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Abstract

Design—ACCORD is a parallel group, randomized trial designed to investigate whether
intensive glycemic therapy with a target HbA1c of <6.0% versus standard therapy with a target of
7.0 to 7.9% reduces cardiovascular disease (CVD) morbidity, mortality, and microvascular
complications in participants with type 2 diabetes.

Methods—Volunteers with established type 2 diabetes, HbAlc levels = 7.5% and CVD or two or
more CVD risk factors were recruited at 77 clinical sites across the U.S. and Canada. Instructional
materials, behavioral counseling, glucose-lowering medications and self-monitoring supplies were
provided by the study. Therapeutic regimens were individualized on the basis of randomized
assignment and response to therapy. This investigation examines the effect of treatment to
glycemic goals on occurrence of microvascular diabetes complications. Prespecified composite
outcomes were: 1) dialysis or renal transplantation, or serum creatinine >291.7 micromol/L, or
retinal photocoagulation or vitrectomy, and 2) these plus peripheral neuropathy. Thirteen
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prespecified secondary measures of kidney, eye, and peripheral nerve function were also
evaluated. Randomization was performed at clinical sites using a central randomization routine
available on the study website. Both investigators and participants were unmasked to treatment
arm assignment.

Results—A total of 10,251 participants were randomized (5,128 intensive and 5,123 standard)
between January, 2001 and October, 2005. This analysis includes 10,234 patients (5,107 intensive
and 5,108 standard). Intensive therapy was stopped before study end due to increased mortality,
and patients were transitioned to standard therapy. Outcomes are reported at transition and at study
end. At transition, the first composite outcome occurred in 443/5107 and 444/5108 participants in
the intensive and standard arms, respectively (p= 0.99), and the second outcome in 1591/5107 and
1659/5108 participants in intensive and standard arms (p=0.20). Results were similar at study end.
Secondary measures at study end favoring intensive therapy (p<0.05) included development of
macroalbuminuria, cataract extraction, visual acuity, a score of >2.0 on the Michigan Neuropathy
Screening Instrument, loss of ankle jerk and light touch.

Conclusions—Intensive glycemic treatment did not reduce the risk of advanced measures of
microvascular outcomes, but delayed the onset of macroalbuminuria and some measures of eye
complications and neuropathy. These benefits must be weighed against the increase in total and
CVD-related mortality, increased weight gain, and higher risk for severe hypoglycemia.

Introduction

Epidemiologic studies in type 2 diabetes have shown that higher glucose levels, as
determined by HbA1c, are associated with increased risk of diabetic retinopathy,
nephropathy, and neuropathy.1-8 Several clinical trials aimed at reducing HbA1c have
shown that intensive glycemic control in patients with type 2 diabetes is associated with a
reduction in these ‘microvascular’ complications (mostly albuminuria).”-10 The glycemia
portion of the Action to Control Cardiovascular Disease in Diabetes (ACCORD) trial was
designed to study the effects of an intensive versus a standard treatment strategy for
hyperglycemia on cardiovascular (CV) events in a large population of individuals with type
2 diabetes.!! In addition to the primary composite CV endpoint, ACCORD included
predefined secondary endpoints to assess the impact of intensive therapy of glycemia on
incidence and progression of retinopathy, nephropathy, and neuropathy.

ACCORD targeted near-normal levels of glycemia in a population with long duration type 2
diabetes (average ~10 years) and established cardiovascular disease or high cardiovascular
risk. The intensive strategy aimed to reduce HbAlc values to below 6.0%, while the
standard strategy sought to keep HbA1c values between 7.0% and 7.9%, with an average of
7.5%.12 As previously reported!3 the HbAlc achieved in the intensive strategy was much
lower than that achieved in UKPDS’ and VADT,13 and similar to that in the ADVANCE
trial® which studied a population with shorter duration of diabetes. Likewise, the HbA1c in
the standard treatment group was lower than that achieved in UKPDS and VADT, and
similar to that in ADVANCE. For participants with surveillance for one or more
microvascular outcomes, the intensive glycemia treatment strategy was stopped in February
of 2008 after 3.7 (median) years of follow-up due to an increase of all-cause mortality.4
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However, participants continued in the trial using the standard glycemia treatment strategy
for the remainder of the planned 5.0 (median) years of follow-up ending June, 2009.

We report here the results of the predefined secondary microvascular outcomes both at the
time of transition of participants in the intensive strategy to standard strategy and at the end
of the full duration of the ACCORD ftrial. The effect of the glycemia treatment strategies on
diabetic retinopathy assessed by fundus photography in a subset of participants is the
protocol-defined main microvascular endpoint in ACCORD, and will be published
separately.

Volunteers with established diagnosis of type 2 diabetes mellitus; HbAlc level of 7.5% or
more; age between 40 and 79 years with history of cardiovascular disease or age between 55
and 79 years with anatomical evidence of significant atherosclerosis, albuminuria, left
ventricular hypertrophy, or at least two risk factors for cardiovascular disease (dyslipidemia,
hypertension, current status as a smoker, or obesity) were recruited. Key exclusion criteria
included frequent or recent serious hypoglycemic events, unwillingness to do home glucose
monitoring or inject insulin, body-mass index of more than 45 kg/m2, serum creatinine
>132.6 micromol/L, or other serious illness. Participants were recruited at 77 clinical centers
(aggregated within seven networks) across the United States and Canada. Ethics committees
approved the protocol and the written informed consent forms.

ACCORD is a double 2x2 factorial, parallel designed trial with all randomized participants
assigned to one of two glycemia treatments, approximately 42% allocated to one of two
blood pressure interventions, and the remaining 58% allocated to either fenofibrate or
placebo as part of a lipid intervention (Figure 1). 10,251 were assigned to the intensive
glycemia arm targeting a HbAlc of <6.0% or to the standard arm targeting a HbAlc level of
7.0 to 7.9%; 4733 (46%) were randomly assigned to either intensive blood pressure arm
(systolic BP target <120 mm Hg) or standard arm (systolic BP target <140 mm Hg); and
5518 (54%) were randomly assigned to receive either fenofibrate or placebo while
maintaining good control of LDL cholesterol with simvastatin. As part of their glycemic
intervention, participants received instructional materials and behavioral counseling, and
were provided with glucose-lowering medications and self-monitoring supplies. Participant-
specific therapeutic regimens were individualized by study investigators (with participant
feedback) on the basis of randomized assignment and the response to therapy. Adverse
effects were carefully monitored both locally and centrally to ensure participant safety.12
The objective of this analysis is to examine the effect of the intensive glycemia treatment on
of the occurrence of pre-specified microvascular complications.

Prespecified microvascular outcomes consisted of measures of kidney function, diabetic eye
complications, and peripheral neuropathy. Two composite outcomes were prespecified
(Table 1): the first combined advanced kidney and eye disease and was intended to
approximate the primary microvascular outcome of the UKPDS study;1® the second added
peripheral neuropathy to that outcome. Table 1 also summarizes the pre-defined ACCORD
microvascular outcomes and their frequency of assessment. As specified in the study
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protocol, the primary microvascular outcome for the ACCORD Trial was assessed in a
subgroup of participants in the ACCORD Eye Study and will be published in a separate
report. The primary microvascular outcome based on all ACCORD participants was pre-
defined as the first composite endpoint (development of renal failure or retinal
photocoagulation or vitrectomy to treat diabetic retinopathy) that is characterized as
advanced microvascular disease. Individual components of the microvascular outcomes
reported here were measured or assessed using standard procedures as described in the study
Manual of Procedures; more details can be found in the Appendix.

Randomization and Masking

The proposed sample size of 10,000 was designed to have 89% power to detect a 15%
treatment effect of intensive glycemic control compared with standard glycemic control on
the primary composite CVD outcome: death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke. Interim analyses of intervention effectiveness were
performed for semi-annual meetings of the Data Safety and Monitoring Board (DSMB).
Overall Type I error was controlled via the group sequential procedure of Lan and
DeMets.16 Study investigators were masked to results of interim analyses.

Recruitment was performed in two stages: (1) the Vanguard Phase, which included
recruitment from January, 2001 through May, 2001, and treatment and follow-up through
February, 2003; and (2) the Main Trial Phase, which included recruitment of new
participants from March, 2003 through October 2005, and treatment and follow-up of all
participants (including VVanguard) through June, 2009. One thousand one hundred fourteen
participants were randomized in the Vanguard with an additional 9067 randomized during
the Main Trial. Vanguard period randomization was stratified by clinical center network and
baseline CVD status (either primary or secondary prevention) using permuted blocks of size
four, eight and 12. In the Main Trial randomization was stratified only by clinical site in
order to improve balance within the 77 clinical sites using the same block sizes. Because of
the greater refinement in stratification during the Main Trial, baseline CVD status was
dropped as a stratification factor.

Unique randomization sequences were generated for each clinical site centrally at the
coordinating centre. Randomization was performed by clinic staff via secure access to the
ACCORD study web site. Electronic verification of inclusion/exclusion criteria was
performed prior to treatment arm assignment. Glycemia trial treatment assignment was open
label, with both the clinic staff and participant unmasked to glycemic goal assigned.

Statistical Methods

Participant characteristics (medians and inner-quartile [1-Q] ranges) of continuous factors;
frequencies and relative frequencies of categorical factors) at baseline were calculated by
glycemia intervention group assignment. Descriptive statistics of a subset of continuous
factors related to treatment in each trial were calculated by glycemia treatment arm at the
date of transition from intensive to standard therapy for the glycemia trial and again at study
end. Differences in these factors were assessed using the Wilcoxon signed-rank test.

Lancet. Author manuscript; available in PMC 2014 August 06.



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

1duosnuely Joyiny vd-HIN

Ismail-Beigi et al.

Page 6

Occurrence of microvascular events was determined for each pre-defined outcome listed in
Table 1. For each participant and outcome, the observation was censored at the last
surveillance time if no event was discovered. If an event was discovered, an event time was
assigned using the midpoint between the time of event discovery and the most recent prior
surveillance time.1” Two sets of analyses were performed. The first included outcomes
assessed prior to the transition (February 5, 2008), and the second included all outcomes
assessed through the last study visit (March through June, 2009).

The effect of glycemia treatment arm assignment on time to occurrence of the first
microvascular event of each type was analyzed using proportional hazards regression
models to estimate hazard ratios and assess statistical significance. Graphical depiction of
time to event was performed using Kaplan-Meier plots. The primary statistical test for each
outcome was taken from a model that included glycemia treatment arm assignment, second
trial treatment arm assignment (intensive or standard BP management in the blood pressure
trial, or fenofibrate or placebo assignment in the lipid trial), and an indicator of history of
clinical cardiovascular disease at baseline as prespecified in the study protocol. The
proportional hazards assumption was assessed by examination of log(-log(survival)) plots.
Those plots did not indicate that the assumption of proportional hazards was untenable.

All analyses were performed using intention-to-treat where participants were analyzed based
on treatment arm assignment regardless of treatments received or compliance to therapies.
No p-value correction was applied to account for multiple hypothesis tests;18 Analyses were
performed using SAS® version 9.2 software (SAS Institute, Inc., Cary, NC). Outcomes
presented in this manuscript were pre-specified and future analyses will be performed to
address post hoc hypotheses.

Role of funding source

Results

Staff from the NHLBI, the sponsor of ACCORD, served on the Executive and Steering
Committees where decisions on study design, intervention approaches, data collection,
analysis, interpretation, and review of reports were made.

Figure 2 shows a breakdown of participant flow through the screening and randomization
process. Participants recruited to the ACCORD trial had a median age of 62 and inner-
quartile range of 10 years, and had type 2 diabetes for ~10 years; selected covariates and
components of microvascular outcomes at baseline are shown in Table 2. When the
ACCORD intensive glycemia strategy was discontinued, there were significant (P<.0001)
differences between the two glycemia arms with respect to the HbAlc of (median [inner-
quartile range]) 6.3 (1.1)% in the intensive glycemia group and 7.6 (1.2) % in the standard
glycemia group (Table 3). At study end, there persisted a significantly lower HbAlc in the
previous intensively managed participants (HbAlc 72 [1.3]%) compared to participants in
the standard arm (HbALc 7.6 [1.3] %) (p <0.0001). Systolic and diastolic blood pressures
were slightly lower in the intensive glycemia group at the time of transition, and both were
slightly higher in the intensive arm at study end (Table 3). HDL levels were slightly higher
in both men and women in the intensive arm at transition. Triglyceride level was 0.16
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mmol/L lower in the intensive compared to standard glycemia group at transition; a smaller
difference persisted at study end. As reported previously,14 the intensive therapy group had
a significantly higher BMI at transition compared to the standard group, and a smaller
difference in BMI was maintained at study end. Serum creatinines were not different
between the two groups at transition or at study end. Median urine albumin-creatinine ratio
was lower in the intensive arm at both transition and study end (Table 3).

The first pre-specified microvascular composite outcome combining advanced nephropathy
and diabetic eye complications was not different between the groups at transition occurring
in 444 and 443 participants in the intensive and standard arms, respectively (p= 0.997)
(Figures 3 and 4). There was also no difference in this measure at study end (Figure 5). The
second composite endpoint, which also included a peripheral neuropathy outcome, showed
no significant difference at transition (p=0.195), or at study end (Figures 4 and 5,
respectively).

Microvascular renal outcomes based on urinary parameters demonstrated a significant
reduction in the intensive glycemia arm. Development of micro-albuminuria was reduced in
the intensive compared to standard group at transition (HR = 0.81, C1 0.70-0.94; p = 0.005;
NNT = 44), but the difference was no longer significant at study end (Figures 4 and 5). The
development of macro-albuminuria was lower in the intensive group (HR = 0.68, ClI
0.54-0.86; p = 0.001; NNT = 82), and the effect persisted at study end (HR = 0.71, Cl
0.59-0.86; p <0.001; NNT = 58). Development of overt renal failure (need for dialysis, renal
transplantation, or sustained increase of serum creatinine above 291.7 micromol/L) was
similar in both groups at study end (696/4915 participants in the intensive and 775/4933 in
the standard group (HR 0.95, p = 0.713). In contrast there was a significant difference at
transition between the groups in the microvascular renal outcome based on serum creatinine
or estimated GFR (eGFR) favoring the standard glycemia group (HR = 1.07, CI 1.01-1.16; p
=0.016; NNT = -69); the finding was not significant at study end. The difference between
treatment arms in this renal outcome was essentially attributable to a decline in eGFR in the
intensive arm during the first 24 months, perhaps reflecting a presumed decrease in
glomerular hyperfilteration associated with improved glycemic control (Figure 6); serum
creatinine and eGFR remained within the normal range. A composite of pre-specified renal
outcome, not including the development of microalbuminuria, was not different between
groups at transition (HR=1.05, 1.00-1.10; p = 0.091) or study end. At study end, all
microvascular renal outcomes became similar in both groups, with the exception of
macroalbuminuria, noted above (Figure 5).

Diabetic eye outcomes were significantly reduced by intensive glycemia intervention as
compared to standard therapy for three-line change in visual acuity at transition (HR 0.91,
C1 0.84-0.98; p=0.012; NNT = 87) and at the end of the study (HR 0.94, Cl 0.89-1.00;
p=0.05; NNT = 56) (Figures 4 and 5). Cataract extraction was also significantly reduced in
the intensive compared to standard group at study end (HR = 0.89, ClI 0.80-0.99; p=0.026;
NNT = 65). Other diabetes-related eye outcomes were not significantly different between
the two groups.
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Development of peripheral neuropathy as measured by MNSI >2.0 was significantly
reduced in the intensive compared to standard treatment group (HR 0.92, CI 0.86-0.99;
p=0.027; NNT = 33) at study end (Figure 5). Incidence of loss of ankle jerk and light touch
by 10 gm monofilament were both reduced in the intensive compared to standard glycemia
treatment at study end (HR 0.90, CI 0.84-0.97; p=0.005; NNT = 28; and HR 0.85, ClI
0.76-0.95; p=0.004; NNT = 49, respectively); both were also reduced at transition (Figure
4). Loss of vibratory sensation was not significantly different in the two arms.

Kaplan-Meier Plots of all microvascular outcomes are found in the Appendix.

Discussion

Microvascular complications including nephropathy, retinopathy, and neuropathy are an
important source of morbidity in patients with type 2 diabetes. The available
epidemiological evidence strongly implicates hyperglycemia as an important contributor to
the development and progression of microvascular complications of type 2 diabetes.6 While
previous clinical trials have demonstrated a reduction in microvascular endpoints with
lowering of HbA1c, recent trials have found less benefit in patients of older age and longer
duration of diabetes.913

In the present analysis, there was no significant effect of intensive glycemia treatment on the
two prespecified composite microvascular outcomes, (i) advanced renal and eye
complications, or (ii) the above two plus evidence of peripheral neuropathy. The UKPDS
observed a decrease with intensive treatment in the composite retinal-renal outcome used by
ACCORD with a lesser reduction in HoAlc.” However, the UKPDS cohort was younger,
was studied from the time of diagnosis of diabetes, and was treated intensively for 11 years
with an achieved HbA1c level higher than in the intensive group of ACCORD.’

Analysis of secondary renal endpoints demonstrates that the risk of developing
macroalbuminuria was decreased by 29% both at transition and at study end by intensive
compared to standard glycemia treatment. Our results are concordant with ADVANCE and
VADT reported reductions in microalbuminuria with intensive glycemia treatment.%13
Macroabluminuria is a known risk factor for renal insufficiency® and cardiovascular
disease.20 Collectively, these observations emphasize the possibility of reducing this risk
factor in an important group of patients with type 2 diabetes: those of older age, longer
duration of disease, and established cardiovascular disease or high cardiovascular risk.
Intensive glycemia treatment was associated with a 19% reduction in development of
microalbuminuria, but this effect was no longer significant at study end. Intensive treatment
was also associated with an increase in the composite outcome of doubling of serum
creatinine or a >20 mL/min decrease in eGFR, a finding that was present at transition but not
at study end. This result was largely attributable to a slight and transient differential increase
in serum creatinine in the intensive group during the first two years of the trial. It should be
noted that average serum creatinine levels at baseline, transition, and end of study were
virtually equal between the two treatment groups (Tables 2 and 3).
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In contrast to the UKPDS we did not observe a clear-cut benefit of intensive treatment on
diabetic retinopathy by major clinical endpoints such as the need for photocoagulation; our
result is consistent with both VADT and ADVANCE.?13 We observed a significant
reduction in deterioration of visual acuity associated with intensive glycemia treatment at
transition at the end of the study. We also observed a 21% reduction in history of cataract
extraction at study end.

At transition, there was a significant reduction in the incidence of loss of ankle reflex and
light touch sensation that was associated with intensive glycemia treatment. At study end,
intensive treatment was associated with significant reductions in the risk to develop
peripheral neuropathy as assessed by the clinical examination of the MNSI (981/4227 vs
1050/4217; intensive vs standard), in loss of the ankle reflex (1514/3312 vs 1612/3271), and
in the loss of light-touch sensation to 10-g monofilament testing (554/3312 vs 645/4573).
Decreased development of peripheral neuropathy, if further sustained, may decrease the risk
of ulcers and future lower limb amputations.?!

The beneficial effects on surrogate secondary microvascular outcomes with intensive versus
standard treatment must be balanced against observed risks. Of great concern was a 22%
relative and 0.27%/year absolute increase in all-cause mortality with intensive glycemia
treatment in ACCORD, prompting the discontinuation of intensive glycemia strategy and
transitioning of the intensive group to standard glycemia therapy.14 In addition, intensive
treatment led to increased BMI and a three-fold higher incidence of severe hypoglycemia.4
Moreover, no overall CVD benefit had accrued, though non-fatal myocardial infarction was
reduced 24% (p = 0.004).14 In subgroup analysis, there was evidence suggestive of a
reduction in the primary composite CVD outcome (but not in total mortality) in those who
entered the study with no prior history of CVD events or with an A1C of < 8.0%.14 On
balance, targeting an A1C of < 6.0% using currently available methodologies cannot be
recommended on the basis of the microvascular benefits associated with intensive glycemia
treatment as carried out in patients represented in the ACCORD cohort.

Strengths and Limitations

In this multicenter trial, the intention to treat principle was adhered to in the analysis of data
from baseline to the time of transition and separately from baseline to study end. A
significant difference in the mean HbA1c level of the two originally randomized treatment
groups persisted from transition to the end of the study. The difference in HbALc during the
follow-up time exceeds those reported by the UKPDS’ and ADVANCE? but was less than
that achieved in VADT.13 Loss to patient follow-up was very low.

One limitation is that investigators were not masked to the treatment strategies or the
outcomes. Another is that the period of follow-up may have been too short to show effects
of treatment on some endpoints. In the UKPDS both cardiovascular and microvascular
benefits persisted or became more evident after 10 years of observation. Although not
generally accepted,?2 a post hoc power analysis for the primary outcome (development of
renal failure or retinal photocoagulation or vitrectomy to treat retinopathy) revealed 66%
power to detect a 15% risk reduction in the intensive glycemia arm at transition, and 82%
power to detect a 15% reduction at the end of the study. A similar analysis for the secondary
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outcome (primary outcome or MNSI score >2.0) revealed powers of 87% and 92% to detect
a 10% risk reduction at transition and end of study, respectively. Another limitation is the
use of the albumin/creatinine ratio (ACR) instead of a timed albumin excretion rate (AER).
However, good correlation between the two measures of AER has been reported,23.24
though variable intra-individual correlation of AER to ACR has been observed,25 and
regression of ACR to normal has also been reported.26-28 Moreover, evaluation of
glomerular filtration rate was by the eGFR which has not been validated to reflect changes
in GFR in patients without significant renal disease. Although study staff was trained
centrally to perform tests for neuropathy, they were not certified for the procedure.

Other analytical limitations include the use of midpoint interval imputation for calculation of
survival times in outcomes where the exact time of event is unknown. However, surveillance
intervals for all outcomes were less than two years in duration, while several outcomes were
assessed on four or six month intervals. In their examination of the effect of midpoint
imputation on doubly censored survival data, Law and Brookmeyer have shown that in large
samples with interval widths of two years or less, traditional survival techniques provide an
adequate approximation of survival estimates.2? Finally, we acknowledge that many
statistical hypothesis tests were performed. Because of the large number of hypotheses
tested, assuming independent tests there would be a 54% chance (i.e., 1 — [1 - 0.05]) of
finding at least one spurious result for each analysis (transition and end of study), even if no
true underlying effects were present2®,

Intensive treatment of glycemia targeting a HbAlc of < 6.0% (with an average of 6.4%)
compared to standard treatment targeting a HbAlc range of 7.0-7.9% (with an average
7.5%) did not reduce the primary microvascular composite outcome of renal failure
requiring dialysis or transplantation or a rise of serum creatinine above 291.7 micromol/L, or
retinal photocoagulation or vitrectomy for retinopathy. Intensive treatment did reduce the
development of macroalbuminuria, loss of three lines of visual acuity, and peripheral
neuropathy. These benefits must be weighed against the observed increase in total and
CVD-related mortality, increased weight gain, and higher risk for severe hypoglycemia in
the intensively-treated patients. Hence caution should be exercised in pursuing a strategy of
intensive glycemic control for the purpose of prevention of microvascular complications in
patients with established type 2 diabetes and characteristics similar to those in the ACCORD
trial, and an HbA1c target of <6.0% by current means appears imprudent. The long-term
balance of benefits versus risks will require follow-up of the ACCORD participants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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General Clinical Research Centers.

Microvascular outcomes related to three main clinical areas (kidney function, diabetic eye
complications, and peripheral neuropathy) were defined in the ACCORD protocol at study
outset. Endpoints included in analyses are shown in Table 1 of the manuscript. Details of
measurement for individual components of each clinical area are described below.

Kidney function

microvascular related kidney parameters were based on ACCORD Central Laboratory
measurement of serum and urine creatinine, and urine albumin. Serum and urine creatinine
were determined enzymaticaly on a Roche Double Modular P Analytics automated analyzer.
Inter-assay precision is consistently <1.4% for the high and <2.2% for the low quality
control samples. Urine microalbumin was determined by immunonephelometry on a
Siemens BNII nephelometer. Sensitivity of the assay is 0.16 mg/dL with inter-assay CV's of
3.0%, 2.6% and 4.9% for control levels of 0.89 mg/dL, 6.6 mg/dL, and 16.1 mg/dL,
respectively. All serum and urine samples were analyzed on the day of sample receipt.
Estimated glomerular filtration rate (eGFR) was also calculated at each serum creatinine
measurement using the 4-variable MDRD Study equation: eGFR = 175 x (serum
creatinine) 1154 x age-0-203 x 1,212 (if black) x 0.742 (if female).! In addition to laboratory
assays to measure renal function, follow-up surveillance for dialysis, end-stage renal
disease, and renal transplantation was performed by updated medical history at four month
clinic visits throughout the trial.

Diabetic eye complications

assessment of eye surgeries for diabetes related conditions (photocoagulation or vitrectomy
for retinopathy, and cataract removal) was performed by participant self report at annual
follow-up clinic visits. At each annual exam, participants were asked whether or not they
“...had eye surgery, including laser photocoagulation, during the past year...” with areas
provided to specify “retinal laser photocoagulation for diabetic retinopathy” or “vitrectomy
for diabetic retinopathy”, and “cataract removal” or “yag laser for cataract capsule”.

In addition to questions regarding eye surgery within the last year, ACCORD participants
had an eye exam to assess visual acuity at baseline, every two years during follow-up, and at
exit from the study. This exam included assessment of visual acuity using the R chart of the
Lighthouse Distance Visual Acuity Test charts (Lighthouse Low Vision Products, 36-02
Northern Boulevard, Long Island, New York 11101), which are modified Early Treatment
Diabetic Retinopathy Study (ETDRS) charts. Testing was required at a distance of 4 meters
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and, for patients with sufficiently reduced vision, at 1 meter. Participants were assessed for
“habitual vision” with their usual correction for the distance utilizing the patient's current
distance glasses or contacts. Participants with visual acuity score of 70 or less (Snellen
fraction less than 20/40), were referred to their ophthalmologist for follow-up exam.

Peripheral Neuropathy

assessment of diabetic neuropathy in the extremities was performed annually via a
standardized clinical exam in the ACCORD study sites. Neuropathic signs were assessed
using the Michigan Neuropathy Screening Instrument (MNSI) examination, which
comprises a structured assessment of the feet to identify deformities, dry skin, calluses,
infection, fissure, or ulcers, and evaluation of ankle reflexes and vibration sensation in the
great toe. For this study, neuropathy was defined operationally as a score >2.0 on the MNSI
examination, a threshold defined by prior validation studies.2

Appendix References
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Intern Med 2006; 145: 247-54.

2. Feldman EL, Stevens MJ, Thomas PK, Brown MB, Canal N, Greene DA. A
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diagnosis and staging of diabetic neuropathy. Diabetes Care 1994; 17: 1281-9.
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Figure Al.

Kaplan-Meier curves for the microvascular secondary composite outcome (development of
renal failure or retinal photocoagulation or vitrectomy to treat retinopathy, or score >2.0 on
MNSI) by glycemia arm. Panel A: data until transition of intensive glycemia arm to standard
therapy. Panel B: all data through end of study. Hazard ratios adjusted for baseline history of
clinical cardiovascular disease and second trial treatment arm assignment.
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Figure A2.
Kaplan-Meier curves for microvascular outcome Neph-1 (development of

microalbuminuria) by glycemia arm. Panel A: data until transition of intensive glycemia arm
to standard therapy. Panel B: all data through end of study. Hazard ratios adjusted for
baseline history of clinical cardiovascular disease and second trial treatment arm

assignment.
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Figure A3.

Kaplan-Meier curves for microvascular outcome Neph-2 (development of
macroalbuminuria) by glycemia arm. Panel A: data until transition of intensive glycemia
arm to standard therapy. Panel B: all data through end of study. Hazard ratios adjusted for
baseline history of clinical cardiovascular disease and second trial treatment arm
assignment.
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Kaplan-Meier curves for microvascular outcome Neph-3 (development of renal failure, renal
transplant, or serum creatinine > 291.7 micomol/L) by glycemia arm. Panel A: data until
transition of intensive glycemia arm to standard therapy. Panel B: all data through end of
study. Hazard ratios adjusted for baseline history of clinical cardiovascular disease and

second trial treatment arm assignment.
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Kaplan-Meier curves for microvascular outcome Neph-4 (doubling of serum creatinine or
more than 20 mL/min/1.73m?2 decrease in estimated GFR) by glycemia arm. Panel A: data
until transition of intensive glycemia arm to standard therapy. Panel B: all data through end
of study. Hazard ratios adjusted for baseline history of clinical cardiovascular disease and

second trial treatment arm assignment.
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Figure A6.
Kaplan-Meier curves for microvascular renal composite outcome Neph-5 (development of

any of three conditions Neph-2, Neph-3, or Neph-4) by glycemia arm. Panel A: data until
transition of intensive glycemia arm to standard therapy. Panel B: all data through end of
study. Hazard ratios adjusted for baseline history of clinical cardiovascular disease and

second trial treatment arm assignment.

Proportion With Event

96

0.6

Glycemia Arm STD

——~- INT

0.5

0.4+

HR (95% CI): 1.01 (0.87, 1.17)

0.3 P=0.90

0.24

0.1 —_—

0.0

Months Post-randomization

Numbers at risk
Month 12 24 36 48 60 72 84
9339 8199 5714 2810 968 559 58

Figure A7.
Kaplan-Meier curves for microvascular outcome Eye-1 (retinal photocoagulation or

vitrectomy to treat retinopathy) by glycemia arm. Panel A: data until transition of intensive
glycemia arm to standard therapy. Panel B: all data through end of study. Hazard ratios
adjusted for baseline history of clinical cardiovascular disease and second trial treatment
arm assignment.
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Figure A8.
Kaplan-Meier curves for microvascular outcome Eye-2 (surgery for cataract extraction) by

glycemia arm. Panel A: data until transition of intensive glycemia arm to standard therapy.
Panel B: all data through end of study. Hazard ratios adjusted for baseline history of clinical
cardiovascular disease and second trial treatment arm assignment.
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Figure A9.
Kaplan-Meier curves for microvascular outcome Eye-3 (three line change in visual acuity)

by glycemia arm. Panel A: data until transition of intensive glycemia arm to standard
therapy. Panel B: all data through end of study. Hazard ratios adjusted for baseline history of
clinical cardiovascular disease and second trial treatment arm assignment.
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Kaplan-Meier curves for microvascular outcome Eye-4 (severe vision loss) by glycemia
arm. Panel A: data until transition of intensive glycemia arm to standard therapy. Panel B:
all data through end of study. Hazard ratios adjusted for baseline history of clinical
cardiovascular disease and second trial treatment arm assignment.
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Kaplan-Meier curves for microvascular outcome Neuro-1 (score of >2.0 on the Michigan
Neuropathy Screening Instrument) by glycemia arm. Panel A: data until transition of
intensive glycemia arm to standard therapy. Panel B: all data through end of study. Hazard
ratios adjusted for baseline history of clinical cardiovascular disease and second trial
treatment arm assignment.
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Kaplan-Meier curves for microvascular outcome Neuro-2 (loss of vibratory sensation) by
glycemia arm. Panel A: data until transition of intensive glycemia arm to standard therapy.
Panel B: all data through end of study. Hazard ratios adjusted for baseline history of clinical
cardiovascular disease and second trial treatment arm assignment.

1.0
Glycemia Arm STD
—==- INT
0.8
HR (95% Cl): 0.94 (0.87, 1.01)
H P=0.100
o
>
w
£
H
c
2
t
S
-
o
[

T T T T T

T
0 12 24 36 48 60 72 84

Months Post-randomization

Numbers at risk
Month 12 24 36 48 60 72 84
5301 4042 2526 1130 354 197 24

Figure A13.

Proportion With Event

1.0

0.8+

STD
—=~- INT

Glycemia Arm

HR (95% Cl): 0.90 (0.84, 0.97)
P=0.005

T
12 24 36 48 60 72 84 96

T T T

Months Post-randomization

Numbers at risk

Month

12 24 36 48 60 72 84 96
5339 4444 3795 2798 1539 455 225 1

Kaplan-Meier curves for microvascular outcome Neuro-3 (loss of ankle jerk during
Jendrassic maneuver) by glycemia arm. Panel A: data until transition of intensive glycemia
arm to standard therapy. Panel B: all data through end of study. Hazard ratios adjusted for
baseline history of clinical cardiovascular disease and second trial treatment arm

assignment.
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Figure Al4.
Kaplan-Meier curves for microvascular outcome Neuro-4 (loss light-touch sensation) by

glycemia arm. Panel A: data until transition of intensive glycemia arm to standard therapy.
Panel B: all data through end of study. Hazard ratios adjusted for baseline history of clinical
cardiovascular disease and second trial treatment arm assignment.
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Blood Pressure Trial Lipid Trial
Glycemia SBP <120 SBP <140

Trial mm Hg mm Hg Fibrate Placebo
A1c<6.0% 1178 1193 1374 1383 | 5128
7.0%<A1c<7.9% 1184 1178 1391 1370 5123

2362 2371 2765 2753

| |
4733 5518 10251

Figure 1.

Distribution of randomisation assignment of participants to the ACCORD glycemia, blood

pressure and lipid trials.
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Figure 2.
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CONSORT diagram depicting flow of participants through screening and randomisation in

ACCORD trial.
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Panel A Panel B
0.5 0.5
Glycemia Arm STD Glycemia Arm STD
- WNT -==- INT
0.4 - 0.4
= HR (95% Cl): 1.00 (0.88, 1.14) = HR (95% Cl): 0.95 (0.85, 1.07)
o P=0.99 g P=0.42
w 0.3 w 0.3
£ £
H H
c c
2 S
T T
g 0.2 g 0.29
3 o
o o

96

Months Post-randomization

Numbers at risk
Month 12 24 36 48 60 72 84 Month
9385 8143 5591 2724 937 530 52

Figure 3.

Numbers at risk

Months Post-randomization

24 36 48 60 72 84 96

9453 8974 8500 6816 4046 1285 756 1

Kaplan-Meier curves for the microvascular primary composite outcome (development of
renal failure or retinal photocoagulation or vitrectomy to treat retinopathy) by glycemia arm.
Panel A: data until transition of intensive glycemia arm to standard therapy. Panel B: all data
through end of study. Hazard ratios adjusted for baseline history of clinical cardiovascular

disease and second trial treatment arm assignment.
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Outcome Events /N
Primary: Microvascular Composite ( 887 /10215)
Secondary: Composite Plus Neuropathy (3250 / 10215)
Neph-1: Incident Microalbuminuria ( 724/ 6436)
Neph-2: Incident Macroalbuminuria ( 288/ 8695)

Neph-3: ESRD (Dialysis or SCr>291.72 micromol/l) ( 218/ 10215)

Neph-4: SCr Doubled or >20 Unit eGFR Drop (5328 / 10069)
Neph-5: Any of Neph-2/Neph-3/Neph-4 (5529 /10215)
Eye-1: Photocoagulation or Vitrectomy ( 697/ 9796)
Eye-2: Surgery for Cataract Extraction ( 942/ 9796)
Eye-3: 3-line Worsened Visual Acuity (2713 / 9340)
Eye-4: Sewere Vision Loss (SF <20/200) ( 531/ 9340)
Neuro-1: Neuropathy (MNSI Score >2.0) (2615 / 5606)
Neuro-2: Loss of Vibratory Sensation (1571 / 8418)
Neuro-3: Loss of Ankle Jerk (2495 / 6563)
Neuro-4: Loss of Sensation to Light Touch ( 905/ 9141)
Figure 4.

Hazard ratios comparing intensive to standard glycemia arm assignment for each

Page 24

HR (95% C.l.) Int to Std HR P-Value
1.00 (0.88, 1.14) —m— 0.9969
0.96 (0.89, 1.02) — 0.1948
0.81(0.70, 0.94) —— 0.0051
0.68 (0.54, 0.86) ~——— 0.0013
0.95 (0.73, 1.24) — 0.7126
1.07 (1.01, 1.13) - 0.0160
1.05 (0.99, 1.10) ril- 0.0913
1.01(0.87, 1.17) —— 0.9039
0.90 (0.79, 1.02) —i— 0.1045
0.91 (0.84, 0.98) —— 0.0122
0.95 (0.80, 1.13) —— 0.5656
0.93 (0.87, 1.01) — 0.0819
0.95 (0.86, 1.05) —— 0.2926
0.94 (0.87, 1.01) —H 0.0997
0.88 (0.77, 1.00) —i— 0.0451
T T T
<30 1.00 150,

Higher in Standard Therapy Higher in Intensive Therapy

microvascular outcome utilizing data until transition of intensive glycemia arm to standard
therapy. Hazard ratios adjusted for baseline clinical cardiovascular disease history and
second trial treatment arm assignment. Horizontal bars represent 95% confidence intervals.
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Outcome Events /N
Primary: Microvascular Composite (1142 / 10234)
Secondary: Composite Plus Neuropathy (4002 / 10234)
Neph-1: Incident Microalbuminuria (1037 / 6523)
Neph-2: Incident Macroalbuminuria ( 467/ 8821)

Neph-3: ESRD (Dialysis or SCr>291.72 micromol/l) ( 289/ 10234)

Neph-4: SCr Doubled or >20 Unit eGFR Drop (5899 / 10076)
Neph-5: Any of Neph-2/Neph-3/Neph-4 (6133 /10234)
Eye-1: Photocoagulation or Vitrectomy ( 896/ 9848)
Eye-2: Surgery for Cataract Extraction (1471 / 9848)
Eye-3: 3-line Worsened Visual Acuity (4670 / 9522)
Eye-4: Severe Vision Loss (SF <20/200) ( 772/ 9522)
Neuro-1: Neuropathy (MNSI Score >2.0) (3213 / 5626)
Neuro-2: Loss of Vibratory Sensation (2031 / 8444)
Neuro-3: Loss of Ankle Jerk (3126 / 6583)
Neuro-4: Loss of Sensation to Light Touch (1199 / 9169)
Figure 5.
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HR (95% C.l.) Int to Std HR P-Value
0.95 (0.85, 1.07) 0.4226
0.95 (0.89, 1.01) 0.1172
0.91(0.81, 1.03) 0.1522
0.71 (0.59, 0.86) —— 0.0003
0.92 (0.73, 1.16) 0.4881
1.04 (0.99, 1.10) 0.1071
1.03 (0.98, 1.08) 0.2700
0.97 (0.85, 1.10) 0.6176
0.89 (0.80, 0.99) —— 0.0265
0.94 (0.89, 1.00) - 0.0501
1.01 (0.88, 1.16) —— 0.9058
0.92 (0.86, 0.99) —— 0.0265
0.93 (0.85, 1.01) — 0.0808
0.90 (0.84, 0.97) - 0.0050
0.85 (0.76, 0.95) —— 0.0043
T T T
<230 1.00 150,

Higher in Standard Therapy

Higher in Intensive Therapy

Hazard ratios comparing intensive to standard glycemia arm assignment for each
microvascular outcome utilizing data through end of study. Hazard ratios adjusted for
baseline history of clinical cardiovascular disease and second trial treatment arm
assignment. Horizontal bars represent 95% confidence intervals.
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Figure 6.
Mean serum creatinine levels * two standard errors of the mean by glycemia treatment arm

and follow-up visit.
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Table 1

Definition of ACCORD microvascular outcomes and their frequency of assessment.

Page 27

Outcome Category Outcome Definition Assessment Frequency
Development of renal failure (initiation of dialysis or ESRD, renal
Primary transplantation, or rise of serum creatinine >291.72 micromol/l) or Every 4 months
Composites retinal photocoagulation or vitrectomy to treat retinopathy.
As in primary composite outcome and/or Score of >2.0 on the
Secondary Michigan Neuropathy Screening Instrument (MNSI). Every 4 months
Development of microalbuminuria (defined as urine albumin/
Neph-1 creatinine ratio = 30 mg/g). Annually
Development of macroalbuminuria (defined as urine albumin/
Neph-2 creatinine ratio = 300 mg/g). Annually
Development of renal failure (defined as initiation of dialysis or
Nephronath Neph-3 ESRD, or renal transplantation, or rise of serum creatinine >291.72 Every 4 months
ephropatny micromol/l in absence of an acute reversible cause).
Doubling of baseline serum creatinine or more than 20 mL/min/1.73
Neph-4 m? decrease in estimated GFR. (Estimated GFR is based on the 4- Every 4 months
variable MDRD GFR equation of Levey et. al.)
. Development of any of the three conditions Neph-2, Neph-3, or
Neph-5 Neph-4 above. Every 4 months
Eye-1 Retinal photocoagulation or vitrectomy to treat retinopathy. Annually
Eye-2 Eye surgery for cataract extraction. Annually
Diabetic eye complications Th . - . -
. ree-line change in visual acuity (as measured using Log MAR .
Eye-3 visual acuity chart). Biannually
Eye-4 Severe vision loss (as measured by Snellen fraction <20/200). Biannually
Neuro-1 ?lhiméfore of >2.0 on the Michigan Neuropathy Screening Instrument Annually
Neuro-2 New loss of vibratory sensation (tested using 128 Hz tuning fork). Annually
Neuropathy
Neuro-3 New loss of ankle jerk during Jendrassic maneuver. Annually
Neuro-4 New loss of light touch (as measured by 10 gm force monofilament Annually

test).
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