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A bs tr ac t

Background

We investigated whether intensive glycemic control, combination therapy for dys-
lipidemia, and intensive blood-pressure control would limit the progression of dia-
betic retinopathy in persons with type 2 diabetes. Previous data suggest that these 
systemic factors may be important in the development and progression of diabetic 
retinopathy.

Methods

In a randomized trial, we enrolled 10,251 participants with type 2 diabetes who 
were at high risk for cardiovascular disease to receive either intensive or standard 
treatment for glycemia (target glycated hemoglobin level, <6.0% or 7.0 to 7.9%, re-
spectively) and also for dyslipidemia (160 mg daily of fenofibrate plus simvastatin 
or placebo plus simvastatin) or for systolic blood-pressure control (target, <120 or 
<140 mm Hg). A subgroup of 2856 participants was evaluated for the effects of 
these interventions at 4 years on the progression of diabetic retinopathy by 3 or more 
steps on the Early Treatment Diabetic Retinopathy Study Severity Scale (as assessed 
from seven-field stereoscopic fundus photographs, with 17 possible steps and a high-
er number of steps indicating greater severity) or the development of diabetic retin-
opathy necessitating laser photocoagulation or vitrectomy.

Results

At 4 years, the rates of progression of diabetic retinopathy were 7.3% with intensive 
glycemia treatment, versus 10.4% with standard therapy (adjusted odds ratio, 0.67; 
95% confidence interval [CI], 0.51 to 0.87; P = 0.003); 6.5% with fenofibrate for in-
tensive dyslipidemia therapy, versus 10.2% with placebo (adjusted odds ratio, 0.60; 
95% CI, 0.42 to 0.87; P = 0.006); and 10.4% with intensive blood-pressure therapy, 
versus 8.8% with standard therapy (adjusted odds ratio, 1.23; 95% CI, 0.84 to 1.79; 
P = 0.29).

Conclusions

Intensive glycemic control and intensive combination treatment of dyslipidemia, but 
not intensive blood-pressure control, reduced the rate of progression of diabetic 
retinopathy. (Funded by the National Heart, Lung, and Blood Institute and others; 
ClinicalTrials.gov numbers, NCT00000620 for the ACCORD study and NCT00542178 
for the ACCORD Eye study.)
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Diabetic retinopathy, an important 
microvascular complication of diabetes, is 
a leading cause of blindness in the United 

States.1 Randomized, controlled clinical trials in 
cohorts of patients with type 1 diabetes and those 
with type 2 diabetes have shown the beneficial 
effects of intensive glycemic control2-5 and inten-
sive treatment of elevated blood pressure6 on the 
progression of diabetic retinopathy. Elevated se-
rum cholesterol and triglyceride levels have been 
implicated, in observational studies and small 
trials, as additional risk factors for the develop-
ment of diabetic retinopathy and visual loss.7-14 
The Fenofibrate Intervention and Event Lowering 
in Diabetes (FIELD) study (Current Controlled Tri-
als number, ISRCTN64783481) of participants with 
type 2 diabetes showed a beneficial effect of 
fenofibrate (at a dose of 200 mg per day) on the 
progression of diabetic retinopathy.15

The Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) study was a randomized, con-
trolled clinical trial that evaluated the effects of 
specific strategies for managing blood glucose 
levels, serum lipid levels, and blood pressure on 
cardiovascular events in participants with type 2 
diabetes who had either established cardiovascu-
lar disease or known cardiovascular risk factors. 
Through the ACCORD trial, we had the opportu-
nity to evaluate the effects of these medical strat-
egies on the progression of diabetic retinopathy 
in a subgroup of trial participants (the ACCORD 
Eye study).

Me thods

The ACCORD Study

The designs of the ACCORD study and the  
ACCORD Eye study are described elsewhere.16,17 
Briefly, the ACCORD study was a randomized trial 
conducted at 77 clinical sites in the United States 
and Canada. Participating institutions and inves-
tigators are listed in Section 1 in the Supplemen-
tary Appendix (available with the full text of this 
article at NEJM.org). The trial was sponsored by 
the National Heart, Lung, and Blood Institute 
(NHLBI), and the protocol (also available at NEJM 
.org) was approved by a review panel at the  
NHLBI, as well as by the institutional review board 
at each center. The study drugs were donated by 
the manufacturers; the companies did not par-
ticipate in the study design or conduct, data ac-
crual or analysis, or manuscript preparation.

In the ACCORD trial, 10,251 participants with 

type 2 diabetes and a glycated hemoglobin level 
of 7.5% or higher were randomly assigned to un-
dergo either intensive glycemic control (targeting 
a glycated hemoglobin level <6.0%) or standard 
therapy (targeting a glycated hemoglobin level of 
7.0 to 7.9%). Of these participants, 5518 with dys-
lipidemia were also randomly assigned, in a 2-by-2 
factorial design, to receive simvastatin (to reduce 
low-density lipoprotein [LDL] cholesterol levels) 
in combination with either fenofibrate (to reduce 
triglyceride levels and increase high-density lipo-
protein [HDL] cholesterol levels) or matching pla-
cebo. The remaining 4733 participants were ran-
domly assigned, in a 2-by-2 factorial design, to 
undergo either intensive blood-pressure control 
(targeting a systolic blood pressure <120 mm Hg) 
or standard therapy (targeting a systolic blood 
pressure <140 mm Hg).

The primary outcome of the ACCORD trial was 
the composite end point of the time until the 
first occurrence of nonfatal myocardial infarction, 
nonfatal stroke, or death from cardiovascular 
causes. Members of the ACCORD data and safety 
monitoring board are listed in the Appendix, inves-
tigators participating in the ACCORD trial are 
listed in Section 1 in the Supplementary Appen-
dix, and details of the study design are provided in 
the ACCORD protocol.

The ACCORD Eye Study

The ACCORD trial participants were evaluated for 
eligibility for the ACCORD Eye study. Participants 
who, at baseline, had a history of proliferative dia-
betic retinopathy that had been treated with laser 
photocoagulation or vitrectomy were excluded. In-
vestigators participating in the ACCORD Eye study 
are listed in Section 2 in the Supplementary Ap-
pendix, and details of the study design are pro-
vided in the ACCORD protocol. The writing group 
attests to the fidelity of the report to the protocol.

The ACCORD Eye study consisted of two com-
prehensive, standardized eye examinations con-
ducted by a study ophthalmologist or optometrist, 
along with fundus photography of seven standard 
stereoscopic fields, at baseline and year 4 of fol-
low-up. The fundus photographs were evaluated 
by trained graders, who were unaware of the treat-
ment assignments, at the Fundus Photograph 
Reading Center (University of Wisconsin, Madi-
son), on the basis of the photographic standards 
defined for the Early Treatment Diabetic Retinopa-
thy Study (ETDRS) and graded according to an 
abbreviated and modified version of the ETDRS 

The New England Journal of Medicine as published by New England Journal of Medicine.
Downloaded from www.nejm.org at VA LIBRARY NETWORK on August 16, 2010. For personal use only. No other uses without permission.

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



Effects of Medical Ther apies on Retinopathy

n engl j med 363;3  nejm.org  july 15, 2010 235

Final Retinopathy Severity Scale for Persons, which 
combines the severity levels from both eyes for 
each person.18 The scale has 17 steps, ranging 
from no retinopathy in either eye (step 1) to high-
risk proliferative retinopathy in both eyes (step 17); 
details are provided in Section 3 in the Supple-
mentary Appendix. Information collected at the 
annual visits in the main ACCORD trial was also 
used to determine whether retinal laser photoco-
agulation or vitrectomy had been performed to 
treat diabetic retinopathy during the previous year. 
Details of the ACCORD Eye study design are pro-
vided in the ACCORD Eye protocol. Visual acuity, 
measured every 2 years in all ACCORD partici-
pants, was examined for treatment effects on 
moderate vision loss, which was defined as wors-
ening, in either eye, by three or more lines on the 
ETDRS visual acuity chart (see the protocol).

The primary outcome of the ACCORD Eye study 
was the composite end point of either progres-
sion of diabetic retinopathy by at least three steps 
on the ETDRS Severity Scale or development of 
proliferative diabetic retinopathy necessitating 
photocoagulation therapy or vitrectomy. The pri-
mary aim was to determine whether any of the 
three interventions evaluated in the ACCORD trial 
(intensive glycemic therapy, the addition of feno-
fibrate to a statin, and intensive blood-pressure 
therapy) reduced the risk of development or pro-
gression of diabetic retinopathy, as compared with 
the respective standard treatments.

Statistical Analysis

For the outcome of the rate of progression of dia-
betic retinopathy, we set a recruitment goal for 
the ACCORD Eye study to achieve a statistical pow-
er of 88% to detect a 15% relative reduction with 
intensive glycemic control as compared with stan-
dard glycemic control; a statistical power of 91% 
to detect a 20% relative reduction with lipid con-
trol with a statin and fenofibrate as compared 
with lipid control with a statin alone; and a sta-
tistical power of 80% to detect a 20% relative re-
duction with intensive blood-pressure control as 
compared with standard blood-pressure control. 
The sample size required was 3211 participants. 
To accommodate the potential for a mortality rate 
of 10%, a loss to follow-up of 10% of patients, and 
lack of sufficient dilation for fundus photography 
in 1% of patients, the recruitment goal was in-
creased to 4065 participants. Details of the sample-
size calculations have been described previously.17

Comparisons of achieved levels of glycated he-

moglobin, HDL cholesterol, and triglycerides and 
systolic blood pressure were performed with the 
use of the Wilcoxon rank-sum test and the 95% 
rank-order confidence interval for the median. 
Separate models were used for the three primary 
hypotheses (concerning glycemic control, lipid 
control, and blood-pressure control). The main 
comparisons between the intensive-therapy groups 
and the standard-therapy groups, with respect to 
the development and progression of diabetic retin-
opathy over the 4 years (the results of the eye ex-
aminations at baseline and those at year 4), were 
made using likelihood-ratio tests from logistic-
regression models with adjustment for the same 
study-design factors used in the ACCORD primary 
analysis, including previous cardiovascular events 
and the specific network center that supervises 
the clinical center. The glucose model was adjusted 
for the presence or absence of fenofibrate thera-
py and intensive blood-pressure therapy and for 
trial (ACCORD Lipid or ACCORD Blood Pressure). 
The lipid and blood-pressure models were ad-
justed for glycemia treatment. Cox proportional-
hazards models were used to test for differences 
between treatment groups in visual acuity.

We performed 28 protocol-specified compari-
sons of subgroups defined on the basis of cutoff 
points that had been either previously chosen,17 
used in the main ACCORD Glycemia, ACCORD 
Lipid, and ACCORD Blood-Pressure studies,19-21 or 
chosen to divide each main group into two nearly 
equal subgroups. Additional, post hoc compari-
sons were performed for the effect on glycemia 
between patients also enrolled in the lipid trial 
and patients also enrolled in the blood-pressure 
trial, between patients who had both high triglyc-
eride and low HDL cholesterol levels and patients 
with lower triglyceride levels or higher HDL cho-
lesterol levels (in the lipid trial), between patients 
with some degree of retinopathy and those with-
out retinopathy (in the lipid trial and the blood-
pressure trial), and according to categories of 
systolic and diastolic blood pressure and number 
of blood-pressure medications (in the blood-pres-
sure trial). Tests of interaction of baseline charac-
teristics and other variables with treatment effect 
were performed by adding the subgroup and the 
interaction term to the primary models and apply-
ing a likelihood-ratio test for the interaction. No 
adjustment for multiple comparisons was made.

We explored the effect of excluding from the 
primary outcome events not verified by photo-
graphic evidence or clinical examination. To exam-
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ine the effect of missing data on our conclusions, 
we conducted unadjusted analyses and adjusted 
analyses (using the primary models) of the pro-
portions of patients with missing data in each 
treatment group. Sensitivity analyses involved the 

use of a logistic-regression method for multiple 
imputation,22 as implemented in SAS software 
(version 9.2, SAS Institute). The imputation model 
included the variables in the primary models plus 
the variables used to define the subgroups. Im-

Table 1. Baseline Characteristics of the ACCORD Eye Study Participants Also Enrolled in the Glycemia, Lipid, or Blood-Pressure Trial.*

Characteristic ACCORD Eye (N = 2856) ACCORD Glycemia

Intensive
(N = 1429)

Standard
(N = 1427) P Value

Age — yr 61.6±6.3 61.6±6.4 61.5±6.3 0.60

Duration of diabetes — yr 10.0±7.1 9.8±7.1 10.1±7.2 0.30

Female sex — no. (%) 1090 (38.2) 538 (37.6) 552 (38.7) 0.57

Previous cardiovascular event — no. (%) 895 (31.3) 452 (31.6) 443 (31.0) 0.74

Nonwhite race — no. (%)† 860 (30.1) 427 (29.9) 433 (30.3) 0.79

Glycated hemoglobin — % 8.2±1.0 8.2±1.0 8.3±1.0 0.29

Cholesterol — mg/dl

HDL 41.9±11.3 42.0±11.4 41.9±11.1 0.93

LDL 100.7±32.7 100.8±33.4 100.7±32.1 0.92

Triglycerides — mg/dl 195.1±162.6 196.1±157.8 194±167.3 0.74

Blood pressure — mm Hg

Systolic 134.5±17.0 134.3±16.6 134.7±17.4 0.51

Diastolic 74.9±10.5 74.9±10.3 75.0±10.6 0.83

Urinary albumin:creatinine ratio‡ 71.8±253.1 69.5±228.9 74.0±275.3 0.64

BMI§ 32.4±5.5 32.4±5.5 32.5±5.4 0.41

Visual acuity — no. of letters¶ 75.9±10.2 75.9±10.4 75.9±10.0 0.96

Smoking status — no./total no. (%) 0.46

Never smoked 1188/2855 (41.6) 581/1429 (40.7) 607/1426 (42.6)

Former smoker 1280/2855 (44.8) 657/1429 (46.0) 623/1426 (43.7)

Current smoker 387/2855 (13.6) 191/1429 (13.4) 196/1426 (13.7)

Diabetic retinopathy status — no./total no. (%)‖ 0.13

None 1450/2854 (50.8) 729/1428 (51.1) 721/1426 (50.6)

Mild 518/2854 (18.1) 241/1428 (16.9) 277/1426 (19.4)

Moderate NPDR 847/2854 (29.7) 443/1428 (31.0) 404/1426 (28.3)

Severe NPDR 10/2854 (0.4) 5/1428 (0.4) 5/1426 (0.4)

PDR 29/2854 (1.1) 10/1428 (0.7) 19/1426 (1.3)

*	Plus–minus values are means ±SD. To convert values for cholesterol to millimoles per liter, multiply by 0.02586. To convert values for tri
glycerides to millimoles per liter, multiply by 0.01129. CI denotes confidence interval, HDL high-density lipoprotein, and LDL low-density 
lipoprotein.

†	Race was self-reported.
‡	Albumin was measured in milligrams per deciliter and creatinine in grams per deciliter.
§	The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
¶	Visual acuity is defined as a mean of the acuity scores for both eyes of 74 to 78 letters (the approximate Snellen equivalent of 20/30).
‖	Diabetic retinopathy status was defined according to the eye with the highest level on the ETDRS Final Severity Scale for Persons (described 

in Section 3 of the Supplementary Appendix), as follows: no diabetic retinopathy, a level of less than 20; mild diabetic retinopathy, a level of 
20; moderate nonproliferative diabetic retinopathy (NPDR), a level above 20 but less than 53; severe diabetic retinopathy, a level of 53; and 
proliferative diabetic retinopathy (PDR), a level of 60 or higher.
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putations were done twice for each comparison: 
the first, separately in each treatment group, and 
the second, in the combined treatment groups.

R esult s

Recruitment in the ACCORD trial began with a 
vanguard phase in January 2001; the main trial 
began in February 2003. The ACCORD Eye study 
began in October 2003, with 3537 participants 
enrolled by February 2006. Of these, 65 (1.8%) were 
later found to be ineligible after recruitment, 
leaving 3472 eligible for follow-up. Of these, 2856 
(82.3%) participants had both baseline and year 

4 follow-up data available for analyses (see Sec-
tion 4 in the Supplementary Appendix). Because 
the ACCORD Eye study lagged behind the main 
ACCORD trial, there was insufficient time to 
achieve the calculated sample size.

Baseline Characteristics

The characteristics of the ACCORD Eye study co-
hort with follow-up data, the ACCORD Eye study 
cohort without follow-up data, and the remainder 
of the overall ACCORD cohort are shown in Sec-
tion 5 in the Supplementary Appendix. Participants 
in the ACCORD Eye study with follow-up data, as 
compared with the remainder of the ACCORD co-

ACCORD Lipid ACCORD Blood Pressure

Fibrate
(N = 806)

Placebo
(N = 787) P Value

Intensive
(N = 647)

Standard
(N = 616) P Value

61.9±6.2 61.5±6.5 0.05 61.3±6.1 61.5±6.6 0.23

9.7±6.8 9.8±7.2 0.29 10.1±7.0 10.3±7.5 0.46

247 (30.6) 254 (32.3) <0.001 310 (47.9) 279 (45.3) <0.001

263 (32.6) 255 (32.4) 0.35 180 (27.8) 197 (32.0) 0.03

222 (27.5) 234 (29.7) 0.06 203 (31.4) 201 (32.6) 0.43

8.2±1.0 8.2±1.0 0.26 8.4±1.1 8.2±1.0 <0.001

38.6±7.8 38.5±7.9 <0.001 46.3±12.8 46.1±13.8 <0.001

96.5±29.7 97.0±30.1 <0.001 107.4±37.0 104.1±33.5 <0.001

190.1±111.3 187.9±112.4 0.31 200.7±175.5 204.7±240.3 0.32

131.5±17.0 131.1±17.5 <0.001 138.0±16.7 139.0±14.7 <0.001

73.7±10.5 73.6±10.5 <0.001 76.3±10.5 76.8±9.9 <0.001

62.3±180.2 83.2±331.5 0.21 62.5±197.6 79.2±269.9 0.29

32.3±5.5 32.6±5.4 0.25 32.7±5.7 32.2±5.3 0.15

76.2±9.7 76.2±10.7 0.39 75.6±10.3 75.5±10.2 0.35

0.15 0.60

313/805 (38.9) 333/787 (42.3) 279/647 (43.1) 263/616 (42.7)

373/805 (46.3) 352/787 (44.7) 279/647 (43.1) 276/616 (44.8)

119/805 (14.8) 102/787 (13.0) 89/647 (13.8) 77/616 (12.5)

0.25 0.01

429/806 (53.2) 398/787 (50.6) 328/645 (50.9) 295/616 (47.9)

141/806 (17.5) 155/787 (19.7) 105/645 (16.3) 117/616 (19.0)

230/806 (28.5) 224/787 (28.5) 195/645 (30.2) 198/616 (32.1)

2/806 (0.2) 4/787 (0.5) 3/645 (0.5) 1/616 (0.2)

4/806 (0.5) 6/787 (0.8) 14/645 (2.2) 5/616 (0.8)
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hort, tended to be younger, with a shorter dura-
tion of diabetes; lower LDL cholesterol level, sys-
tolic blood pressure, urinary albumin:creatinine 
ratio, and rate of previous cardiovascular events; 
slightly better visual acuity; and a higher likeli-
hood of being white.

The baseline characteristics of the 2856 par-
ticipants with follow-up data in the ACCORD Eye 
study are presented, according to treatment group, 
in Table 1. Inclusion in the ACCORD Lipid study 
required an HDL cholesterol level of less than 55 
mg per deciliter (1.4 mmol per liter) for women 
and blacks and less than 50 mg per deciliter 
(1.3 mmol per liter) for all others; this resulted 
in lower HDL cholesterol levels in these partici-
pants as compared with the remaining ACCORD 
participants.23

Progression of Diabetic Retinopathy

A total of 253 patients had end-point events at  
4 years. Of these patients, 31 had laser photoco-
agulation only, 10 had vitrectomy only, 175 had a 
three-step progression on the ETDRS scale only, 
1 had a three-step progression and vitrectomy,  
5 had laser photocoagulation and vitrectomy, 28 
had a three-step progression and laser photoco-
agulation, and 3 had a three-step progression, la-
ser photocoagulation, and vitrectomy.

Intensive versus Standard Glycemia Therapy

Among the 2856 participants enrolled into the 
ACCORD Eye study, the baseline median glycated 

hemoglobin level was 8.0%. At 1 year, median 
levels were 6.4% among participants receiving in-
tensive glycemia therapy, as compared with 7.5% 
among participants receiving standard therapy 
(P<0.001). A significant difference between groups 
was maintained throughout the follow-up period 
(see Section 6 in the Supplementary Appendix). 
After 4 years of follow-up, progression of diabetic 
retinopathy was seen in 7.3% of participants (104 
of 1429) in the intensive glycemic control group, 
as compared with 10.4% of participants (149 of 
1427) in the standard glycemic therapy group 
(adjusted odds ratio, 0.67; 95% confidence inter-
val [CI], 0.51 to 0.87; P = 0.003) (Table 2). The 
rates of moderate vision loss were 16.3% (266 of 
1629 patients) and 16.7% (273 of 1634) among pa-
tients receiving intensive and standard glycemia 
therapy, respectively (adjusted hazard ratio, 0.95; 
95% CI, 0.80 to 1.13; P = 0.56) (Table 2).

Fenofibrate versus Placebo

A total of 1593 ACCORD Eye study participants 
were also enrolled in the ACCORD Lipid study. The 
baseline median HDL cholesterol level of 38 mg 
per deciliter (0.98 mmol per liter) increased slight
ly, to a median of 40 mg per deciliter (1.03 mmol 
per liter), in the fenofibrate group, whereas the 
increased median level in the placebo group was 
39 mg per deciliter (1.01 mmol per liter) in the 
placebo group at 1 year (P = 0.002) (see Section 6 
in the Supplementary Appendix). The median 
baseline LDL cholesterol level of 93 mg per deci-

Table 2. Effects of Intensive Glycemic Control, Fenofibrate, and Intensive Blood-Pressure Control on Progression  
of Diabetic Retinopathy and Moderate Vision Loss.*

Treatment

Progression  
of Diabetic  
Retinopathy

Adjusted Odds 
Ratio (95% CI) P Value

Moderate Vision 
Loss

Adjusted Hazard 
Ratio (95% CI) P Value

no./total no. (%) no./total no. (%)

Glycemia therapy 0.67 (0.51–0.87) 0.003 0.95 (0.80–1.13) 0.56

Intensive 104/1429 (7.3) 266/1629 (16.3)

Standard 149/1427 (10.4) 273/1634 (16.7)

Dyslipidemia therapy† 0.60 (0.42–0.87) 0.006 1.04 (0.83–1.32) 0.73

With fenofibrate 52/806 (6.5) 145/908 (16.0)

With placebo 80/787 (10.2) 136/893 (15.2)

Antihypertensive therapy 1.23 (0.84–1.79) 0.29 1.27 (0.99–1.62) 0.06

Intensive 67/647 (10.4) 145/749 (19.4)

Standard 54/616 (8.8) 113/713 (15.8)

*	Moderate vision loss was defined as loss of visual acuity by three or more lines in either eye.
†	Dyslipidemia therapy consisted of simvastatin plus either fenofibrate or placebo.
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liter (2.4 mmol per liter) fell continually during 
the trial, as the doses of simvastatin were in-
creased twice20; the levels were about 78 mg per 
deciliter (2.0 mmol per liter) in both groups at  
4 years (P = 0.68). The median baseline triglyceride 

level of 162 mg per deciliter (1.83 mmol per liter) 
was decreased to 120 mg per deciliter (1.4 mmol 
per liter) in the fenofibrate group, as compared 
with 147 mg per deciliter (1.7 mmol per liter) in 
the placebo group at 1 year (P<0.001) (see Section 
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Figure 1. Subgroup Effects in the ACCORD Glycemia Trial.

The estimated odds ratios for progression of diabetic retinopathy are indicated as squares (with the area propor-
tional to the sample size). The vertical dashed line is the overall treatment effect. Data were missing for some pa-
tients in some subgroups. The comparison between the subgroup enrolled in the ACCORD Lipid trial and the sub-
group enrolled in the ACCORD Blood-Pressure trial was not specified within the protocol. Race was self-reported. 
The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. A logarithmic 
scale is used on the x axis.
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6 in the Supplementary Appendix). The rate of 
progression of diabetic retinopathy at 4 years 
was 6.5% (52 of 806 participants) in the fenofi-
brate group and 10.2% (80 of 787 participants) in 
the placebo group (adjusted odds ratio, 0.60; 95% 
CI, 0.42 to 0.87; P = 0.006) (Table 2). The rates of 
moderate vision loss were 16.0% (145 of 908 par-
ticipants) and 15.2% (136 of 893 participants) in 
the fenofibrate and placebo groups, respectively 
(adjusted hazard ratio, 1.04; 95% CI, 0.83 to 1.32; 
P = 0.73) (Table 2).

Intensive versus Standard Blood-Pressure 
Control

A total of 1263 ACCORD Eye study participants 
were also enrolled in the ACCORD Blood Pressure 
study. The baseline median systolic blood pressure 
was 137 mm Hg. At 1 year, the median systolic 
blood pressure was 117 mm Hg in the intensive-
therapy group and 133 mm Hg in the standard-
therapy group (see Section 6 in the Supplementary 
Appendix); these levels, and the difference between 
them, were stable throughout the remainder of 
the trial. The rates of progression of diabetic retin-
opathy were 10.4% (67 of 647 participants) in the 
group undergoing intensive blood-pressure con-
trol and 8.8% (54 of 616 participants) in the 
group undergoing standard blood-pressure con-
trol (adjusted odds ratio, 1.23; 95% CI, 0.84 to 1.79; 
P = 0.29) (Table 2). The rates of moderate vision 
loss were 19.4% (145 of 749 participants) and 15.8% 
(113 of 713 participants) in the intensive-therapy 
group and the standard-therapy group, respectively 
(adjusted hazard ratio, 1.27; 95% CI, 0.99 to 1.62; 
P = 0.06) (Table 2).

Subgroup Analyses

We found no significant interactions between treat-
ment effect and any of the prespecified charac-
teristics in subgroup analyses, with the exception 
of baseline LDL cholesterol (nominal P = 0.04) and 
baseline retinopathy (nominal P = 0.03) in the lipid 
trial (Fig. 1, 2, and 3). After any adjustment for 
multiple comparisons, these would not remain sig-
nificant; the power of our study to detect such 
interactions is limited.

Sensitivity Analyses

The exclusion of unverified events from analyses 
regarding the primary outcome did not qualita-
tively change the results (data not shown). There 
was no evidence for significantly different rates of 
missing data between the two treatment groups 

in the glycemia, lipid, and blood-pressure studies, 
either in unadjusted analyses (P = 0.55, P = 0.25, 
and P = 0.53, respectively) or adjusted analyses 
(P = 0.49, P = 0.23, and P = 0.48) (see Section 7 in 
the Supplementary Appendix). The findings from 
the imputation analyses supported those from the 
analyses based on patients with complete data 
(see Section 7 in the Supplementary Appendix).

Discussion

The ACCORD trial consisted of three randomized 
comparisons evaluating the effect of intensive gly-
cemia therapy versus standard glycemia therapy, 
simvastatin plus fenofibrate versus simvastatin 
plus placebo for lipid control, and intensive anti-
hypertensive therapy versus standard antihyper-
tensive therapy on cardiovascular events. Our 
ACCORD Eye study evaluated the effect of these 
same three comparisons on the progression of 
diabetic retinopathy.

Intensive glycemia therapy significantly reduced 
the risk of progression of diabetic retinopathy, 
defined as an increase of three or more steps on 
the ETDRS Severity Scale for Persons or the per-
formance of laser photocoagulation or vitrecto-
my for diabetic retinopathy at 4 years (7.3% vs. 
10.4% with standard therapy, P = 0.003). Two re-
cent, smaller trials in similar patients reported 
nonsignificant results in the direction of a ben-
efit with glycemic control.24-26 Similar to previ-
ous studies, our study did not show that inten-

Figure 2 (facing page). Subgroup Effects in the  
ACCORD Lipid Trial.

The estimated odds ratios for progression of diabetic 
retinopathy are indicated as squares (with the area pro-
portional to the sample size). The vertical dashed line 
is the overall treatment effect. Data were missing for 
some patients in some subgroups. Two comparisons 
were not specified within the protocol: the comparison 
between the subgroup with triglyceride levels of 204 mg 
per deciliter (2.3 mmol per liter) or higher and high-
density lipoprotein (HDL) cholesterol levels of 34 mg 
per deciliter (0.9 mmol per liter) or less and the sub-
group with lower triglyceride levels or higher HDL cho-
lesterol levels, and the comparison between the sub-
group with some retinopathy and the subgroup with 
none. Race was self-reported. The body-mass index 
(BMI) is the weight in kilograms divided by the square 
of the height in meters. To convert values for cholester-
ol to millimoles per liter, multiply by 0.02586. To con-
vert values for triglycerides to millimoles per liter, mul-
tiply by 0.01129. LDL denotes low-density lipoprotein.  
A logarithmic scale is used on the x axis.
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sive glycemic control reduces the risk of moderate 
vision loss. As reported elsewhere, however, there 
was a significant reduction in the rate of moder-
ate vision loss in the entire ACCORD population 
with intensive glycemia treatment (19.1%, vs. 
20.7% with standard therapy; hazard ratio, 0.91; 
95% CI, 0.83 to 1.00; P = 0.047).27

As in other studies, the ACCORD trial19 showed 

a significantly increased risk of having a hypo-
glycemic event that necessitated either any as-
sistance or medical assistance in the group re-
ceiving intensive glycemia therapy (targeting 
glycated hemoglobin levels <6.0%) as compared 
with the group receiving standard therapy (tar-
geting glycated hemoglobin levels of 7.0 to 7.9%) 
(10.5% vs. 3.5%, P = 0.001). The intensive-therapy 
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strategy was also associated with an increased 
rate of death from any cause after a mean of 3.5 
years of follow-up, as compared with the standard 
strategy (5.0% vs. 4.0%). The glycemia trial was 
thus stopped early, potentially underestimating 

the reported effect of glycemia treatment on dia-
betic retinopathy.

We also found a beneficial effect of fenofibrate 
therapy on the progression of diabetic retinopa-
thy at 4 years in participants with type 2 diabetes 
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Figure 3. Subgroup Effects in the ACCORD Blood-Pressure Trial.

The estimated odds ratios for progression of diabetic retinopathy are indicated as squares (with the area propor-
tional to the sample size). The vertical dashed line is the overall treatment effect. Data were missing for some pa-
tients in some subgroups. The last four comparisons shown in the figure were not specified in the protocol. Race 
was self-reported. The body-mass index (BMI) is the weight in kilograms divided by the square of the height in me-
ters. A logarithmic scale is used on the x axis.
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who were also receiving simvastatin (6.5%, vs. 
10.2% with placebo; P = 0.006). The FIELD study,15 
a randomized trial of monotherapy with fenofi-
brate (200 mg per day), showed a significant re-
duction in the need for laser therapy for either 
macular edema or proliferative retinopathy in the 
fenofibrate group as compared with the placebo 
group (3.4% vs. 4.9%, P<0.001). Our results pro-
vide further evidence that fenofibrate slows the 
progression of diabetic retinopathy.

We did not demonstrate a significant effect of 
intensive versus standard blood-pressure control 
on the progression of diabetic retinopathy at  
4 years (10.4% vs. 8.8%, P = 0.29), nor was there 
a significant effect in any of the prespecified sub-
groups (Fig. 3). In contrast, the United Kingdom 
Prospective Diabetes Study (ISRCTN75451837),6 
a nested trial of antihypertensive medications, 
showed that intensive blood pressure control (tar-
geting a systolic blood pressure <150 mm Hg, vs. 
<180 mm Hg with standard control) achieved a 
significant reduction in the progression of dia-
betic retinopathy (34.0% vs. 51.3%, P = 0.004) and 
a significant reduction in moderate vision loss 
(10.2% vs. 19.4%, P = 0.004) after 7.5 years. The 
Action in Diabetes and Vascular Disease: Preterax 
and Diamicron Modified Release Controlled Eval-
uation (ADVANCE) study (NCT00145925)24,25 also 
did not show a beneficial effect of intensive blood 
pressure control on progression of diabetic retin-
opathy. However, the difference in systolic blood 
pressure between the treatment groups was only 
5.6 mm Hg, which may account for the lack of 
benefit seen in the ADVANCE trial.

One limitation of our study is the collection of 
data on retinopathy outcomes from fundus photo-
graphs at only two time points. Another limita-
tion is the sizable proportion of the original 
ACCORD Eye study population whose retinopa-
thy status could not be assessed at 4 years. As 
compared with those whose retinopathy status 
could be assessed, these subjects were more 
likely at baseline to have elevated LDL levels, 
higher urinary albumin:creatinine ratios, and low-
er visual acuity scores. However, there was no 
evidence of significant differences regarding the 
amount of missing data, and the results of sen-
sitivity analyses supported those of the primary 
analyses.

In summary, our study provides evidence that 
the beneficial effect of intensive glycemia thera-

py on retinopathy progression, previously shown 
in participants with type 1 diabetes2,3 and those 
with type 2 diabetes that was newly diagnosed5 
or not yet accompanied by hypertension, lipid ab-
normalities, or established cardiovascular disease,4 
applies also to patients with type 2 diabetes like 
those enrolled in the ACCORD trial, who were 
older and at greater cardiovascular risk. We also 
demonstrated that fenofibrate, when added to 
statin therapy, slows the progression of diabetic 
retinopathy in patients with type 2 diabetes. We 
did not find a significant difference in the pro-
gression of diabetic retinopathy between patients 
receiving standard antihypertensive therapy and 
those receiving intensive antihypertensive thera-
py according to our treatment protocols.
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clinical trial registration

The Journal requires investigators to register their clinical trials  
in a public trials registry. The members of the International Committee  

of Medical Journal Editors (ICMJE) will consider most clinical trials for publication  
only if they have been registered (see N Engl J Med 2004;351:1250-1).  

Current information on requirements and appropriate registries  
is available at www.icmje.org/faq.pdf.
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