

a Includes 74 044 participants.
Person-years for cause-specific
mortality exclude patients who died
from other causes.

b Calculated using the log-rank test
(excluding/including time from
diagnosis to surgery).
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surgery with factors such as quality of life, activities of daily
living, access to medical care, and mental health.

Limitations
This study is mainly limited by its observational nature. Par-
ticipation in the WHI is voluntary, and generalizability of find-
ings from this cohort may be limited by differential partici-
pant dropout. In addition, because the WHI cohort is all female,
findings from this study may not be generalizable to male pa-
tients, and additional studies of cataract surgery and mortal-
ity in a male population would be beneficial. Furthermore, WHI
participants are long-term study participants, and their demo-
graphic and systemic disease profiles may differ from those of
the general population of women in the United States. An-
other finding of interest in this study that may limit its gener-
alizability is the unusually high proportion of patients with sys-
temic comorbidities compared with previous studies,3

especially in the cataract surgery group. We hypothesize that
the explanation for these differences is multifactorial and
mainly related to the ability to combine the WHI and Medi-
care databases, which may lead to increased detection of co-
morbidities compared with a single data collection modality
that was supported by the significant proportion of cardiovas-
cular and cancer-related comorbidities that were only diag-
nosed in 1 of the 2 databases between WHI and Medicare. In
addition, follow-up with primary care physicians may have
been better among WHI participants who have proven reli-
able follow-up with regular study visits, which would lead to
increased detection of systemic disease. The observational data
in this study are also subject to misclassification bias, includ-
ing the accuracy of cause-of-death data. Previous studies have
demonstrated that cardiovascular disease is overrepresented
as a cause of death,23 in addition to suggesting high rates of
misclassification of causes of death from other sources of
illness.24-26 In the present study, higher rates of metastatic can-
cer but lower rates of cancer-related deaths in the cataract sur-
gery vs cataract diagnosis group were found, suggesting that

our findings should be interpreted in light of the inherent limi-
tations of cause-of-death data. In addition, unmeasured con-
founding is a possibility. Finally, although higher mortality rates

Table 3. Hazards of Total and Cause-Specific Mortality in Patients With
Cataract by Surgery Status in the WHI From 1993-2013a

Cause (No. of
Participants)

Unadjusted Cox Model
Hazard Rate Ratio
(95% CI) With Cataract
Surgery Status as a
Time-Varying
Covariate

Adjusted Cox Model
Hazard Rate Ratio
(95% CI) With Cataract
Surgery Status as a
Time-Varying Covariateb

All-cause (62 544) 1.22 (1.18-1.27) 1.07 (1.02-1.11)

Vascular (55 408) 1.32 (1.24-1.41) 1.36 (1.26-1.46)

Cancer (54 875) 1.21 (1.13-1.30) 1.27 (1.18-1.38)

Accident (52 152) 1.42 (1.12-1.80) 1.36 (1.05-1.76)

Neurologic (52 454) 0.88 (0.76-1.03) 0.98 (0.83-1.17)

Pulmonary (52 438) 2.07 (1.74-2.46) 1.96 (1.62-2.37)

Infectious (52 437) 1.43 (1.21-1.68) 1.37 (1.14-1.65)

Abbreviation: WHI, Women’s Health Initiative.
a Includes 74 044 participants.
b Adjusted for age, race, region of residence, use of preventive health services,

health insurance at WHI baseline, Charlson Comorbidity Index score, smoking
status, alcohol intake, metabolic equivalent tasks per week, cataract severity,
age-related macular degeneration, and glaucoma.

Table 4. Factors Associated With Cataract Surgery in Participants With
Cataract in the Women’s Health Initiative From 1993-2013a

Variables

OR (95% CI)

Unadjusted Adjusted
Age: change in odds
per 1-y increase

1.21 (1.21-1.22) 0.99 (0.98-0.99)

WHI clinical trial
(vs observational arm)

0.94 (0.92-0.98) 1.04 (1.00-1.08)

Race (vs white)

Black 0.66 (0.63-0.70) 0.49 (0.45-0.53)

Asian or Pacific Islander 0.83 (0.75-0.92) 0.82 (0.72-0.94)

Hispanic or Latino 0.73 (0.66-0.80) 0.60 (0.53-0.69)

Native American
or Alaskan Native

1.82 (0.64-1.07) 0.65 (0.46-0.90)

Other or unknown 0.89 (0.77-1.04) 0.90 (0.74-1.09)

Region (vs Northeast)

West 1.19 (1.14-1.24) 1.20 (1.13-1.27)

Midwest 1.12 (1.08-1.17) 1.43 (1.35-1.51)

South 1.31 (1.26-1.37) 1.92 (1.83-2.05)

Educational level more than
high school (vs high school
or less)

0.88 (0.85-0.91) 0.92 (0.89-0.96)

Annual income≥$50 000
(vs<$50 000)

0.76 (0.74-0.79) 0.76 (0.73-0.79)

Insurance (vs none)

Medicare or medical 1.87 (1.70-2.06) 2.02 (1.76-2.31)

Other insurance 1.39 (1.28-1.51) 1.54 (1.36-1.73)

Mammogram (vs none) 1.11 (1.02-1.21) 1.15 (1.02-1.29)

Papanicolaou smear (vs none) 1.01 (0.89-1.16) 0.83 (0.70-0.98)

CCI score (vs 0)

1-2 1.82 (1.75-1.89) 1.73 (1.66-1.82)

3-4 3.11 (2.98-3.25) 2.85 (2.69-3.00)

≥5 5.00 (4.74-5.27) 4.37 (4.10-4.67)

Age-related macular
degeneration (vs none)

2.76 (2.65-2.88) 2.23 (2.12-2.34)

Glaucoma (vs none) 2.18 (2.11-2.26) 2.08 (1.99-2.17)

Diabetic retinopathy (vs none) 1.96 (1.81-2.13) 1.19 (1.07-1.31)

Severe cataract (vs none) 9.72 (9.29-10.17) 9.45 (8.97-9.95)

Smoking (vs never)

Past 1.02 (0.99-1.05) 1.01 (0.97-1.05)

Current 0.94 (0.89-1.01) 0.82 (0.75-0.89)

Alcohol use (vs none)

Past 0.98 (0.93-1.04) 0.95 (0.88-1.02)

<1 drink/mo 0.89 (0.83-0.94) 0.92 (0.85-0.99)

<1 drink/wk 0.90 (0.85-0.95) 0.96 (0.89-1.03)

1 to <7 drinks/wk 0.88 (0.84-0.93) 0.96 (0.89-1.03)

≥7 drinks/wk 0.96 (0.90-1.02) 1.07 (0.98-1.16)

BMI (vs <25)

25-29 1.05 (1.01-1.09) 1.00 (0.96-1.05)

>29 1.00 (0.96-1.03) 0.87 (0.83-0.91)

Activity, MET/wk (vs 0)

1-4 1.00 (0.95-1.05) 1.04 (0.98-1.10)

5-12 1.02 (0.97-1.06) 1.07 (1.02-1.14)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CCI, Charlson Comorbidity Index; MET, metabolic
equivalent task; OR, odds ratio.
a Includes 74 044 participants.
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were observed in the cataract surgery group, they do not prove
a causal association between cataract surgery and increased
mortality, and additional study of the mechanisms and inter-

play between these associations is warranted as is further study
of the timing of cataract surgery for those women who ulti-
mately elect to have such a surgery.

Conclusions
This study found associations between cataract surgery and
higher risks for total and several types of cause-specific
mortality in participants of the WHI. Our study design does
not allow us to distinguish whether the empirically
observed increases in the hazard for these death events are
attributable to the surgery itself or whether they are a result
of individually postponing surgery until a point in time
where hazard rates are increasing in addition to the general
effects of the covariates we do adjust for, such as age at
cataract diagnosis. Further studies of the associations
cataract surgery, systemic disease, and disease-specific
mortality would be informative for improving patient selec-
tion and use of cataract surgery and for improved under-
standing of the benefits of cataract surgery beyond vision
improvement.

ARTICLE INFORMATION

Accepted for Publication: September 11, 2017.

Retraction and Replacement: This article was
retracted and replaced on August 23, 2018, to fix
errors throughout the article and tables (see
Supplement 2 for the retracted article with errors
highlighted and Supplement 3 for the replacement
article with corrections highlighted).

Published Online: October 26, 2017.
doi:10.1001/jamaophthalmol.2017.4512

Author Affiliations: Center for Community Outreach
and Policy, Stein Eye Institute, David Geffen School of
Medicine, UCLA (University of California, Los Angeles)
(Tseng,Yu,Coleman); Los Angeles Biomedical Research
Institute, Harbor-UCLA Medical Center, Torrance
(Chlebowski); Department of Biostatistics, Fielding
School of Public Health, UCLA (Yu); Department of
Epidemiology, University of Pittsburgh, Pittsburgh,
Pennsylvania (Cauley); Department of Medicine,
University of Massachusetts Medical School, Worcester
(Li); Department of Preventive Medicine, University
of Tennessee Health Sciences Center, Memphis
(Thomas); Division of Health Policy and Management,
School of Public Health, University of Minnesota,
Minneapolis (Virnig); Department of Epidemiology,
Fielding School of Public Health, UCLA (Coleman).

Author Contributions: Dr Tseng had full access to
all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Tseng, Chlebowski, Coleman.
Acquisition, analysis, or interpretation of data:
Tseng, Chlebowski, Yu, Cauley, Li, Thomas, Virnig.
Drafting of the manuscript: Tseng.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Tseng, Yu, Li, Thomas.
Obtained funding: Tseng, Chlebowski, Cauley.
Administrative, technical, or material support:
Tseng, Cauley.
Study supervision: Chlebowski, Coleman.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

Funding/Support: This study was supported by the
Center of Community Outreach and Policy, Stein
Eye Institute, UCLA, and the National Institutes of
Health Loan Repayment Program. The Women’s
Health Initiative program is supported by contracts
HHSN268201600018C, HHSN268201600001C,
HHSN268201600002C, HHSN268201600003C,
and HHSN268201600004C from the National
Heart, Lung, and Blood Institute, National Institutes
of Health, US Department of Health and Human
Services.

Role of the Funder/Sponsor: The sponsors had no
role in the design and conduct of the study; in the
collection, analysis and interpretation of the data;
or in the preparation, review or approval of the
manuscript.

Additional Contributions: We thank the original
investigators of the Women’s Health Initiative. The
list of investigators can be found at the following
link: https://www.whi.org/researchers/Documents
%20%20Write%20a%20Paper/WHI
%20Investigator%20Short%20List.pdf.

REFERENCES

1. Congdon N, O’Colmain B, Klaver CC, et al; Eye
Diseases Prevalence Research Group. Causes and
prevalence of visual impairment among adults in
the United States. Arch Ophthalmol. 2004;122(4):
477-485.

2. Congdon N, Vingerling JR, Klein BE, et al; Eye
Diseases Prevalence Research Group. Prevalence of
cataract and pseudophakia/aphakia among adults
in the United States. Arch Ophthalmol. 2004;122
(4):487-494.

3. Tseng VL, Yu F, Lum F, Coleman AL. Cataract
surgery and mortality in the United States Medicare
population. Ophthalmology. 2016;123(5):1019-1026.

4. Fong CS, Mitchell P, Rochtchina E, Teber ET,
Hong T, Wang JJ. Correction of visual impairment
by cataract surgery and improved survival in older
persons: the Blue Mountains Eye Study cohort.
Ophthalmology. 2013;120(9):1720-1727.

5. Fong CS, Mitchell P, Rochtchina E, de Loryn T,
Tan AG, Wang JJ. Visual impairment corrected via
cataract surgery and 5-year survival in a prospective
cohort. Am J Ophthalmol. 2014;157(1):163-170.e1.

6. Women’s Health Initiative. About WHI.
https://www.whi.org/about/SitePages/About
%20WHI.aspx. Updated November 16, 2016.
Accessed January 16, 2017.

7. Women’s Health Initiative. Fatal events. Version
1. https://www.whi.org/researchers/studydoc/WHI
%20and%20ES1%20Manual%20of
%20Operations/1993-2005%20WHI%20CT
%20and%20OS/Vol%208,%207%20-%20Fatal
%20Events.pdf. November 14, 2003. Accessed
January 16, 2017.

8. The Women’s Health Initiative Study Group.
Design of the Women’s Health Initiative clinical trial
and observational study. Control Clin Trials. 1998;
19(1):61-109.

9. Anderson GL, Manson J, Wallace R, et al.
Implementation of the Women’s Health Initiative
study design. Ann Epidemiol. 2003;13(9)(suppl):S5-
S17.

10. Curb JD, McTiernan A, Heckbert SR, et al; WHI
Morbidity and Mortality Committee. Outcomes
ascertainment and adjudication methods in the
Women’s Health Initiative. Ann Epidemiol. 2003;13
(9)(suppl):S122-S128.

11. Women’s Health Initiative. WHI Extension Study
2005-2010. https://www.whi.org/about/SitePages
/WHI%20Extension%202005-2010.aspx. Updated
March 4, 2015. Accessed January 16, 2017.

12. Women’s Health Initiative. WHI Extension Study
2010-2020. https://www.whi.org/about/SitePages
/WHI%20Extension%202010-2020.aspx. Updated
October 10, 2016. Accessed January 16, 2017.

Table 5. Hazards of All-Cause Mortality by Propensity Score Decile
in Patients With Cataract by Surgery Status in the WHI From 1993-2013a

Propensity Decile

Hazard Rate Ratio (95% CI)
Using Cox Regression Models
With Cataract Surgery
as a Time-Varying Covariate

1 0.91 (0.71-1.17)

2 0.74 (0.62-0.89)

3 0.52 (0.45-0.61)

4 0.57 (0.51-0.65)

5 0.62 (0.55-0.70)

6 0.68 (0.60-0.77)

7 1.11 (0.98-1.27)

8 1.77 (1.53-2.04)

9 4.72 (3.90-5.72)

10 21.97 (17.07-28.28)

Abbreviation: WHI, Women’s Health Initiative.
a Includes 74 044 participants.

Association of Cataract Surgery With Mortality in Older Women Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology January 2018 Volume 136, Number 1 9

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2017.4512&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2017.4512
https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Investigator%20Short%20List.pdf
https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Investigator%20Short%20List.pdf
https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Investigator%20Short%20List.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15078664
https://www.ncbi.nlm.nih.gov/pubmed/15078664
https://www.ncbi.nlm.nih.gov/pubmed/15078665
https://www.ncbi.nlm.nih.gov/pubmed/15078665
https://www.ncbi.nlm.nih.gov/pubmed/26854033
https://www.ncbi.nlm.nih.gov/pubmed/23664468
https://www.ncbi.nlm.nih.gov/pubmed/24161249
https://www.whi.org/about/SitePages/About%20WHI.aspx
https://www.whi.org/about/SitePages/About%20WHI.aspx
https://www.whi.org/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf
https://www.whi.org/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf
https://www.whi.org/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf
https://www.whi.org/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf
https://www.whi.org/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf
https://www.ncbi.nlm.nih.gov/pubmed/9492970
https://www.ncbi.nlm.nih.gov/pubmed/9492970
https://www.ncbi.nlm.nih.gov/pubmed/14575938
https://www.ncbi.nlm.nih.gov/pubmed/14575938
https://www.ncbi.nlm.nih.gov/pubmed/14575944
https://www.ncbi.nlm.nih.gov/pubmed/14575944
https://www.whi.org/about/SitePages/WHI%20Extension%202005-2010.aspx
https://www.whi.org/about/SitePages/WHI%20Extension%202005-2010.aspx
https://www.whi.org/about/SitePages/WHI%20Extension%202010-2020.aspx
https://www.whi.org/about/SitePages/WHI%20Extension%202010-2020.aspx
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2017.4512


13. Centers for Disease Control and Prevention.
International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM).
https://www.cdc.gov/nchs/icd/icd9cm.htm#ftp.
Updated June 18, 2013. Accessed January 16, 2017.

14. Beebe M, Dalton JA, Espanceda M, Evans DD.
Current Procedural Terminology: CPT 2008
Professional Edition. 4th ed. Chicago, IL: American
Medical Association; 2007:282-286.

15. Women’s Health Initiative. Section 7: Fatal
Events. Version 1. https://www.whi.org/researchers
/studydoc/_layouts/15/WopiFrame.aspx
?sourcedoc=/researchers/studydoc/WHI%20and
%20ES1%20Manual%20of%20Operations/1993-
2005%20WHI%20CT%20and%20OS/Vol%208,
%207%20-%20Fatal%20Events.pdf&action=
default. November 14, 2013. Accessed August 15,
2017.

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR.
A new method of classifying prognostic

comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-383.

17. Tseng VL, Yu F, Lum F, Coleman AL. Risk of
fractures following cataract surgery in Medicare
beneficiaries. JAMA. 2012;308(5):493-501.

18. Harwood RH, Foss AJE, Osborn F, Gregson RM,
Zaman A, Masud T. Falls and health status in elderly
women following first eye cataract surgery:
a randomised controlled trial. Br J Ophthalmol.
2005;89(1):53-59.

19. Brannan S, Dewar C, Sen J, Clarke D, Marshall T,
Murray PI. A prospective study of the rate of falls
before and after cataract surgery. Br J Ophthalmol.
2003;87(5):560-562.

20. Ishii K, Kabata T, Oshika T. The impact of
cataract surgery on cognitive impairment and
depressive mental status in elderly patients. Am J
Ophthalmol. 2008;146(3):404-409.

21. Hall TA, McGwin G Jr, Owsley C. Effect of
cataract surgery on cognitive function in older
adults. J Am Geriatr Soc. 2005;53(12):2140-2144.

22. Tamura H, Tsukamoto H, Mukai S, et al.
Improvement in cognitive impairment after
cataract surgery in elderly patients. J Cataract
Refract Surg. 2004;30(3):598-602.

23. Lloyd-Jones DM, Martin DO, Larson MG, Levy
D. Accuracy of death certificates for coding
coronary heart disease as the cause of death. Ann
Intern Med. 1998;129(12):1020-1026.

24. Feuer EJ, Merrill RM, Hankey BF. Cancer
surveillance series: interpreting trends in prostate
cancer, part II: cause of death misclassification and
the recent rise and fall in prostate cancer mortality.
J Natl Cancer Inst. 1999;91(12):1025-1032.

25. Jensen HH, Godtfredsen NS, Lange P, Vestbo J.
Potential misclassification of causes of death from
COPD. Eur Respir J. 2006;28(4):781-785.

26. Helweg-Larsen K. The Danish Register of
Causes of Death. Scand J Public Health. 2011;39(7)
(suppl):26-29.

Research Original Investigation Association of Cataract Surgery With Mortality in Older Women

10 JAMA Ophthalmology January 2018 Volume 136, Number 1 (Reprinted) jamaophthalmology.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://www.cdc.gov/nchs/icd/icd9cm.htm#ftp
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.whi.org/researchers/studydoc/_layouts/15/WopiFrame.aspx?sourcedoc=/researchers/studydoc/WHI%20and%20ES1%20Manual%20of%20Operations/1993-2005%20WHI%20CT%20and%20OS/Vol%208%44%207%20-%20Fatal%20Events.pdf&action=default
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/22851116
https://www.ncbi.nlm.nih.gov/pubmed/15615747
https://www.ncbi.nlm.nih.gov/pubmed/15615747
https://www.ncbi.nlm.nih.gov/pubmed/12714392
https://www.ncbi.nlm.nih.gov/pubmed/12714392
https://www.ncbi.nlm.nih.gov/pubmed/18602079
https://www.ncbi.nlm.nih.gov/pubmed/18602079
https://www.ncbi.nlm.nih.gov/pubmed/16398899
https://www.ncbi.nlm.nih.gov/pubmed/15050255
https://www.ncbi.nlm.nih.gov/pubmed/15050255
https://www.ncbi.nlm.nih.gov/pubmed/9867756
https://www.ncbi.nlm.nih.gov/pubmed/9867756
https://www.ncbi.nlm.nih.gov/pubmed/10379965
https://www.ncbi.nlm.nih.gov/pubmed/16807258
https://www.ncbi.nlm.nih.gov/pubmed/21775346
https://www.ncbi.nlm.nih.gov/pubmed/21775346
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2017.4512

