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Abstract

Objective: To study diabetic cataract in type 1 diabetes in a large pediatric cohort.

Methods: The 92,633 patients aged 0.5–21 years from German/Austrian multicenter

diabetes registry (DPV) were analyzed. The 235 patients (0.25%) with diabetic cata-

ract were found, 200 could be categorized: 67 with early cataract (3 months before

diabetes onset - 12 months afterwards), 133 with late cataract (>12 months after dia-

betes onset). Regression models adjusted for age and gender were used to compare

clinical parameters at diabetes onset. Regression models for patients with late cata-

ract were implemented for the total documentation period and additionally adjusted

for diabetes duration.

Results: Rate of cataract development shows a peak at diabetes onset and declines

with longer diabetes duration. Patients with cataract showed strong female prepon-

derance. Patients developing early cataract were older at diabetes onset (12.8 years

[11.8/13.9] vs. 8.9 [8.9/9.0]; p < 0.001) and showed higher HbA1c than patients

without cataract (9.0% [8.55/9.38] vs. 7.6% [7.60/7.61]; p < 0.001). They had lower

height-SDS, (�0.22 [�0.48/0.04] vs. 0.25 [0.24/0.26]; p < 0.001), lower weight-SDS

(�0.31 [�0.55/�0.08] vs. 0.21 [0.20/0.21]; p < 0.001) and lower BMI-SDS (�0.25

[�0.49/�0.02] vs. 0.12 [0.12/0.13); p = 0.002). Patients with late cataract showed

higher HbA1c at diabetes onset (8.35% [8.08/8.62] vs. 8.04% [8.03/8.05]; p = 0.023)

and higher mean HbA1c during total documentation period (8.00% [7.62/8.34]

vs. 7.62% [7.61/7.63]; p = 0.048).

Conclusions: Our data confirm known demographic and clinical characteristics of

patients developing early cataract. Hyperglycemia-induced osmotic damage to lens

fibers at diabetes onset might be the main pathomechanism. Long term glycemic

control is associated with cataract development.
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German Diabetes Association (DDG). The

funding organization had no role in design and

conduct of the study; collection, management,

analysis, and interpretation of the data;

preparation, review, or approval of the

manuscript; or decision to submit the

manuscript for publication.

1 | INTRODUCTION

In adult patients, cataract is a knownocular complication of diabetes and the

associations to glycemic control and diabetes duration are well established.1

Epidemiological studies revealed an up to fourfold increased prevalence of

cataracts in individuals with diabetes compared with nondiabetic popula-

tion.2,3 Incidence rates for cataract development are highest in older age

groups (>70 years) in individuals bothwith andwithout diabetes. In younger

age groups (<55 years) the incidence rates differ most between individuals

with and without diabetes, showing higher incidence rates for individuals

with diabetes.4 Several studies reported higher incidence rates for

females.4–6 The risk of cataract development seems to be higher in individ-

ualswith diabetes type 2 than in individualswith diabetes type1.7

There are data on prevalence and risk factors for retinopathy8–10

in children and adolescents, but there are only scarce data about cata-

ract formation. A recent nationwide epidemiological study from

Taiwan investigated individuals with T1D of all age groups and found

a cataract prevalence of 0.5% for the age group <10 years and a prev-

alence of 2.8% for the age group 10–19 years.6

Early cataract was described as a rare ocular complication in pediatric

patients at diabetes onset by a series of case reports and single center

studies.11–18 Simunovic et al. reviewed the literature and found 16 publica-

tions describing 74 pediatric patients with cataract. These publications sug-

gest that female gender, adolescent age, a long history of hyperglycemic

symptoms, and a high HbA1c at diabetes diagnosis are risk factors for cata-

ract development, while the rate of ketoacidosis at diabetes onset seems to

be lower in these patients. The prevalence of early cataract was estimated

in several single center studies between 0.7% and 3.4%.19 In most cases

early cataract is bilateral and shows snowflake deposits in the posterior sub-

capsular region. Early cataract is diagnosed simultaneously with diabetes or

within the first 6months after diabetes onset. Its rapid andoften irreversible

progress, which usually continues in spite of optimal glycemic control under

modern insulin therapy suggests that lens fibers are damaged irreversibly by

undetected hyperglycemia preceding the diagnosis of diabetes. Transient

cataracts are described, but a surgical therapy remains the gold standard.

The pathophysiology of diabetic cataractogenesis is not fully

understood. Most widely accepted mechanisms particularly important

for rapid cataract formation are osmotic and oxidative stress.20 Glu-

cose uptake into the lens is an insulin-independent process. Hypergly-

cemia leads to increased glucose reduction to sorbitol catalyzed by

aldose reductase (polyol pathway). Sorbitol accumulation causes a

hyperosmotic effect with infusion of fluid resulting in swelling and col-

lapse of lens fibers leading to lens opacification.20,21

There are hardly any data on cataract formation after longer dia-

betes duration and a possible association to impaired glycemic control

in childhood. Geloneck et al. investigated 338 children with T1D and

found 10 patients with cataract formation, 2 of them were presumed

to be nondiabetic. The average age at cataract diagnosis was

13.6 years, at a mean 5.3 years after DM diagnosis The authors found

no associations between cataract formation and age at diagnosis, dia-

betes duration, or glycemic control.22

This study investigates diabetic cataract in a large pediatric T1D

cohort. We focused on associations to clinical characteristics and

potential risk factors to get new insights on possible causes and the

pathophysiology of diabetic cataract.

2 | METHODS

2.1 | Data and patients

Data were collected from 503 diabetes centers in Germany, Austria,

Switzerland and Luxembourg for the Diabetes Prospective Follow-up Ini-

tiative (Diabetes Patienten Verlaufsdokumentation, DPV). In the DPV

registry data on demographics, therapy and further clinical diabetes spe-

cific information are collected continuously from routine care via a

computer-based documentation software since 1995. Data are transmit-

ted every 6 months anonymously to Ulm University (Germany) for

benchmarking and research. Inconsistent data are reported back to

achieve optimal data plausibility.23 The DPV Initiative has been approved

by the ethics committee of the University of Ulm (approval number:

202/09) and the local review boards of every participating center

approved data collection.

All patients from the DPV registry aged 0.5–21 years were

included in this study. Patients with diabetes onset during the first

6 months of life were excluded (neonatal diabetes).

Patients were categorized into three groups: (i) Patients with no

documented diagnosis of cataract (control group), (ii) patients with

early diagnosis of cataract which was defined as cataract appearance

from 3 months before diabetes onset until 12 months afterwards;

(iii) patients with late cataract which was defined as cataract appear-

ance >12 months after diabetes onset. Patients with congenital cata-

ract or other forms of nondiabetic cataract were excluded.

2.2 | Metabolic control

HbA1c measurements from different centers were mathematically

standardized to the Diabetes Control and Complications Trial refer-

ence range of 4.05%–6.05% using the multiple of the mean method.24

2.3 | Anthropometric data

Weight, height and body mass index (BMI) are given as SD scores

using national reference data for German children and
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adolescents from the German KiGGS study (Robert Koch Insti-

tute, Berlin).25,26

Migration background was defined as the patient or one of

his/her parents born outside of Germany/Austria/Switzerland/

Luxembourg.

2.4 | Statistical analysis

Results of descriptive statistics are displayed as median with quartiles

or as proportion. Data from diabetes onset, from the total documenta-

tion period and from the latest year of documentation were used. For

group analyses Wilcoxon test was used to compare continuous

parameters and χ2-test was applied for dichotomous variables. To

adjust for multiple tests, the Bonferroni step-down correction

(method of Holm) was used.

The distribution of cataractogenesis referring to diabetes duration

was displayed as the proportion of subjects developing a cataract by

diabetes duration groups (≤ 1, > 1–2, > 2–4, > 4–6, > 6–8, > 8–10,

> 10–15, > 15 years). A second approach was implemented using a

failure plot (inverse survival) with all individuals with T1D (at risk) and

subjects who developed a cataract, showing the risk for developing a

cataract by diabetes duration. Patients who developed a cataract until

their most recent visit were censored.

Regression models adjusted for age at diabetes onset (categorized

by 0.5–14 and > 14–21 years) and gender were used to compare clini-

cal parameters at diabetes onset between patients with early diagno-

sis of cataract and patients without cataract. Regression models for

patients with late cataract were adjusted for current age (0.5–16 and

> 16–21 years), gender and diabetes duration (categorized by 0–5,

> 5–10 and > 10 years) and implemented for the total documentation

period. Additionally, a sub-analysis on HbA1c at diabetes onset was

implemented for 81 patients with late cataract and available data;

adjustments were made for age at diabetes onset (0.5–8, > 8–13,

> 13–21 years) and gender. Data are given as adjusted means with

95% confidence intervals (CI), estimated by multivariable linear regres-

sion for continuous parameters and logistic regression for binomial

parameters.

F IGURE 1 Selection of study population and patient groups
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SAS version 9.4, built TS1M7 (Statistical Analysis Software, SAS

Institute Inc., Cary, NC, USA) was used for statistical analysis. Signifi-

cance was set at a two-tailed p < 0.05.

3 | RESULTS

3.1 | Study population and patient groups

The 92,633 patients with type 1 diabetes aged 0.5–21 years were

eligible for this study (Figure 1). In 303 patients a cataract diagnosis

was documented. The 68 patients with cataract were excluded as

nondiabetic: we found a congenital or traumatic cataract in

44 patients, 23 patients had an additional ocular disease and

1 patient was treated with high-dose steroid therapy. A documenta-

tion of presumably diabetic cataract was found in 235 patients

(0.25%). Of these, 35 patients were excluded as the date of cataract

diagnosis was unknown.

The 67 patients met criteria for early cataract. In six patients, cat-

aract diagnosis was made within 3 months before diabetes onset. In

61 patients, mean diabetes duration until cataract diagnosis was

0.16 years (SD 0.3 years).

We found 133 patients with late diabetic cataract. Mean diabetes

duration until cataract diagnosis was 6.08 years (SD 4.03 years).

F IGURE 2 Distribution of
cataractogenesis referring to
diabetes duration. (A) Proportion of
patients developing cataract

related to diabetes duration.
(B) Failure plot: Cumulative
probability of developing cataract
depending on diabetes duration. X-
axis shows number of patients at
risk for cataract related to diabetes
duration
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The probability of cataract development shows a strong peak at

diabetes onset (Figure 2). The 82% of early cataracts were diagnosed

within 3 months after diabetes onset. With increasing diabetes dura-

tion, we found a declining rate of cataract onset up to 4 years of diabe-

tes duration, then the proportion stayed relatively constant until

10 years' diabetes duration and declined afterwards (Figure 2A). Similar

results were observed with the failure plot (Figure 2B). The probability

of developing a cataract leaps at diabetes onset, then rises constantly

up to about 10 years and levels off with higher diabetes duration.

Table 1 shows clinical data of the three patient groups. Strong

female preponderance could be observed in both groups of patients

with cataract (no cataract: females 46.8%, early cataract: 65.7%, late

cataract 63.9%). A migration background was less common in patients

with early cataract (10.4%), while patients with late cataract (18.0%)

and without cataract (17.5%) showed similar proportions.

Patients without cataract had a median age of 10.0 (6.3/13.2)

years at diabetes onset and median diabetes duration was 5.4

(2.3/9.1) years. In patients with early cataract median age at diabetes

onset was higher (13.8 years [11.6/14.9]) and duration of diabetes

was shorter (3.2 years [1.5/4.9]). In patients with late cataract we

found a median age at diabetes onset of 11.3 (6.8/13.7) years and the

longest median diabetes duration (8.0 [4.9/10.5] years). At diabetes

onset HbA1c was higher in both groups of patients with cataract

(early cataract: 7.9% [6.8/10.5], late cataract: 7.6% [6.6/8.6]) than in

patients without cataract (7.2% [6.5/8.2]), the difference between

patients with early cataract compared to patients without cataract

was significant (p = 0.012).

Regarding the latest year of documentation, patients with early cataract

tended to have lower body height-SDS, body weight-SDS and BMI-SDS than

patients without cataract. Patients with late cataract show lower body height

and no difference in weight resulting in higher BMI compared to patients

without cataract. Pump use was less frequent in patients with early cataract

(23.9%) than in patients without cataract (38.6%) or patients with late cataract

(38.9%). Glycemic control, measured by median HbA1c for the total docu-

mentation period, tends to be better in patients without cataract (7.7%

[7.0/8.7]) compared to patients with early cataract (8.1% [7.0/10.1]) or

patients with late cataract (8.2% [7.2/9.3]). Daily insulin dosage (U/kg/d) was

comparable in all groups.

TABLE 1 Description of patient groups: demographic and clinical data

No cataract Early cataract Late cataract

All patients (n) 92,330 67 133

Female (%) 46.8 65.7

p = 0.028*

63.9

p = 0.002**

Age (years) 16.3 (12.6/17.8) 17.3 (15.5/18.1)

p 0.149*

17.6 (16.2/19.5)

p < 0.001**

Age at diabetes onset (years) 10.0 (6.3/13.2) 13.8 (11.6/14.9)

p < 0.001*

11.3 (6.8/13.7)

ns

HbA1c (%) at diabetes onset 7.2 (6.5/8.2) 7.9 (6.8/10.5)

p = 0.012*

7.6 (6.6/8.6)

ns

HbA1c (mmol/mol) at diabetes onset 55.6 (47.8/65.9) 62.3 (51.1/91.6)

p = 0.012*

59.4 (49.0/70.3)

ns

Diabetes duration (years) 5.4 (2.3/9.1) 3.2 (1.5/4.9) 8.0 (4.9/10.5)

Migration background (%) 17.5 10.4

ns

18.0

ns

Height-SDS 0.08 (�0.6/0.8) �0.05 (�0.7/0.6)

ns

�0.34 (�1.1/0.6)

p = 0.008**

Weight-SDS 0.34 (�0.3/1.0) 0.15 (�0.5/0.8)

ns

0.30 (�0.3/0.8)

ns

BMI-SDS 0.34 (�0.3/1.0) 0.29 (�0.4/0.8)

ns

0.40 (�0.1/1.0)

ns

Pump use (%) 38.6 23.9

ns

38.9

ns

Mean HbA1c (%), total doc. Period 7.7 (7.0/8.7) 8.1 (7.0/10.1) 8.2 (7.2/9.3)

Mean HbA1c (mmol/mol), total doc. Period 60.9 (53.2/71.0) 65.0 (53.0/86.9) 66.3 (55.7/78.4)

Mean Insulin dosage (U/kg/d), total doc. Period 0.8 (0.7/1.0) 0.9 (0.7/1.0)

ns

0.9 (0.7/1.1)

ns

Note: Data of latest year of documentation if not otherwise indicated. Data are given as proportions or median with lower/upper quartile. p-values are

given for comparisons of patients without cataract with patients with early cataract (*) or patients with late cataract (**), adjusted by Bonferroni stepdown

(Method of Holm).

Abbreviations: ns, not significant, doc. Period, documentation period.
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3.2 | Early cataract

We compared clinical data at diabetes onset of patients with early cataract with

patients without cataract. Regression models with adjustment for age and gen-

der were created (Table 2), data are given as adjustedmeans with 95%CI.

There was a strong female preponderance in patients with early

cataract (65.7% vs. 46.8%; p < 0.001). Age at diabetes onset in

patients with early cataract was significantly higher (12.8 years

[11.8/13.9] vs. 8.9 years [8.9/9.0]; p < 0.001).

HbA1c at diabetes onset was significantly higher in patients with early

cataract (9.0% [8.55/9.38] vs. 7.6% [7.60/7.61]; p < 0.001), whereas no dif-

ference in frequency of ketoacidosis at diabetes onset could be observed.

Patients with early cataract showed lower height-SDS (�0.22

[�0.48/0.04] vs. 0.25 [0.24/0.26]; p < 0.001), lower body weight-SDS

(�0.31 [�0.55/�0.08] vs. 0.21 [0.20/0.21]; p < 0.001) and lower BMI-SDS

(�0.25 [�0.49/�0.02] vs. 0.12 [0.12/0.13); p= 0.002) at diabetes onset.

3.3 | Late cataract

Table 3 summarizes the results of regression models for comparisons

of patients without cataract and patients with late cataract after

adjustment for age, gender and duration of diabetes.

Patients with late cataract showed a slightly higher mean HbA1c

regarding their total documentation period (8.35% [8.08/8.62]

vs. 8.04% [8.03/8.05]; p = 0.023).

The frequency of microalbuminuria was equal between groups.

The rate of diabetic ketoacidosis tended to be higher in patients with

late cataract, the difference between groups was not significant (7.50

per 100 patient years [5.20/10.72] vs. 5.39 per 100 patient years

[5.30/5.48]; p = 0.078).

HbA1c at diabetes onset could be investigated in 81 patients, in

52 patients it was not documented. HbA1c was significantly higher in

patients with late cataract (8.00% [7.62/8.34] vs. 7.62% [7.61/7.63];

p = 0.048).

4 | DISCUSSION

This large multicenter study aimed at investigating diabetic cataract

among children and adolescents with type 1 diabetes.

We found a documented diabetic cataract in 0.25% of our

patients. Previous publications reported higher prevalence, but based

on very small patient numbers.19 Still, there are clear limitations to our

data as documentation of cataract by participating diabetes centers in

the DPV registry may be incomplete.

TABLE 2 Patients with early cataract vs. patients without cataract: clinical data at diabetes onset (regression models)

No cataract Early cataract Adjusted p value

Patients, n 92,330 67

Female (%) 46.8 65.7 <0.001

Age at diabetes onset (years) 8.9 (8.9/9.0) 12.8 (11.8/13.9) <0.001

Body height SDS at diabetes onset 0.25 (0.24/0.26) �0.22 (�0.48/0.04) <0.001

Body weight SDS at diabetes onset 0.21 (0.20/0.21) �0.31 (�0.55/�0.08) <0.001

BMI SDS at diabetes onset 0.12 (0.12/0.13) �0.25 (�0.49/�0.02) 0.002

HbA1c (%) at diabetes onset 7.60 (7.60/7.61) 9.0 (8.55/9.38) <0.001

HbA1c (mmol/mol) at diabetes onset 59.6 (59.4/59.7) 74.4 (69.6/79.1) <0.001

DKA (%) at diabetes onset 16.94 (16.66/17.22 16.39 (9.34/27.18) 0.905

Note: Data are adjusted means with 95% CI, estimated by linear regression for continuous parameters and logistic regression for binomial parameters,

adjusted for gender and age.

Abbreviation: DKA, diabetic ketoacidosis.

TABLE 3 Patients with late cataract vs. patients without cataract: clinical data (regression models)

No cataract Late cataract Adjusted p value

HbA1c (%) at diabetes onset 7.62 (7.61/7.63) 8.00 (7.62/8.34)

N = 81

0.048

HbA1c (mmol/mol) at diabetes onset 59.8 (59.6/59.9) 64.0 (59.8/68.2)

N = 81

0.048

HbA1c (%), total documentation period 8.04 (8.03/8.05) 8.35 (8.08/8.62) 0.023

HbA1c (mmol/mol), total documentation period 64.3 (64.2/64.4) 67.8 (64.8/70.8) 0.023

Microalbuminuria (%), total documentation period 27.3 (27.0/27.6) 27.4 (20.3/35.9) 0.973

DKA, per 100 patient years, total documentation period 5.39 (5.30/5.48) 7.5 (5.20/10.72) 0.078

Note: Data are adjusted means with 95% CI, estimated by linear regression for continuous parameters and logistic regression for binomial parameters,

adjusted for gender, age and duration of diabetes.

Abbreviation: DKA, diabetic ketoacidosis.
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For the initial study design we assumed different types of diabetic

cataract and categorized them by the time of cataract diagnosis as

early and late cataract. The spectrum of cataract development rev-

ealed a peak at diabetes onset which is concordant with previous pub-

lications. But we also found an unexpectedly high number of patients

developing late cataract.

In our study the rate of cataract development decreased with dia-

betes duration while in adult patients diabetes duration was identified

as a risk factor for cataractogenesis.4 However, we have to mention

that our cohort with individuals aged ≤21 years contains only few

subjects with diabetes duration >10 years overall. This could be one

reason for the flattening of the curve in Figure 2B.

For early cataract our data confirmed previous findings with clear

demographic and metabolic characteristics: The majority of patients

were girls of adolescent age. A migration background was less com-

mon. Patients with early cataract formation showed significantly

higher HbA1c at diabetes onset, some showed extraordinary high

levels of HbA1c (90% of HbA1c at diabetes onset: 14.2% in patients

with early cataract vs. 9.2% in patients without cataract; 10% was

6.0% in both groups) as a sign of long standing and intense hypergly-

cemia. Previous studies also reported long standing hyperglycemic

symptoms,11,16,27 unfortunately this parameter is not documented in

the DPV registry. For the first time, our anthropometric data revealed

a growth retardation and lower body weight SDS and BMI SDS, which

can be interpreted as features of Mauriac syndrome due to a long

phase of undetected hyperglycemia preceding diagnosis of diabetes.

Patients with late cataract also showed significantly higher HbA1c

at diabetes onset, but the difference was not as strong as in patients

with early cataract. We also investigated the role of long-term glycemic

control for cataractogenesis: Patients with late cataract showed higher

mean HbA1c than patients without cataract regarding the total docu-

mentation period. To assess the rate of complications due to unsatisfac-

tory glycemic control we compared the rates of microalbuminuria and

ketoacidosis and found no significant differences.

These findings indicate that both hyperglycemia-induced osmotic

stress at diabetes onset and insufficient glycemic control in the course

of the disease are associated with cataract development. But the dis-

tribution of cataract development with highest rates in the early

stages of the disease may suggest the hypothesis that the critical

damage to the lens is always caused at diabetes onset while the pro-

gress of vision threatening lens opacification varies between patients.

In this case, early and late cataract development would share the same

pathomechanisms.

A limitation to our study is that we could not provide data on cat-

aract morphology, number of affected eyes, progression and therapy.

Thus, we could not investigate if early and late cataracts show differ-

ences regarding these parameters. Further studies should clarify if

there are different types of cataract in pediatric patients and investi-

gate the role of glycemic control.

In sum our data could confirm known demographic and clinical

characteristics of pediatric patients with cataract development. The

role of glycemic control in the course of diabetes for cataractogenesis

needs further investigation, but it seems to be less important than in

diabetic microvascular complications.
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