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Reducing renal failure: how low do
glucose levels need to go?

Clement Lo' & Sophia Zoungas*3*

I Practice Points

Diabetic kidney disease is the commonest cause of end-stage kidney disease worldwide and leads to
significant morbidity and mortality, increased cardiovascular risk and increased economic health costs
due to the need for dialysis.

Major risk factors for diabetic nephropathy include hyperglycemia, hypertension, dyslipidemia and
duration of diabetes.

There are both albuminuric and nonalbuminuric pathogenetic pathways to renal dysfunction in diabetic
nephropathy.

Studies in both Type 1 and Type 2 diabetes show a relationship between tighter glucose control and a
lower risk of the development and progression of albuminuria and diabetic nephropathy.

While older trials such as the UKPDS and DCCT aimed for a glycated hemoglobin (HbA1c) approaching
7%, more contemporary trials such as ACCORD, ADVANCE and VADT lowered the HbA1c to less than 7%.

The major side effect of lowering glucose levels is hypoglycemia.

The renal benefits of intensive blood glucose control have to be balanced with the patient’s age,
comorbidities and the risk of hypoglycemia.

A general glycemic target of HbAlc of 7% to prevent onset and progression of diabetic nephropathy is
appropriate in most patients.

Other risk factor modification such as treating hypertension, the use of renin—angiotensin system
blockade and treating dyslipidemia are equally as important as glycemic control in the management of
the patient with diabetic nephropathy.
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SUMMARY Diabetic kidney disease is the commonest cause of end-stage kidney
disease worldwide. One strategy to prevent the development and progression of diabetic
kidney disease is intensive blood glucose control. Randomized controlled trials such as
the UKPDS and DCCT have demonstrated that a target HbAlc level of 7% improves renal
outcomes. More recently, ACCORD, ADVANCE and VADT have explored the effects of
targeting even lower HbAlc levels of 6.0-6.5%. These contemporary trials have universally
reported improvements in albuminuria but no clear effects on preventing end-stage
kidney disease. Thus, the additional and likely long-term renal benefits of intensive glucose
lowering to achieve HbA1lc levels <7% need to be balanced against the potential risks of
intensive therapy such as severe hypoglycemia. An individualized approach is required with
the understanding that the greatest renal benefits are likely to be achieved at a HbAlc level

of <7%. Other risk factors for renal impairment should also be addressed.

Diabetes is now the commonest cause of end-stage
kidney disease in both the developed and devel-
oping world [1]. Chronic kidney disease causes
significant morbidity and mortality, and further
increases cardiovascular risk in people with diabe-
tes [2]. It also results in significant individual and
economic health costs due to the need for renal
replacement therapy. Measures to decrease the
development and progression of chronic kidney
disease in people with diabetes are thus urgently
needed, particularly as the prevalence of Type 2
diabetes continues to increase globally.

Pathophysiology

Major risk factors for diabetic nephropathy
include hyperglycemia, hypertension, dys-
lipidemia and duration of diabetes. Classic
diabetic nephropathy develops over 20 years.
The onset of diabetic nephropathy is usually
marked by glomerular hyperfiltration, which
is then followed by the development of wors-
ening albuminuria progressing from normo-
albuminuria (<30 mg/24 h) to microalbumin-
uria (30-300 mg/24 h) and then to proteinuria
(>300 mg/24 h). The glomerular filtration rate
usually remains stable until the development of
proteinuria, and then progressively falls by an
average of 10-12 ml/min/1.73 m?/year, ulti-
mately leading to renal failure (Figure 1) [3-5].
This pathway is classically seen in Type 1 dia-
betes and in some patients with Type 2 diabetes,
although there are exceptions. On kidney biopsy,
some patients with Type 2 diabetes labeled as
having diabetic nephropathy do not exhibit
the classical pathological renal findings or have
mixed disease. Furthermore, microalbuminuria
can regress either as part of the natural history
of the disease or with the use of renin—angio-
tensin system blockade. Some patients may also
be observed to develop a decline in renal func-
tion without progressive albuminuria. Thus,
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it is believed that both classical albuminuric
and nonclassical nonalbuminuric pathways
lead to decline of renal function in people with
diabetes [6,7].

Epidemiological studies have established
a clear link between glycemic control and the
development and progression of diabetic kid-
ney disease. The recent publication of three
landmark trials (ACCORD, ADVANCE and
VADT) (8-11] has added to our understanding
of the relationship between glycemic control and
kidney disease. Here, we review these three tri-
als, as well as other major studies that provide
evidence for the important role of glucose control
in the prevention of diabetic kidney disease and
renal failure.

Studies of patients with Type 1 diabetes
The DCCT assessed the effect of intensive glu-
cose control on the development of diabetic
nephropathy and decline in renal function in
young patients with Type 1 diabetes [12].

A total of 1441 patients with Type 1 diabetes,
a mean glycated hemoglobin (HbAlc) of 8.9%
and a mean age of 27 years were randomized.
The cohort consisted of two groups: a primary
prevention group with no retinopathy, mild
microalbuminuria (<40 mg/day) and a mean
diabetes duration of 2.6 years; and a secondary
prevention group with mild-to-moderate non-
proliferative retinopathy or microalbuminuria
(<200 mg/day) and a mean diabetes duration of
8.8 years. The effect of intensive insulin therapy
(median HbAlc reached was approximately
7%) was compared with conventional therapy
(median HbAlc reached was approximately
9%). The primary outcome was the development
and progression of retinopathy; other second-
ary outcomes included macrovascular and renal
outcomes. After a mean follow-up of 6.5 years,
intensive control as compared with conventional
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control, led to a 39 and 54% reduction in the
occurrence of new microalbuminuria and new
macroalbuminuria, respectively (95% CI: 21-52
and 19-74%, respectively).Moreover, when the
patients were followed for a further 8 years in the
post trial, EDIC study, the effects of the former
intensive control compared with conventional
control, further reduced the occurrence of new
microalbuminuria by 59% (despite the HbAlc
levels converging after 4 years) [13] contributing
to a decreased risk of any cardiovascular disease
by 42% (p = 0.02) [14]. There was a two- to
three-fold increased risk of major hypoglycemia
in the intensive control group compared with
the conventional group.

Studies of patients with Type 2 diabetes

The UKPDS [15], an open label trial of 3867
newly diagnosed patients with Type 2 diabetes,
compared the effects of intensive glycemic con-
trol with either sulfonylurea, or insulin versus
conventional dietary therapy on the develop-
ment of microvascular and macrovascular com-
plications. Primary aggregate end points were
any diabetes-related end point (including renal
failure defined as requirement for dialysis or a
plasma creatinine greater than 250 pmol/l); dia-
betes-related death (including death from renal
disease) and all-cause mortality. Subclinical
renal end points were also assessed every 3 years
and included microalbuminuria, proteinuria
and a twofold increase in plasma creatinine.
After 10 years, the mean HbAlc was 7% in the
intensive therapy group compared with 7.9%
in the conventional therapy group. The risk of
any diabetes-related end point was 12% lower
in the intensive therapy group compared with
the conventional therapy group. This was pri-
marily driven by a 25% reduction in risk of
microvascular complications (defined as vitre-
ous hemorrhage, retinal photocoagulation or
renal failure). After 9 years, fewer patients in
the intensive group compared with the conven-
tional group developed microalbuminuria (19.2
vs 25.4%; relative risk [RR]: 0.76; p = 0.00062),
proteinuria (4.4 vs 6.5%; RR: 0.67; p = 0.026)
and doubling in serum creatinine (0.71 vs
1.76%; RR: 0.4; p = 0.027). However, more
weight gain and a greater number of total and
major hypoglycemic episodes were reported in
the intensive versus the conventional group,
especially in those patients receiving insulin (3%
of patients on insulin had a major hypoglycemic
episode, and 40% had either a major or minor
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Figure 1. Natural history of classical diabetic nephropathy.

Reproduced with permission from [3].

episode). The 10 year post-trial follow-up has
subsequently reported maintained benefits on
microvascular complications (vitreous hemor-
rhage, retinal photocoagulation or renal failure)
in the intensive group, despite early loss of the
glycemic difference between the two treatment
groups [16].

The Kumamoto trial [17], studied the effect of
intensive glucose control with insulin therapy on
the development of microvascular complications
in 110 Japanese patients with Type 2 diabetes
(55 patients who had diabetes without micro-
vascular complications in the primary preven-
tion cohort and 55 patients who had mild reti-
nopathy and microalbuminuria in the secondary
intervention cohort). Patients were randomized
to either an intensive regimen of rapid-acting
insulin with meals and basal intermediate insu-
lin at night, or a conventional regimen of an
intermediate acting insulin once or twice daily.
The primary prevention group had a mean age of
40 years, average duration of diabetes of 6.5 years
and mean HbAlc of 9%. The secondary inter-
vention group had a mean age of 50.5 years, aver-
age duration of diabetes of 10.3 years and mean
HbAlc of 9.2%. After 6 years, a mean HbAlc
of 7.1% was achieved in the intensive group ver-
sus 9.4% in the conventional group. Compared
to the conventional group, the intensive group
had a significantly lower rate of development of
nephropathy. In particular, in the primary pre-
vention group, 7.7% of those receiving intensive
therapy developed albuminuria compared with
28% of those receiving conventional therapy
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(p = 0.03). Unlike the UKPDS and DCCT,
this study only reported an increased risk of
mild hypoglycemia in the intensive versus the
conventional therapy groups.

The Veteran Affairs Cooperative Study
on Glycemic Control and Complications in
Type 2 diabetes [18] was of similar size to the
Kumamoto study, and examined the effects of
intensive glucose control on microalbuminuria
and creatinine clearance. Investigators assigned
153 male patients of mean age 60 years, with
diabetes of mean duration 7.8 years and with a
mean HbAlc 0of 9.8%, to either intensive control
(mean achieved HbAlc was 7.1%) or standard
control (mean HbAlc achieved was 9.1%). Of
the cohort 38% had microalbuminuria, and were
evenly assigned to both groups. Both groups
received insulin, however while patients in the
standard group could only receive a maximum
of two injections of insulin, the intensive group
could be on a multidose regimen. At 2 years of
follow-up, intensive therapy slowed the progres-
sion of microalbuminuria significantly with the
changes in the albumin:creatinine ratio from
baseline to 2 years being 0.045 in the intensive
group compared with 0.141 in the standard
group (p = 0.046). This effect was demonstrated
most in patients with evident microalbuminuria
at study entry. The intensive group also had a
slower decline in creatinine clearance compared
with the standard control. For patients without
baseline microalbuminuria, the decline was non-
significant in both the intensive and standard
groups. In patients with microalbuminuria, the
intensive group showed a significant 12% reduc-
tion in creatinine clearance (p = 0.0001) com-
pared with a significant 17% decline (p = 0.009)
in the standard control.

The majority of older trials have studied
the effects of targeting a HbAlc level of close
to 7% compared with levels of 8% or greater.
More recently, three major randomized trials,
the ACCORD, the ADVANCE and the VADT,
have examined the effects of targeting a HbAlc
level less than 7%, compared with levels of
greater than 7% on the development of both
macrovascular and microvascular complications,
including renal outcomes (Table 1).

The ACCORD (8] glycemic control arm ran-
domized 10,251 North American patients with
Type 2 diabetes of median duration 10 years,
average HbAlc of 8.1%, mean age 62 years, and
either with prevalent cardiovascular disease or
at high risk of cardiovascular disease, to either
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intensive glycemic control (median achieved
HbAlc was 6.4%) or standard glycemic con-
trol (median achieved HbAlc was 7.5%). The
primary outcome was a composite of major car-
diovascular events, defined as nonfatal myocar-
dial infarction, nonfatal stroke and death from
cardiovascular causes. Secondary outcomes
included two prespecified composite microvas-
cular end points. The first composite end point
was the development of renal failure (defined as
initiation of dialysis or end-stage renal disease,
renal transplantation, or rise of serum creatinine
>291.72 pmol/l) or retinopathy (requiring reti-
nal photocoagulation or vitrectomy). The second
composite end point added peripheral neuropathy
to the first composite outcome. In the intensive
control group, therapy was titrated monthly for
4 months, and 2 months thereafter, to achieve
and maintain the proposed glycemic target. In
the standard control group, therapy and targets
were reviewed every 4 months. HbAlc was rapidly
reduced within the first 6 months with combina-
tions of insulin and other oral glucose-lowering
agents. After an average 3.5 years of follow-up,
the trial was terminated prematurely due to an
increased risk of all-cause and cardiovascular mor-
tality in the intensive control group. At this time,
there was no significant difference between the
groups for either the first composite microvascular
(HR: 1.00; 95% CI: 0.88-1.14; p = 1) or the
second composite outcome (HR: 0.95; 95% CI:
0.80-1.02; p = 0.19) or the rate of overt renal fail-
ure (HR: 0.95; 95% CI: 0.73-1.24; p = 0.713).
Compared with the conventional group, the
intensive group had a 21% reduction in risk of
microalbuminuria (p = 0.0005), 31% reduction in
risk of macroalbuminuria (p = 0.0007) buta 7%
increase in the risk of doubling of serum creatinine
or decrease in estimated glomerular filtration rate
(eGFR; p = 0.016) and a threefold increased risk
of severe hypoglycemia. This difference in the risk
of doubling of serum creatinine was absent after
a median follow-up of 5 years postcessation of
intensive glycemic control. The initial decline in
¢GFR was thought to be due to a decrease in glo-
merular hyperfiltration associated with improved
glycemic control [9)].

ADVANCE [10] was a multinational trial that
randomized 11,140 patients with Type 2 diabetes
of median duration of 7 years, mean HbAlc of
7.5%, mean age of 66 years and with major mac-
rovascular or microvascular complications or at
least one other risk factor, to either standard or
intensive glucose control. The composite primary
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outcome was major macrovascular events (cardio-
vascular death, nonfatal myocardial infarction or
nonfatal stroke) and major microvascular events
(new or worsening nephropathy or retinopathy)
assessed both together and separately. The inten-
sive group received gliclazide modified release
plus other glucose lowering agents as required,
to achieve a target HbAlc of <6.5%. The stan-
dard therapy group received sulfonylureas other
than gliclazide, plus other drugs and insulin as
required, as per local guidelines. In comparison to
ACCORD, the HbAc level was gradually reduced
over 3 years to a mean of 6.5% in the intensive
group compared with 7.3% in the standard group.
After a median 5-years follow-up, the incidence
of the combined major macrovascular and micro-
vascular outcome was reduced by 10% (95% CI:
2-18%; p = 0.01). Similarly to the UKPDS, most
of this effect was due to a reduction in microvas-
cular complications, particularly a significant 21%
reduction in the incidence of new or worsening
nephropathy defined as the development of mac-
roalbuminuria (urine albumin:creatinine ratio
>33.9 mg/mmol), doubling of serum creatinine
>200 pmol/l, need for renal replacement therapy
or death due to renal disease. Intensive glycemic
control was associated with a modestly increased
rate of severe hypoglycemia.

The VADT was a smaller randomized control
trial that studied the effect of intensive versus stan-
dard glucose control on 1791 USA military veter-
ans with a mean age of 60 years, Type 2 diabetes
of mean duration of 11.5 years, and mean HbAlc
of 9.4% [11]. The primary outcome was the time
to first occurrence of a major cardiovascular event.
Secondary outcomes included microvascular com-
plications such as nephropathy, retinopathy and
neuropathy. Glucose-lowering strategies included
the use of oral glucose lowering agents and insulin.
After a median follow-up of 5.6 years, the inten-
sive group achieved an HbAlc of 6.9% compared
with 8.4% in the standard group. This did not
result in a significant difference in the primary
composite major cardiovascular event end point.
However, a significant reduction in albuminuria
progression was observed (9.1 vs 13.8%; p < 0.01).
No other renoprotective effects of intensive ther-
apy were reported. Similar to the ACCORD trial,
severe hypoglycemia was increased fourfold with
intensive glucose lowering.

Conclusion
While differing in design, as well as extent
and intensity of glucose control, the available
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evidence from trials would suggest that over sev-
eral years, more intensive glucose control will
improve a range of renal outcomes in particular
the development and progression of albumin-
uria and thus future development of diabetic
nephropathy and end-stage kidney disease in
patients with Type 1 and 2 diabetes. The opti-
mal HbAIc target for preventing kidney disease
is likely to be less than 7% based on current
trial evidence. The benefits of aiming for such
intensive glucose control must be weighed up
against the increased risks of major hypogly-
cemia with agents in common use at this time.
In older patients or those with other comor-
bidities, a low HbAlc target may be impracti-
cal and unsafe. Thus the control of other risk
factors for nephropathy such as hypertension,
and dyslipidemia may be more critical for these
patients [19,20].

Limitations of current evidence

There are several limitations to the inferences
that can be drawn from available glucose
lowering trials.

First, while intensive glucose control results
in better renal outcomes, the lowest HbAlc
achieved in trials was 6.4%. Whether further
renal benefits can be safely achieved by lower-
ing the HbAlc to even closer to 6% is currently
unknown.

Second, in most trials, the only renal outcome
observed to significantly improve with intensive
glucose control was the development of albu-
minuria. This is because most of the trials were
underpowered and too short to detect any effects
on the development of more advanced kidney
disease such as end-stage kidney disease requir-
ing dialysis or transplantation. It is not known
whether nonalbuminuric pathogenetic pathways
of diabetic nephropathy are modulated by strict
glycemic control. Long-term follow-up of the
ACCORD, VADT and ADVANCE cohorts
will address the question of legacy or metabolic
memory in those with long standing diabetes
including the effects on more advanced kidney
disease outcomes.

Future perspective

Current strategies for glucose lowering often
include oral glucose lowering agents and insu-
lins that increase the risk of hypoglycemia. As a
result, there is a trade-off between tight glucose
control and the experience of hypoglycemia.
This is especially the case when these agents are
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used in the setting of impaired renal function.
The exceptions are metformin, DPP4 inhibi-
tors and GLP1 agonists, which have a negli-
gible risk of hypoglycemia when used alone
or in combination with each other. However,
these agents are contraindicated (apart from
some currently available DPP4 inhibitors) once
the eGFR declines to less than 30 ml/min or
may require dose reduction once the eGFR is
less than 60 ml/min. Furthermore, when used
alone these agents are unlikely to achieve tight
glucose control in the majority of patients [21].
Therefore, there is a need for more physiological
methods of insulin replacement and the devel-
opment of novel agents that target the different
pathologic pathways resulting in diabetes and
that can be used in those with renal impairment

-
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