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Abstract Numerous prospective studies support the concept of postprandial glycaemia
(PPG) as a risk factor for cardiovascular diseases (CVDs) in individuals with
impaired glucose tolerance (IGT). A meta-analysis has demonstrated an exponen-
tial relationship between 2-hour postchallenge glucose levels and the incidence of
CVD. This relationship is stronger than those observed with fasting glycaemia or
glycosylated haemoglobin (HbA 1), and persists after adjustment for other vascu-
lar risk factors. Although there are fewer data available for the diabetic popula-
tion, those that are available also support PPG as a risk factor for CVD. Treating
PPG with acarbose is associated with a reduction in cardiovascular events in both
patients with IGT and diabetes mellitus. Acarbose also reduces the progression of
intima-media thickness (IMT), which is a surrogate endpoint for atherosclerosis.
It has been suggested that the beneficial effect could be related to an improvement
in postprandial hyperglycaemia and associated atherogenic factors — oxidative
stress, endothelial dysfunction and procoagulation factors — and to an improve-
ment in other cardiovascular risk factors such as systolic blood pressure (by
decreasing water and salt absorption), postprandial hypertriglyceridaemia and
insulin resistance. Treating PPG with glinides improves IMT as well as
interleukin-6 and C-reactive protein levels, while treating PPG with rapid-acting
insulin analogues is also associated with improvements in endothelial dysfunc-
tion. The Kumamoto study suggests that reduced PPG is strongly associated with
reductions in retinopathy and nephropathy. Finally, decreasing PPG in patients
with IGT reduces the progression of diabetes.

In conclusion, physicians should increase efforts to control PPG in order to
further improve HbA|c, and should also ensure close control of postprandial
hyperglycaemic peaks so as to optimise patients’ chances of avoiding cardiovas-
cular complications. As for the prevention of CVD, further prospective interven-
tion trials, powered to answer this question, are still required.

The relationship between moderate chronic  mellitus, and it has been shown that these complica-
hyperglycaemia, assessed by glycosylated haemo- tions may be prevented by good glycaemic con-
globin Alc (HbAic), and microvascular complica-  trol.l'l However, many questions remain unan-
tions has been clearly established in type 2 diabetes  swered about macrovascular complications. The
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UKPDS (UK Prospective Diabetes Study) showed a
linear relationship between HbAic values and the
incidence of myocardial infarction;'?! intensive
treatment for chronic hyperglycaemia resulted in a
mean decrease in HbA ¢ of 0.9% over the 10-year
study period, leading to a 16% reduction in myocar-
dial infarction, which was at the limit of statistical
significance (p =0.052). Adjustment of hypogly-
caemic medication was only based on fasting gly-
caemia (FG) and not on postprandial glycaemia
(PPG) in the UKPDS.[!

There are also unanswered questions regarding
the remarkable results of the Kumamoto study,! in
which, unlike the UKPDS, patients followed a more
intensive treatment regimen with an insulin injec-
tion before each meal and dosage adjustment based
not only on FG and HbA | values but also on PPG
with a target of <2.0 g/L. In this case, not only was
there a significant reduction in microvascular com-
plications, as during UKPDS, but also an improve-
ment of almost 50% in macrovascular complica-
tions. This trend did not reach statistical significance
as the sample size was very small in comparison
with UKPDS (110 vs 3867 patients). Were these
results a nonsignificant, random event or a real trend
that the small sample size was unable to confirm?
The same trend was observed in the DCCT (Diabe-
tes Control and Complications Trial) and to the
same extent (41% reduction in macrovascular com-
plications).™ The threshold of significance was not
reached because of the small number of cardiovas-
cular events, as could be expected in this young
population. Once again, preprandial insulin doses
were adjusted to achieve PPG values <1.80 g/L.™!

No large-scale interventional studies have as yet
been conducted with the primary objective of reduc-
ing cardiovascular complications by treatment spe-
cifically aimed at reducing PPG values. However,
numerous experimental studies have demonstrated
the potential atherogenic role of postprandial gly-
caemic peaks. Numerous epidemiological studies
have also demonstrated the link between postprandi-
al hyperglycaemia and cardiovascular morbidity and
mortality, and other interventional studies have sug-
gested the value of a therapeutic strategy focusing
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not only on the control of global hyperglycaemia
and FG but also on the specific control of PPG
values. Both these aspects are discussed in this
article.

1. Relationship between Postprandial
Glycaemia (PPG) Values and
Cardiovascular Diseases:
Epidemiological Data

Numerous prospective studies have been carried
out in populations that have excluded known diabet-
ic individuals but included either healthy or ‘dysgly-
caemic’ individuals with moderate fasting hypergly-
caemia or impaired glucose tolerance (IGT), or indi-
viduals meeting the criteria for diabetes but with
hitherto unrecognised moderate hyperglycaemia.
These studies did not take PPG values into account,
only glycaemia after a glucose challenge, usually 2
hours after 75g of glucose (2hPG). Although a glu-
cose challenge test is not equivalent to a meal con-
taining carbohydrates, lipids and protein, a strong
correlation has been demonstrated (r> 0.90) be-
tween peak glycaemia values after a mixed meal and
after an oral glucose loading dose.!

Twenty-nine studies were published between
1979 and 1995. These studies were reviewed by
Coutinho et al.[%! and 20 were included in a meta-
analysis which included 95 783 subjects, followed
on average for 12.4 years, to obtain a total of
1 923 231 patient-years presenting 3707 cardiovas-
cular events, including 3074 deaths. An exponential
relationship was demonstrated between the inci-
dence of cardiovascular events and FG or 2hPG.
This relationship was stronger with 2hPG; if diabet-
ic subjects diagnosed on inclusion with FG >7.8 or
2hPG =11.1 mmol/L were excluded, the relationship
no longer reached the threshold of significance for
FG (p =0.056) but remained highly significant for
2hPG (p = 0.00064). These conclusions have certain
limits as most studies only included men who were
middle aged on inclusion (18 of 20 studies). As no
individual data were available, no adjustment could
be made for other cardiovascular risk factors. How-
ever, the significant link with cardiovascular events
was still observed in only 5 of the 14 studies that
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Table I. Relative risk of cardiovascular (CV) or coronary heart disease (CHD) mortality in patients with elevated postprandial glucose levels:

results from seven population-based studies

Study Population; age (y)

Duration of
follow-up (y)

Relative risk

Hoorn Study!®

Shaw et al.l®!
Fiji and Nauru;
>20

Honolulu Heart Program!('!
45-68

Rancho Bernado Study!'? 1704 males and females;

50-89

Cardiovascular Health Study!'®!
>65
Chicago Heart Association

Detection Project in Industry
Study'4

35-64

2363 Dutch males and females; 50-75 8

9179 males and females from Mauritius,

8006 Japanese American males;

4515 American males and females;

11 554 White and 666 Black males;

CV mortality: 3.3 in patients with 2hPG

>11.1 mmol/L vs normoglycaemic

patients

CV mortality: 2.6 in patients with 2hPG

>11.1 mmol/L vs normoglycaemic

patients

23 CHD mortality: 2.01 in patients with
1hPG >11.1 mmol/L vs normoglycaemic
patients

7 CV mortality: 2.6 in women with 2hPG
>11.1 mmol/L vs normoglycaemic
women

5-12

8 CV mortality: 1.22 in glucose intolerant
vs normoglycaemic patients
22 CV mortality: 1.18 in White males with
2hPG 211.1 mmol/L vs normoglycaemic
White males

hPG = hours post-glucose challenge.

made this adjustment, (2 with FG and 3 with post-
challenge glycaemia); this discrepancy may be due
to the limited number of subjects. This problem of
sample size can be avoided by meta-analysis such as
the DECODE (Diabetes Epidemiology: COllabora-
tive analysis of Diagnostic criteria in Europe)
study,!”! which confirms the strong relationship be-
tween PPG and cardiovascular disease (CVD) [see
later in this section].

Since 1995, several major studies have been pub-
lished that clarify and modulate these findings (table
I). The Hoorn Study'® followed Dutch men and
women for 8 years. After adjustment for standard
vascular risk factors, the relative risk (RR) of cardio-
vascular mortality was 3.3 in patients with 2hPG
2>11.1 mmol/L compared with normoglycaemic sub-
jects. Similar results were observed in radically dif-
ferent populations and environments. In one study,
more than 9000 Mauritians, Fijians and Nauruans!®!
were followed for 5—-12 years. The RR of death from
cardiovascular causes was 2.3 for men and 2.6 for
women with 2hPG =11.1 mmol/L but normal FG
compared with normoglycaemic subjects. The
Funagata Diabetes Study!'” followed a Japanese
population for 7 years. The RR of death from cardio-
vascular causes was 2.22 in subjects with IGT com-
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pared with normally tolerant subjects. Similar re-
sults were found in >8000 Japanese individuals liv-
ing in the US!'Y who were followed for 23 years.
The RR of coronary heart disease mortality in pa-
tients with 2hPG >11 mmol/L was 2.01 compared
with normoglycaemic subjects. In the Rancho
Bernado Study,!'?! subjects with FG <7 mmol/L
were followed for 7 years. The RR of death from
cardiovascular causes was 2.6 in women with 2hPG
211.1 mmol/L but this link was not found in men.
During the Cardiovascular Health Study the RR for
cardiovascular disease was lower but remained sig-
nificant: 1.22 in participants with IGT versus those
with normal tolerance.['3! In the Chicago Heart As-
sociation Detection Project in Industry Study, there
was a small but significant risk of death from cardio-
vascular causes in White men presenting with gly-
caemia >11.1 mmol/L after a glucose challenge (RR
= 1.18) compared with subjects with values
<8.9 mmol/L after this challenge."'¥ A similar trend
was seen in Black men but this did not reach statisti-
cal significance, probably because of the limited
number of subjects. These data are summarised in
table I.

The Paris Prospective Study,!'S! conducted in
7018 men aged between 44 and 55 years, was re-
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cently re-assessed after a 17-year follow-up period.
In individuals with baseline FG values <6.1 mmol/
L, the hazard ratio (HR) for death from all causes
was 1.92 if 2hPG values were between 7.8 and
11.1 mmol/L, and 4.29 if the value was >11.1 mmol/
L (although the latter subjects were a minority com-
prising only 0.6% of the sample population). In
contrast, this difference was no longer present in
subjects with FG values 27 mmol/L and the HR was
always slightly higher than 2 whatever the postchal-
lenge glycaemia value. However, this concerned the
risk of death from all causes and cancer accounted
for many fatalities. The link was much smaller or
even non-existent if only deaths from cardiovascular
causes were considered.

What are the respective contributions of FG and
PPG to the cardiovascular risk? This question was
evaluated by the Framingham Offspring Study!'®! in
3370 subjects without known diabetes, aged from 26
to 82 years (mean 54 years) who were followed for 4
years, during which time 118 cardiovascular events
occurred. After adjustment for other vascular risk
factors, FG, PPG and HbA | values were analysed
separately and all were found to be significantly
correlated with the onset of cardiovascular events.
Pooled data showed that only 2hPG was predictive
of cardiovascular risk, with an RR of 1.42 per
2.1 mmol/L increment in the model including FG,
and an RR of 1.23 in the model including HbA{c.
The major role of PPG was confirmed by DE-
CODE,”! which grouped together ten prospective
European studies totalling 22 514 subjects aged
30-89 years, with a median follow-up of 8.8 years.
Multivariate analysis showed that the addition of FG
values did not significantly improve results obtained
with 2hPG, which alone was predictive of the car-
diovascular risk; patients with 2hPG =11.1 mmol/L
had an HR of 1.56 for death of coronary origin and
1.29 for death from stroke.

Thus, in healthy or moderately hyperglycaemic
patients without previously known overt diabetes,
hyperglycaemia following a glucose challenge was
a cardiovascular risk factor, independent of other
risk factors and FG levels. As hyperglycaemia after
a glucose challenge is strongly correlated with the
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postprandial glucose peak,! the glycaemic peak
after meals may be considered to be a major cardio-
vascular risk factor during daily life, which is inde-
pendent of other ‘traditional’ risk factors and should
be taken into account in any preventive strategy.

2. The Relationship between PPG and
Cardiovascular Complications in
Diabetes Mellitus

Fewer data are available on the relationship be-
tween PPG and cardiovascular risk in known, treat-
ed diabetic patients. The Diabetes Intervention
Study!'7! was the first study to investigate PPG 1
hour after a meal (in this case, breakfast), rather than
glycaemia after a glucose challenge. In 1139 newly
diagnosed type 2 diabetic subjects, followed for 11
years, those with PPG >10 mmol/L at inclusion had
a 40% greater risk of myocardial infarction than
those with values <8 mmol/L. Multivariate analysis
showed that PPG values 1 hour after breakfast were
predictive of death, whatever the cause. A total of
1745 Pima Indians aged 15-88 years with a history
of diabetes of 2.5+ 4.6 years duration were fol-
lowed for an average of 10.6 years.['8 Independent
of other risk factors, 2hPG values were correlated
with the onset of CVD and the risk increased 20%
with each 5.6 mmol/L increment. In contrast, mul-
tivariate analysis on 229 Finnish diabetic individu-
als!"”! aged 65-74 years and followed for 3.5 years
showed that neither FG nor PPG were linked to
coronary events. The only predictive factors were
the duration of diabetes and HbA ¢ values, with an
odds ratio (OR) of 4.3 for death of coronary origin if
the initial HbA ¢ value was >7%. These discrepan-
cies could be due to the small number of subjects in
this study. In contrast, for the cohort of 1121 type 2
diabetic subjects followed for 52 months in the
Verona study, FG and glycaemia after breakfast or
lunch were both predictive of cardiovascular events
after adjustment for other risk factors.?”!

These limited data show that PPG may be an
important predictive factor for cardiovascular risk in
type 2 diabetes and is probably more relevant than
FG. However, the relative role of these two parame-
ters has not yet been established.
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3. PPG, Atherosclerosis and Diabetes

The relationship between PPG and atherosclero-
sis may be evaluated before cardiovascular events
occur by measuring the carotid intima-media thick-
ness (IMT); this parameter has been shown to be a
good predictor of myocardial infarction and
stroke.?!! Thus, IMT was measured in 582 normog-
lycaemic, glucose-intolerant or type 2 diabetic pa-
tients.”?! Multivariate analysis showed that the only
glycaemic parameter associated with abnormal IMT
findings was 2hPG; there was no significant correla-
tion between HbA ¢ or FG values. When 2hPG was
>7.8 mmol/L, the OR for an increased IMT was
1.88.1221 At a more advanced stage, carotid stenosis
>50% was looked for in 628 subjects who were
normoglycaemic (987), glucose-intolerant (169) or
had undiagnosed diabetes (106), as well as 66
known diabetic patients treated with insulin or oral
antidiabetics.?*! The prevalence of carotid stenosis
ranged from 2.8% to 9.4%, depending on the group.
Multivariate analysis showed that HbAc and 2hPG
values were significantly associated with a risk of
severe carotid stenosis, with an OR of 1.29 for each
1% increment in HbAjc values and 1.09 for each
1 mmol/L. increment in 2hPG. In the Bruneck
Study,?¥ 826 patients underwent a Doppler ultra-
sound examination of the carotid arteries before and
after 5 years of follow-up. Five years after inclusion,
the incidence of carotid stenosis was nearly 3-fold
higher in patients with IGT than in those who were
normoglycaemic at baseline.

In conclusion, hyperglycaemia observed after
meals or a glucose challenge is a much better and
more independent marker of accelerated ather-
ogenesis than FG. It is associated with early athero-
sclerosis, which is easily measurable in the carotid
artery and frequently leads to coronary or cerebral
events. This has been clearly demonstrated in pa-
tients with IGT and is also observed in patients with
type 2 diabetes.

4. Impact of the Treatment of PPG on
Cardiovascular Complications

This demonstration of a link between PPG values
and cardiovascular complications does not imply a
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causal relationship or that medication targeting PPG
will reduce the incidence of cardiovascular events.
In this context, data have been obtained using drugs
that have the principal effect of lowering PPG val-
ues: o-glucosidase inhibitors, glinides and insulin or
its rapid-acting analogues. Most clinical data come
from studies using o-glucosidase inhibitors and, in
particular, acarbose.

4.1 a-Glucosidase Inhibitors

As carbohydrates can only be absorbed by the
digestive system in the form of monosaccharides,
they must undergo two successive enzymatic diges-
tions. They are first split by amylases into bi-, tri- or
oligosaccharides, and then by glucosidases into mo-
nosaccharides in the jejunal brush border mem-
brane. Inhibition of o-glucosidase by drugs such as
acarbose, miglitol or voglibose causes a more gradu-
al and delayed absorption of carbohydrates in the
small intestine, which reduces the height of the
postprandial glycaemic peak.[>>?¢! This phenome-
non is amplified by the slower gastric emptying of a
mixed meal and prolonged secretion of glucagon-
like peptide 1 (GLP-1) induced by o-glucosidase
inhibitors. Several studies have demonstrated a sig-
nificant rise in circulating GLP-1 levels after a test
meal combined with acarbose 100mg, compared
with placebo, in healthy volunteers?-?! and in pa-
tients with poorly controlled type 2 diabetes.*% One
study gave heterogeneous results in subjects aged
>65 years,’!1 while another was negative in a small
series of ten diabetic subjects.* When an elevation
of GLP-1 was observed, this was sustained for at
least 6 hours after the meal,®” possibly because of
the delayed and prolonged contact of disaccharides
with endocrine cells in the distal ileum.*”! Delays
were also seen in gastric emptying measured using
an isotopic method or using the absorption of
paracetamol (acetaminophen) as a marker. This
slowing appears to be correlated with an increase in
circulating GLP-1 levels.””! Similar results were
obtained with miglitol®¥ and voglibose.’*

The hypoglycaemic effects of this therapeutic
class in type 2 diabetes have been widely investigat-
ed, mainly with acarbose. The review by
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Lebovitz!*¥ in 1998 collated data from 13 randomis-
ed double-blind studies that included a total of 1094
patients treated with placebo or acarbose (100mg
three times daily in nine studies, 150-900 mg/day in
the others). Most of these studies were for 24 weeks
and the others ranged from 16 to 104 weeks. Over-
all, the mean reduction in PPG values was
0.54 £0.16 g/L. There was a smaller but significant
effect on FG (0.24 = 0.07 g/L). The mechanism of
this effect is unclear but it may be linked with the
demonstrated improvement3®-3 in insulin resis-
tance caused by the improvement in PPG. Increased
and prolonged GLP-1 secretion may also be in-
volved.’Y The overall effect on chronic hypergly-
caemia was a mean reduction in HbA|c values of
0.90 £0.25%. The French National Agency for
Health Accreditation and Evaluation (ANAES) re-
port is based on these findings.*”! The French
Health Products Safety Agency (AFSSAPS) re-
port™*1 also reached the conclusion of a mean reduc-
tion in PPG of 0.54 g/L. Other studies have subse-
quently confirmed these results. The study by Fisch-
er et al.*?! involving 495 patients in five treatment
arms (placebo or acarbose 25, 50, 100 or 200mg
three times daily), over a 24-week period demon-
strated a dose-response relationship with an 11-22%
reduction in PPG values, producing a 0.42-1.09%
reduction in HbA|c levels. An equivalent therapeu-
tic benefit was observed with miglitol, with reduc-
tions in PPG, FG and HbA|¢ values of 0.46 g/L,
0.21 g/L and 0.81%, respectively (mean reductions
for five randomised studies).[*> Voglibose, which is
marketed in Asia, seems to have similar, although
slightly less pronounced, effects to acarbose.[*!

If oral monotherapy fails to lower PGG levels,
two-agent combinations that include acarbose in-
duce an equivalent improvement in PGG values to
that observed when this agent is administered alone.
Results of 14 randomised, placebo-controlled stud-
ies demonstrated mean reductions in HbAjc of
0.89%, 0.88% and 0.54% when acarbose was added
on in patients whose type 2 diabetes is insufficiently
controlled  with  metformin,3>#41  gulfony-
lureas!®4%471 and insulin,®! respectively. These
gains were mainly achieved by a reduction in PPG
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values with mean reductions of 0.51, 0.54 and 0.48
g/L. with metformin, sulfonylureas and insulin, re-
spectively.

4.1.1 Impact of Treatment with Acarbose on
Atherosclerosis and Incidence of
Cardiovascular Complications

Data are available in patients with IGT and in
those with confirmed diabetes. The progression of
IMT was measured in a subgroup of patients en-
rolled in the STOP-NIDDM (Non-Insulin Depen-
dent Diabetes Mellitus) study;*¥1 56 glucose-intoler-
ant patients were given acarbose and 59 received a
placebo. After 3.9 years, the progression of IMT
(0.02 £ 0.07mm) was significantly lower in the acar-
bose group than in the controls (0.05 £ 0.06mm;
p =0.027). The annual progression of IMT values
was reduced by approximately 50% and returned to
the mean values observed in non-diabetic individu-
als. This improvement in IMT values remained sig-
nificant after multivariate analysis integrating sex
and variations in body mass index (BMI), heart rate,
high-density lipoprotein-cholesterol and total cho-
lesterol.

The STOP-NIDDM study was initially designed
to demonstrate a reduction in progression to con-
firmed type 2 diabetes in IGT patients treated with
acarbose versus placebo, and this objective was
attained.”! However, this study unexpectedly
demonstrated a considerable reduction in cardiovas-
cular events.® The study was conducted in 1368
patients presenting with a 2hPG of 1.40-2 g/L and a
FG of 1-1.40 g/L. The patients were randomised to
treatment with either placebo or acarbose before
each meal (on average, 194 mg/day for 3.3 years).
135 of these initially ‘IGT’ patients had baseline FG
values of between 1.26 and 1.40 g/L and were, thus,
subsequently classified as ‘diabetic’ because of
changes to international standards that occurred 2
years after the start of the study. However, this
change in terminology did not affect the results;
patients treated with acarbose benefited from a sig-
nificant 49% reduction in all-cause cardiovascular
events and a 2.5% reduction in the absolute risk. The
effect was more marked for myocardial infarction,
where the RR fell by 91% and the absolute risk by
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Table Il. Reduction in relative risk (RRR) or absolute relative risk (ARR) and number of patients who must be treated during the study to
prevent one event in the STOP-NIDDM (Non-Insulin Dependent Diabetes Mellitus) study and MeRIA (Meta-analysis of Risk Improvement

under Acarbose) meta-analysis

Study No. pts Follow-up Cardiovascular event Myocardial infarction

(years) RRR ARR NNT RRR ARR NNT
MeRIAB1 2180 1.10 35% 3.3 30 64% 1.32 75
STOP-NIDDM50! 1368 3.3 49% 25 40 91% 2.9 34

NNT = number needed to treat.

2.9%. Therefore, it was necessary to treat 34 patients
for the period of the study (3.3 years) to avoid one
myocardial infarction (table II).

The meta-analysis known as MeRIA (Meta-anal-
ysis of Risk Improvement under Acarbose)!! was
performed on seven studies involving patients with
type 2 diabetes randomly assigned to double-blind
treatment with acarbose 50-200mg three times daily
or placebo. There were at least 50 patients in each
study, treated for a minimum of 52 weeks. The
average age of patients was 61 years with a known
history of diabetes of 6.4 (acarbose) and 7.0 years
(placebo). Cardiovascular events were separated
from all other adverse events reported during these
studies according to the COSTART terminology.
This meta-analysis involved a total of 2180 patients
treated for an average of 1.90 years and the results
obtained were relatively similar to those observed
during the STOP-NIDDM study (table II). There
were 35% fewer cardiovascular events in patients
treated with acarbose than in those receiving place-
bo (p <0.0061). The absolute risk was reduced by
3.3%, meaning that it was necessary to treat 30
patients during the study period (1.9 years) to pre-
vent one cardiovascular event. As in the STOP-
NIDDM study, particularly good results were ob-
tained for onset of myocardial infarction with a 64%
reduction in patients treated with acarbose com-
pared with the placebo group. These results were of
the same order of magnitude as those observed in
diabetic patients receiving secondary prevention
with statins.’>>3! However, they were better than
those of the UKPDS study, during which patients
who had received ‘intensive’ therapy had a 16%
lower risk of infarction than control subjects at the
end of the treatment period (at the limit of signifi-
cance, p = 0.052) and HbA|. values were reduced
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by 0.9%.!"" In MeRIA, the risk of infarction was
reduced by 64% and HbAjc values by 0.6%.1°
However, during the UKPDS, the therapeutic strate-
gy was based solely on FG values with a target of
FG <6 mmol/L, and patients received either a
sulfonylurea or an injection of ultralente or isophane
insulin.['! In contrast, acarbose acted principally on
PPG values in MeRIA, with a mean reduction of
0.42 g/l and a slight reduction in FG values
(—0.14 g/L). The remarkable reduction in coronary
risk was in all probability due to an improvement in
postprandial hyperglycaemia and associated ather-
ogenic factors (oxidative stress, endothelial dys-
function, etc.), and to an improvement in other car-
diovascular risk factors (systolic blood pressure
[SBP], BMI, postprandial hypertriglyceridaemia,
postprandial pro-coagulant factors). This is the only
mechanism of action that may explain why similar
results were obtained in the STOP-NIDDM study,
which included only initially patients with IGT or
patients with no or only slight fasting dysglycaemia.

One ancillary study of the UKPDS, which was
performed after the main trial in part of the cohort,
gave discordant results.’*! Acarbose was proposed
at a late stage during the UKPDS to 3309 patients
who were still in the study, on average § years after
their inclusion; 40% refused or were ineligible for
inclusion. The remaining 1946 patients received ei-
ther placebo or acarbose 50-100mg three times dai-
ly before each of the three meals, in addition to their
other medication, for a further 3 years. These pa-
tients had a slightly longer history of diabetes than
those in MeRIA and 38% were receiving insulin. At
the end of the study, intent-to-treat analysis demon-
strated a reduction in HbA ¢ values of only 0.2%.
The results for the incidence of cardiovascular
events have not as yet been published, although
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apparently they did not demonstrate any significant
difference. In fact, after 3 years of treatment, patient
compliance was extremely poor and only 39% of
patients in the acarbose group were still taking the
medication. The main reason for this discontinua-
tion was not gastrointestinal adverse effects, but
rather lack of motivation after such a lengthy study,
as 42% of the patients in the placebo group were not
taking their medication either. Thus, it is easier to
understand the disappointing results of this study.

4.1.2 Impact of Treatment with Acarbose on
Vascular Risk Factors Other than Glycaemia

There was a 34% reduction in the incidence of
new cases of hypertension (>140/90mm Hg) in pa-
tients treated with acarbose compared with placebo
during the STOP-NIDDM study.® The MeRIA
meta-analysis demonstrated a slight but significant
reduction of 2mm Hg in SBP values in patients
receiving acarbose.’!! Two mechanisms may be
suggested: a reduction in endothelial dysfunction
linked to the lowering of PPG values; and/or a
reduction in postprandial water and salt absorption
induced by acarbose, previously demonstrated in
healthy volunteers.[>

Other changes that may also contribute to reduc-
ing the cardiovascular risk have been demonstrated
with acarbose. Postprandial increases in blood glu-
cose levels are associated with an elevation in trig-
lycerides. In patients with type 2 diabetes with nor-
mal fasting triglyceride values, serum triglyceride
levels were doubled or tripled during the day, with a
peak after dinner and at bedtime.% This postprandi-
al hypertriglyceridaemia in diabetic individuals may
play an important atherogenic role as it is closely
correlated with carotid IMT values, as are PPG and
low-density lipoprotein cholesterol values.””) In ad-
dition to stabilised PPG values, adequate control of
postprandial hypertriglyceridaemia may, therefore,
be an important means for preventing macrovascu-
lar complications in diabetic individuals.®8 Acar-
bose acts on both parameters and induces a signifi-
cant reduction in postprandial hypertriglycer-
idaemia, whether FG values are normal or
elevated.’*%01 Acarbose also reduces the levels of
postprandial remnants®®! and chylomicrons.[6%!
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Acarbose induces a significant reduction in post-
prandial procoagulant factors. After a test meal in 17
patients with type 2 diabetes, circulating levels of
prothrombin fragments 142 and D-dimers rose sig-
nificantly less with acarbose than with placebo.l®!)
After several months of treatment, acarbose lowered
plasma insulin levels by 72% and proinsulin levels
by 46.7% 2 hours after a test breakfast/®?! and signif-
icantly increased insulin sensitivity, as measured
using the clamp method.?® Insulin sensitivity was
also improved in glucose-intolerant individuals
treated for 4 months with acarbose compared with
placebo.’”) With acarbose, several other vascular
risk factors as well as postprandial hyperglycaemia
were reduced, and this probably impacts on the
course of atherosclerosis and cardiovascular compli-
cations in patients with diabetes.

4.2 Glinides

Unlike sulfonylureas, which act throughout the
daily 24-hour period, glinides are insulin secreta-
gogues that are effective mainly during the post-
prandial period. The one interventional study con-
ducted with glinides determined the impact of a
specific reduction in PPG values on the course of
atherosclerosis, as assessed by carotid IMT val-
ues.[®3 A total of 175 previously untreated patients
with type 2 diabetes were randomised to either
repaglinide 1.5-12 mg/day or glibenclamide 5-20
mg/day. After 1 year, peak PPG values, which were
initially equivalent in the two groups (2.24 and
2.31 g/L), were significantly lower in the repagli-
nide group (—0.70 g/L) than in the glibenclamide
group (-0.51 g/L; p < 0.001). In contrast, the fall in
FG values (initially 1.59 and 1.63 g/L, respectively)
was significantly smaller in the repaglinide group
(—0.24 g/L) than in the glibenclamide group (—0.32
g/L; p <0.01). Consequently, overall HbA ¢ values
improved to an equivalent extent (—0.9% and —0.8%
for initial mean values of 7.5% and 7.4%; p-value
nonsignificant). Nevertheless, there was a signifi-
cant reduction in carotid IMT in the repaglinide
group (p <0.02) when compared with the gliben-
clamide group, whose IMT values remained global-
ly unchanged. There were no significant changes to
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lipid or blood pressure parameters in either group.
However, there were drops in interleukin-6 and C-
reactive protein (CRP) levels that were more marked
in the repaglinide group and correlated with the fall
in PPG values. Finally, multivariate analysis
showed that changes in IMT values were indepen-
dently and principally linked to the course of post-
prandial hyperglycaemic peaks, and to a lesser ex-
tent to those of HbAjc and CRP. Obviously, this
study was not as wide ranging as the previous ones
conducted with acarbose insofar as it did not mea-
sure clinical cardiovascular events. However, IMT
values constitute an intermediate parameter that has
a validated relationship to cardiovascular, and par-
ticularly coronary, complications.”?! The reduction
during this study in IMT values, a marker of athero-
matous macroangiopathy, appeared mainly to be
related to the improvement in postprandial hyperg-
lycaemic peaks and its impact on improving inflam-
matory factors,[®¥ the atherogenic role of which has
also been clearly confirmed, particularly for in-
terleukin-6/%1 and CRP.[%%]

4.3 Insulin and Rapid-Acting
Insulin Analogues

To date, no studies have evaluated the impact of
treating PPG in patients with type 2 diabetes with
rapid-acting insulin analogues on cardiovascular
morbidity and mortality or the course of atheroscle-
rosis as measured by IMT values. However, two
studies have measured its impact on postprandial
endothelial dysfunction in patients with type 2 dia-
betes. Endothelial dysfunction occurs during the
course of type 2 diabetes!®”! and may be the first step
in the constitution of atheromatous macroangi-
opathy and subsequent cardiovascular complica-
tions, at least in hypertensive patients.'®! Many ex-
perimental findings have indicated that hypergly-
caemia plays an important role in the aetiology of
endothelial dysfunction!®’ and particularly post-
prandial hyperglycaemia.

Ceriello et al."" recently studied 23 patients with
type 2 diabetes and 10 healthy controls matched for
sex, age and BMI. The diabetic patients received

© 2006 Adis Data Information BV. All rights reserved.

0.15 U/kg ordinary insulin or a rapid-acting insulin
analogue (aspart) before two test meals containing
600 kcal (50% in the form of carbohydrates). PPG
values were little modified in the healthy controls
but were elevated in the diabetic patients. However,
the area under the blood glucose concentration-time
curve (AUC) was significantly lower when the dia-
betic patients were treated with the rapid-acting
analogue, aspart (p < 0.04), than with ordinary insu-
lin. Endothelial dysfunction was evaluated by mea-
suring variations in the diameter and blood flow of
the brachial artery after compression. The endotheli-
al dysfunction assessed in this way was present at
baseline in diabetic patients and worsened during
the postprandial period in parallel with the hypergly-
caemia. Endothelial dysfunction was improved by
the administration of insulin before the test meal. A
more marked improvement was obtained with the
rapid-acting analogue than with ordinary insulin and
the reduction in brachial blood flow was greater
when patients were treated with ordinary insulin
than with the aspart analogue. However, there was
no correlation between the AUC for blood glucose
values and variations in the brachial flow.!""!

Another study using insulin lispro before meals
demonstrated an improvement in endothelial dys-
function values (measured using the same method as
Ceriello et al.’%) after 6 weeks of insulin therapy.
This improvement appeared both in the baseline
state and after a test meal. However, during this
study, the test meal consisted entirely of lipids (80g
saturated fats) and all postprandial lipid parameters
were improved by insulin lispro. The improvement
in endothelial dysfunction induced by this rapid-
acting analogue was significantly amplified by com-
bination with an antioxidant (vitamin C) compared
with placebo.[”!]

Thus, treatment of type 2 diabetes with a rapid-
acting insulin analogue before meals improved post-
prandial endothelial dysfunction. This effect may be
mediated by a reduction in the postprandial hyperg-
lycaemic peak and also by the improved postprandi-
al lipid levels.
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5. Impact of the Treatment of PPG on
Microvascular Complications

The UKPDS clearly demonstrated a link between
chronic hyperglycaemia and microvascular compli-
cations in type 2 diabetes. A 1% reduction in HbA ¢
values resulted in a 37% reduction in the risk of
retinal disease.””’? However, this study did not con-
sider PPG values and only used FG values to adjust
treatment. In contrast, the Kumamoto study took
both of these parameters into account when adjust-
ing intensified insulin therapy during the 8 years of
treatment.®! This study demonstrated that PPG val-
ues were strongly associated with the onset of retinal
and kidney disease (as were FG and HbA1¢).[*! This
suggests that postprandial hyperglycaemia partici-
pates with fasting hyperglycaemia in diabetic
microangiopathy and the microvascular complica-
tions specific to diabetes. The relative importance of
this contribution increases when hyperglycaemia is
moderate. When HbA ¢ values are <7.3% in patients
with type 2 diabetes treated with oral antidiabetic
drugs, PPG contributes 70% to the residual excess of
HbA . In these patients, treatment specifically
targeting PPG, such as acarbose or a glinide, may
logically be combined with treatment focused on
controlling baseline hyperglycaemia.

6. Impact of Treating PPG and the
Prevention of Type 2 Diabetes

Only one study on the prevention of type 2 diabe-
tes, the STOP-NIDDM study, has specifically
targeted the treatment of postprandial hypergly-
caemia. Its primary aim was to demonstrate a reduc-
tion in progression towards confirmed type 2 diabe-
tes by treating glucose-intolerant patients with mod-
erate fasting hyperglycaemia (1.10-1.40 g/L) with
acarbose. At an average daily dose of 194mg for 3.3
years, the rate of onset of diabetes was reduced by
25% compared with placebo.*! This outcome is not
specific to a-glucosidase inhibitors, as data sug-
gesting or demonstrating a preventive effect on the
occurrence of type 2 diabetes have been obtained
with diet combined with exercise, metformin,
thiazolidinediones, orlistat and ACE inhibitors.[”3
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7. Discussion and Conclusions

Cardiovascular complications are responsible for
40-50% of deaths in patients with type 2 diabetes!’#!
and reduce life expectancy by 5-10 years, particu-
larly for patients developing this disease at an early
age.”>! Numerous experimental and epidemiologi-
cal studies have shown that postprandial hypergly-
caemia is involved in the onset of these cardiovascu-
lar complications in patients with IGT or type 2
diabetes.

PPG may be a marker of all the metabolic abnor-
malities combining to generate early and progres-
sive atherosclerosis or an aetiopathogenic factor at
the origin of these complications meaning that it
must be normalised to prevent this risk. This hypoth-
esis is supported by several interventional studies
with glinides and insulin but above all with acarbose
in patients with ITG or type 2 diabetes. However,
final confirmation must be obtained by conducting
broad-ranging, prospective studies with the primary
objective of preventing cardiovascular complica-
tions by targeted treatment of postprandial hyperg-
lycaemia. Until the results of such studies are availa-
ble, clinicians must take currently available data into
account in order to give their patients the best possi-
ble chance of preventing these cardiovascular com-
plications through optimum control of PPG values.
A wide range of medication now exists for which the
main iatrogenic risk is hypoglycaemia; this risk is
absent with o-glucosidase inhibitors because of
their mechanism of action.

The main metabolic target of type 2 diabetes
therapy is the strict control of chronic hypergly-
caemia with HbA ¢ values <6.5%.14! However, as
far as control of PPG values is concerned this objec-
tive no longer suffices as patients with ITG may
have HbA ¢ levels within a normal range and still
have twice the cardiovascular risk of healthy indi-
viduals. In patients with type 2 diabetes, active
treatment of baseline hyperglycaemia may produce
satisfactory global results in terms of HbAjc but
allow major postprandial peaks to persist. For exam-
ple, if oral antidiabetic drugs fail, combined therapy
with oral antidiabetics and an insulin glargine injec-
tion carefully titrated on the FG value restores these
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FG values to close to normal and HbA ¢ to close to
7%. However, mean PPG values never reach their
target levels and, on average, remain above 1.40 g/
L.I7677 In patients whose diabetes did not respond to
oral antidiabetics and who received mixed therapy
with isophane human (NPH) insulin at bedtime,
there was a linear relationship between FG and
HbA ¢ values. It is possible to normalise morning
glycaemia values (1 g/L) but concomitant HbAic
will remain at 7.3%.U7% This clearly shows that strict
treatment of FG does not ensure normalisation of
HbA ¢, probably because of the persistence of post-
prandial glycaemic peaks. It is likely that this phe-
nomenon is even more marked when patients are
more insulinopenic. In order to prevent complica-
tions rather than ensure ‘comfort’ (i.e. aiming to
prevent symptoms such as thirst, fatigue and weight
loss, rather than achieving tight glycaemic control)
it is probably necessary to aim for a close to normal
24-hour glycaemic profile rather than optimum con-
trol of HbAc. This choice of a therapeutic strategy
to prevent cardiovascular complications (or to en-
sure ‘comfort’) depends on concomitant morbidity
factors and the patient’s life expectancy. It should be
borne in mind that mean life expectancies for the
general French population aged 60 or 75 years in
2005 are 26 years for women and 21 years for men,
and 13.5 years for women and 10.5 years for men,
respectively.

No consensus has been reached regarding target
PPG. The data from the Kumamoto study suggested
a threshold for the onset of complications of PPG
>1.80 g/L,¥ which is also the threshold recom-
mended by the American Diabetes Association;”!
however, the American Association of Clinical En-
docrinologists proposes lowering this threshold to
1.40 g/L.1BY A sufficiently wide range of medication
is now available to be able to achieve this goal,
although lipid and calorie restrictions and physical
exercise will probably suffice in patients with IGT.
The therapy of choice for IGT is o-glucosidase
inhibitors and, in particular, the use of acarbose was
associated with a reduction in the incidence of car-
diovascular events by 50% and the risk of progres-
sion to diabetes by 25% during the 3.3 years of the
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STOP-NIDDM study. This also applies to the onset
of diabetes, when diet or oral monotherapy are no
longer sufficient, particularly in the event of moder-
ate residual hyperglycaemia. At later stages, when
baseline insulin therapy has been instituted and con-
trol of PPG remains unsatisfactory, medication may
include o-glucosidase inhibitors, glinides, rapid-act-
ing insulin analogues or soon-to-be-approved in-
haled insulin; however, the effectiveness of these
therapeutic strategies must be confirmed by pro-
spective studies. Whatever the case, the clinician
must target not only the optimum control of baseline
blood glucose and moderate chronic hypergly-
caemia, as indicated by HbA|c values, but also
ensure satisfactory control of postprandial hypergly-
caemic peaks®!l in order to give the patient the
maximum chance of avoiding cardiovascular com-
plications.

Acknowledgements

This work was supported by a grant from Bayer. English
language assistance was provided by Rosalind Black. The
authors have no conflicts of interest that are directly relevant
to the content of this review.

References

1. UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin com-
pared with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33) [published erratum
appears in Lancet 1999 Aug 14; 354 (9178): 602]. Lancet 1998
Sep 12; 352 (9131): 837-53

2. Stratton IM, Adler Al, Neil HA, et al. Association of glycaemia
with macrovascular and microvascular complications of type 2
diabetes (UKPDS 35): prospective observational study. BMJ
2000 Aug 12; 321 (7258): 405-12

3. Shichiri M, Kishikawa H, Ohkubo Y, et al. Long-term results of
the Kumamoto Study on optimal diabetes control in type 2
diabetic patients. Diabetes Care 2000 Apr; 23 Suppl. 2: B21-9

4. The Diabetes Control and Complications Trial Research Group.
The effect of intensive treatment of diabetes on the develop-
ment and progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med 1993 Sep 30; 329
(14): 977-86

5. Wolever TM, Chiasson JL, Csima A, et al. Variation of post-
prandial plasma glucose, palatability, and symptoms associat-
ed with a standardized mixed test meal versus 75g oral glu-
cose. Diabetes Care 1998 Mar; 21 (3): 336-40

6. Coutinho M, Gerstein HC, Wang Y, et al. The relationship
between glucose and incident cardiovascular events: a
metaregression analysis of published data from 20 studies of
95,783 individuals followed for 12.4 years. Diabetes Care
1999 Feb; 22 (2): 233-40

Drugs 2006; 66 (3)



284

Charpentier et al.

10.

11.

14.

15.

18.

20.

21.

22.

23.

. DECODE Study Group, the European Diabetes Epidemiology

Group. Glucose tolerance and cardiovascular mortality: com-
parison of fasting and 2-hour diagnostic criteria. Arch Intern
Med 2001 Feb 12; 161 (3): 397-405

. de Vegt F, Dekker JM, Ruhe HG, et al. Hyperglycaemia is

associated with all-cause and cardiovascular mortality in the
Hoorn population: the Hoorn Study. Diabetologia 1999 Aug;
42 (8): 926-31

. Shaw JE, Hodge AM, de Courten M, et al. Isolated post-

challenge hyperglycaemia confirmed as a risk factor for mor-
tality [published erratum appears in Diabetologia 1999 Dec;
42(12): 1444]. Diabetologia 1999 Sep; 42 (9): 1050-4

Tominaga M, Eguchi H, Manaka H, et al. Impaired glucose
tolerance is a risk factor for cardiovascular disease, but not
impaired fasting glucose: the Funagata Diabetes Study. Diabe-
tes Care 1999 Jun; 22 (6): 920-4

Rodriguez BL, Lau N, Burchfiel CM, et al. Glucose intolerance
and 23-year risk of coronary heart disease and total mortality:
the Honolulu Heart Program. Diabetes Care 1999 Aug; 22 (8):
1262-5

. Barrett-Connor E, Ferrara A. Isolated postchallenge hyperglyce-

mia and the risk of fatal cardiovascular disease in older women
and men: the Rancho Bernardo Study. Diabetes Care 1998
Aug; 21 (8): 1236-9

. Barzilay JI, Spiekerman CF, Wahl PW, et al. Cardiovascular

disease in older adults with glucose disorders: comparison of
American Diabetes Association criteria for diabetes mellitus
with WHO criteria. Lancet 1999 Aug 21; 354 (9179): 622-5

Lowe LP, Liu K, Greenland P, et al. Diabetes, asymptomatic
hyperglycemia, and 22-year mortality in black and white men:
the Chicago Heart Association Detection Project in Industry
Study. Diabetes Care 1997 Feb; 20 (2): 163-9

Balkau B, Forhan A, Eschwege E. Two hour plasma glucose is
not unequivocally predictive for early death in men with
impaired fasting glucose: more results from the Paris Prospec-
tive Study. Diabetologia 2002 Sep; 45 (9): 1224-30

. Meigs JB, Nathan DM, D’Agostino RB RB, et al. Fasting and

postchallenge glycemia and cardiovascular disease risk: the
Framingham Offspring Study. Diabetes Care 2002 Oct; 25
(10): 1845-50

. Hanefeld M, Fischer S, Julius U, et al. Risk factors for myocar-

dial infarction and death in newly detected NIDDM: the Dia-
betes Intervention Study, 11-year follow-up. Diabetologia
1996 Dec; 39 (12): 1577-83

Sievers ML, Bennett PH, Nelson RG. Effect of glycemia on
mortality in Pima Indians with type 2 diabetes. Diabetes 1999
Apr; 48 (4): 896-902

. Kuusisto J, Mykkanen L, Pyorala K, et al. NIDDM and its

metabolic control predict coronary heart disease in elderly
subjects. Diabetes 1994 Aug; 43 (8): 960-7

Bonora E, Muggeo M. Postprandial blood glucose as a risk
factor for cardiovascular disease in Type 1I diabetes: the epide-
miological evidence. Diabetologia 2001 Dec; 44 (12): 2107-14

O’Leary DH, Polak JF, Kronmal RA, et al. Carotid-artery intima
and media thickness as a risk factor for myocardial infarction
and stroke in older adults. Cardiovascular Health Study Col-
laborative Research Group. N Engl J Med 1999 Jan 7; 340 (1):
14-22

Temelkova-Kurktschiev TS, Koehler C, Henkel E, et al. Postch-
allenge plasma glucose and glycemic spikes are more strongly
associated with atherosclerosis than fasting glucose or HbAlc
level. Diabetes Care 2000 Dec; 23 (12): 1830-4

Beks PH, Mackaay AJ, de Vries H, et al. Carotid artery stenosis
is related to blood glucose level in an elderly Caucasian

© 2006 Adis Data Information BV. All rights reserved.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

population: the Hoorn Study. Diabetologia 1997 Mar; 40 (3):
290-8

Bonora E, Kiechl S, Oberhollenzer F, et al. Impaired glucose
tolerance, type II diabetes mellitus and carotid atherosclerosis:
prospective results from the Bruneck Study. Diabetologia 2000
Feb; 43 (2): 156-64

Caspary WF. Sucrose malabsorption in man after ingestion of
alpha-glucosidehydrolase inhibitor. Lancet 1978 Jun 10; 1
(8076): 1231-3

Breuer HW. Review of acarbose therapeutic strategies in the
long-term treatment and in the prevention of type 2 diabetes.
Int J Clin Pharmacol Ther 2003 Oct; 41 (10): 421-40

Enc FY, Imeryuz N, Akin L, et al. Inhibition of gastric emptying
by acarbose is correlated with GLP-1 response and accompa-
nied by CCK release. Am J Physiol Gastrointest Liver Physiol
2001 Sep; 281 (3): G752-63

Ranganath L, Norris F, Morgan L, et al. Delayed gastric empty-
ing occurs following acarbose administration and is a further
mechanism for its anti-hyperglycaemic effect. Diabet Med
1998 Feb; 15 (2): 120-4

Qualmann C, Nauck MA, Holst JJ, et al. Glucagon-like peptide
1 (7-36 amide) secretion in response to luminal sucrose from
the upper and lower gut: a study using alpha-glucosidase
inhibition (acarbose). Scand J Gastroenterol 1995 Sep; 30 (9):
892-6

Seifarth C, Bergmann J, Holst JJ, et al. Prolonged and enhanced
secretion of glucagon-like peptide 1 (7-36 amide) after oral
sucrose due to alpha-glucosidase inhibition (acarbose) in type
2 diabetic patients. Diabet Med 1998 Jun; 15 (6): 485-91

DeLeon MJ, Chandurkar V, Albert SG, et al. Glucagon-like
peptide-1 response to acarbose in elderly type 2 diabetic sub-
jects. Diabetes Res Clin Pract. 2002 May; 56 (2): 101-6

Hucking K, Kostic Z, Pox C, et al. o-Glucosidase inhibition
(acarbose) fails to enhance secretion of glucagon-like peptide 1
(7-36 amide) and to delay gastric emptying in Type 2 diabetic
patients. Diabet Med 2005 Apr; 22 (4): 470-6

Lee A, Patrick P, Wishart J, et al. The effects of miglitol on
glucagon-like peptide-1 secretion and appetite sensations in
obese type 2 diabetics. Diabetes Obes Metab 2002 Sep; 4 (5):
329-35

Goke B, Fuder H, Wieckhorst G, et al. Voglibose (AO-128) is
an efficient alpha-glucosidase inhibitor and mobilizes the en-
dogenous GLP-1 reserve. Digestion 1995; 56 (6): 493-501

Lebovitz HE. a-Glucosidase inhibitors as agents in the treat-
ment of diabetes. Diabetes Rev 1998; 6 (2): 132-44

Chiasson JL, Josse RG, Leiter LA, et al. The effect of acarbose
on insulin sensitivity in subjects with impaired glucose toler-
ance. Diabetes Care 1996 Nov; 19 (11): 1190-3

Meneilly GS, Ryan EA, Radziuk J, et al. Effect of acarbose on
insulin sensitivity in elderly patients with diabetes. Diabetes
Care 2000 Aug; 23 (8): 1162-7

Delgado H, Lehmann T, Bobbioni-Harsch E, et al. Acarbose
improves indirectly both insulin resistance and secretion in
obese type 2 diabetic patients. Diabetes Metab 2002 Jun; 28
(3): 195-200

Rachmani R, Bar-Dayan Y, Ronen Z, et al. The effect of
acarbose on insulin resistance in obese hypertensive subjects
with normal glucose tolerance: a randomized controlled study.
Diabetes Obes Metab 2004 Jan; 6 (1): 63-8

Strategies for care of the type 2 diabetic patient excluding care
of complications: recommendations of ANAES (National
Agency for Health Accreditation and Evaluation March 2000)
[in French]. Diabetes Metab 2000 Sep; 26 Suppl. 5: 10-96

Drugs 2006; 66 (3)



Treating Postprandial Hyperglycaemia in Type 2 Diabetes

285

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Agence Frangaise de Sécurité Sanitaire des Produits de Santé
(AFSSAPS). Treatment recommendations for type 2 diabetes
[in French]. Diabetes Metab 1999 Dec; 25 Suppl. 6: 1-79

Fischer S, Hanefeld M, Spengler M, et al. European study on
dose-response relationship of acarbose as a first-line drug in
non-insulin-dependent diabetes mellitus: efficacy and safety of
low and high doses. Acta Diabetol 1998 Apr; 35 (1): 34-40

Vichayanrat A, Ploybutr S, Tunlakit M, et al. Efficacy and
safety of voglibose in comparison with acarbose in type 2
diabetic patients. Diabetes Res Clin Pract 2002 Feb; 55 (2):
99-103

Halimi S, Le Berre MA, Grange V. Efficacy and safety of
acarbose add-on therapy in the treatment of overweight pa-
tients with type 2 diabetes inadequately controlled with
metformin: a double-blind, placebo-controlled study. Diabetes
Res Clin Pract 2000 Sep; 50 (1): 49-56

Phillips P, Karrasch J, Scott R, et al. Acarbose improves
glycemic control in overweight type 2 diabetic patients insuffi-
ciently treated with metformin. Diabetes Care 2003 Feb; 26
(2): 269-73

Charpentier G, Cornet P, Grangé V. Traitement du diabete de
type 2: intérét de 1’association de I’acarbose a un sulfamide
hypoglycémiant. Diabetes Metab 2000 Mar; 26 Suppl. 1

Lin BJ, Wu HP, Huang HS, et al. Writing Group for the Asian
Study of Acarbose with Sulfonylureas. Efficacy and tolerabili-
ty of acarbose in Asian patients with type 2 diabetes inade-
quately controlled with diet and sulfonylureas. J Diabetes
Complications 2003 Jul-Aug; 17 (4): 179-85

Hanefeld M, Chiasson JL, Koehler C, et al. Acarbose slows
progression of intima-media thickness of the carotid arteries in
subjects with impaired glucose tolerance. Stroke 2004 May; 35
(5): 1073-8

Chiasson JL, Josse RG, Gomis R, et al. STOP-NIDDM Trial
Research Group. Acarbose for prevention of type 2 diabetes
mellitus: the STOP-NIDDM randomised trial. Lancet 2002 Jun
15; 359 (9323): 2072-7

Chiasson JL, Josse RG, Gomis R, et al. STOP-NIDDM Trial
Research Group. Acarbose treatment and the risk of cardiovas-
cular disease and hypertension in patients with impaired glu-
cose tolerance: the STOP-NIDDM trial. JAMA 2003 Jul 23;
290 (4): 486-94

Hanefeld M, Cagatay M, Petrowitsch T, et al. Acarbose reduces
the risk for myocardial infarction in type 2 diabetic patients:
meta-analysis of seven long-term studies. Eur Heart J 2004
Jan; 25 (1): 10-6

Pyorala K, Pedersen TR, Kjekshus J, et al. Cholesterol lowering
with simvastatin improves prognosis of diabetic patients with
coronary heart disease: a subgroup analysis of the Scandinavi-
an Simvastatin Survival Study (4S) [published erratum in:
Diabetes Care 1997 Jun; 20 (6): 1048]. Diabetes Care 1997
Apr; 20 (4): 614-20

Goldberg RB, Mellies MJ, Sacks FM, et al. Cardiovascular
events and their reduction with pravastatin in diabetic and
glucose-intolerant myocardial infarction survivors with aver-
age cholesterol levels: subgroup analyses in the cholesterol and
recurrent events (CARE) trial. The Care Investigators. Circula-
tion 1998 Dec 8; 98 (23): 2513-9

Holman RR, Cull CA, Turner RC. A randomized double-blind
trial of acarbose in type 2 diabetes shows improved glycemic
control over 3 years [published erratum in: Diabetes Care 1999
Nov; 22 (11): 1922]. Diabetes Care 1999 Jun; 22 (6): 960-1

Caspary WF, Kalisch H. Effect of alpha-glucosidehydrolase
inhibition and intestinal absorption of sucrose, water, and
sodium in man. Gut 1979 Sep; 20 (9): 750-5

© 2006 Adis Data Information BV. All rights reserved.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Heine RJ, Dekker JM. Beyond postprandial hyperglycaemia:
metabolic factors associated with cardiovascular disease.
Diabetologia 2002 Apr; 45 (4): 461-75

Teno S, Uto Y, Nagashima H, et al. Association of postprandial
hypertriglyceridemia and carotid intima-media thickness in
patients with type 2 diabetes. Diabetes Care 2000 Sep; 23 (9):
1401-6

Heine RJ, Balkau B, Ceriello A, et al. What does postprandial
hyperglycaemia mean? Diabet Med 2004 Mar; 21 (3): 208-13

Kado S, Murakami T, Aoki A, et al. Effect of acarbose on
postprandial lipid metabolism in type 2 diabetes mellitus.
Diabetes Res Clin Pract 1998 Jul; 41 (1): 49-55

Ogawa S, Takeuchi K, Ito S. Acarbose lowers serum triglycer-
ide and postprandial chylomicron levels in type 2 diabetes.
Diabetes Obes Metab 2004 Sep; 6 (5): 384-90

Ceriello A, Taboga C, Tonutti L, et al. Post-meal coagulation
activation in diabetes mellitus: the effect of acarbose. Diabeto-
logia 1996 Apr; 39 (4): 469-73

Inoue I, Takahashi K, Noji S, et al. Acarbose controls postpran-
dial hyperproinsulinemia in non-insulin dependent diabetes
mellitus. Diabetes Res Clin Pract 1997 Jun; 36 (3): 143-51

Esposito K, Giugliano D, Nappo F, et al. Campanian Postpran-
dial Hyperglycemia Study Group. Regression of carotid ath-
erosclerosis by control of postprandial hyperglycemia in type 2
diabetes mellitus. Circulation 2004 Jul 13; 110 (2): 214-9

Nappo F, Esposito K, Cioffi M, et al. Postprandial endothelial
activation in healthy subjects and in type 2 diabetic patients:
role of fat and carbohydrate meals. J Am Coll Cardiol 2002
Apr 3; 39 (7): 1145-50

Ridker PM, Rifai N, Stampfer MJ, et al. Plasma concentration of
interleukin-6 and the risk of future myocardial infarction
among apparently healthy men. Circulation. 2000 Apr 18; 101
(15): 1767-72

Liu S, Manson JE, Buring JE, et al. Relation between a diet with
a high glycemic load and plasma concentrations of high-
sensitivity C-reactive protein in middle-aged women. Am J
Clin Nutr 2002 Mar; 75 (3): 492-8

Feener EP, King GL. Vascular dysfunction in diabetes mellitus.
Lancet 1997 Jul; 350 Suppl. 1: SI9-13

Perticone F, Ceravolo R, Pujia A, et al. Prognostic significance
of endothelial dysfunction in hypertensive patients. Circula-
tion 2001 Jul 10; 104 (2): 191-6

Marfella R, Nappo F, De Angelis L, et al. Hemodynamic effects
of acute hyperglycemia in type 2 diabetic patients. Diabetes
Care 2000 May; 23 (5): 658-63

Ceriello A, Cavarape A, Martinelli L, et al. The post-prandial
state in type 2 diabetes and endothelial dysfunction: effects of
insulin aspart. Diabet Med 2004 Feb; 21 (2): 171-5

Evans M, Anderson RA, Smith JC, et al. Effects of insulin lispro
and chronic vitamin C therapy on postprandial lipaemia, oxi-
dative stress and endothelial function in patients with type 2
diabetes mellitus. Eur J Clin Invest 2003 Mar; 33 (3): 231-8

Monnier L, Lapinski H, Colette C. Contributions of fasting and
postprandial plasma glucose increments to the overall diurnal
hyperglycemia of type 2 diabetic patients: variations with
increasing levels of HbAlc. Diabetes Care 2003 Mar; 26 (3):
881-5

Younis N, Soran H, Farook S. The prevention of type 2 diabetes
mellitus: recent advances. QIM 2004 Jul; 97 (7): 451-5

de Marco R, Locatelli F, Zoppini G, et al. Cause-specific
mortality in type 2 diabetes: the Verona Diabetes Study. Dia-
betes Care 1999 May; 22 (5): 756-61

Drugs 2006; 66 (3)



286

Charpentier et al.

75.

76.

77.

78.

79.

Schneider H, Lischinski M, Jutzi E. Survival time after onset of
diabetes: 29-year follow-up mortality study in a diabetes co-
hort from a rural district. Diabetes Metab 1993; 19 (1 Pt 2):
152-8

Riddle MC, Rosenstock J, Gerich J, Insulin Glargine 4002
Study Investigators. The treat-to-target trial: randomized addi-
tion of glargine or human NPH insulin to oral therapy of type 2
diabetic patients. Diabetes Care 2003 Nov; 26 (11): 3080-6

Janka HU, Plewe G, Riddle MC, et al. Comparison of basal
insulin added to oral agents versus twice-daily premixed insu-
lin as initial insulin therapy for type 2 diabetes. Diabetes Care
2005 Feb; 28 (2): 254-9

Yki-Jarvinen H, Ryysy L, Nikkila K, et al. Comparison of
bedtime insulin regimens in patients with type 2 diabetes
mellitus: a randomized, controlled trial. Ann Intern Med 1999
Mar 2; 130 (5): 389-96

American Diabetes Association. Postprandial blood glucose.
American Diabetes Association. Diabetes Care 2001 Apr; 24
(4): 775-8

© 2006 Adis Data Information BV. All rights reserved.

80. AACE. The American Association of Clinical Endocrinologists
medical guidelines for the management of diabetes mellitus:
the AACE system of intensive diabetes self-management 2002
update. Endocr Pract 2002; 8 Suppl. 1: 41-82

81. Heine RJ, Balkau B, Ceriello A, et al. What does postprandial
hyperglycaemia mean? Diabet Med 2004 Mar; 21 (3): 208-13

Correspondence and offprints: Dr Guillaume Charpentier,
Fédération d’Endocrino-Diabétologie, Centre Hospitalier
Sud Francilien, 59 bd H. Dunant, 91106 Corbeil Essonnes
Cedex, France.

E-mail: guillaume.charpentier@ch-sud-francilien.fr

Drugs 2006; 66 (3)



	Abstract 273
	1. Relationship between Postprandial Glycaemia (PPG) Values and Cardiovascular Diseases: Epidemiological Data 274
	2. The Relationship between PPG and Cardiovascular Complications in Diabetes Mellitus 276
	3. PPG, Atherosclerosis and Diabetes 277
	4. Impact of the Treatment of PPG on Cardiovascular Complications 277
	4.1 alpha-Glucosidase Inhibitors 277
	4.1.1 Impact of Treatment with Acarbose on Atherosclerosis and Incidence of Cardiovascular Complications 278
	4.1.2 Impact of Treatment with Acarbose on Vascular Risk Factors Other than Glycaemia 280

	4.2 Glinides 280
	4.3 Insulin and Rapid-Acting Insulin Analogues 281

	5. Impact of the Treatment of PPG on Microvascular Complications 282
	6. Impact of Treating PPG and the Prevention of Type 2 Diabetes 282
	7. Discussion and Conclusions 282
	Acknowledgements 283
	References 283
	Correspondence 286
	Email 286

