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Abstract

BACKGROUND—We investigated whether intensive glycemic control, combination therapy for
dyslipidemia, and intensive blood-pressure control would limit the progression of diabetic
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%, respectively) 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 higher
number of steps indicating greater severity) or the development of diabetic retinopathy
necessitating laser photocoagulation or vitrectomy.

RESULTS—AU 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 intensive 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% ClI, 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.)

Address reprint requests to Dr. Chew at the National Institutes of Health, Bldg. 10, Clinical Research Center, Rm. 3-2531, 10 Center
Dr., Mail Stop Center 1204, Bethesda, MD 20892, or at echew@nei.nih.gov.

Members of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Study Group are listed in Section 1 of the
Supplementary Appendix (available with the full text of this article at NEJM.org), and members of the ACCORD Eye Study Group
are listed in Section 2 of the Supplementary Appendix.

Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.
No other potential conflict of interest relevant to this article was reported.
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Diabetic retinopathy, an important microvascular complication of diabetes, is a leading
cause of blindness in the United States.! 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 control-® and intensive treatment of elevated blood pressure®
on the progression of diabetic retinopathy. Elevated serum cholesterol and triglyceride levels
have been implicated, in observational studies and small trials, as additional risk factors for
the development of diabetic retinopathy and visual loss.”-14 The Fenofibrate Intervention
and Event Lowering in Diabetes (FIELD) study (Current Controlled Trials number,
ISRCTNG64783481) 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.1®

The Action to Control Cardiovascular Risk in Diabetes (ACCORD) study was a
randomized, controlled 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 cardiovascular disease
or known cardiovascular risk factors. Through the ACCORD trial, we had the opportunity to
evaluate the effects of these medical strategies on the progression of diabetic retinopathy in
a subgroup of trial participants (the ACCORD Eye study).

METHODS
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 investigators are listed in Section 1
in the Supplementary 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 participate in the study design or conduct, data accrual
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 undergo 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 dyslipidemia 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 lipoprotein [HDL] cholesterol levels) or
matching placebo. The remaining 4733 participants were randomly 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
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cardiovascular causes. Members of the ACCORD data and safety monitoring board are
listed in the Appendix, investigators participating in the ACCORD trial are listed in Section
1 in the Supplementary Appendix, 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 diabetic retinopathy that had been
treated with laser photocoagulation or vitrectomy were excluded. Investigators participating
in the ACCORD Eye study are listed in Section 2 in the Supplementary Appendix, and
details of the study design are provided in the ACCORD protocol. The writing group attests
to the fidelity of the report to the protocol.

The ACCORD Eye study consisted of two comprehensive, standardized eye examinations
conducted by a study ophthalmologist or optometrist, along with fundus photography of
seven standard stereoscopic fields, at baseline and year 4 of follow-up. The fundus
photographs were evaluated by trained graders, who were unaware of the treatment
assignments, at the Fundus Photograph Reading Center (University of Wisconsin, Madison),
on the basis of the photographic standards defined for the Early Treatment Diabetic
Retinopathy Study (ETDRS) and graded according to an abbreviated and modified version
of the ETDRS Final Retinopathy Severity Scale for Persons, which combines the severity
levels from both eyes for each person.1® 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 Supplementary Appendix. Information collected at the annual
visits in the main ACCORD trial was also used to determine whether retinal laser
photocoagulation or vitrectomy had been performed to treat diabetic retinopathy during the
previous year. Details of the ACCORD Eye study design are provided in the ACCORD Eye
protocol. Visual acuity, measured every 2 years in all ACCORD participants, was examined
for treatment effects on moderate vision loss, which was defined as worsening, 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
progression 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 primary aim was to determine whether any of the three interventions
evaluated in the ACCORD trial (intensive glycemic therapy, the addition of fenofibrate to a
statin, and intensive blood-pressure therapy) reduced the risk of development or progression
of diabetic retinopathy, as compared with the respective standard treatments.

STATISTICAL ANALYSIS

For the outcome of the rate of progression of diabetic retinopathy, we set a recruitment goal
for the ACCORD Eye study to achieve a statistical power of 88% to detect a 15% relative
reduction with intensive glycemic control as compared with standard glycemic control; a
statistical power of 91% to detect a 20% relative reduction with lipid control with a statin
and fenofibrate as compared with lipid control with a statin alone; and a statistical power of
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80% to detect a 20% relative reduction 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 increased to 4065 participants. Details of the sample-size calculations
have been described previously.1’

Comparisons of achieved levels of glycated hemoglobin, 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 retinopathy over
the 4 years (the results of the eye examinations 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 therapy and intensive
blood-pressure therapy and for trial (ACCORD Lipid or ACCORD Blood Pressure). The
lipid and blood-pressure models were adjusted for glycemia treatment. Cox proportional-
hazards models were used to test for differences between treatment groups in visual acuity.

We performed 28 protocol-specified comparisons of subgroups defined on the basis of
cutoff points that had been either previously chosen,1’ used in the main ACCORD
Glycemia, ACCORD Lipid, and ACCORD Blood-Pressure studies,1°-21 or chosen to divide
each main group into two nearly equal subgroups. Additional, post hoc comparisons 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
triglyceride and low HDL cholesterol levels and patients with lower triglyceride levels or
higher HDL cholesterol levels (in the lipid trial), between patients with some degree of
retinopathy and those without 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-pressure trial). Tests of interaction of baseline
characteristics and other variables with treatment effect were performed by adding the
subgroup and the interaction term to the primary models and applying 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
photographic evidence or clinical examination. To examine the effect of missing data on our
conclusions, we conducted unadjusted analyses and adjusted analyses (using the primary
models) of the proportions of patients with missing data in each treatment group. Sensitivity
analyses involved the use of a logistic-regression method for multiple imputation,?? 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.
Imputations were done twice for each comparison: the first, separately in each treatment
group, and the second, in the combined treatment groups.

N Engl J Med. Author manuscript; available in PMC 2014 May 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

and

RESULTS

Page 5

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 Section 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 cohort with follow-up data, the ACCORD
Eye study cohort without follow-up data, and the remainder of the overall ACCORD cohort
are shown in Section 5 in the Supplementary Appendix. Participants in the ACCORD Eye
study with follow-up data, as compared with the remainder of the ACCORD cohort, tended
to be younger, with a shorter duration of diabetes; lower LDL cholesterol level, systolic
blood pressure, urinary albumin:creatinine ratio, and rate of previous cardiovascular events;
slightly better visual acuity; and a higher likelihood of being white.

The baseline characteristics of the 2856 participants 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 participants 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
photocoagulation 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
photocoagulation, and 3 had a three-step progression, laser 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 intensive 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 interval [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
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patients receiving intensive and standard glycemia therapy, respectively (adjusted hazard
ratio, 0.95; 95% ClI, 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 slightly, 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
deciliter (2.4 mmol per liter) fell continually during the trial, as the doses of simvastatin
were increased twice?; 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 6 in the Supplementary Appendix). The rate
of progression of diabetic retinopathy at 4 years was 6.5% (52 of 806 participants) in the
fenofibrate group and 10.2% (80 of 787 participants) in the placebo group (adjusted odds
ratio, 0.60; 95% ClI, 0.42 to 0.87; P = 0.006) (Table 2). The rates of moderate vision loss
were 16.0% (145 of 908 participants) and 15.2% (136 of 893 participants) in the fenofibrate
and placebo groups, respectively (adjusted hazard ratio, 1.04; 95% CI, 0.83t0 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 retinopathy were 10.4% (67 of 647 participants) in the
group undergoing intensive blood-pressure control and 8.8% (54 of 616 participants) in the
group undergoing standard blood-pressure control (adjusted odds ratio, 1.23; 95% Cl, 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% ClI, 0.99to 1.62; P =
0.06) (Table 2).

SUBGROUP ANALYSES

We found no significant interactions between treatment effect and any of the prespecified
characteristics 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 significant;
the power of our study to detect such interactions is limited.

N Engl J Med. Author manuscript; available in PMC 2014 May 19.
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SENSITIVITY ANALYSES

The exclusion of unverified events from analyses regarding the primary outcome did not
qualitatively 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 glycemia therapy versus standard glycemia therapy, simvastatin plus fenofibrate
versus simvastatin plus placebo for lipid control, and intensive anti-hypertensive therapy
versus standard antihypertensive 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 performance of laser photocoagulation or vitrectomy for diabetic retinopathy
at 4 years (7.3% vs. 10.4% with standard therapy, P = 0.003). Two recent, smaller trials in
similar patients reported nonsignificant results in the direction of a benefit with glycemic
control.24-26 Similar to previous studies, our study did not show that intensive glycemic
control reduces the risk of moderate vision loss. As reported elsewhere, however, there was
a significant reduction in the rate of moderate vision loss in the entire ACCORD population
with intensive glycemia treatment (19.1%, vs. 20.7% with standard therapy; hazard ratio,
0.91; 95% ClI, 0.83 to 1.00; P = 0.047).27

As in other studies, the ACCORD triall® showed a significantly increased risk of having a
hypoglycemic event that necessitated either any assistance or medical assistance in the
group receiving intensive glycemia therapy (targeting glycated hemoglobin levels <6.0%) as
compared with the group receiving standard therapy (targeting glycated hemoglobin levels
of 7.0 to 7.9%) (10.5% vs. 3.5%, P = 0.001). The intensive-therapy 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
diabetic retinopathy.

We also found a beneficial effect of fenofibrate therapy on the progression of diabetic
retinopathy at 4 years in participants with type 2 diabetes who were also receiving
simvastatin (6.5%, vs. 10.2% with placebo; P = 0.006). The FIELD study,!® a randomized
trial of monotherapy with fenofibrate (200 mg per day), showed a significant reduction in
the need for laser therapy for either macular edema or proliferative retinopathy in the
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fenofibrate group as compared with the placebo group (3.4% vs. 4.9%, P<0.001). Our results
provide 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 subgroups (Fig. 3). In contrast, the
United Kingdom Prospective Diabetes Study (ISRCTN75451837),6 a nested trial of
antihypertensive medications, showed that intensive blood pressure control (targeting a
systolic blood pressure <150 mm Hg, vs. <180 mm Hg with standard control) achieved a
significant reduction in the progression of diabetic 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 Evaluation (ADVANCE) study (NCT00145925)24 25 also did not show a
beneficial effect of intensive blood pressure control on progression of diabetic retinopathy.
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
photographs at only two time points. Another limitation is the sizable proportion of the
original ACCORD Eye study population whose retinopathy 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 lower visual acuity scores. However, there was no evidence of significant
differences regarding the amount of missing data, and the results of sensitivity analyses
supported those of the primary analyses.

In summary, our study provides evidence that the beneficial effect of intensive glycemia
therapy on retinopathy progression, previously shown in participants with type 1 diabetes?,3
and those with type 2 diabetes that was newly diagnosed® or not yet accompanied by
hypertension, lipid abnormalities, or established cardiovascular disease,* 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 progression of diabetic retinopathy between
patients receiving standard antihypertensive therapy and those receiving intensive
antihypertensive therapy according to our treatment protocols.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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P Value for
Subgroup Intensive Therapy Standard Therapy 0Odds Ratio (95% Cl) Interaction
no. with retinopathy progression/total no. (%)
Overall 104/1429 (7.3) 149/1427 (10.4) —.—
Baseline glycated hemoglobin 093
<8.0% 37/726 (5.1) 52/714 (7.3) —
>8.0% 67/701 (9.6) 97/712 (13.6) e
Lipid therapy 046
Fenofibrate 21/400 (5.2) 31/406 (7.6) —_—
Placebo 29/406 (7.1) 51/381 (13.4) —
Blood-pressure therapy 087
Intensive 29/315 (9.2) 38/332 (11.4) ———
Standard 25/308 (8.1) 29/308 (9.4) —_—
Sex 091
Female 38/538 (7.1) 55/552 (10.0) —
Male 66/891 (7.4) 94/875 (10.7) —a
History of cardiovascular disease 012
No 60/977 (6.1) 101/984 (10.3) e
Yes 44/452 (9.7) 48/443 (10.8) —
Race 014
Nonwhite 347427 (8.0) 62/433 (14.3) e
White 70/1002 (7.0) 87/994 (8.8) ——
Duration of diabetes ! 021
=10yr 61/634 (9.6) 78/663 (11.8) —
<10yr 43/784 (5.5) 707753 (9.3) —
Age 0.12
265 yr 34/414 (8.2) 35/407 (8.6) e
<65 yr 70/1015 (6.9) 114/1020 (11.2) om
Smoking status 031
Nonsmoker 49/581 (8.4) 63/607 (10.4) e
Previous or current smoker 55/848 (6.5) 86/819 (10.5) ——
BMI 1.00
<30 42/518 (8.1) 59/503 (11.7) —
=30 62/911 (6.8) 90/924 (9.7) —a—
ACCORD Trial 017
Lipid 50/306 (6.2) 82/787 (10.4) —
Blood pressure 54/623 (8.7) 67/640 (10.5) —_——
Retinopathy at baseline 030
Some 62/745 (8.3) 97/739 (13.1) -
None 41/683 (6.0) 51/687 (7.4) e
| S — —]
025 050 1.00 2.00
Intensive Standard
Therapy Therapy
Better Better

Figure 1. Subgroup Effectsin the ACCORD Glycemia Trial
The estimated odds ratios for progression of diabetic retinopathy are indicated as squares

(with the area proportional to the sample size). The vertical dashed line is the overall
treatment effect. Data were missing for some patients in some subgroups. The comparison
between the subgroup enrolled in the ACCORD Lipid trial and the subgroup 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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P Value for
Subgroup Fenofibrate Placebo Odds Ratio (95% Cl) Interaction
no. with retinopathy progression/total no. (%)
Overall 52/806 (6.5) 80/787 (10.2) .
LDL cholesterol ! 004
14-84 mg/dl 23315 (73) 19/303 (6.3) —fe—
85-111 mg/d 12/268 (4.5) 29/257 (11.3) —
>112 mg/dl 16/220 (7.3) 32/225 (14.2) e
HDL cholesterol : 0389
5-34 mg/dl 16/251 (6.4) 23/247 (9.3) et
35-40 mg/d 16/262 (6.1) 25/240 (10.4) ——
=41 mg/d| 19/290 (6.6) 32/298 (10.7) —
Triglycerides : 010
17-128 mg/dI 18/252 (7.1) 29/256 (11.3) ——
129-203 mg/di 9/277 (3.2) 27/281 (9.6) —t
2204 mg/dl 24/274 (8.8) 24/248 9.7) ——e—
Triglyceride level 2204 mg/dl and H 0.07
HDL cholesterol level <34 mg/d| H
Yes 10/119 (8.4) 7/116 (6.0) R
No 41/684 (6.0) 73/669 (10.9) —.—
Sex 011
Female 21/247 (8.5) 24/254 (9.4) ———
Male 31/559 (5.5) 56/533 (10.5) e
History of cardiovascular disease H 038
No 31/543 (5.7) 54/532 (10.2) .
Yes 21/263 (8.0) 26/255 (10.2) ——
Race 052
Nonwhite 16/222 (7.2) 31/234 (13.2) —
White 36/584 (6.2) 49/553 (8.9) S
Duration of diabetes } 0.40
=10yr 28/358 (7.8) 47/353 (13.3) e
<10yr 247442 (5.4) 33/427 (7.7) ——
Age i 047
265 yr 11/250 (4.4) 19/220 (8.6) ——
<65 yr 41/556 (7.4) 61/567 (10.8) e
Smoking status ! 0385
Nonsmoker 21/313 (67) 35/333 (10.5) —
Previous or current smoker 31/492 (6.3) 45/454 (9.9) ——
BMI 043
<30 20/296 (6.8) 24/267 (9.0) —
=30 32/510 (6.3) 56/520 (10.8) ———
Glycemia therapy H 0.46
Intensive 217400 (5.2) 29/406 (7.1) ——t
Standard 317406 (7.6) 51/381 (13.4) —i—
Retinopathy at baseline ; 0.03
Some 27/405 (6.7) 56/412 (13.6) —_—
None 25/401 (6.2) 24/375 (6.4) [ —
————T—
010 025 0.50 1.00 2.00 4.00
Fenofibrate Placebo
Better Better

Figure 2. Subgroup Effectsin the ACCORD Lipid Trial
The estimated odds ratios for progression of diabetic retinopathy are indicated as squares

(with the area proportional 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 subgroup with lower triglyceride levels or higher HDL cholesterol levels, and the
comparison between the subgroup 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 cholesterol to millimoles per liter,
multiply by 0.02586. To convert values for triglycerides to millimoles per liter, multiply by
0.01129. LDL denotes low-density lipoprotein. A logarithmic scale is used on the x axis.
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Subgroup Intensive Therapy

Overall
Sex
Female
Male
History of cardiovascular disease
No
Yes
Race
Nonwhite
White
Duration of diabetes
=10y
<10yr
Age
265 yr
<65yr
Smoking status
Nonsmoker
Previous or current smoker
BMI
<30
=30
Glycemia therapy
Intensive
Standard
Retinopathy at baseline
Some
None
Systolic blood pressure
<133 mm Hg
133-144 mm Hg
>144 mm Hg
Diastolic blood pressure
<72 mm Hg
72-80 mm Hg
>80 mm Hg
No. of blood-pressure medications
0-1
23

Standard Therapy

no. of participants (%)

67/647 (10.4)

26/310 (8.4)
41/337 (12.2)

46/467 (9.9)
21/180 (11.7)

28/203 (13.8)
39/444 (8.8)

33/292 (11.3)
33/350 (9.4)

20/169 (11.8)
47/478 (9.8)

32/279 (11.5)
35/368 (9.5)

33/227 (14.5)
34/420 (8.1)

29/315 (9.2)
38/332 (11.4)

42/331 (12.7)
23/314 (7.3)

30/254 (11.8)
19/188 (10.1)
18/205 (8.8)

26/225 (11.6)
19/203 (9.4)
22/219 (10.0)

36/333 (10.8)
31/314 (9.9)

54/616 (8.8)

22/279 (7.9)
32/337 (9.5)

30/419 (7.2)
24197 (12.2)

21/201 (10.4)
33/415 (8.0)

31/294 (10.5)
23/318 (7.2)

19/182 (10.4)
35/434 (8.1)

24/263 (9.1)
30/353 (8.5)

24/231 (10.4)
30/385 (7.8)

25/308 (8.1)
29/308 (9.4)

34/336 (10.1)
20/280 (7.1)

15/205 (7.3)
18/209 (8.6)
21/202 (10.4)

17/187 (9.1)
19/215 (8.8)
18/214 (8.4)

22312 (7.1)
32/304 (10.5)

Odds Ratio (95% CI)

NANANNEANAANARANAN]

05 10

Intensive
Therapy
Better

Standard
Therapy
Better

P Value for
Interaction
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Figure 3. Subgroup Effectsin the ACCORD Blood-Pressure Trial
The estimated odds ratios for progression of diabetic retinopathy are indicated as squares

(with the area proportional to the sample size). The vertical dashed line is the overall
treatment effect. Data were missing for some patients 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 meters. A logarithmic scale is used on the x axis.
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