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Abstract

Aims To evaluate the prevalence of

cardiovascular disease (CVD) and its risk

factors among patients undergoing cataract

surgery.

Methods A retrospective observational

case–control study of all the members older

than 50 years who underwent cataract surgery

in the Central District of Clalit Health Services

in Israel (years 2000–2007) (n¼ 12 984) and

25 968 age- and gender-matched controls. We

calculated the prevalence of CVDs’ and their

risk factors, including carotid artery disease

(CAD), peripheral vascular disease (PVD),

systemic arterial hypertension (HTN), chronic

renal failure (CRF), ischaemic heart disease

(IHD), congestive heart failure, diabetes,

smoking, alcohol abuse, and hyperlipidaemia.

The main outcome measures were the odds

ratio of having CVDs among cataract patients

undergoing surgery compared with controls.

Results No difference was found in

demographics (age, gender, marriage status,

socioeconomic class, and living place) between

the study and control groups. All CVDs’ risk

factors were significantly more prevalent in

cataract patients in univariate analysis.

Multivariate logistic regression analysis

revealed a significant association of the

following with cataractogenesis: diabetes,

CAD, HTN, PVD, smoking, IHD, CRF,

hyperlipidaemia, and Ashkenazi origin.

Conclusions CVDs and their risk factors are

more prevalent among cataract patients

undergoing cataract surgery.
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Introduction

It is generally acknowledged that age-related

(senile) cataract is a multifactorial disease.

Epidemiologic studies of this disease have

suggested many risk factors for cataract.1

Diabetes, glaucoma, several analgesics, myopia,

renal failure, smoking, heavy alcohol

consumption, hypertension (HTN), low body

mass index, use of cheaper cooking fuel,

working in direct sunlight, family history of

cataract, occupational exposure, and several

biochemical factors are just a partial list of the

potential risk factors for cataract.2 Interactions

among the risk factors can mask the real

contribution of each in the development of the

diseases. An intriguing link between

development of age-related cataracts and

increased future risk of coronary heart disease

has been suggested.3

As free radical-mediated oxidative damage to

lipoproteins may accelerate atherosclerosis as

well as cataract formation,4 the development of

cataract might be a marker for such damage

and, therefore, might be associated with an

increased risk of coronary heart disease.3

Although some studies support the

association of cataract and cardiovascular

diseases (CVDs),5 other studies reporting

cataract risk factors do not mention CVD.

Klein et al6 in the Beaver Dam Eye study reported

that CVDs and their risk factors have little effect

on the incidence of age-related cataract.

This study aims to evaluate the prevalence of

cardiovascular morbidity among 12 984 cataract

patients undergoing cataract surgery in Israel.

Materials and methods

Study population

The electronic medical records of all members

who underwent cataract surgery in the ‘Central

District’ of the ‘Clalit Health Services’ health

maintenance organization (HMO) in Israel,

aged 50 years and older on 1 January 2000, and

who did not terminate their membership until

31 December 2007, were included (n¼ 12 984);

cataract patients that died or left the HMO
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during the study period (n¼ 2251) were excluded.

For each cataract patient in the study group, two

members of the HMO that were matched in age and

gender and did not undergo cataract surgery (n¼ 25 968)

were randomly selected from all the members of the

HMO (aged 50 years and older) that were members of

the HMO on 1 January 2000 and did not discontinue

membership (for any reason, including death) till 31

December 2007.

The study was approved by the institutional review

board. Informed consent was not required.

Observation procedures

The ‘Clalit Health Services’ HMO maintains a chronic

disease registry database, which includes information

collected from a variety of sources: primary care

physician reports, medication-use files, hospitalization

records, and out-patient clinic records. The methods of

registry acquisition and maintenance were described

elsewhere.7

We extracted information from the registry regarding

all participants in the study, looking for the following

CVD or CV risk factors: carotid artery disease (CAD),

diabetes, peripheral vascular disease (PVD), systemic

arterial HTN, chronic renal failure (CRF), ischaemic heart

disease (IHD), congestive heart failure (CHF), smoking,

alcohol abuse, and hyperlipidaemia. The HMO’s

definitions of HTN are according to the reports of the

Joint National Committee on prevention, detection,

evaluation, and treatment of high blood pressure.8

Definitions of hyperlipidaemia are based on the

European SCORE project.9 Definitions of diabetes are

based on the WHO classification.10 CAD was defined by

the colour flow duplex ultrasound scan and the typical

clinical findings.11 PVD was classified by the Fontaine

stages.12 Chronic kidney disease was identified by a

blood test for creatinine,13 together with the clinical

diagnosis of the treating physicians.

Additional information extracted from patients’ files

included age, gender, region of birth (Ashkenazi

originFpeople born in Europe, North and South

America, and Australia vs Sephardic origin those born in

Asia and Africa (mainly in the Middle East and North

Africa)), place of residency (living in urban (410 000

inhabitants) or rural (o10 000 inhabitants), marriage

status, and social security economic status (indicating

members that are exempt from paying social security tax

because of a low-socioeconomic status).

Outcome measures

The odds ratio (OR) of having CVDs among cataract

patients undergoing surgery compared with controls.

Statistical analysis

Student’s t-test was used for continuous variables and

w2 test with Yates’ correction for proportions (SPSS ver.12

(SPSS Inc., Chicago, IL, USA)). Probabilities of o5% were

considered statistically significant. A logistic regression

analysis was performed to adjust for the simultaneous

effects of the various CVD and CV risk factors as well as

age, gender, marriage status, country of birth, place of

residency, and socioeconomic status on undergoing

cataract surgery.

Results

A total of 12 984 patients underwent cataract surgery

during the study period. We examined various CVD

and CV risk factors for those patients and compared

them with an age- and gender-matched control group

from the population of the district (n¼ 25 968). Table 1

summarizes the demographic characteristics of the study

populations. No difference was found in demographics

(age, gender, marriage status, socioeconomic class, and

living place) between the study and control groups

except for the patient’s origin. The percentage of the

Ashkenazi origin patients was significantly lower in the

cataract surgery patients than in the matched controls

(Po0.0001).

Univariate analyses

Table 2 shows the prevalence of various CVDs and CV

risk factors among patients undergoing cataract surgery

vs matched controls.

All CVDs and their risk factors were significantly

more prevalent among cataract surgery patients.

The OR was highest for CAD (OR¼ 1.51), followed by

diabetes (OR¼ 1.50), PVD (OR¼ 1.42), and HTN

(OR¼ 1.35). P-value was o0.0001 for all the risk factors

Table 1 Comparison of demographics among patients under-
going cataract surgery vs matched controls

Cataract surgery
patients

(n¼ 12 984)

Matched
controls

(n¼ 25 968)

P-value

Age 68.7±8.2 68.7±8.2 1.0
Males 5423 (41.77%) 10 846 (41.77%) 0.99
Married 7253 (55.9%) 14 246 (54.9%) 0.06
Low-socioeconomic
class

4733 (36.4%) 9428 (36.3%) 0.85

Living in rural
settlements

1898 (14.6%) 3731 (14.4%) 0.61

Ashkenazi origin 5745 (44.3%) 12 435 (47.8%) Po0.0001
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except for alcohol abuse (P¼ 0.02). Figure 1 shows the

proportion of patient with CAD, diabetes, CHF, and HTN

among cataract patients and matched controls stratified

by age. As can be seen, in most age groups, the difference

between cataract patients and controls was highly

significant.

Table 2 Comparison of the prevalence of various cardiovascular diseases and risk factors among patients undergoing cataract
surgery vs matched controls

Cataract
surgery patients
(n¼ 12 984)

Matched
controls

(n¼ 25 968)

P-value Odds ratio
(95% confidence

interval)

Carotid artery disease 753 (5.8%) 1016 (3.9%) Po0.0001 1.51 (1.37–1.67)
Diabetes 4190 (32.3%) 6247 (24.1%) Po0.0001 1.50 (1.44–1.58)
Peripheral vascular disease 1128 (8.7%) 1635 (6.3%) Po0.0001 1.42 (1.31–1.53)
Hypertension 9416 (72.5%) 17 163 (66.1%) Po0.0001 1.35 (1.29–1.42)
Chronic renal failure 1541 (11.9%) 2368 (9.1%) Po0.0001 1.34 (1.25–1.44)
Ischaemic heart disease 4632 (35.6%) 7765 (29.9%) Po0.0001 1.30 (1.24–1.36)
Congestive heart failure 1676 (12.9%) 2693 (10.4%) Po0.0001 1.28 (1.20–1.37)
Smoking 2425 (18.7%) 3968 (15.3%) Po0.0001 1.27 (1.20–1.35)
Alcohol abuse 134 (1.0%) 208 (0.8%) P¼ 0.02 1.29 (1.04–1.61)
Hyperlipidaemia 8776 (67.6%) 16 221 (62.5%) Po0.0001 1.25 (1.20–1.31)

Figure 1 The prevalence of carotid artery disease (CAD, a), diabetes mellitus (b), congestive heart failure (CHF, c), and arterial
hypertension (d) among cataract patients undergoing cataract extraction and matched controls stratified by age. *Po0.05, **Po0.01,
***Po0.001
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Table 3 compares the ORs for various CVDs in

patients undergoing cataract surgery and in matched

controls in males and females. No significant differences

were seen between the genders regarding the association

of various CVDs and CV risk factors with cataract

surgery.

As the cases and controls differed in their region of

origin (Ashkenazi vs Sepharadi), we compared the ORs

for various CVDs in Ashkenazi patients separately

(Table 4). The association between CVDs and cataract

remained statistically significant for all CVDs and CV

risk factors except for alcohol abuse.

Multivariate analysis

Multivariate logistic regression analysis revealed a

significant effect of nine variables on the ORs for

undergoing cataract surgery: diabetes (OR¼ 1.35, Po0.001),

CAD (OR¼ 1.27, Po0.001), HTN (OR¼ 1.20, Po0.001),

smoking (OR¼ 1.18, Po0.001), IHD (OR¼ 1.14, Po0.001),

CRF (OR¼ 1.12, P¼ 0.002), PVD (OR¼ 1.12, P¼ 0.002),

hyperlipidaemia (OR¼ 1.08, P¼ 0.002), and Ashkenazi

origin (OR¼ 0.83, Po0.001) (Figure 1). However, two

variables, which were included in the univariate analyses,

were no more significant (CHF (OR¼ 1.03, P¼ 0.55) and

alcohol abuse (OR¼ 1.22, P¼ 0.24)).

Discussion

This study shows that various CVDs and CV risk factors

have a significantly higher OR in cataract patients

undergoing surgery. Epidemiologic data on cataract and

the risk of CVDs were examined in earlier studies.5

Although CVDs were not significantly related to cataract

in multivariate analysis in the Melbourne VIP study,14 a

significant positive association between cataract

extraction and CVDs was shown in other studies.

Hu et al3 in a prospective study on women nurses found

a significant positive association between cataract

extraction and the incidence and the overall mortality

from coronary heart disease (RR¼ 1.88 and 1.37,

respectively). A recent prospective cohort study of

Swedish women has also shown that metabolic

syndrome and its components (abdominal adiposity,

diabetes, and HTN) is associated with the risk of cataract

development.15 Another prospective study of male

physicians with self-reported cataract reported a relative

risk of 1.34 (CI¼ 0.78, 2.32) for fatal cardiovascular events

during 5 years of follow-up.16 As the above studies have

Table 4 Comparison of the prevalence of various cardiovascular diseases and risk factors among Ashkenazi patients undergoing
cataract surgery vs matched Ashkenazi controls

Cataract surgery
patients

(n¼ 5745)

Matched
controls

(n¼ 12 435)

P-value Odds ratio (95%
confidence
interval)

Carotid artery disease 343 (6.0%) 485 (3.9%) Po0.0001 1.56 (1.36–1.80)
Diabetes 1680 (29.2%) 2843 (22.9%) Po0.0001 1.39 (1.30–1.50)
Peripheral vascular disease 543 (9.5%) 884 (7.1%) Po0.0001 1.36 (1.22–1.53)
Hypertension 4593 (80.0%) 9204 (74.0%) Po0.0001 1.40 (1.30–1.41)
Chronic renal failure 763 (13.3%) 1297 (10.4%) Po0.0001 1.32 (1.20–1.45)
Ischaemic heart disease 2524 (43.9%) 4581 (36.8%) Po0.0001 1.34 (1.26–1.43)
Congestive heart failure 833 (14.5%) 1476 (11.9%) Po0.0001 1.26 (1.15–1.38)
Smoking 851 (14.8%) 1592 (12.8%) Po0.0001 1.18 (1.08–1.30)
Alcohol abuse 23 (0.4%) 64 (0.51%) P¼ 0.37 0.78 (0.48–1.25)
Hyperlipidaemia 4118 (71.7%) 8396 (67.5%) Po0.0001 1.22 (1.14–1.30)

Table 3 Comparison of the odds ratio for various cardiovas-
cular diseases in patients undergoing cataract surgery and in
matched controls in males and females

Odds ratio in
males

(95% confidence
interval)

Odds ratio in
females

(95% confidence
interval)

Carotid artery disease 1.39 (1.21–1.60) 1.64 (1.42–1.88)
Diabetes 1.57 (1.46–1.68) 1.46 (1.37–1.55)
Peripheral vascular
disease

1.46 (1.32–1.63) 1.37 (1.21–1.54)

Hypertension 1.39 (1.30–1.49) 1.33 (1.25–1.41)
Chronic renal failure 1.43 (1.31–1.57) 1.25 (1.12–1.38)
Ischaemic heart
disease

1.29 (1.21–1.38) 1.31 (1.24–1.40)

Congestive heart
failure

1.37 (1.25–1.51) 1.21 (1.11–1.32)

Smoking 1.33 (1.24–1.43) 1.23 (1.11–1.35)
Alcohol abuse 1.28 (1.02–1.61) 1.47 (0.67–3.20)
Hyperlipidaemia 1.25 (1.17–1.34) 1.26 (1.19–1.34)
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shown the association of cataract and CVDs separately in

males and females, this study shows comparable results

for men and women (Table 3).

Interestingly, we found that, for both males and females,

the CVD most significantly associated with cataract was

CAD. As the carotid is the blood supplier to the eye, CAD

can cause cataract by reducing ocular circulation.17 It has

been shown that reduced ocular blood flow is partly

responsible for various eye diseases.18 Similarly, a high

mean velocity in the ophthalmic artery may be associated

with a reduced risk of cataract.17

The significant association that we found of both

diabetes and smoking with cataract formation was

consistently reported across multiple studies.19 Smoking

has been found to be associated with both nuclear and

PSC cataract,20 and the degree of opacification was

shown to be correlated to the dose and pack-years of

use.19 Smoking cessation was shown to reduce damage,

suggesting a reversible component.16

Similarly, several population-based prospective

studies have reported that diabetes is a risk factor for

both cortical and PSC cataract.21 A reduced effect of

diabetes on cataractogenesis in people over 60 years22

was reported and could be attributed to the increasing

influence of other factors washing out the effect of

diabetes.19 We also noted a reduction in the effect of

diabetes on cataractogenesis with age (Figure 1b),

although some effect was present even in patients in their

eighties (Po0.001).

Oxidative damage is hypothesized to be the

mechanism through which diabetes and smoking may

induce cataract.19 The ocular lens, which is exposed to

light and ambient oxygen, is particularly sensitive to

photooxidative damage.4 Indeed, high levels of many

antioxidants exist naturally in the various structures of

the eye,23 and extensive oxidation of proteins and other

components of the lens have been observed in human

cataracts.3

It has been hypothesized that cataract formation

reflects more generalized tissue damage associated with

oxidative stress, which has been characterized as part of

the ageing process,24 The positive association between

cataract extraction and incident CVD observed in our

study lends indirect support to the function that

oxidative stress may have in the pathogenesis of both

CVD and cataract.

Another potential mechanism for a positive association

between cataract and CVDs may be the glycosylation of

tissue proteins associated with diabetes.25 Even among

nondiabetics, glycosylation of protein resulting from

glucose intolerance may partly contribute to the

association between cataract and CVD.3

New evidence suggests that an inflammatory process

may also have a function, because elevated serum levels

of CRP and interleukin-6 have been associated with

diabetes26 and cataractogenesis.

Elevated serum lipids have long been well associated

with CVDs.27 The contribution of fatty acids metabolism

and serum lipids to cataractogenesis seems to be more

complex.27 As some fatty acids such as eicosapentaenoic

and docosahexaenoic acid are protective against cataract,

some other fatty acids such as linoleic and linolenic acid

were associated with higher risk of nuclear cataract.28

Animal studies indicate that these factors interact to

promote cataract development, and modification of one

factor may be used to reduce risk from another.29

Similar to our findings, HTN has also been associated

with cataract in other cross-sectional30 and case–control

studies. However, the results are inconsistent31 and the

Blue Mountains Eye Study even reported HTN to be

inversely related to nuclear cataract (OR¼ 0.8).31 The

mechanism relating HTN to cataract is unclear, but the

association of HTN with elevated CRP levels might also

indicate an underlying inflammatory process.15

Potential limitations of our study must also be

considered. Although detailed information on a

multitude of potential confounders was collected and

adjusted for, the authors cannot rule out the possibility

that unmeasured confounders may explain the observed

association.3 Being retrospective, there are inherent

limitations in the study. Our case–control study is based

on the inherent assumption that patients who are not

undergoing cataract surgery do not have cataract. It is

possible that some patients had cataract, which had no

clinical effect or which did not undergo operation as a

result of other different reasons. This may be a potential

confounder. However, as the study population is

relatively homogeny demographically, we believe that

the results were not influenced significantly.

We selected controls that did not have cataract surgery.

We did not want to limit the controls to only those

members that visited an eye clinic, as this might

introduce other ocular pathologies in the control group

and lead to various biases. However, although the

accessibility to health services in Israel is quite high, we

assume that if the control patients might have had a

visual significant cataract, they would have seen an

ophthalmologist and be referred for cataract surgery.

In the Israeli health care system, all patients in the

study had the same access to cataract extraction.

However, we cannot exclude a possibility for potential

bias because of the underestimation of cataract

prevalence, which would lead to diluted risk estimates.15

As we used cataract surgery as a surrogate for cataract, it

is possible that the more severely ill cardiovascular

patients would not have undergone elective cataract

surgery in spite of having cataract. This would act to

diminish the association between cataract and CVDs. The
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fact that in spite of that we found significant associations

means that the association of cataract with the various

CVDs might be even stronger than reported here.

In conclusion, in a large cohort of 12 984 cataract

patients undergoing cataract surgery and 25 968 controls,

CVDs were significantly more prevalent among cataract

patients. As so many epidemiologic risk factors for

cataract have been identified, and currently, there are no

tested strategies for the primary prevention of cataract in

the community,32 the future of cataract research should

focus on the primary prevention of cataract. It may be

achieved by performing more complex study designs

looking at multiple factors that contribute to a single

mechanism of cataractogenesis.19 The need to

standardize exposure and outcome measurements will

become more important as clinicians seek to synthesize

data better from multiple studies.
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