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Abstract
Aims To analyze the risk of incident cataract (diagnosis or extraction) in patients with or without diabetes focusing on other
comorbid conditions, antidiabetic drug use, and diabetes duration.
Methods The study population comprised newly diagnosed diabetes patients (≥40 years) from the UK-based Clinical
Practice Research Datalink (CPRD) between 2000 and 2015, and a random sample of the general population matched for
age, sex, general practice, and year of diabetes diagnosis. We assessed cataract incidence rates (IRs) and performed a nested
case-control analysis in the diabetic cohort to assess potential risk factors for a cataract.
Results There were 56,510 diabetes patients included in the study. IRs of cataract were 20.4 (95% CI 19.8–20.9) per 1000
person-years (py) in patients with diabetes and 10.8 (95% CI 10.5–11.2) per 1000 py in the general population. IRs increased
considerably around the age of 80 years and with a concomitant diagnosis of macular edema. The incidence rate ratio (IRR)
was highest in patients of the age group of 45–54 years. In the nested case-control study, we identified 5800 patients with
cataract. Risk of cataract increased with increasing diabetes duration (adj. OR 5.14, 95% CI 4.19–6.30 diabetes for ≥10 years
vs. diabetes <2 years).
Conclusions According to our study, diabetes is associated with an approximately two-fold increased detection rate of
cataract. The risk of cataract associated with diabetes is highest at younger ages. Patients with diabetic macular edema are at
an increased risk for cataract as well as patients with long-standing diabetes.

Introduction

Cataract is the primary cause of blindness worldwide [1]. It
is defined as a decrease in the transparency of the crystalline
lens and can be further differentiated into nuclear, cortical,
or posterior subcapsular cataract (PSC) [2]. Main risk fac-
tors in the developed world, besides advanced age, appear
to be smoking [3], exposure to sunlight [4], and use of
corticosteroids [5, 6]. A potential association between
female gender and cataract remains controversial [7, 8].

Several studies have reported diabetes as a risk factor for
cataract [9]. However, there are only few studies conducted
with data from the UK [10–13], and only one previous
study from the 1980s reported on incidence rates of cataract
in a diabetic population [11].

The aim of this study was to assess incidence rates of
cataract (diagnosis or extraction, subsequently named
“diagnosis” throughout the manuscript) in patients newly
diagnosed with diabetes and treated medically (aged 40
years or older at the time of the first diabetes diagnosis), and
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to compare them with individuals without diabetes from the
general population. Furthermore, we aimed to quantify
comorbid conditions, as well as prior diabetes medication
use in diabetic patients with cataract, and we explored the
association between diabetes duration, diabetic control, and
cataract diagnosis risk.

Methods

Data source

We performed a retrospective observational study using
data from the Clinical Practice Research Datalink (CPRD).
This database provides health care information on some 10
million patients in the UK and has been previously
described in detail [14, 15]. General practitioners (GPs)
record information on demographics, diagnoses, and drug
prescriptions, as well as on patient referrals and hospital
admissions, using standardized coding systems, the READ
codes. The Read clinical terminology system includes
occupation; social circumstances, clinical signs and symp-
toms, laboratory tests and results, diagnoses, diagnostic,
therapeutic or surgical procedures performed, as well as
administrative items. The GPs generate prescriptions
directly with the computer, and this information is
automatically transcribed into individual computerized
patient records. In addition, the CPRD records information
on body mass index (BMI) and lifestyle variables
including alcohol consumption and smoking. Recorded
information on drug exposure and on diagnoses has been
validated repeatedly and has proven to be of high quality
[16, 17]. The CPRD currently covers about 7% of the UK
population, and enrolled patients are representative
of the UK with regard to age, sex, and geographic dis-
tribution [18]. The CPRD is managed by the Medicines
and Healthcare products Regulatory Agency (MHRA) in
the UK. The study protocol was reviewed and approved
by the Independent Scientific Advisory Committee for
MHRA database research (ISAC, reference number
16_065) and was made available to the journal reviewers.
The investigators had access to anonymous information
only.

Study design

We first calculated incidence rates (IRs) of cataract (defined
as (a) a cataract diagnosis or a recorded cataract surgery and
(b) cataract surgery only) in patients with a first-time
diagnosis of diabetes mellitus, compared to matched
diabetes-free controls. We also assessed IRs in subgroups of
diabetes patients with a diagnosis of macular edema or
retinopathy at any time in their patient records.

In addition, we conducted a nested case-control analysis
which we restricted to patients with diabetes, to further
study diabetes-associated potential risk factors for a cataract
diagnosis.

Study population

To be considered a diabetic patient, an individual must have
had a READ code for diabetes mellitus plus two or more
prescriptions for medications for diabetes recorded within
6 months prior to and until 1 year after the first-time
diagnosis of diabetes. The date of the first recording of
either the diabetes diagnosis or the prescription for a dia-
betes medication was considered the start of follow-up.
Patients had to be 40 years or older at the time of the
diabetes diagnosis to be included. We matched diabetes-free
patients from the comparison group to diabetic patients on
age, sex, GP, and year of diabetes diagnosis (i.e., we fol-
lowed diabetes-free patients from the same year on as the
matched patient with diabetes). The study period was Jan-
uary 2000 to December 2015.

All individuals included in the study population were
required to have a minimum of 3 years of medical history in
the database prior to either the first diabetes diagnosis, or—
in the comparison group—before the start of follow-up to
contribute person-time.

We excluded individuals with a diagnosis (at any time in
the record) of congenital cataract, cancer (except non-
melanoma skin cancer), HIV, or alcoholism, patients with a
diagnosis of glaucoma, glaucoma surgery, one or more
prescriptions for drugs to treat glaucoma, traumatic or
secondary cataract, as well as individuals with binocular
blindness, cataract, or cataract extraction recorded before
the start of follow-up.

Outcome definition

We defined cataract patients as those with a READ code for
cataract (diagnosis or cataract extraction) entered in the
medical records by the GP.

Covariates

In the nested case-control analysis, we assessed previous
drug prescriptions for antidiabetic drugs prior to the catar-
act, categorized by the number of prescriptions before the
index date (i.e., the cataract diagnosis or extraction date).
Additional covariates of interest were diabetes duration and
diabetic control, expressed as the average HbA1c level of
the recordings during the last 3 years preceding the index
date. We also assessed the distribution of HbA1c levels
in diabetic cataract cases with or without the use of
insulin. Furthermore, we assessed smoking status (never,
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ex-smoker, current, or unknown), body mass index (BMI <
25, 25–29.9, ≥30 kg/m2, unknown), and by means of READ
codes various recorded comorbidities such as cardiovas-
cular diagnoses (ischemic heart disease, congestive heart
failure, stroke, or hypertension), as well as asthma/COPD or
hyperlipidemia. We included all recordings prior to the
cataract diagnosis/surgery in the definition of the comorbid
status.

Statistical analysis

We calculated incidence rates of first-time cataract sepa-
rately for the diabetic cohort and for the matched indivi-
duals from the diabetes-free population, stratified by age
(40–44, 45–49, 50–54, …, and ≥90 years), sex and calendar
year of cataract occurrence. We computed the person-years
at risk individually for each person in the study population.
We assessed the person-time from the date of entry into the
study until the patient had a cataract or any of the exclusion
criteria recorded, the patient left the CPRD, died, or the
study ended in December 2015, whichever came first. We
used incident cases of cataract as the numerator, and
the sum of person-years in the study population as the
denominator within age, sex, and calendar year strata. For
the subgroup analyses, we calculated person-time in
patients with diabetic retinopathy or macular edema
(defined by READ diagnoses codes), and we assessed the
number of incident cataract cases in those groups, using the
same stratification as for the total sample.

For the nested case-control analysis we only included
patients with diabetes. In addition to diabetic cases with an
incident cataract during follow-up, we identified from
among the diabetic portion of the study population a control
group of patients without cataract. The date of the first-time
recording of a cataract was defined as the “index date”. We
matched controls to cases by risk set sampling on year of
birth, sex, index date, and years of history on the database.
We attempted to find four control patients per case. We
compared cases and controls with respect to the prevalence
of diagnosed comorbidities, antidiabetic drug use prior to
the cataract, as well as other covariates (see above) by
conditional logistic regression analyses. We assessed the
association between duration of diabetes history and the risk
of cataract, and we included other covariates (as potential
confounding factors) in the model to see if they changed the
relative risk estimate (odds ratio) by >10%.

We conducted the analyses with the statistical software
SAS (SAS Institute, Inc., Cary, NC, USA, version 9.4).
Power calculation was performed before the conduct of the
study to ensure adequate power to detect an OR of 1.2 or
more for the association of metformin exposure and sub-
sequent cataract development at a significance level of 5%.
Incidence rates and relative risk estimates (odds ratios
(ORs)) are presented with 95% confidence intervals (CI).
For confidentiality reasons (as required by the Medicines
and Healthcare products Regulatory Agency, MHRA), cells
containing <5 patients are marked with “x” and not display
the actual number of cases.

Table 1a Incidence rates of cataract (diagnoses and surgery cases) in patients newly diagnosed with diabetes mellitus and in diabetes-free
individuals (matched to diabetes-free patients on age, sex, year of diabetes diagnosis) and incidence rate ratios (stratified by sex and age)

Patients with diabetes Diabetes-free comparison group

Person-years Cases IR per 1000
person-years

95% CI Person-years Cases IR per 1000
person-years

95% CI IRR 95% CI

All 284887.4 5802 20.4 19.8–20.9 284953.5 3087 10.8 10.5–11.2 1.9 1.8–2.0

Men 153029.5 2524 16.5 15.9–17.1 148846.7 1267 8.5 8.0–9.0 1.9 1.8–2.1

Women 131857.9 3278 24.9 24.0–25.7 136106.8 1820 13.4 12.8–14.0 1.9 1.8–2.0

Age 40–44 9224.9 22 2.4 1.4–3.4 8675.2 6 0.7 0.1–1.2 3.4 1.4–8.5

Age 45–49 25840.3 70 2.7 2.1–3.3 24085.6 10 0.4 0.2–0.7 6.5 3.3–12.5

Age 50–54 37674.4 193 5.1 4.4–5.8 35173.7 31 0.9 0.6–1.2 5.8 4.0–8.5

Age 55–59 44047.4 324 7.4 6.6–8.2 42089.5 118 2.8 2.3–3.3 2.6 2.1–3.2

Age 60–64 46713.6 526 11.3 10.3–12.2 45310.4 199 4.4 3.8–5.0 2.6 2.2–3.0

Age 65–69 43022.1 860 20.0 18.7–21.3 43263.2 369 8.5 7.7–9.4 2.3 2.1–2.6

Age 70–74 34468.6 1111 32.2 30.3–34.1 36143.3 611 16.9 15.6–18.2 1.9 1.7–2.1

Age 75–79 24776.3 1295 52.3 49.4–55.1 27036.8 782 28.9 26.9–31.0 1.8 1.7–2.0

Age 80–84 12867.7 911 70.8 66.2–75.4 15319.3 601 39.2 36.1–42.4 1.8 1.6–2.0

Age 85–89 4836.9 403 83.3 75.2–91.5 5989.4 290 48.4 42.8–54.0 1.7 1.5–2.0

Age ≥90 1415.1 87 61.5 48.6–74.4 1867.0 70 37.5 28.7–46.3 1.6 1.2–2.2

CI Confidence interval, IR Incidence rate, IRR Incidence rate ratio
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Results

Follow-up analysis

We identified 56,510 patients with a first-time diagnosis
of diabetes (with two or more antidiabetic drugs
prescribed within the predefined time period), and the same
number of patients in the comparison group without dia-
betes. Mean age at start of follow-up was 60.1 years (SD
11.4 years).

Incidence rates and incidence rate ratios are displayed in
Tables 1a and 1b. The incidence rates (IRs) of cataract
increased considerably around the age of 70 years until very
advanced age, with the highest IRs in the age category
85–89 years. The incidence rate ratio (IRR, the ratio of IRs
between diabetics and non-diabetics), however, was highest
in patients of the age group of 45–54 years. Incidence rates
per year of cataract diagnosis did not vary much during the
study period (results not shown). The incidence rate of
cataract diagnosis in diabetes patients with a diagnosis of
macular edema recorded at any time in their patient records
was considerably higher than in the general diabetic popu-
lation (59.0, 95% CI 49.4–68.6). The incidence rate of
cataract diagnosis in diabetes patients with retinopathy
appeared to be only slightly higher than in the overall dia-
betic population (26.3, 95% CI 25.1–27.4).

Nested case-control analysis among patients with
diabetes

We included a total of 5800 cataract cases and 21,432
matched controls in the nested case-control analysis. Mean
age of the cases and controls was 72.1 (±9.3) years. In total
50% of the cataract cases were women. The mean duration
of medical history recorded in the CPRD before the index
date was 15.8 (±5.1) years in cases and 16.0 (±5.0) years in
controls.

The main characteristics of diabetic cataract cases and
controls are displayed in Table 2. Current smokers com-
pared with non-smokers, and obese patients compared with
normal weight patients, were not at increased risk of
developing cataract.

The risk of a cataract diagnosis rose with higher HbA1c
level and was 20% increased for the highest HbA1c level
(test for trend, p< 0.0001). HbA1c of 58 mmol/mol or more
was observed in 56.8% of insulin users and in 30.5% of
diabetics without insulin therapy. Cataract diagnosis risk
was considerably increased in patients with long-term
steroid exposure (Table 3; ≥30 prescriptions: adj. OR
1.87, 95% CI 1.62–2.16). Diabetes duration was sig-
nificantly associated with the risk of a cataract diagnosis
(test for trend: p< 0.001). Antidiabetic drug treatment did
not yield any clear associations with cataract diagnosis risk.

Table 1b Incidence rates of cataract (surgery only) in patients newly diagnosed with diabetes mellitus and in diabetes-free individuals (matched to
diabetes-free patients on age, sex, year of diabetes diagnosis) and incidence rate ratios (stratified by sex and age)

Patients with diabetes Diabetes-free comparison group

Person-years Cases IR per 1000
person-years

95% CI Person-years Cases IR per 1000
person-years

95% CI IRR 95% CI

All 380090.5 4699 12.4 12.0–12.7 289259.9 2289 7.9 7.6–8.2 1.6 1.5–1.6

Men 203269.4 1996 9.8 9.4–10.3 150734.5 913 6.1 5.7–6.4 1.6 1.5–1.8

Women 176820.9 2703 15.3 14.7–15.9 138525.4 1376 9.9 9.4–10.5 1.5 1.4–1.6

Age 40–44 11343.3 12 1.1 0.5–1.7 8698.1 2 0.2 0.0–0.5 4.6 1.0–20.6

Age 45–49 32796.2 44 1.3 0.9–1.7 24153.4 7 0.3 0.1–0.5 4.6 2.1–10.3

Age 50–54 48588.2 150 3.1 2.6–3.6 35271.8 19 0.5 0.3–0.8 5.7 3.5–9.2

Age 55–59 57183.9 246 4.3 3.8–4.8 42175.4 89 2.1 1.7–2.5 2.0 1.6–2.6

Age 60–64 61635.6 402 6.5 5.9–7.2 45651.3 132 2.9 2.4–3.4 2.3 1.9–2.8

Age 65–69 58201.5 624 10.7 9.9–11.6 43727.6 271 6.2 5.5–6.9 1.7 1.5–2.0

Age 70–74 47662.3 930 19.5 18.3–20.8 37014.7 438 11.8 10.7–12.9 1.6 1.5–1.8

Age 75–79 34797.3 1 085 31.2 29.3–33.0 27983.3 579 20.7 19.0–22.4 1.5 1.4–1.7

Age 80–84 18739.6 791 42.2 39.3–45.2 16114.6 468 29.0 26.4–31.7 1.5 1.3–1.6

Age 85–89 7172.8 333 46.4 41.4–51.4 6448.0 237 36.8 32.1–41.4 1.3 1.1–1.5

Age ≥90 1969.7 82 41.6 32.6–50.6 2021.8 47 23.2 16.6–29.9 1.8 1.3–2.6

CI Confidence interval, IR Incidence rate, IRR Incidence rate ratio
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Table 2 Characteristics of cataract cases and controls, nested case-control analysis

Cases (%) (n=
5800)

Controls (%) (n=
21432)

Crude OR* (95% CI)

Age (years) 40–49 92 (1.6) 328 (1.5) −

50–59 517 (8.9) 2000 (9.3) –

60–69 1386 (23.9) 5368 (25.1) –

70–79 2450 (41.5) 9111 (42.5) –

≥80 1399 (24.1) 4625 (21.6) –

Sex Male 2524 (43.5) 9333 (43.6) –

Female 3276 (56.5) 12,099 (56.5) –

Smoking Non-smoker 2227 (38.4) 8542 (39.9) 1.00 (ref)

Current 621 (10.7) 2578 (12.0) 0.95 (0.85–1.05)

Past 2899 (50.0) 10,080 (47.0) 1.12 (1.05–1.19)

Unknown 53 (0.9) 232 (1.1) 0.78 (0.57–1.07)

BMI <25 1046 (18.0) 3617 (16.9) 1.00 (ref)

25–29.9 2083 (35.9) 7701 (35.9) 0.95 (0.87–1.04)

≥30 2547 (43.9) 9563 (44.6) 0.96 (0.88–1.04)

Unknown 124 (2.1) 551 (2.6) 0.69 (0.56–0.86)

CHF No 5279 (93.5) 20,047 (93.5) 1.00 (ref)

Yes 521 (9.0) 1385 (6.5) 1.39 (1.25–1.55)

IHD No 4439 (76.5) 17,179 (80.2) 1.00 (ref)

Yes 1361 (23.5) 4253 (19.8) 1.26 (1.17–1.35)

Hypertension No 2020 (34.8) 7908 (36.9) 1.00 (ref)

Yes 3780 (65.2) 13,524 (63.1) 1.10 (1.03–1.17)

Stroke/TIA No 5144 (88.7) 19,094 (89.1) 1.00 (ref)

Yes 656 (11.3) 2338 (10.9) 1.02 (0.93–1.12)

MI No 5253 (90.6) 19,683 (91.8) 1.00 (ref)

Yes 547 (9.4) 1749 (8.2) 1.18 (1.06–1.30)

Dyslipidemia No 4218 (72.7) 16,257 (75.9) 1.00 (ref)

Yes 1582 (27.3) 5175 (24.2) 1.22 (1.15–1.31)

Asthma No 4765 (82.2) 17,927 (83.7) 1.00 (ref)

Yes 1035 (17.8) 3505 (16.4) 1.13 (1.04–1.22)

COPD No 5234 (90.2) 19,910 (92.9) 1.00 (ref)

Yes 566 (9.8) 1522 (7.1) 1.42 (1.28–1.57)

HbA1c level**

<48 mmol/mol 1967 (33.9) 7570 (35.3) 1.00 (ref)

48–57.9 mmol/
mol

1615 (27.8) 6024 (28.1) 1.04 (0.97–1.12)

58–68.9 mmol/
mol

1059 (18.3) 3681 (17.2) 1.12 (1.03–1.22)

≥69 mmol/mol 952 (16.4) 3148 (14.7) 1.16 (1.06–1.27)

unknown 207 (3.6) 1009 (4.7) 0.73 (0.62–0.86)

BMI Body Mass Index, CHF congestive heart failure, CI confidence interval, COPD chronic obstructive pulmonary disease, HbA1c glycated
hemoglobin, IHD ischemic heart disease, MI myocardial infarction, OR Odds ratio, ref reference, TIA transient ischemic attack

* adjusted for age, sex, index date, GP practice, and years of follow-up by matching

** average level in the last 3 years prior to the cataract diagnosis
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Discussion

This large observational study provides evidence for an
increased risk of cataract diagnosis in patients with diabetes
compared to a diabetes-free control group. This trend stayed
the same if cataract cases were defined as either having a
mere cataract diagnosis or a cataract surgery (Table 1a) or if
only cases with cataract surgery were considered (Table 1b).

The incidence rates of cataract diagnosis in diabetic patients
with a diagnosis of macular edema were considerably
higher than in the general diabetic population. Incidence
rates of cataract diagnosis in diabetics with retinopathy
appeared to be only slightly higher than in the overall dia-
betic population.

There has only been one previous study reporting inci-
dence rates of cataract in diabetic patients in the UK [11].

Table 3 Drug exposure and duration of diabetes history of cataract cases and controls, nested case-control analysis

Cases (%) Controls (%) Crude OR* (95% CI) Adj. OR** (95% CI)

Metformin

None 860 (14.8) 3303 (15.4) 1.00 (ref) 1.00 (ref)

1–9 Rx 1337 (23.1) 5874 (27.4) 0.90 (0.82–1.00) 1.08 (0.98–1.21)

10–29 Rx 1518 (26.2) 6251 (29.2) 1.05 (0.95–1.16) 1.23 (1.10–1.37)

≥30 Rx 2085 (36.0) 6004 (28.0) 1.64 (1.48–1.82) 1.34 (1.19–1.50)

Sulfonylureas

None 2940 (50.7) 12,824 (59.8) 1.00 (ref) 1.00 (ref)

1–9 Rx 867 (15.0) 2908 (13.6) 1.31 (1.20–1.43) 1.24 (1.13–1.35)

10–29 Rx 832 (14.3) 3031 (14.1) 1.24 (1.14–1.36) 1.06 (0.97–1.17)

≥30 Rx 1161 (20.0) 2669 (12.5) 2.09 (1.92–2.28) 1.37 (1.24–1.50)

Insulin

None 5153 (88.8) 20,001 (93.3) 1.00 (ref) 1.00 (ref)

1–9 Rx 229 (4.0) 643 (3.0) 1.40 (1.20–1.63) 1.27 (1.08–1.50)

10–29 Rx 192 (3.3) 430 (2.0) 1.81 (1.52–2.16) 1.46 (1.22–1.76)

≥30 Rx 226 (3.9) 358 (1.7) 2.72 (2.29–3.24) 1.85 (1.53–2.23)

TZD

None 4954 (85.4) 19,278 (90.0) 1.00 (ref) 1.00 (ref)

1–9 Rx 249 (4.3) 728 (3.4) 1.41 (1.21–1.63) 1.02 (0.87–1.19)

10–29 Rx 289 (5.0) 784 (3.7) 1.55 (1.35–1.79) 1.07 (0.92–1.24)

≥30 Rx 308 (5.3) 642 (3.0) 2.07 (1.80–2.40) 1.27 (1.09–1.48)

Other antidiabetics

None 5254 (90.6) 20,055 (93.6) 1.00 (ref) 1.00 (ref)

1–9 Rx 231 (4.0) 634 (3.0) 1.48 (1.27–1.73) 1.11 (0.94–1.31)

10–29 Rx 193 (3.3) 505 (2.4) 1.62 (1.36–1.92) 1.13 (0.94–1.36)

≥30 Rx 122 (2.1) 238 (1.1) 2.18 (1.74–2.74) 1.30 (1.01–1.65)

Systemic steroids

None 4118 (71.0) 16011 (74.7) 1.00 (ref) 1.00 (ref)

1–9 Rx 1064 (18.3) 3883 (18.1) 1.08 (1.00–1.16) 1.08 (0.99–1.16)

10–29 Rx 294 (5.1) 847 (4.0) 1.35 (1.17–1.54) 1.41 (1.22–1.63)

≥30 Rx 324 (5.6) 689 (3.2) 1.85 (1.61–2.13) 1.87 (1.62–2.16)

Duration of diabetes

<2 years 2024 (34.9) 9482 (44.2) 1.00 (ref) 1.00 (ref)

2–4.9 years 1805 (31.1) 7198 (33.6) 1.43 (1.32–1.54) 1.24 (1.13−1.36)

5–9.9 years 1551 (26.7) 4174 (19.5) 2.76 (2.52–3.04) 2.05 (1.81−2.31)

≥10 years 420 (7.2) 578 (2.7) 8.03 (6.74–9.57) 5.14 (4.19−6.30)

* adjusted for age, sex, index date, GP practice, and years of follow-up by matching

** additionally adjusted for the variables in the table

TZD Thiazolidinediones, Rx prescriptions, OR Odds ratio, CI confidence interval, ref reference
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This study, however, used data collected at visits of out-
patient clinics, and some data were derived from self-
completed questionnaires by the patients between 1979 and
1992. The authors were in a position to distinguish between
type 1 diabetes (“insulin dependent”) and type 2 diabetes,
T2DM, (“non-insulin treated” and “insulin-treated non-
insulin dependent diabetes”). Our study sample most
likely encompassed only individuals with type 2 diabetes
(since a first-time diabetes diagnosis was required to have
been recorded after the age of 39 years), but we did not
differentiate between insulin-treated and non-insulin treated
type 2 diabetes. Nevertheless, both studies found a higher
risk of cataract in diabetic women than men. The incidence
rates of cataract diagnosis in our study seemed to be slightly
higher (overall 20.4 per 1000 person-years (py) vs. 11.7 and
17.8 per 1000 py, for non-insulin treated T2DM and
insulin-treated T2DM respectively, in the study by Jan-
ghorbani et al. [11]. Both studies observed increased rates
of cataract in the subgroup of diabetic patients with reti-
nopathy. Furthermore, both studies found a statistically
significant positive trend for the association between dia-
betes duration and risk of cataract, and both yielded
increased relative risks for cataract with higher HbA1c
levels. An increased risk of cataract for diabetic women
compared to men has also previously been reported in the
UK (relative risk of 7.85, 95% CI 4.30–14.3, in women vs.
RR of 3.42, 95% CI 2.05–5.70 in men) [10]. This study also
reported a higher risk for diabetic cataract in the younger
age groups (RR of 12.6, 95% CI 2.76–57.9, for age 50–59,
RR of 5.56, 95% CI 2.74–11.3, for age 60–69, and RR of
4.20, 95% CI 2.58–6.83, for age 70–79), a finding which
corresponds to the higher IRRs in individuals below the
age of 55 years observed in the current study. Thus, our data
are consistent with findings from previous studies reporting
that cataract development occurs more frequently at an
earlier age in diabetes patients compared to diabetes-free
controls.

Outside the UK, the Wisconsin Epidemiologic Study of
Diabetic Retinopathy investigated the incidence of cataract
extraction in people with diabetes [19]. Age (OR of 1.79,
95% CI 1.47–2.18) and use of insulin (OR of 2.11, 95% CI
1.43–3.11) were associated with increased risk of cataract in
patients with type 2 diabetes. We also observed an increased
risk of cataract diagnosis in insulin users. The higher per-
centage of poor glycemic control in insulin users compared
with diabetics without insulin therapy may be an explana-
tion for this observation (59.4% vs. 31.7% of patients with
cataract and HbA1c ≥ 58 mmol/mol).

Our study has several limitations. Because cataract is
developing slowly over a period of time, the date of the
initial recording of cataract (or cataract surgery), i.e., the
index date, does not equal the actual cataract onset.
Therefore, assessing the association of cataract with

previous exposure to diabetes medication or with diabetes
duration up to the index date remains somewhat arbitrary.
Furthermore, we were not in the position to differentiate
between the three types of cataract, as the diagnosis codes
most often used by the GPs were general cataract codes. In
addition, diabetic patients receive regular eye checks from
the hospital eye service whereas in the general population,
detection of early cataracts with no impact on vision may
not necessarily be fed back to the GP by the optometrist if
mild and not requiring intervention. Thus, there may be a
slight ‘over-reporting’ in the diabetes group compared to the
general population who are not having regular eye checks.
Our incidence rates may therefore rather reflect detection
rates as this was an observational study and no intervention
study. In addition, we did not perform a case validation on
cataract diagnosis cases for this study; however, a recent
validation study by Kang et al. [20] of cataract codes in the
CPRD found a positive predictive value for the cataract
code algorithm of 92.0% (90.3–93.7%). To increase the
likelihood of studying true diabetes patients, we only
included diabetic patients who received medical treatment
within a predefined time frame around the diabetes
diagnosis.

Our study has several strengths. The data source is a
well-established primary care database of high quality and
completeness. The information on drug exposure and
diagnoses was recorded prospectively and independent of a
study hypothesis, thereby recall bias could not have influ-
enced our results. Furthermore, by excluding all patients
with <3 years of recorded history in the database prior to
the first-time diagnosis of diabetes, we minimized the risk
of including prevalent diabetes cases. We were able to
incorporate many potential confounders in our analysis,
such as BMI, smoking, a range of comorbid conditions and
prescriptions for antidiabetic drugs.

In conclusion, this large observational study demon-
strates that incidence rates of cataract diagnosis in patients
with diabetes are higher than among diabetic-free patients,
particularly at younger age. The overall approximately
twofold increased risk of cataract diagnosis associated with
diabetes increases with diabetes duration. Patients with
diabetic macular edema are at an increased risk for a cat-
aract diagnosis.

Summary

What was known before

● Diabetes is a known risk factor for cataract.
● There are only few studies conducted on that topic with

data from the UK, and only one previous study from the
1980s reported on incidence rates of cataract in a
diabetic population.
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What this study adds

● IRs of cataract were 20.4 (95% CI 19.8–20.9) per 1000
person-years (py) in patients with diabetes and 10.8
(95% CI 10.5–11.2) per 1000 py in the general
population.

● IRs increased considerably around the age of 80 years
and the incidence rate ratio (IRR), was highest in
patients of the age group of 45–54 years.

● Cataract risk increased with increasing diabetes duration
(adj. OR 5.14, 95% CI 4.19–6.30 for patients with
diabetes for 10 years or more).

Acknowledgements We thank Dr Annette Beiderbeck (Alimera Sci-
ence Ophthalmologie GmbH, Berlin, Germany), Dr John Hall (Ali-
mera Science Ltd, Aldershot, UK) for their scientific input during the
conduct of the study, and Pascal Egger (Basel Pharmacoepidemiology
Unit; University of Basel, Switzerland) for his technical support and
programming.

Funding The study was supported by an unconditional grant of Ali-
mera Science Ltd.

Compliance with ethical standards

Conflicts of interest The authors declare that they have no competing
interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Bourne RR, Stevens GA, White RA, Smith JL, Flaxman SR, Price
H, et al. Causes of vision loss worldwide, 1990–2010: a sys-
tematic analysis. Lancet Glob Health. 2013;1:e339–49.

2. Asbell PA, Dualan I, Mindel J, Brocks D, Ahmad M, Epstein S.
Age-related cataract. Lancet. 2005;365:599–609.

3. Tan JS, Wang JJ, Younan C, Cumming RG, Rochtchina E,
Mitchell P. Smoking and the long-term incidence of cataract:

the Blue Mountains Eye Study. Ophthalmic Epidemiol.
2008;15:155–61.

4. Hollows F, Moran D. Cataract–the ultraviolet risk factor. Lancet.
1981;2:1249–50.

5. Urban RCJ, Cotlier E. Corticosteroid-induced cataract. Surv
Ophthalmol. 1986;31:102–10.

6. Delcourt C, Cristol JP, Tessier F, Leger CL, Michel F, Papoz
L. Risk factors for cortical, nuclear, and posterior subcapsular
cataracts: the POLA study. Pathologies Oculaires Liees a l’Age.
Am J Epidemiol. 2000;151:497–504.

7. Laitinen A, Laatikainen L, Harkanen T, Koskinen S, Reunanen A,
Aromaa A. Prevalence of major eye diseases and causes
of visual impairment in the adult Finnish population: a
nationwide population-based survey. Acta Ophthalmol.
2010;88:463–71.

8. Theodoropoulou S, Theodossiadis P, Samoli E, Vergados I,
Lagiou P, Tzonou A. The epidemiology of cataract: a study in
Greece. Acta Ophthalmol. 2011;89:e167–73.

9. Li L, Wan XH, Zhao GH. Meta-analysis of the risk of cataract in
type 2 diabetes. BMC Ophthalmol. 2014;14:94.

10. Harding JJ, Egerton M, van Heyningen R, Harding RS. Diabetes,
glaucoma, sex, and cataract: analysis of combined data from two
case control studies. Br J Ophthalmol. 1993;77:2–6.

11. Janghorbani MB, Jones RB, Allison SP. Incidence of and risk
factors for cataract among diabetes clinic attenders. Ophthalmic
Epidemiol. 2000;7:13–25.

12. Machan CM, Hrynchak PK, Irving EL. Age-related cataract is
associated with type 2 diabetes and statin use. Optom Vision Sci:
Off Publ Am Acad Optom. 2012;89:1165–71.

13. Jaycock P, Johnston RL, Taylor H, Adams M, Tole DM,
Galloway P, et al. The Cataract National Dataset electronic multi-
centre audit of 55,567 operations: updating benchmark standards
of care in the United Kingdom and internationally. Eye.
2009;23:38–49.

14. Walley T, Mantgani A. The UK general practice research data-
base. Lancet. 1997;350:1097–9.

15. Williams T, van Staa T, Puri S, Eaton S. Recent advances in the
utility and use of the General Practice Research Database as an
example of a UK Primary Care Data resource. Ther Adv Drug Saf.
2012;3:89–99.

16. Jick SS, Kaye JA, Vasilakis-Scaramozza C, Garcia Rodriguez LA,
Ruigomez A, Meier CR, et al. Validity of the general practice
research database. Pharmacotherapy. 2003;23:686–9.

17. Herrett E, Thomas SL, Schoonen WM, Smeeth L, Hall AJ.
Validation and validity of diagnoses in the General Practice
Research Database: a systematic review. Br J Clin Pharmacol.
2010;69:4–14.

18. Lawrenson R, Williams T, Farmer R. Clinical information for
research; the use of general practice databases. J Public Health
Med. 1999;21:299–304.

19. Klein BE, Klein R, Moss SE. Incidence of cataract surgery in the
wisconsin epidemiologic study of diabetic retinopathy. Am
J Ophthalmol. 1995;119:295–300.

20. Kang EM, Pinheiro SP, Hammad TA, Abou-Ali A. Evaluating the
validity of clinical codes to identify cataract and glaucoma in the
UK Clinical Practice Research Datalink. Pharmacoepidemiol
Drug Saf. 2015;24:38–44.

Cataract and diabetes mellitus 1035

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Cataract in patients with diabetes mellitus—incidence rates in the UK and risk factors
	Abstract
	Introduction
	Methods
	Data source
	Study design
	Study population
	Outcome definition
	Covariates
	Statistical analysis

	Results
	Follow-up analysis
	Nested case-control analysis among patients with diabetes

	Discussion
	Summary
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References


