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ACCORD microvascular and Eye
substudy: should the results change
our practice?

Alice YY Cheng' & Lawrence A Leiter’

v

E B |ntensive glycemic control in Type 2 diabetes reduces retinopathy, nephropathy and elements of
‘o peripheral neuropathy.

o

8 B There appears to be greater benefit when intensive glycemic control is instituted earlier in the
'13 disease spectrum.

E B Glycemic targets should be individualized taking into consideration the overall risk:benefit ratio.
[

SUMMARY  Microvascularcomplications of diabetes are potentially devastating and costly
to both individuals and society. The United Kingdom Prospective Diabetes Study (UKPDS)
and Steno-2 studies confirmed the benefits of glycemic control for reducing microvascular
complications in Type 2 diabetes mellitus (T2DM) of short duration, but the benefits in people
with T2DM of longer duration was not as clear. The Action to Control Cardiovascular Risk in
Diabetes (ACCORD), Action in Diabetes and Vascular Disease: Preterax and Diamicron MR
Controlled Evaluation (ADVANCE) and Veterans Affairs Diabetes Trial (VADT) studies were
designed to address the question of macrovascular risk reduction in people with a longer
duration of T2DM, but also looked at microvascular complications. Although the microvascular
primary composite outcomes were notreducedinthe ACCORD trial, seven of the 13 prespecified
secondary outcomes were significantly reduced, and when considering those results along
with the ACCORD-Eye substudy, one can conclude that there is reduction in retinopathy with
intensive glycemic control. Nephropathy was also reduced in both the ADVANCE and ACCORD
studies. As for peripheral neuropathy, ADVANCE did not show a reduction, but the assessment
method was unclear. The ACCORD study did demonstrate significant reduction in three of the
four prespecified neuropathy elements — an important finding in an area with limited effective
therapies. VADT was the only study to show no microvascular benefit at all, however, it had
the smallest sample size, as well as the oldest and the most advanced population of all of the
studies, which may account for the discrepancy. Therefore, the evidence to date supports that
intensive glycemic control is effective in reducing microvascular complications among people
with T2DM. However, although microvascular complication reduction is worthwhile, one
must consider the patient as a whole and individualize the targets and consider the overall
risk (including hypoglycemia):benefit ratio.
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The microvascular complications of diabetes are
potentially devastating and costly to both indi-
viduals and society. Diabetes remains a leading
cause of blindness, end stage renal disease and
nontraumatic amputations [1,2]. Clinical practice
guidelines from around the world have focused
on strategies to manage diabetes to reduce the
risk of these, as well as the macrovascular, com-
plications [3-¢]. In Type 1 diabetes, the Diabetes
Control and Complications Trial (DCCT) [7]
and the follow-up Epidemiology of Diabetes
Interventions and Complications (EDIC) trial (8]
proved the benefit of intensive glycemic control to
reduce the development and progression of all of
the microvascular complications and, over time,
macrovascular complications. By contrast, in
Type 2 diabetes (T2DM), the story is somewhat
more complex. The original United Kingdom
Prospective Diabetes Study (UKPDS) 9] showed
that intensive glycemic control was effective in
reducing the risk of developing microvascular
complications (retinopathy requiring photo-
coagulation, vitreous hemorrhage and/or renal
failure) by 25% and subsequent analyses showed
that there was a 37% reduction in microvascu-
lar end points for every 1% Alc reduction [10].
Furthermore, the landmark Steno-2 study [11,12],
also demonstrated marked and sustained reduc-
tions in microvascular complications with a
multifactorial, multidisciplinary management
approach to T2DM, including not only glyce-
mic but also blood pressure, lipids, and other
preventative medications, as well as lifestyle.
This further supported the notion of glycemia
being a relevant prevention strategy for micro-
vascular complications (retinopathy, nephropathy
and autonomic neuropathy, but not peripheral
neuropathy). However, in 2008, three major
randomized controlled trials of glycemic control
in T2DM and its effect on macrovascular and
microvascular outcomes — Action to Control
Cardiovascular Risk in Diabetes (ACCORD) [13],
Action in Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evaluation
(ADVANCE) [14] and Veterans Affairs Diabetes
Trial (VADT) (15] questioned the role of glycemic
control in T2DM. The studies were designed pri-
marily to address macrovascular risk reduction
and to that end, ADVANCE and VADT dem-
onstrated no macrovascular risk reduction with
intensive glycemic control and ACCORD was
terminated early because of an unexpected and
unexplained [16,17] increase in all-cause mortal-
ity. However, a meta-analysis [18] of these three
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studies, plus the UKPDS, demonstrated no
increase in all-cause or cardiovascular mortality
and showed a small, but statistically significant,
decrease in major cardiovascular events (hazard
ratio: 0.91; 95% CI: 0.84-0.99) and myocardial
infarctions (hazard ratio: 0.85; 95% CI: 0.85—
0.94). Focusing on the microvascular side, the
ADVANCE trial showed that intensive glycemic
control, defined as targeting an Alc <6.5% using
a gliclazide-based regimen, was able to reduce
new or worsening nephropathy by 21%, but not
retinopathy or neuropathy. A small proportion
(n = 1241) of the ADVANCE patients also partici-
pated in a substudy looking at eye-related changes
with fundus photography and no difference was
found in incidence or progression of retinopathy
between intensive and standard glycemic control
over 4.1 years [19]. In VADT, intensive glycemic
control defined as targeting an Alc 1.5% lower
than the standard group (achieved Alc 6.9%
intensive vs 8.4% standard) did not result in a
statistically significant reduction in any of the
microvascular end points (retinopathy, nephropa-
thy and neuropathy). The microvascular results of
ACCORD were the most recent to be published.

ACCORD study

The Action to Control Cardiovascular Risk in
Diabetes study was designed to determine the
cardiovascular effects of strategies to achieve
intensive (Alc target <6%, median achieved
6.4%) versus standard (Alc target 7-7.9%,
median achieved 7.5%) glycemic control, inten-
sive versus standard systolic blood pressure con-
trol (<120 mmHg versus <140 mmHg), and
fenofibrate plus simvastatin versus simvastatin
alone [13,20,21]. Predefined secondary outcomes
included the effect of these interventions on inci-
dence and progression of retinopathy, nephropa-
thy and neuropathy [22] and there was also a
predefined substudy of the effects on retinopa-
thy as assessed by fundus photography [23). The
ACCORD trial enrolled people with longstand-
ing T2DM either with established cardiovascular
disease or deemed to be at high cardiovascular
risk. A total of 10,251 participants were assigned
to therapy in the glycemia arm with a median age
of 62 years and duration of diabetes of 10 years.
In February 2008, after a median of 3.7 years,
the intensive glycemic control arm of the study
was stopped because of an increase in all-cause
mortality [13] and all participants were assigned to
standard glycemia intervention for the originally
planned duration of the study (median 5.0 years).
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ACCORD microvascular findings
The results of the predefined secondary micro-
vascular outcomes of retinopathy, nephropathy
and neuropathy were reported at transition from
intensive to standard therapy as well as for the
full duration of the study [22]. The primary com-
posite microvascular outcome was identical to
the UKPDS and included retinopathy-requiring
photocoagulation or vitreal hemorrhage or renal
failure. The second composite outcome included
the components of the primary composite out-
come plus peripheral neuropathy. There were 13
additional prespecified secondary outcomes: five
related to kidney function; four related to eye
function; and four related to nerve function.
Both of the composite outcomes were no dif-
ferent between the groups at transition or at study
end. Of the 13 prespecified secondary outcomes,
seven were in favor of intensive glycemic control
at study end (Table 1) and included microalbu-
minuria, macroalbuminuria, loss of pressure sen-
sation, new loss of ankle jerk, new neuropathy,
eye surgery for cataract extraction and three-line
change in visual acuity. One of the secondary
outcomes was unfavorable with the intensive gly-
cemia group having more adverse renal outcomes
(estimated glomerular filtration rate decrease by
>20 ml/min/1.73 m? or doubling of serum cre-
atinine or macroalbuminuria or renal failure)
with a hazard ratio of 1.07 (95% CI: 1.02, 1.13;
p = 0.016). However, this outcome was largely
driven by the transient increases in creatinine
observed in the first 2 years of the study that were
reversed as the study progressed.

ACCORD-Eye substudy

A subgroup of 2856 participants were also
included in the ACCORD-Eye substudy evalu-
ating the effects of the three interventions (gly-
cemia, blood pressure and lipids) on the primary
outcome of the composite of progression of dia-
betic retinopathy by three or more steps on the
Early Treatment Diabetic Retinopathy Study
Severity Scale (using seven-field stereoscopic
fundus photographs) or the development of dia-
betic retinopathy necessitating laser photocoagu-
lation or vitrectomy over 4 years [23]. At baseline,
50.8% of the participants had no retinopathy,
18.1% had mild retinopathy and 29.6% had
moderate nonproliferative diabetic retinopathy.
The results of the study are shown in Table 2.
Intensive glycemic control was able to reduce the
primary outcome by 33% (7.5 vs 10.4%) while
the use of fenofibrate plus a statin was able to

fsg
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Table 1. Secondary outcomes that were reduced by intensive glycemic control

in the ACCORD study (seven of 13 prespecified secondary outcomes).

Outcome Until transition

Nephropathy

Microalbuminuria (urine ACR HR=0.79 (95% Cl:
>3.4 mg/mmol)
NNT = 35

Macroalbuminuria (urine ACR HR =0.69 (95% Cl:

Doubling of serum creatinine HR = 1.07 (95% Cl:
or >20 ml/min per 1.73 m?

eGFR decrease NNT =-69

Neuropathy

Loss of light touch (10 g HR =0.88 (95% Cl:

force monofilament)

NNT =78
New score of >2 on MNSI NS
New loss of ankle jerk during NS

Jendrassik maneuver

New loss of vibratory sensation NS
(tested with 128 Hz tuning fork)

Retinopathy

Eye surgery for cataract NS
extraction

Three-line change in
visual acuity

HR =0.84 (95% Cl:

NNT =83
Retinal photocoagulation or NS
vitrectomy to treat retinopathy
Severe vision loss (Snellen NS

fraction <20/200)

0.69-0.90), p = 0.0005

>33.9 mg/mmol) 0.54-0.86), p =0.0013
NNT =82
Renal failure NS

1.01-1.13), p = 0.0160

0.77-1.00), p = 0.0451

0.73-0.97), p=0.0163

Study end

HR =0.85 (95% Cl:
0.77-0.94), p = 0.0012
NNT =32

HR=0.71 (95% Cl:
0.59-0.86), p = 0.0003
NNT =58

NS

NS

HR =0.85 (95% Cl:
0.75-0.95), p = 0.0043
NNT =49

HR =0.92 (95% Cl:
0.86-0.99), p = 0.0265
NNT =33

HR =0.90 (95% Cl:
0.84-0.97), p = 0.005
NNT =28

NS

HR =0.89 (95% ClI:
0.80-0.99), p = 0.0265
NNT = 65

HR =0.91 (95% Cl:
0.83-1.00), p =0.05
NNT =60

NS

NS

Data taken from [22].

ACR: Albumin:creatinine ratio; eGFR: Estimated glomerular filtration rate; HR: Hazard ratio; MNSI: Michigan
neuropathy screening instrument; NNT: Number needed to treat; NS: Not significant.

reduce the primary outcome by 40% (6.5 vs
10.2%). The intensive systolic blood pressure
intervention had no effect on retinopathy.

® Implications for clinical practice

The microvascular findings of the UKPDS,
ADVANCE, VADT, ACCORD and Steno-2
trials/studies are summarized in Table 3. All of
the studies, with the exception of VADT, dem-
onstrated some reduction in at least one major
microvascular outcome. Examining VADT in
greater detail reveals that its participants had
the highest Alc at baseline (mean 9.4%), as
well as the longest duration of diabetes (mean
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Table 2. Effects of intensive glycemic control, fenofibrate use and intensive

blood pressure control on progression of diabetic retinopathy from the
ACCORD study.

Intervention

Glycemia

Intensive
Standard

Dyslipidemia
With fenofibrate
With placebo
Blood pressure

Intensive
Standard

Progression of
diabetic

retinopathy (%)

73
10.4

6.5
10.2

10.4
8.8

Adjusted 95% ClI p-value
odds ratio

0.67 0.51-0.87 0.0025
0.60 0.42-0.86 0.0056
1.23 0.84-1.79 0.29

Data taken from [23].
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11.5 years), the most pre-existing cardiovascular
disease (mean 40%), the highest body weight
(mean 97.3 kg) and proportion of men (97%
men) and the smallest sample size (n = 1791) with
a median duration of follow-up of only 5.6 years.
In contrast, the participants in the other studies,
particularly UKPDS and Steno-2, were consid-
erably younger, earlier in their diabetes, and had
fewer comorbidities. Perhaps all of these factors
contribute to the discrepancy in the results on
the primary composite outcome of retinopathy
requiring photocoagulation, vitreal hemorrhage
or renal failure between UKPDS and ACCORD.
Therefore, it would seem that the growing under-
standing that the benefits of glycemic control are
best realized in people that are earlier in their
diabetes course and that these benefits may also
take a long time to manifest, applies not only to
macrovascular, but also to microvascular, disease.

In addition, the potential benefits on the
various microvascular complications are not
the same. For example, microalbuminuria and
macroalbuminuria were consistently reduced by
better glycemic control across the studies (even
almost achieving statistical significant reduction
in VADT). This finding was independent of
blood pressure control and certainly justifies the
recommendation for better glycemic control for
renal protection.

The beneficial effects on retinopathy were less
consistent but that may be related to differences
in the studies’ duration and statistical power.
UKPDS was able to demonstrate a difference in
the requirement for photocoagulation and the
composite retinal end point but ACCORD was

not able to show such a difference. However, these
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outcomes represent more advanced stages of reti-
nopathy that take a longer time to develop. When
examining for earlier and more subtle changes
with fundus photography, ACCORD was able
to demonstrate benefit. Perhaps ADVANCE was
not able to demonstrate a similar finding because
of the smaller sample size of only 1241 compared
with the ACCORD-Eye substudy with 2856 and
UKPDS with 3827 subjects. Therefore, glycemic
control does have benefit for reducing incidence
and progression of retinopathy throughout the
spectrum of T2DM duration.

However, beneficial effects on neuropathy
have remained more difficult to demonstrate. In
Type 1 diabetes, there is good evidence that gly-
cemic control reduces the risk for neuropathy (7).
By contrast, there is less evidence of benefit in
T2DM. The UKPDS did not include neuropa-
thy in their composite microvascular end point.
Neuropathy was assessed by ankle and knee jerk
reflexes and by biothesiometer readings and no
differences were found. Steno-2 was only able to
demonstrate reductions in autonomic neuropathy
(as defined by measurement of the relative risk
(RR) interval on an ECG during paced breath-
ing and on an orthostatic-hypotension test by a
blinded laboratory technician), but not peripheral
neuropathy, as assessed by biothesiometer read-
ings. ADVANCE demonstrated no difference in
neuropathy. Only ACCORD has now provided
some evidence of benefit of intensive glycemic
control with three of the four prespecified sec-
ondary outcomes assessing peripheral neuropa-
thy achieving statistical significance. The benefits
were reductions in loss of light touch witha 10 g
monofilament, new loss of ankle jerk during the
Jendrassik manoevre, and new neuropathy with a
score >2 on the Michigan Neuropathy Screening
Instrument with low numbers-needed-to-treat of
49, 33 and 28, respectively. Loss of vibration sense
was not significantly improved. Although not
all of the neuropathy outcomes were improved,
this is still clinically relevant in that loss of 10 g
monofilament sensation has been associated with
high risk of development of diabetic ulcers and
amputation. This is an important finding in a
population that had previously lacked proof of
benefit. The apparent discrepancies in effect on
peripheral neuropathy between the studies may
be explained by the assessment methods. Both
UKDPS and Steno-2 utilized the biothesiom-
eter reading to assess for peripheral neuropathy.
The biothesiometer measures vibration sense —
the one secondary outcome of neuropathy that

future science group
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Steno-2 OBS

Steno-2

UKPDS-PTM

UKPDS

VADT

ADVANCE

ACCORD

Outcome (intensive vs standard) (cont.)

None None Not studied No difference for No difference

New or worsening

Reduction in two
renal outcomes,

Relevant secondary

microvascular
outcomes

peripheral neuropathy in peripheral

nephropathy (HR: 0.79)

neuropathy

three neuropathy
outcomes, two

retinopathy outcomes
and progression of
retinopathy

globin A, ; HR: Hazard ratio; MR: Modified release; NS: Not significant; Steno-2 OBS: Steno-2 observation trial; SU: Sulfonylurea; UKPDS: United Kingdom Prospective Diabetes Study; UKPDS-PTM: United Kingdom

ACCORD: Action to Control Cardiovascular Risk in Diabetes Study Group; ADVANCE: Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation; FPG: Fasting plasma glucose;
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was not significantly reduced in ACCORD. The
publications on ADVANCE do not discuss their
assessment method for peripheral neuropathy. So
perhaps the peripheral neuropathy benefits of gly-
cemic control in T2DM are detected better using
assessments of light touch, ankle jerk reflex and
a validated neuropathy assessment instrument.
Steno-2 did not show a peripheral neuropathy
benefit but did show reduction in autonomic
neuropathy. This was not assessed in the other
studies so it is difficult to comment any further.
Taking into account all of the evidence to date,
one can conclude that glycemic control appears
to have benefit in reducing certain components
of peripheral neuropathy in T2DM.

There is also the issue of fenofibrate use and
reduction in microvascular complications. An
interesting finding of the ACCORD-Eye sub-
study was the benefit seen with fenofibrate use.
The magnitude of benefit was fairly impressive
with an absolute risk reduction of 3.7%. This
is consistent with the results of the Fenofibrate
in Event Lowering in Diabetes (FIELD)
study [24.25]. In the FIELD study, 9795 partici-
pants with T2DM were randomized to receive
fenofibrate or placebo with the primary out-
come of interest being cardiovascular. Despite
not demonstrating overall cardiovascular benefit
(similar to ACCORD), there were microvascu-
lar benefits. A prespecified tertiary outcome was
the need for laser photocoagulation therapy for
retinopathy. The fenofibrate group had signifi-
cantly less laser treatment with a hazard ratio of
0.69 (95% CI: 0.56-0.84; p = 0.0002). A fundus
photography substudy of only 1012 participants
showed reduction in two-step progression using
the Early Treatment Diabetic Retinopathy Study
(ETDRS) for those with pre-existing retinopathy
(3.1% fenofibrate vs 4.6% placebo; p = 0.004),
but not for those without pre-existing retinopa-
thy [25]. In addition, in the FIELD study, similar
to in ACCORD lipid, the microvascular benefits
were not only seen with retinopathy but there was
also a reduction in albuminuria with 24% reduc-
tion in albumin:creatinine ratio in the fenofibrate
group, compared with only 11% reduction with
placebo (p < 0.001) [26]. There was also 14% less
albuminuria progression and 18% more regres-
sion compared with placebo over the 5 years of
the study and also less decline of renal function.
In addition, there was a reduction in risk of first
amputation and, in particular, minor amputa-
tions with no known large-vessel disease, which
is more suggestive of a microvascular etiology [27].

future science group
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These are all interesting findings and the exact
mechanisms through which fenofibrate can
reduce complications are not fully understood.
Potential mechanisms include the effects of
PPARa agonist on inflammation, angiogenesis
and cell migration [25,28].

So considering the totality of evidence as it
currently exists, what are the exact benefits of
improved glycemic control in T2DM? Although
microvascular complication reduction is obvi-
ously worthwhile, one must consider the patient
as a whole. The primary cause of death among
those with diabetes remains cardiovascular dis-
ease. In those patients who are younger and/or
earlier in their course of diabetes, aggressive gly-
cemic control to target an Alc of at least <7%
remains warranted to reduce both microvascu-
lar and macrovascular complications in the long
term. However, for those who are older and have
had diabetes for longer duration, the potential
microvascular benefits of intensive glycemic
control must be balanced against the overall
effects of intensive glycemic management which
included negative effects such as weight gain and
increased risk of severe hypoglycemia. It should
be noted that although an increased risk of mor-
tality associated with intensive therapy was also
seen in ACCORD, this was not observed in the
other recent trials nor in the meta-analyses of the
UKPDS, ACCORD, ADVANCE, and VADT
studies 18], and an explanation for the ACCORD
results remains elusive [16,17). Further analyses of
the ACCORD data suggest that severe hypogly-
cemia is a marker of those at higher risk of mor-
tality, especially if in the intensive arm, and that
those who were able to achieve better glycemic
control with no severe hypoglycemia, benefitted
the most. It would thus seem appropriate to con-
clude that the approach to consider for glycemic
control is not a ‘one size fits all” approach, but
rather one of individualization and consideration
of the overall risk (including hypoglycemia) ben-
efit ratio. However, it is critical that this approach
not be interpreted as permission to be lax with
glycemic control, but more as a reminder that in

the vast majority of those with T2DM, aggressive
glycemic management is warranted but as the risk
benefit status changes, it may be prudent to be
less aggressive. Furthermore, the Steno-2 study
reminds us that glycemic control is not the sole
important factor in the management of T2DM,
but rather one of many. A multifactorial, mul-
tidisciplinary approach is the most effective to
reduce both micro- and macro-vascular compli-
cations. The role of fenofibrate is evolving and
may be a consideration for those with T2DM, not
for its lipid-lowering properties, but rather for its
ability to reduce some microvascular complica-
tions. However, a recommendation for its wide-
spread use for this purpose remains premature
at this time.

Conclusion & future perspective

Intensive glycemic control in T2DM reduces the
risk of nephropathy, retinopathy and elements of
peripheral neuropathy and although benefit was
seen throughout the spectrum of disease duration,
the benefit appears to be greater when applied
carlier in the disease. Although reduction of
microvascular complications is worthwhile, one
must consider the patient as a whole. Therefore,
glycemic targets should be individualzed and the
overall risk:benefit ratio must be considered.
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