
A causal relationship between high glucose levels and the chronic complications of
diabetes was postulated long before the results of recent studies illustrating the benefits of
intensive glycemic control. The presence of microvascular complications is unique to
diabetes mellitus and accounts for a significant degree of morbidity due to loss of vision,1

renal failure,2 and amputation.3 Moreover, diabetes is associated with a heightened risk of
cardiovascular disease, contributing to higher mortality rates in the diabetic as compared
to the non-diabetic population.4 There is now compelling evidence from randomized con-
trolled trials that the long-term complications of diabetes can be reduced by tight glycemic
control. This has led the Canadian Diabetes Association (CDA) and other organizations to
recommend stricter targets for therapy.5 The 1998 CDA guidelines suggest that, for the
majority of patients, (Table 1) these levels be maintained:

• HbA1c to within 115% of the upper limit of normal (< 7% in most labs)
• pre-prandial levels between 4 and 7 mmol/L, and
• 2-hour post-prandial levels between 5 and 11 mmol/L
In recent years, there has been an emerging body of evidence regarding pre- and post-

prandial glycemia and its role in the development of chronic complications of diabetes. The
CDA has started a careful review of the literature to re-evaluate the targets of glycemic
control and other aspects of diabetes management and a revised set of guidelines is
planned for release in 2003. In this issue of Endocrinology Rounds, the evidence sur-
rounding glycemic control and its effect on diabetic complications will be reviewed. Where
randomized clinical trials are lacking, attention will focus on prospective epidemiological
data, with the purpose of building a framework for developing targets of glycemic control.

The effect of glycemic control on diabetic complications 
Type 1 diabetes mellitus

The Diabetes Control and Complications Trial (DCCT) was a large, multicentre,
randomized trial that enrolled 1441 patients with type 1 diabetes in 29 centres throughout
North America.6 The DCCT evaluated the effect of an intensive insulin regimen aimed at
achieving glucose levels as close to the normal range as possible versus a conventional
insulin regimen. For those in the intensive treatment (IT) arm, an insulin regimen consisting
of multiple daily injections (MDI) or a subcutaneous insulin infusion was implemented to
achieve an HbA1c < 6.05% and pre-meal glucose levels between 3.9 and 6.7 mmol/L. This
intensive program of therapy was coupled with frequent self-monitoring, insulin dose
adjustment, and close contact with a diabetes health team. In contrast, those on conventional
therapy (CT) received one or two injections of insulin per day with the aim of avoiding
excessive symptoms of hyper- or hypoglycemia, and were followed less frequently.

During the DCCT, intensive therapy resulted in a significantly lower mean HbA1c level
compared with conventionally-treated patients (7.2% vs. 9.0%, P< 0.001) and this differ-
ence was maintained throughout the course of the study. Intensive therapy dramatically
reduced the risk of developing new or progressive microvascular complications. Retinopathy
was reduced by up to 76% (95% confidence interval (CI), 62% - 85%), microalbuminuria by
39% (95% CI, 21% - 52%), overt proteinuria by 54% (95% CI, 19% - 74%), and clinical
neuropathy by 60% (95% CI, 38% - 74%). However, in addition to this benefit, IT was
associated with a 2- to 3-fold increase in the risk of severe hypoglycemia.
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A secondary analysis of the DCCT data revealed a
continuous relationship between HbA1c and microvas-
cular disease both before, and after, adjustment for other
confounders.7 There was no apparent threshold for the
beneficial effect of lowering HbA1c on the progression of
retinopathy. In both treatment groups, a 10% reduction
in HbA1c (eg, from 8% to 7.2%) was associated with 
a 40% to 50% lower risk of progression (Figure 1). Thus,
the lowest risk occurred in patients who achieved a mean
HbA1c of < 6%, however, only a few were able to achieve
this degree of glycemic control. Baseline HbA1c and
disease duration were also important predictors of retino-
pathy progression, suggesting that total glycemic expo-
sure contributes to the development of microvascular
disease. During the study, the change in risk over time
also depended on how glycemic control was attained. CT
patients had consistently higher rates of microvascular
endpoints than the IT patients who achieved the same
HbA1c. Hence, it is possible that greater fluctuations in
glucose levels throughout the day play an independent
role in the development of complications.

A more recent analysis of the DCCT data published
in 2001, found a similar relationship between mean blood
glucose levels from 7-point glucose profiles and progres-
sion of retinopathy.8 On a quarterly basis, participants on
IT did more frequent monitoring, performing a 7-point
glucose profile of both pre- and post-prandial levels at
home. There was a progressive increase in the risk of
retinopathy when mean blood glucose (BG) levels were
> 8.3 mmol/L. However, too few participants achieved
levels lower than this to extend the regression line below
this point, thus the authors were unable to replicate the
continuous relationship between average glucose levels
and complications that had been illustrated previously.

The DCCT was the first large-scale randomized con-
trolled trial (RCT) to demonstrate the benefit of glucose
control on complications of type 1 diabetes. Earlier ran-
domized trials comparing IT to CT insulin regimens
included too few patients to be conclusive.9-18 One
exception was the Stockholm Diabetes Intervention
study19 that reported a decrease in the risk of prolifera-
tive retinopathy (27% vs. 52%, P = 0.01) and
nephropathy (18% vs. 2%, P = 0.01), despite a smaller
sample size (n = 96) and a large number of crossovers
between the CT and IT groups. A meta-analysis of 16
individual studies revealed an overall reduction in the risk
of retinopathy progression, relative risk (RR): 0.49 (0.28-

0.85) and nephropathy, RR: 0.34 (0.2-0.58) after only 
2 years of intensive insulin therapy.20

To date, no studies have specifically examined the effect
of IT on cardiovascular endpoints in patients with type 1
diabetes. In the DCCT, IT was associated with a 42% lower
likelihood of a first major macrovascular event (0.84 vs.
0.49 per 100 person-years, P = 0.082), including 78% fewer
coronary artery disease events (0.29 vs. 0.06 per 100
person-years, P = 0.065); however, these findings were not
statistically significant.6 A meta-analysis that integrated the
results of 6 studies (including the DCCT), discovered a sig-
nificant reduction in the risk of a first macrovascular event
in patients treated with IT compared to CT (odds ratio
(OR) 0.55 (0.35-0.88), P = 0.015).21 Improved glycemic
control may have a beneficial effect on serum lipids and
endothelial function in this population.22,23

Type 2 diabetes mellitus

Two randomized controlled trials have evaluated the
effect of IT on the complications associated with type 2
diabetes.

Table 1: Targets for glycemic control: 
The 1998 Canadian Diabetes Guidelines5

Ideal Optimal Suboptimal inadequate

HbA1C* ≤100 ≤115 116-140 >140

Fasting/pre-meal
BG (mmol/L) 3.8 -6.1 4 -7 7.1-10 >10

Post-meal BG
(mmol/L) 4.47-7.0 5 -11 11.1-14 >14
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levels > 7% were associated with a significantly increased
risk for most endpoints compared to levels < 6%. Although
there appeared to be a relative benefit to lowering HbA1c
levels from 7% to 6%, the absolute benefit appeared to be
small. Additional data found that a mean updated HbA1c
in the 6.2% to 7.4% range (representing the middle tertile)
was associated with a significantly higher rate of progres-
sion in retinopathy compared to levels < 6.2%.28 This was
particularly evident for individuals who had background
retinopathy. In another analysis, participants with baseline
HbA1c concentrations > 7.6% had a 50% higher risk of MI
(RR: 1.5; 95% CI, 1.2-1.9), while those with levels over
6.3% had a significantly increased risk of angina (RR: 1.5;
95% CI, 1.1-2.0).29

The Munich General Practitioner Project was a
prospective cohort study that evaluated the relationship
between baseline HbA1c and subsequent coronary heart
disease mortality over a 10-year period.30 The study
population was randomly selected from a representative
sample in primary care practices of middle-aged  individ-
uals with type 2 diabetes. Baseline HbA1c levels of ≥6.9%
were associated with a > 2-fold higher mortality rate,
regardless of baseline cardiovascular status. HbA1c levels
in the highest tertile (over 8.8%) were not associated with
a further elevation in risk, however, they did not examine
HbA1c as a continuous risk factor. The effect of glycemic
control was independent of other prognostic factors.

The relationship between fasting/pre-meal
glucose levels and diabetes complications

Self-monitoring of blood glucose levels is an important
tool that can be used to adjust therapy for individuals with

The first, a small Japanese study (Kumamoto trial),
randomized 110 participants with type 2 diabetes mel-
litus treated with insulin, to receive multiple injections (3
to 4 per day) versus CT with 1 or 2 injections per day.24

The aim of IT was to achieve an HbA1c of < 7%, fasting
glucose of < 7.8 mmol/L, and post-prandial levels of
≤ 11.1 mmol/L. The study was successful in attaining
these goals; IT resulted in a median HbA1c of 7.1% com-
pared with 9.4% in the CT group and a lower risk of
microvascular complications. The cumulative incidence
of retinopathy was lower among participants on 
IT (7.7% vs. 32%, P = 0.039), as was the incidence of
nephropathy (7.7% vs. 28%, P= 0.032). Abnormalities on
neurological testing were also less common among those
on IT. In a secondary analysis, the risk of either
retinopathy or nephropathy rose with increasing HbA1c
levels > 6.5% -7%. None of the participants who achieved
an HbA1c of <6.5% showed progression; however, this
finding was based on very few events and not adjusted for
potential confounders.

The United Kingdom Prospective Diabetes Study
(UKPDS) was a large, randomized, controlled trial that
recruited over 4000 patients with newly diagnosed type
2 diabetes melitus who had a fasting glucose levels > 6.0
mmol/L on at least two occasions.25,26 The UKPDS was
designed to compare the effect of an intensive versus a
conventional treatment policy on microvascular, as well
as macrovascular complications. In the main trial, partici-
pants in the IT group received a sulphonylurea or an
insulin-based regimen that was titrated to achieve a
fasting BG  < 6 mmol/L, and for those on insulin, pre-
meal levels between 4 and 7 mmol/L. In contrast, CT
patients were treated with diet therapy alone, unless they
developed symptoms or a fasting glucose level >15
mmol/L. The IT group achieved a lower HbA1c than the
CT patients (median 7% vs. 7.9%). Glycemic control
deteriorated throughout the course of the study, however,
the difference between the 2 treatment groups remained
significant. IT resulted in a significantly lower risk of any
diabetes-related endpoint (RR reduction (RRR): 12%;
95% CI, 1%-21%), microvascular events (RRR: 25%; 95%
CI, 7%-44%), and retinal photocoagulation (RRR: 29%;
95% CI, 4%-67%). There was also a trend towards lower
rates of myocardial infarction, although this did not reach
statistical significance (RRR: 16%, P = 0.052).

Again, a direct relationship was observed between
the mean updated HbA1c level achieved during the 
trial and clinical outcomes with no obvious threshold 
of benefit.27 Each 1% (absolute) reduction in mean
updated, HbA1c concentration was associated with a 37%
decline in the risk of microvascular endpoints
(P< 0.0001), a 14% lower rate of myocardial infarction
(MI; P< 0.0001), and fewer diabetes-related deaths or
mortality from any cause (P< 0.0001; Figure 2). Glycemic
control remained an important predictor of most diabetes-
related endpoints after adjustment for age, sex, ethnicity,
blood pressure, smoking, serum lipids, albuminuria, and
treatment allocation, with the exception of stroke and
heart failure. From their analysis, mean updated HbA1c
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either type 1 or type 2 diabetes. In both the DCCT
and UKPDS, participants treated with an IT regimen
used 4-7 mmol/L as their pre-meal target range to
adjust therapy.6,25 During the DCCT, a mean glucose
level of 8.6 mmol/L was associated with a mean pre-
prandial blood glucose that was somewhat higher
than the threshold (7.7 mmol/L), suggesting that for
patients with type 1 diabetes, these targets may be dif-
ficult to achieve. In contrast, in the UKPDS IT group,
therapy was titrated with the aim of lowering fasting
glucose to <6 mmol/L and this resulted in a reduced
risk of microvascular complications. However, despite
ongoing vigilance, HbA1c levels continued to rise
during the course of the trial, suggesting that targeting
fasting glucose levels alone may not be sufficient to
achieve good glycemic control. Furthermore, several
studies have demonstrated that a single, fasting,
plasma glucose can not reliably predict HbA1c meas-
urements, and that glucose levels obtained at other
times of the day may be more meaningful.31-33

Exactly how low fasting and pre-meal levels
should be maintained is still a matter of debate. Data
from the Kumamoto study found that fasting BG
levels over 6.1-6.7 mmol/L were associated with an
increased risk of microvascular complications.24 Data
from other prospective studies highlight the role of
fasting glucose in the development of macrovascular
events. Coutinho et al published a meta-regression
analysis of data from 20 studies, involving 95,783
people, evaluating the effect of fasting glucose on the
incidence of coronary heart disease events.34 To
examine the impact of glucose levels in the non-
diabetic range, they only reviewed studies that
included persons without diabetes. From their
analysis, a fasting glucose of ≥ 6.1 mmol/L was asso-
ciated with increased risk of CHD events compared
to a level < 4.2 mmol/L (RR 1.33; 95% CI, 1.06-
1.67) regardless of diabetes status. Removing the top
quintile of glucose levels did not change the results
substantially. Furthermore, there was a continuous
association between glucose and cardiovascular
events, with the risk rising even when levels were
within the normal, nondiabetic range.

The relationship between post-meal glucose
levels and diabetes complications

Recent studies have provided new insight into
the relationship between post-prandial glycemia and
macrovascular disease. Most of the evidence in this
area comes from prospective studies where partici-
pants underwent screening with an oral glucose tol-
erance test (OGTT) at baseline. A number of studies
have found post-challenge glucose to be a powerful
and independent predictor of cardiovascular risk in
individuals with and without diabetes.

One of the largest studies to examine this rela-
tionship is the Diabetes Epidemiology: Collabora-

tive analysis Of Diagnostic criteria in Europe
(DECODE) study that aggregated data from 13
prospective cohort studies (n = 25,364).35 Overall, a
2-hour post-challenge glucose between 7.8 and 11.0
mmol/L was associated with a 50% higher mortality
rate (RR: 1.50; 95% CI, 1.33-1.69), while levels
≥ 11.1 mmol/L were associated with 2-fold greater
mortality (RR: 2.13; 95% CI, 1.79-2.52) than those
with normal glucose tolerance (Figure 3). This trend
was observed among individuals who had diabetes
based on a fasting glucose > 7.0 mmol/L, as well as
those who had fasting levels in the nondiabetic
range. In a similar analysis, post-challenge glucose
remained an independent predictor of cardiovascular
mortality after adjusting for other risk factors, and
for fasting glucose. In contrast, fasting glucose was no
longer a significant predictor after controlling for
post-prandial elevations.36

The Diabetes Intervention Study was a prospec-
tive, cohort study that followed newly diagnosed
patients with type 2 diabetes (n = 1139) for the
development of myocardial infarction (MI) and
death over an average of 12 years.37 A number of
measures were obtained at baseline, including a 
post-prandial glucose (PPG) obtained 1 hour after
the participant’s usual breakfast. In a case-control
analysis, PPG levels were somewhat higher in partic-
ipants who died compared to survivors (8.9 vs. 8.4
mmol/L, P< 0.01). Furthermore, when they exam-
ined the relationship across categories of PPG, there
appeared to be a significant trend towards a higher
incidence of MI and mortality with increasing 1-
hour PPG levels. The lowest risk of MI or death was
associated with a 1-hour PPG of 8 mmol/L or less;
PPG levels >10 mmol/L were associated with the
highest risk, and levels of 8-10 mmol/L had an inter-
mediate risk (P< 0.05).

Few studies have examined the risk of microvas-
cular endpoints in relation to post-prandial glycemia.
In the Kumamoto study, the risk of microvascular
complications also started to rise with a 2-hour PPG
level >10 mmol/L.24 Unfortunately, a similar analysis
of DCCT data is not available. Participants in the
DCCT did not routinely adjust their insulin therapy
on the basis of post-prandial readings. However,
based on their quarterly 7-point glucose measure-
ments, they also sought to achieve a 90-min PPG
level <10 mmol/L. Among those on IT, a mean
HbA1c of 7.2% was associated with a mean PPG of
9.4 mmol/L. A recent analysis reviewed the relation-
ship between mean pre- or post-prandial glucose
levels and HbA1c achieved during the DCCT.38 Cor-
relation coefficients were somewhat (albeit margin-
ally) greater in the post-prandial period, with the
weakest association occurring between fasting glu-
cose and HbA1c (r = 0.69), and the strongest associa-
tion in the 90-minute post-lunch (r = 0.77) and post-
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dinner (r = 0.78) period. Other studies also suggest
that PPG levels may be a better predictor of HbA1c
than pre-prandial levels. In a small, randomized study,
women with gestational diabetes who adjusted their
insulin therapy based on 1-hour PPG levels rather
than pre-prandial readings experienced a greater
reduction in HbA1c.

39 Cross-sectional data suggest
that a single plasma 2-hour PPG > 8.9 is neither sen-
sitive, nor specific, for predicting high HbA1c levels,
although post-lunch levels >11.5 were specific for
poor control.32,33 Thus, monitoring on a regular basis
and adjusting therapy based on the average glucose
levels achieved in the pre- or post-prandial period,
rather than single readings, may be more highly cor-
related with HbA1c, as it was in the DCCT.

Conclusions

While there is clearly evidence that lowering
HbA1c through IT will lead to improved outcomes,
deciding on specific targets of glycemic control is a
matter of some debate. Each of the 3 main random-
ized studies achieved HbA1c levels of approximately
7% in their IT group and demonstrated a clear rise in
the risk of complications with levels exceeding this
threshold. Lowering HbA1c levels to 6% is expected
to further reduce the risk of complications.
However, the DCCT analysis demonstrated a curvi-
linear relationship between HbA1c and microvas-
cular outcomes, thus, the magnitude of risk reduc-
tion associated with lowering levels from 7% to 6%
was small, although the relative gains may be high.
Even if the true relationship is linear, as suggested by
the UKPDS, as the baseline risk falls, so will the
absolute benefit achieved by further reductions.
Thus, the benefit of attaining normoglycemia needs
to be weighed against the risk of hypoglycemia.
Optimal glucose levels appear to be those that are as
close to normal as possible, as long as they can be
achieved safely.

Non-fasting glucose measurements, particularly
those taken in the post-prandial period, may be a
better predictor of HbA1c. Moreover, a number of
prospective studies have highlighted the importance
of post-prandial glycemia in the development of car-
diovascular disease. The evidence suggests that post-
meal glucose levels < 8 mmol/L confer the lowest
risk of cardiovascular disease and that levels > 10
mmol/L can substantially increase this risk. To date,
there are no studies that have demonstrated a signif-
icant reduction in cardiovascular events with inten-
sive therapy. The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial is a large multi-
centred study, which is now underway across the US
and Canada.40 The ACCORD trial is powered to
evaluate the effect of very tight glycemic control
(HbA1c < 6%) compared to conventional control
(HbA1c ~ 7.5%) on cardiovascular endpoints in
patients with type 2 diabetes. Until this landmark
study is completed, thresholds for therapy will be
largely based on epidemiological studies. Based on
current data, targets of therapy should include both
pre- and post-prandial thresholds, in order to opti-
mize treatment aimed at reducing the level of
glycemia and its associated risk.
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