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OBJECTIVE To assess the effects of prior intensive insulin treatment and risk factors on
patient-reported visual function in the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) cohort.

DESIGN, SETTING, AND PARTICIPANTS Cohort study of 1184 participants with type 1diabetes
from the DCCT/EDIC study (randomized clinical trial followed by an observational follow-up
study) who completed the 25-item National Eye Institute Visual Function Questionnaire
(NEI-VFQ-25) during EDIC years 17 through 20 (September 1, 2009, through April 30, 2014)
in 28 institutions across the United States and Canada.

MAIN OUTCOMES AND MEASURES The primary outcome was the composite NEI-VFQ-25
score. Secondary outcomes were visual acuity (measured by the Early Treatment Diabetic
Retinopathy Study protocol), retinopathy level (determined by masked grading of
stereoscopic color fundus photographs), and NEI-VFQ-25 subscale scores. The composite
NEI-VFQ-25 scale and its subscales were scored O to 100, corresponding to poor to excellent
function, respectively.

RESULTS The overall average NEI-VFQ-25 score for 1184 DCCT/EDIC participants (mean [SD]
age, 52.3 [6.9] years; 48% female) with a 30-year duration of diabetes was high (all
participants: median, 91.7; interquartile range [IQR], 89.7-96.9; intensive treatment

[n = 605]: median, 94.7; IQR, 91.0-97.2; conventional treatment [n = 579]: median, 94.0;
IQR, 88.4-96.1; P = .006 for intensive vs conventional). After adjustment for sex, age,
hemoglobin A,. level, and retinopathy level at DCCT baseline, the former intensive treatment
group had a significant, albeit modest, improvement in overall NEI-VFQ-25 score compared
with the former conventional diabetes treatment group (median difference, -1.0; 95% Cl, -1.7
to -0.3; P = .006). This beneficial treatment effect was fully attributed to the prior glycemic
control in DCCT (explained treatment effect: 100%). Those with visual acuity worse than
20/100 reported the largest decline in visual function (median difference, -21.0; 95% Cl,
-40.5t0-1.6; P = .03).

CONCLUSIONS AND RELEVANCE In the DCCT/EDIC cohort, patient-reported visual function

remains high in both treatment groups, comparable to previous reports of overall

health-related quality of life. Intensive diabetes therapy modestly improved NEI-VFQ-25

score 30 years after the start of the DCCT, the benefit underestimated owing to more The Authors/Writing Team for the
nonparticipants from the conventional treatment group. Visual acuity had the greatest effect DCCT/EDIC Research Group are

. . . . listed at the end of this article.

on patient-reported visual function from among all risk factors.
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he National Eye Institute Visual Function Question-

naire (NEI-VFQ) has been used to assess the relation-

ship of diabetic retinopathy severity and visual acuity
(VA) with patient-reported visual function.''? Data from pre-
vious studies have shown that severe retinopathy and poorer
VA adversely affect self-report of visual function and that in-
terventions thatimprove VA, such as vitrectomy and laser pho-
tocoagulation, have a beneficial effect as measured by the
NEI-VFQ. To our knowledge, the long-term effect of intensive
glycemic control on the patient-reported visual function in a
controlled clinical trial in type 1 diabetes mellitus has not been
examined. In the Diabetes Control and Complications Trial
(DCCT), intensive insulin treatment of type 1 diabetes re-
duced therisk of development and progression of diabetic reti-
nopathy compared with conventional diabetes treatment. The
salutary effects of intensive vs conventional treatment were
maintained during the Epidemiology of Diabetes Interven-
tions and Complications (EDIC) observational follow-up of the
DCCT cohort.’** The purpose of this study is to assess the long-
term effects of prior intensive treatment and risk factors on pa-
tient-reported visual function, using the 25-item NEI-VFQ
(NEI-VFQ-25), 30 years after the start of the DCCT.

Methods

The DCCT/EDIC has been described in detail in previous
reports.'>1® Between 1983 and 1989, 1441 participants with type
1diabetes, aged 13 to 39 years, provided written informed con-
sent and were enrolled in the DCCT, an institutional review
board-approved multicenter clinical trial comparing the ef-
fects of intensive treatment, aimed at lowering glycemia as
close to the nondiabetic range as safely possible, with those
of conventional treatment. Intensive treatment, which aimed
for hemoglobin A, (HbA, ) levels lower than 6.05% of total he-
moglobin (to convert to proportion of total hemoglobin, mul-
tiply by 0.01), used 3 or more daily insulin injections or treat-
ment with insulin pumps, with dose selection guided by
frequent self-monitoring of blood glucose level. Conven-
tional treatment had no numeric blood glucose targets but
aimed for the absence of symptoms of hyperglycemia and hy-
poglycemia with 1 or 2 daily injections of insulin, the stan-
dard therapy at the time. The trial included 2 cohorts. The pri-
mary prevention cohort had diabetes for1to 5 years, an albumin
excretion rate (AER) less than 40 mg/24 hours, and no reti-
nopathy. The secondary intervention cohort had diabetes for
1to15 years, very mild to moderate nonproliferative retinopa-
thy, and an AER equal to or lower than 200 mg/24 hours.
After study end, the conventionally treated participants were
instructed in intensive treatment and all patients were en-
couraged to implement and instructed in the use of intensive
treatment. All participants were then referred to their health
care professionals for ongoing diabetes care.'® In 1994, 1375
of the 1428 surviving cohort members (96.3%) agreed to par-
ticipate in the EDIC follow-up study, which included annual
examinations and periodic evaluation of diabetic complica-
tions. To assess the long-term effect of prior intensive treat-
ment and risk factors on patient-reported visual function in
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At a Glance

« The purpose of this study is to assess the effects of prior
intensive treatment and risk factors on patient-reported visual
function in the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications Study
(DCCT/EDIC) cohort.

« The DCCT/EDIC patients report high visual function.

« Prior intensive diabetes treatment resulted in a modest benefit
in reported visual function outcomes.

« Decline in visual acuity had the greatest effect
on patient-reported visual function.

this cohort, 1184 EDIC participants completed the 25-item
NEI-VFQ (NEI-VFQ-25) during EDIC years 17 through 20 (Sep-
tember 1, 2009, through April 30, 2014), amaximum of 30 years
after the start of the DCCT.

This study was approved the Clinical Coordinating Cen-
ter Institutional Review Board at Case Western Reserve Uni-
versity as well as the local institutional review board at each
clinical center.

Patient-Reported Visual Function Outcomes

Beginning in 2004, EDIC administered the NEI-VFQ-25 among
one-quarter of the cohort every year. The NEI-VFQ-25 consists
of a base set of 25 vision-targeted questions representing 11 vi-
sion-related domains including general vision, ocular pain, near
vision, distance vision, limitation on social functioning, men-
tal health symptoms due to vision, role difficulties, depen-
dency on others, driving difficulty, limitation with color vi-
sion, and limitation with peripheral vision, plus an additional
single-item general health domain question. Subscale scores
ranging from O to 100 (with 100 indicating highest function)
were generated for each of the 12 domains. The main outcome
in our analysis is the composite NEI-VFQ-25 score, which is an
average of the 11 vision-related subscale scores. A composite
quality-of-life (QOL) score was also examined, which com-
prises all of the 12 subscales including general health.

Visual Acuity

Measurement of VA was performed by certified EDIC VA ex-
aminers every 4 years in EDIC based on the Early Treatment
Diabetic Retinopathy Study (ETDRS) charts and procedures.
The VA was determined for each eye individually and tested
first at the 4-m distance. If the number of letters read cor-
rectly at 4 m was less than 20, the test was repeated at 1 m. If
the number of letters read correctly at 1 m was O, then the pa-
tient’s ability to count fingers, detect hand motion, or have light
perception was evaluated. For each eye, the best-corrected VA
was recorded as the number of letters read correctly from O
through 2 (worse than 20/800) to 98 through 100 (20/10). For
each participant, the better eye was based on comparison of
the best-corrected VA of each eye tested.”

Retinopathy and Ocular Surgery

During EDIC, retinopathy was assessed by standardized 7-field
fundus photography in one-quarter of the cohort each year and
in the entire cohort at EDIC years 4 and 10. All photographs were
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graded centrally, with graders masked to the former DCCT
therapy assignment, using the final ETDRS grading scale and
DCCT methods.'®® Retinopathy level was classified as no reti-
nopathy (ETDRS grade 10 in both eyes), microaneurysms only
(grade 20 in either eye), mild nonproliferative diabetic retinopa-
thy (grade 35in either eye), moderate nonproliferative diabetic
retinopathy (grade 43 in either eye), severe nonproliferative dia-
beticretinopathy (grade 53 in either eye), and proliferative dia-
betic retinopathy (grade 61 or greater in either eye).

Clinically significant macular edema was based on the de-
tailed grading of fundus photographs and was defined as the
presence of any 1 of the following: retinal thickening at or within
500 pm of the center of the macula; hard exudates at or within
500 um of the center of the macula if associated with thick-
ening of the adjacent retina; or a zone or zones of retinal thick-
ening 1discareainsize, at least part of which was within 1 disc
diameter of the center.'®

Panretinal and focal photocoagulation was assessed by pa-
tient annual report and confirmed by grading of photocoagu-
lation scars in fundus photographs. Ocular surgery, including
cataract extraction, vitrectomy, glaucoma-related surgery, cor-
neal-related surgery, capsulotomy, and eye enucleation, were
reported annually in DCCT and EDIC.

Biomedical and Clinical Evaluations
Demographic characteristics, marital status, education, un-
employment status, and history of smoking were assessed by
annual questionnaires. Blood pressure and HbA, . level were
measured quarterly during DCCT and annually during EDIC.2°
The AER and plasma lipid concentrations were measured yearly
during DCCT and every 2 years during EDIC.?! The serum cre-
atinine level was measured annually in DCCT and EDIC. The
estimated glomerular filtration rate (éGFR) was calculated from
serum creatinine level, age, sex, and race using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) equation.??
Nephropathy outcomes reported in the current analysis are
a single or sustained eGFR lower than 60 mL/min/1.73 m?, an
AER greater than 300 mg/24 hours, or a sustained AER greater
than 30 mg/24 hours on 2 consecutive visits.?? Clinical neuro-
logic assessment, nerve conduction study, and cardiac auto-
nomic neuropathy testing were conducted at EDIC years 13 and
14.2%24 Cardiac autonomic neuropathy testing was repeated at
EDIC years 16 and 17. Confirmed clinical neuropathy was de-
fined as the presence of definite clinical neuropathy (the pres-
ence of signs and symptoms consistent with distal symmetri-
cal polyneuropathy based on examination by a board-certified
neurologist) and confirmed by abnormal nerve conduction (>1
abnormal attribute in >2 anatomically distinct nerves among the
sural, peroneal, or median nerves).?* Cardiac autonomic neu-
ropathy was defined as either an R-R variation less than 15 or
an R-R variation between 15 and 19.9 in combination with a Val-
salvaratio of 1.5 or lower or a decrease of more than 10 mm Hg
in diastolic blood pressure on postural testing.>*

Diabetes-Related QOL

The diabetes-related QOL (DQOL) questionnaire was admin-
istered annually in DCCT and at every other year during EDIC.
The DQOL questionnaire is a self-administered, multiple-
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choice, 46-item questionnaire assessing different aspects of
QOL including satisfaction, impact, diabetes worry, and so-
cial or vocational worry.2*

Psychiatric Events

Psychiatric history was reported annually during EDIC.
Presence of a psychiatric event was defined as at least 1 occur-
rence of nervousness or anxiety, affective disorder, or suicide
attempt, with inpatient or outpatient treatment for the event
during the year in which it was reported.

Statistical Analysis

Clinical characteristics were compared using Wilcoxon rank sum
test for quantitative or ordinal variables and x? test for categori-
cal variables. The composite NEI-VFQ-25 score or QOL scale
score used in the analyses was a weighted average of the sub-
scales with an equal weight assigned to each of the 11 (exclud-
ing general health) or 12 (including general health) subscales
rather than to each of the 25 questions. Internal consistency re-
liability among the NEI-VFQ-25 subscales was assessed with
Cronbach a.2® Spearman correlation was used to evaluate the
strength of the association among the NEI-VFQ-25 subscales and
of the NEI-VFQ-25 with each risk factor.

Between-group comparisons in composite and subscale
scores were conducted by Wilcoxon rank sum test. For sub-
scale comparisons, to adjust for multiple tests, the Benjamini
and Hochberg method was used to control the false discov-
ery rate at the .05 level.?” Owing to the ordinal scoring and a
skewed distribution of the NEI-VFQ-25 scores, quantile regres-
sion was used to assess the effect of former DCCT treatment
groups and risk factors on median NEI-VFQ-25 composite
score.?®29 Robust confidence intervals and P values were gen-
erated with Huber sandwich estimates to incorporate any data
that were not identically or independently distributed.3° The
proportion of the treatment group effect explained by each co-
variate was calculated as the percentage of reduction in the
magnitude of the t value for the treatment group effect be-
fore and after adjustment for the covariate.

All analyses were performed using SAS version 9.3 statis-
tical software (SAS Institute, Inc).

. |
Results

Clinical Characteristics

The characteristics of the 1184 DCCT/EDIC participants (at the
time of survey completion: mean [SD]age, 52.3 [6.9] years; 48%
female) who completed the NEI-VFQ-25 in EDIC years 17
through 20 are described in Table 1, by original DCCT treat-
ment group (intensive treatment, n = 605; conventional treat-
ment, n = 579). At DCCT entry, there was a marginally signifi-
cant difference between treatment groups in age. During the
DCCT and by study design, the intensive treatment group had
a significantly lower mean HbA, . level than the conventional
treatment group (7.2% vs 9.0% of total hemoglobin, respec-
tively; P < .001). During EDIC, the mean HbA,_ for both the in-
tensive and conventional treatment groups converged (ap-
proximately 8.0% of total hemoglobin for both groups; P = .59).
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Table 1. Clinical Characteristics of the 1184 Participants With 25-Item National Eye Institute Visual Function
Questionnaire Evaluation During EDIC Years 17 Through 20 by Treatment Group

Abbreviations: AER, albumin

DCCT Baseline?

EDIC Years 17-20

excretion rate; CSME, clinically

Intensive Conventional Intensive Conventional significant macular edema;
Characteristic (n = 605) (n=579) (n = 605) (n=579) P Value DCCT, Diabetes Control and
Age, mean (SD), y 27.5(7.1) 26.7 (7.0) 52.8 (6.9) 51.8 (6.9) .02 Complications Trial;
Female, % 49.8 46.1 49.8 46.1 21 DQOL, diabetes-related quality of
Primary prevention cohort, % 47.4 50.6 47.4 50.6 .28 life; EDIC'. Epidemiology (.)f D'Iabetes
: : Interventions and Complications;
Duration of diabetes, mean (SD), y 6.1(4.3) 5.7 (4.1) 30.5 (5.0) 29.9 (5.0) .07 eGFR, estimated glomerular filtration
Unemployed or retired, % 1.3 0.5 14.4 11.6 .15 rate; Hb, hemoglobin;
Married, % 49.3 51.1 72.7 73.1 .90 HbA,, hemoglobin A
College education or higher, % 736 73.1 90.1 90.2 97 MA, microaneurysm;
Smoking. % 192 187 109 112 36 NPDR, nonproliferative diabetic
moking, % : . : : . retinopathy; PDR, proliferative
Arterial pressure, mean (SD), mm Hg®  86.0 (8.8) 86.8 (8.7) 87.6 (9.9) 87.1(9.3) .36 diabetic retinopathy: ellipses, not
Hypertension, %¢ 3.3 3.1 65.0 69.1 13 applicable.
DQOL score, mean (SD)¢ 1.9 (0.3) 1.9 (0.3) 75.1(10.8) 74.5 (10.4) 23 Sl conversion factor: To convert
Depression or psychiatric event, %° 28.2 27.6 .84 HbA, to proportion of total
Eye complications hemoglobin, multiply by 0.01.
Retinopathy, % 2 There were not significant
N — h 475 506 107 5 treatment group differences at
OREIEI ’ ’ : : DCCT baseline with the exception of
MA only 35.8 29.5 38.7 26.1 a marginally significant difference in
Mild NPDR 12.3 14.9 22.0 24.2 <.001 age (P <.05).
Moderate or severe NPDR 4.5 5.0 17.9 19.7 bMean arterial pressure was defined
PDR or worse 0 0 10.7 24.9 as one-third systolic blood pressure
CSME. % 0 0 16.4 25.2 <001 plus two-thirds diastolic blood
: : = . ressure.
Visual acuity, % P . )
W € Hypertension was defined by a
orse eye systolic blood pressure of at least
<20/20 85.1 85.2 60.3 53.9 140 mm Hg, a diastolic blood
>20/20 to <20/40 14.9 14.9 34.7 38.5 pressure of at least 90 mm Hg,
20/40 to <20/100 0 0 3.0 55 048 documented hypertension, or the
220/100 0 0 20 21 use of antihypertensive agents.
- : : Medication data were not collected
Better eye during the DCCT.
<20/20 95.9 96.7 81.3 76.2 9The DQOL questionnaire is a
>20/20 to <20/40 4.1 33 17.9 21.9 o self-administered, multiple-choice,
20/40 to <20/100 0 0 0.5 1.7 : 46-item assessment of different
>20/100 0 0 0.3 0.2 aspects of quality of life used by the
Any prior ocular surgery 0 0 8.6 14.9 <.001 bCCT.
in DCCT/EDIC, %° ¢ Depression or psychiatric event is
Renal complications, % defined as at least 1 occurrence of
Any AER >300 mg/24 h or sustained 0 0 8.4 16.6 <.001 nervousness or anxiety, affective
eGFR <60 mL/min/1.73 m? disorder, or suicide attempt in EDIC
Any sustained AER >30 mg/24 h 5.3 35 27.3 36.8 <.001 accompanied by hospitalization or
or single eGFR <60 mL/min/1.73 m? outpatient treatment including
Neuropathy complications, % tranquilizers.
Abnormal autonomic response 3.8 5.4 35.3 40.2 .09 f Other ocular surgery includes
Confirmed clinical neuropathy 7.0 5.4 236 32.8 <.001 glaucoma-related surgery,
; corneal-related surgery, YAG
gl)éﬁgltlaclc:gtrol, HbA, ., mean (SD), 9.0 (1.6) 8.9 (1.6) 8.0 (1.2) 7.9 (1.2) .33 capsulotomy, and eye enucleation.
0
DCCTY 7.2 (0.8) 9.0 (1.2) <.001 8The DCCT or EDIC mean HbA,
EDICY 8.0 (1.0) 8.0 (1.0) 59 values are time averaged

throughout the DCCT or EDIC.

The overall DCCT/EDIC updated mean HbA,. level remained
statistically lower in the intensive treatment group (7.8% vs
8.2% of total hemoglobin, respectively; P < .001).

By EDIC years 17 through 20, the original DCCT intensive
treatment group, as compared with the conventional treatment
group, had significantly less overall retinopathy severity (P <
.001), alower prevalence of clinically significant macular edema
(16.4% vs 25.2%, respectively; P < .001), better VA in the better
eye (P = .049) and worse eye (P = .048), and a decreased inci-
dence of ocular surgery (8.6% vs 14.9%, respectively; P < .001).*!

JAMA Ophthalmology February 2016 Volume 134, Number 2

The intensive treatment group also demonstrated a significantly
lower incidence of renal complications in DCCT/EDIC including
an AER greater than 300 mg/24 hours or sustained eGFRless than
60 mL/min/1.73 m? (8.4% vs 16.6%, respectively; P < .001) and
sustained AER greater than 30 mg/24 hours or single eGFR less
than 60 mL/min/1.73 m? (27.3% vs 36.8%, respectively; P < .001),
as well as a significantly lower prevalence of confirmed clinical
neuropathy (23.6% vs 32.8%, respectively; P < .001). Notably, af-
ter 30 years, the DQOL and the number of psychiatric events were
similar between the 2 treatment groups.
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Table 2. Scores on the 25-1tem National Eye Institute Visual Function Questionnaire During Epidemiology of Diabetes Interventions
and Complications Years 17 Through 20

Intensive Treatment Conventional Treatment

(n = 605) (n=579)
Domain Mean (SD) Median (IQR) Mean (SD) Median (IQR) P Value?
General health 62.5(22.3) 75.0 (50.0-75.0) 60.4 (23.4) 50.0 (50.0-75.0) 22
Subscale
General vision 79.7 (13.9) 80.0 (80.0-80.0) 78.0 (15.0) 80.0 (80.0-80.0) .05
Ocular pain 92.6 (12.4) 100.0 (87.5-100.0) 92.4 (12.3) 100.0 (87.5-100.0) 61
Difficulty with near activities 86.7 (14.3) 91.7 (83.3-100.0) 85.1 (16.0) 91.7 (75.0-100.0) 23
Difficulty with distance activities 92.6 (11.3) 100.0 (91.7-100.0) 89.5 (14.9) 91.7 (83.3-100.0) .001°
Limitation on social functioning 98.6 (5.8) 100.0 (100.0-100.0) 97.6 (9.0) 100.0 (100.0-100.0) .03¢
Mental health symptoms due to vision 90.1 (12.2) 93.8 (87.5-100.0) 88.0 (13.6) 93.8 (87.5-93.8) <.001°
Role difficulties due to vision 94.0 (14.0) 100.0 (100.0-100.0) 92.7 (15.0) 100.0 (87.5-100.0) .04¢
Dependency on others due to vision 98.0 (8.1) 100.0 (100.0-100.0) 97.1 (11.1) 100.0 (100.0-100.0) 31
Driving difficulty 91.7 (11.3) 91.7 (83.3-100.0) 89.1(13.3) 91.7 (83.3-100.0) <.001°
Limitation with color vision 98.2 (7.2) 100.0 (100.0-100.0) 97.3(9.8) 100.0 (100.0-100.0) .10
Limitation with peripheral vision 95.3 (12.7) 100.0 (100.0-100.0) 93.6 (16.4) 100.0 (100.0-100.0) 22
Composite
Overall QOL, including general health item 90.0 (8.2) 92.1 (87.7-94.8) 88.4 (10.1) 91.0 (85.6-94.5) .005
Overall vision-related subscales, 92.5(7.9) 94.7 (91.0-97.2) 90.9 (10.0) 94.0 (88.4-96.9) .006

without general health item

Abbreviations: IQR, interquartile range; QOL, quality of life.

@ Pvalues are from between-group comparisons using Wilcoxon rank sum test.
For subscale comparisons, the Benjamini and Hochberg false discovery rate a
adjustment for multiple tests was also conducted to control the overall false
discovery rate at the .05 level.

b Remained significant after Benjamini and Hochberg false discovery rate a
adjustment (difficulty with distance activities, P = .002; mental health
symptoms due to vision, P = .006; and difficulty driving, P = .001).

¢ Lost significance after Benjamini and Hochberg false discovery rate a
adjustment (P > .05).

Comparing clinical characteristics from DCCT baseline,
those who did not complete the NEI-VFQ-25 part of the ex-
amination (n = 257, including 99 who were deceased) were
more likely to be smokers, have poor VA, and have worse gly-
cemic control than those who did participate (eTable 1in the
Supplement). Participants and nonparticipants in the
NEI-VFQ-25 did not differ in retinopathy status.

Effect of Intensive Diabetes Management

on Patient-Reported Visual Function

The distributions of scores on the NEI-VFQ-25 and its sub-
scales are presented in Table 2. The overall NEI-VFQ-25 score
in both treatment groups was high (all participants: median,
91.7; interquartile range, 89.7-96.9; intensive treatment: me-
dian, 94.7; interquartile range, 91.0-97.2; conventional treat-
ment: median, 94.0; interquartile range, 88.4-96.9; P = .006
for intensive vs conventional). Few participants had scale scores
at or near O, while a sizable proportion had scale scores of 100.
Subscale scores for general health and general vision were low-
est (ie, median score <80). The intensive treatment group had
significantly higher subscale scores in the visual health do-
mains of difficulty with distance activities (P = .001), mental
health symptoms due to vision (P < .001), and driving diffi-
culty (P < .001). Multivariate analyses of treatment group ef-
fect on patient-reported visual function (not including gen-
eral health) after adjustment for age, sex, HbA,. level at
DCCT screening, and retinopathy level at DCCT baseline
demonstrated a modest, yet statistically significant, lower
NEI-VFQ-25 score in the conventional treatment group com-
pared with the intensive treatment group (median differ-
ence, -1.0; 95% CI, -1.7to -0.3; P = .006) (Table 3). These dif-
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Table 3. Treatment Effect in the DCCT on Overall 25-Item National Eye
Institute Visual Function Questionnaire Score Using Quantile Regression

Estimated Difference

Risk Factor in Median (95% CI) tValue P Value
Conventional vs intensive -1.0 (-1.7 to -0.3) -2.76 .006
treatment
Female vs male -1.3 (-2.0 to -0.6) -3.57 <.001
Age at DCCT baseline, -0.9 (-1.3to -0.4) -3.49 <.001
per 10-y increase
HbA, . level at DCCT eligibility, -0.3(-0.5t0 -0.1) -2.97 .003
per 10% increase
Retinopathy at DCCT baseline
MA only vs no retinopathy -0.2 (-1.1t0 0.6) -0.65 .58
Mild NPDR vs no retinopathy -0.3(-1.4t00.8) -0.85 .57
Moderate NPDR vs no -2.4(-5.6t00.7) -1.46 13

retinopathy

Abbreviations: DCCT, Diabetes Control and Complications Trial;
HbA,., hemoglobin A,.; MA, microaneurysm; NPDR, nonproliferative diabetic
retinopathy.

ferences, while statistically significant, were not in the range
usually considered clinically meaningful.>2* The treatment
group effect on patient-reported visual function was largely
attributed to the higher DCCT mean HbA, .level and more rapid
progression of retinopathy in the conventional treatment group
(explained treatment group effect, 100% and 79%, respec-
tively) (Figure).

All multi-item subscales demonstrated a moderately high
internal consistency (Cronbach a = .62-.87) (eTable 2 in the
Supplement), similar to those reported in other studies.”# The
Spearman correlation among the 11 visual-related subscales
ranges from 0.13 (between general health and limitation with
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Figure. Proportion of the Effect of Diabetes Control and Complications
Trial (DCCT) Treatment Assignment on Patient-Reported Visual Function
Outcomes Attributed to Various Risk Factors at Epidemiology

of Diabetes Interventions and Complications (EDIC) Years 17 Through 20
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Proportion is calculated as the percentage reduction in the magnitude of the t
value for treatment group (Table 3) before and after adjustment for each risk
factor separately. Risk factors explaining 30% or more of the treatment group
effect are presented. HbA,_ indicates hemoglobin A,.

color vision) to 0.58 (between difficulty with distance activi-
ties and driving difficulty) (eTable 3 in the Supplement).

Risk Factors Affecting NEI-VFQ-25 Scores

Among participants in both treatment groups combined, uni-
variate analysis revealed that the overall NEI-VFQ-25 score was
most strongly associated with the following risk factors (eTable
4 in the Supplement): DQOL (r = 0.43), AER (r = -0.41), VA in
the worse eye (r = -0.31), VAin the better eye (r = -0.28), DCCT/
EDICHDA, level (r = -0.26), severity of retinopathy (r = —0.24),
EDIC mean HbA,. level (r = -0.24), and ocular surgery
(r = -0.23) (AER, P = .004; all others, P < .001). Particularly,
those with VA worse than 20/100 reported the lowest
NEI-VFQ-25 score, further supporting the validity of the mea-
sure. The NEI-VFQ-25 score decreased to a median of 81 when
VA was poorer than 20/100 in the worse eye and further
declined to 49 if the better eye was similarly impaired.

In multivariate risk factor analyses (Table 4), sex, depres-
sion or psychiatric events in EDIC, clinically significant macu-
lar edema, reduced VA, prior ocular surgery, and higher mean
HbA,. level in DCCT/EDIC were associated with significantly
lower patient-reported visual function, when adjusted
for all other risk factors (P < .05). Those with VA poorer than
20/100 in the worse eye had a 21-point lower median
NEI-VFQ-25 score (95% CI, -40.5 to -1.6; P = .03) compared
with those with VA 20/20 or better.

|
Discussion

The NEI-VFQ-25 has been shown to be areliable and valid ques-
tionnaire for patients with 5 chronic eye conditions or low vi-
sion from any cause.?® The data presented herein extend these
findings to the DCCT/EDIC cohort of persons with long-term
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Table 4. Multivariate Risk Factor Effect on 25-Item National Eye Institute
Visual Function Questionnaire Score Using Quantile Regression

Risk Factor at EDIC Estimated Difference

Years 17-20 in Median (95% CI) t Value P Value
Age at DCCT baseline, -0.4 (-1.0t0 0.1) -1.94 .05
per 10-y increase
Female vs male -0.9 (-1.6 to -0.3) -2.84 .005
Unemployed or retired -0.1(-1.5t01.2) -0.21 .83
vs employed
Married vs not married 0.01 (-0.7 t0 0.7) 0.03 .98
College or above vs 0.2 (-0.6 t0 1.0) 0.48 .63
secondary school or below
Hypertension, yes vs no -0.3 (-0.9to 0.4) -0.83 41
Depression or psychiatric -1.3 (-2.0 to -0.6) -3.76 <.001
events in EDIC, yes vs no
Retinopathy, moderate NPDR 0.4(-0.3t01.1) 1.19 .24
or worse vs mild NPDR or less
CSME, yes vs no -1.1(-2.2to -0.1) -1.98 .047
VA in worse eye
>20/20 to <20/40 -1.9(-2.8t0o-1.1) -4.64 <.001
vs <20/20
20/40 to <20/100 -4.1(-6.2 to -2.0) -3.85 <.001
vs £20/20
220/100 vs <20/20 -21.0 (-40.5t0o-1.6) -2.13 .03
Prior ocular surgery -2.1(-3.1to-1.1) -4.19 <.001
vs no ocular surgery
Any AER >300 mg/24 h -1.1(-3.0t0 0.7) -1.21 23
or sustained eGFR
<60 mL/min/1.73 m? vs
never
Cardiac autonomic -0.6 (-1.5t00.2) -1.40 .16
neuropathy, yes vs no
Confirmed clinical -0.9 (-1.9t0 0.1) -1.87 .06
neuropathy at EDIC years
13/14, yes vs no
HbA, . at DCCT eligibility, 0.04 (-0.2 t0 0.2) 0.42 .67
per 10% increase
DCCT/EDIC weighted mean -0.7 (-1.0 to -0.4) -4.66 <.001

HbA,, per 10% increase

Abbreviations: AER, albumin excretion rate; CSME, clinically significant macular
edema; DCCT, Diabetes Control and Complications Trial; EDIC, Epidemiology of
Diabetes Interventions and Complications; eGFR, estimated glomerular
filtration rate; HbA,., hemoglobin A,.; NPDR, nonproliferative diabetic
retinopathy; VA, visual acuity.

type 1 diabetes. Remarkably, after an average duration of dia-
betes of 30 years, the overall NEI-VFQ-25 score among all ques-
tionnaire participants is very high, with a median composite
score of 91.7 at EDIC years 17 through 20, almost certainly re-
flecting the modest degree of eye disease in the DCCT/EDIC
cohort. Notably, although both former treatment groups re-
ported relatively high NEI-VFQ-25 scores, intensive manage-
ment of diabetes during the DCCT still resulted in a statisti-
cally significant higher NEI-VFQ-25 composite score, up to 30
years after the start of the DCCT. To our knowledge, this is the
first report of a difference (albeit only approximately 1.0 point
on average on a median score of approximately 92) (Table 3)
in NEI-VFQ-25 scores (not including general health) in con-
ventional compared with intensive diabetes management.
Despite differences in incidence of ocular and systemic
complications between the intensive and conventional treat-
ment groups, the difference in the scores for the NEI-VFQ-25,
1.0, is considered not clinically meaningful. A 5-point change
in NEI-VFQ-25 score is thought to represent a clinically mean-
ingful change with respect to VA.323> The difference might have
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been higher had we included the nonparticipants who had
higher HbA,. levels on entry and throughout the DCCT and
more renal and neurological complications related to their dia-
betes. These were all factors associated with a decline in pa-
tient-reported visual function outcomes based on our analy-
ses. Together with the tendency for more nonresponders to
bein the conventional treatment group than the intensive treat-
ment group (55.8% vs 44.2%, respectively), this suggests a se-
lection bias to our cross-sectional analysis. This may have in-
fluenced our modest treatment group effect and resulted in
an underestimation of the beneficial effect of intensive dia-
betes management on patient-reported visual function.

Another explanation for the relatively high NEI-VFQ-25
scores in both the conventional and intensive treatment groups
was the preservation of good VA in both groups (81.3% of par-
ticipants with intensive treatment and 76.2% of participants
with conventional treatment had VA >20/20 in the better eye),
despite differences in the presence of severe retinopathy be-
tween the groups. Projecting forward, the 30% to 50% in-
creases in severe eye disease and macular edema in the con-
ventional treatment group are likely to progress over time,
adversely affect VA, and thus more substantially affect the
NEI-VFQ-25 score in the conventional treatment group. Sup-
porting this premise, we reported the increase in ocular sur-
gical procedures in the conventional treatment group com-
pared with the intensive treatment group, which were
principally complication-related surgical procedures largely
performed to improve VA.3! In the end, the success of these
surgical procedures in restoring VA may also help in sustain-
ing high patient-reported visual function.

Preserving VA over time in patients with diabetes re-
mains critical. Analysis of the NEI-VFQ-25 subscales demon-
strates a consistent trend in the conventional treatment group:
more difficulty with distance activities, such as driving, was
reported by the conventional treatment group. Over time,

Original Investigation Research

visual impairment and limitations in driving in the aging popu-
lation can induce feelings of depression and anxiety, a sub-
scale also found to be statistically lower in the conventional
treatment group compared with the intensive treatment group.

Not surprisingly, multivariate analysis demonstrated that
other known diabetes-related outcomes, such as the pres-
ence of clinically significant renal or neurologic disease, and
diabetes duration were independently correlated with patient-
reported visual function. It is these latter diabetes-related fac-
tors, reflecting longer duration of poor control in the conven-
tional treatment group and affecting DQOL, and not
hypoglycemia, that likely mitigate the modest association of
low DQOL with NEI-VFQ-25 score.

A limitation of this study is the lack of baseline NEI-
VFQ-25 score at DCCT entry. However, given that the DCCT was
a well-designed randomized clinical trial and that retinopa-
thy, VA, and all the other major risk factors were well bal-
anced between the 2 treatment groups at baseline, we be-
lieve that the baseline NEI-VFQ-25 score should also be
balanced between the 2 groups and therefore should not sub-
stantively bias our study conclusions. Lastly, the tool itself (NEI-
VFQ-25) may limit the benefit of intensive treatment as it re-
flects the patient’s impression from the viewpoint of the better
eye, giving 2 chances to report adequate visual function.

. |
Conclusions

In summary, our findings show that in the EDIC cohort
patient-reported visual function remains high in both treat-
ment groups, with only a modest benefit accruing to the
intensive treatment group. This may reflect, in part, the
relatively good VA in this cohort, the factor with greatest
effect on patient-reported visual function outcomes from
among all risk factors.
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