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Abstract Aims/hypothesis: Post-prandial glucose may be
arisk factor for cardiovascular disease and chronic diabetic
complications. We tested the hypothesis that post-prandial
hyperglycaemia is common in type 2 diabetes, even among
patients in apparently good glycaemic control, and that
simple clinical characteristics identify subsets of diabetic
patients with frequent post-prandial hyperglycaemia.
Subjects and methods: Three self-assessed daily blood
glucose profiles over a 1-week period, including 18 glucose
readings before and 2 h after meals, were obtained from
3,284 unselected outpatients (men 51%; age 63+10 years)
with non-insulin-treated type 2 diabetes mellitus attending
500 different diabetes clinics operating throughout Italy.
Results: A post-prandial blood glucose value >8.89 mmol/l
(160 mg/dl) was recorded at least once in 84% of patients,
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and 81% of patients had at least one Aglucose >2.22 mmol/l
(40 mg/dl). Among patients with apparently good metabolic
control, 38% had >40% of post-prandial blood glucose
readings >8.89 mmol/l (>4 of 9 meals in total), and 36% had
>40% Aglucose >2.22 mmol/l. In multivariate analysis
adjusted for pre-prandial glucose levels, older age, longer
duration of diabetes, absence of obesity, hyperlipidaemia and
hypertension, as well as treatment with sulfonylureas, were
significantly associated with greater glucose excursions after
meals. Conclusions/interpretation: These results indicate
that post-prandial hyperglycaemia is a very frequent
phenomenon in patients with type 2 diabetes mellitus on
active treatment; can occur even when metabolic control is
apparently good; and can be predicted by simple clinical
features.

Keywords HbA . - Metabolic control - Post-prandial
glucose - Pre-prandial glucose - Type 2 diabetes

Abbreviations ADA: American Diabetes Association -
CVD: cardiovascular disease - IDF: International Diabetes
Federation

Introduction

Over the last few years the concept has emerged that poorly
controlled post-prandial glucose significantly contributes
to high HbA . concentrations and to the development of
chronic diabetic complications, particularly cardiovascular
disease (CVD) [1-4]. The adverse impact of post-prandial
or post-challenge (OGTT) hyperglycaemia seems to be
even stronger than that of fasting hyperglycaemia [5-9].
Nevertheless, the current consensus of the American
Diabetes Association (ADA) is that post-prandial glucose
should not necessarily be systematically monitored, and
that post-prandial glucose peaks should not necessarily be
targeted and corrected [10], although, if monitored, the
recommended goal for post-prandial glucose is
<10.0 mmol/ (180 mg/dl) [11]. Conversely, the guidelines
of the Diabetes European Policy Group, under the auspices



of the International Diabetes Federation (IDF), have
recommended monitoring and controlling post-prandial
hyperglycaemia, with a goal of <8.89 mmo/l (160 mg/dl)
[12].

As far as we know, only in two small series of subjects
with type 2 diabetes have data on circadian glucose levels
been collected, and the results were partially conflicting
[13-16]. As a consequence, our knowledge of the
frequency and distribution of this metabolic abnormality
is poorly defined. We conducted the present study in a very
large sample of type 2 diabetic patients to test the
hypothesis that post-prandial hyperglycaemia is common,
even among patients apparently well-controlled by HbA .,
and to identify clinical predictors of unacceptably elevated
post-prandial glycaemia.

Subjects and methods

Subjects Consecutive patients with type 2 diabetes were
recruited among outpatients regularly attending 500 Dia-
betes Clinics operating throughout Italy. Each clinic
recruited at least ten patients. Exclusion criteria were as
follows: (1) age <40 years; (2) current insulin treatment
(because insulin absorption is variable and insulin dose is
frequently changed by patients); (3) changes in treatment
with oral antidiabetic agents in the last 3 months; (4) acute
illness in the last 3 months; and (5) major comorbidity
(e.g. malignancies, heat failure, liver or kidney failure).
Information on diet and physical activity were collected by
a structured interview and they had to be stable in the
3 months prior to the recruitment and throughout the study
period. As for the standard guidelines, patients were on a
diet providing about 55% of energy from carbohydrates,
about 30% from lipids and about 15% from proteins. In
general, the distribution of energy in the three main meals
was ~25% breakfast, ~37.5% lunch and ~37.5% dinner,
and energy supply aimed at reducing body weight if
excessive, or at maintaining body weight if satisfactory.
All patients had been instructed on diet and on the
glycaemic index of foods by a dietitian at each Diabetes
Clinic at least 3 months prior to study. The diet was
recommended to be followed every day of the study
including those during which patients self-assessed blood
glucose. Of course, the quality of food could be different
in the various regions of Italy, but the structure of diet in
terms of composition, number of meals and energy supply
was very similar. There was no reason to think that
adherence to diet and physical activity was different across
centres. Furthermore, the very large number of subjects is
expected to minimise possible variations. On the other
hand, the great number of centres from all the regions
produced a very representative sample.

Informed consent was obtained from every participant
and the study was approved by the local ethics committee.
Patients (who were not paid volunteers) had to be willing
to perform home blood glucose monitoring and to be
reliable in making this self-assessment. A total of 6,009
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patients agreed to participate in the study and provided at
least one home blood glucose assessment. Many of them
provided several glucose readings. However, the present
report focuses on the 3,284 subjects who provided
complete home blood glucose assessments. Subjects
providing complete glucose profiles had similar pre- and
post-prandial glucose levels, and glucose changes after
meals compared with those who provided incomplete data.
We focused on subjects with complete data in order to
have all statistical analyses carried out on the same sample
of subjects.

Clinical and laboratory data On the day of recruitment
patients came to the clinics at 07.00-08.30 h after an
overnight fast and had a venous blood sample taken from
an antecubital vein for the laboratory assessment of fasting
plasma glucose, plasma lipids (total and HDL-cholesterol
and triglycerides) and HbA .. Venous blood was centri-
fuged within 1 h after sampling and plasma used for the
immediate assessment of glucose concentration (glucose
oxidase method), plasma lipids (standard spectrophoto-
metric methods) and HbA,. (HPLC; reference range in
non-diabetic subjects 3.5-5.5%; DCCT standardised).
Laboratory assessment was not centralised. However, all
laboratories participated in quality control procedures for
HbA,. and lipid assays. Dyslipidaemia was diagnosed
when triglycerides were >1.70 mmol/l (150 mg/dl) and/or
HDL-cholesterol was <1.28 mmol/l (50 mg/dl) in women
or 1.02 mmol/l (40 mg/dl) in men and/or lipid-lowering
drugs were used. Weight, height and blood pressure were
assessed with standard clinical techniques. Overweight
was defined by a BMI in the range 25-29.9 kg/m? and
obesity as a BMI >30 kg/m’>. Blood pressure was
measured with a mercury manometer, on the right arm,
after 5 min of rest in the sitting position. Hypertension was
diagnosed when systolic blood pressure was >130 mmHg
and/or diastolic blood pressure was >85 mmHg and/or
antihypertensive medications were used.

All subjects were given the same model of glucose
meter (Euroflash; Life Scan, Milpitas, CA, USA) and were
instructed about its use. They were then asked to measure
blood glucose at home just before and about 2 h after the
beginning of breakfast, lunch and dinner on 3 days over
the period of 1 week, after a period of 1-2 weeks of
familiarisation with glucose self-assessment with such a
device.

Assessment of glucose control Overall glucose control was
considered satisfactory when HbA;. was <7% [11, 12].
Following the guidelines for diabetes care of the European
Diabetes Policy Group [12], an absolute post-prandial
blood glucose level >8.89 mmol/l (160 mg/dl) was
considered unsatisfactory. These guidelines are consistent
with the current ADA recommendations as a glucose
concentration of 8.89 mmol/l in whole blood approximates
10 mmol/l in the plasma. For the purposes of this analysis
we defined an absolute increase in blood glucose level
following the meal of >2.22 mmol/l (40 mg/dl), and a
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relative increase >25% as exaggerated [13]. A value of
>2.22 mmol/l corresponds to the difference between the
upper limit of blood glucose targets in the pre-prandial
state (6.66 mmol/l) and in the post-prandial state
(8.89 mmol/l), and is the magnitude of post-challenge
glycaemic excursions independently associated with
increased risk of CVD events [17].

Statistical analysis Standard procedures were used to
calculate means, SDs, medians and linear correlation
coefficients. We used mixed-effects ANOVA models
accounting for repeated measures within subjects to predict
levels of post-prandial glucose, Aglucose or A% glucose,
or proportions with post-prandial glucose >8.89 mmol/l,
Aglucose >2.22 mmol/l or A% glucose >25. Variables
predicting post-prandial glucose levels were pre-prandial
glucose (£6.66, 6.67-8.89, 8.90-11.1, >11.1 mmol/l,
corresponding to <120, 121-160, 161-200, >200 mg/dl),
sex, age (<50, 51-60, 61-70, >70 years), time since
diagnosis (<3, 4-6, 7-12, >12 years), BMI (normal,
overweight, obesity), hypertension (no, yes), dyslipidaemia
(no, yes) and diabetes treatment (sulfonylureas alone,
metformin alone, both drugs, other combination, only diet).
We used SPSS software, and considered a p value <0.05 to
be statistically significant.

Table 1 Main clinical features of subjects under study

Results

Study subjects providing complete glucose profiles had
similar demographic and clinical features compared with
subjects not providing complete glucose profiles (Table 1).
Among subjects providing complete glucose profiles, those
with HbA . <7 and >7% had quite similar clinical features.
Only time since diagnosis, smoking, fasting plasma
glucose and treatment were different.

Mean blood glucose levels before and following the
three main meals and mean changes (absolute, relative) in
blood glucose after meals among 3,284 patients providing
complete profiles are reported in Table 2. Pre-meal blood
glucose levels were, on average, quite similar and the
Aglucose and A% glucose increases with lunch and dinner
were virtually identical. A lower increase in blood glucose
was observed following breakfast than following lunch or
dinner. Higher levels of blood glucose and higher
Aglucose following the meals were observed in patients
with HbA . >7% compared with those with HbA ;. <7%.
However, the A% glucose following lunch and dinner were
slightly lower in subjects with poorer control than in those
with better control. Subjects with poorer control had
average pre-prandial, post-prandial and Aglucose higher
than subjects with better control. However, the former and
the latter had no significantly different average A%
glucose following meals.

Participating  Incomplete glucose Complete glucose Complete HbA . Complete HbA .
(n=6,009) profile (n=2,725) profile (n=3,284) <7% (n=1,283) >7% (n=2,001)
Sex (% men) 52 53 51 54 49
Age (years) 62.6 (9.99) 62.2 (9.78) 62.9 (10.2) 62.1 (10.22) 63.2 (9.96)
Race (% white) 96.3 96.7 95.8 95.5 96.3
BMI (kg/m?) 28.7 (4.6) 28.6 (4.5) 28.7 (4.6) 28.6 (4.58) 28.8 (4.61)
Overweight (%) 459 46.0 45.7 45.0 455
Obesity (%) 335 332 33.9 332 35.1
Time since diagnosis (years) 8.3 (7.6) 8.2 (7.4) 8.4 (7.6) 6.8 (6.66) 9.4 (7.46)
Laboratory fasting plasma 8.6 (2.44) 8.6 (2.38) 8.6 (2.44) 7.4 (1.58) 9.4 (2.55)
glucose (mmol/l)
HbA . (%) 7.5 (1.45) 7.5 (1.42) 7.5 (1.45) 6.2 (0.66) 8.3 (1.26)
Total cholesterol (mmol/l)  5.25 (0.97) 5.26 (0.96) 5.23 (0.97) 5.17 (0.96) 5.31 (1.00)
HDL-cholesterol (mmol/l)  1.23 (0.36) 1.25 (0.32) 1.20 (0.36) 1.26 (0.37) 1.21 (0.37)
Triglycerides (mmol/l) 1.70 (0.74) 1.71 (0.72) 1.69 (0.73) 1.62 (0.83) 1.85 (1.16)
Systolic blood pressure 139 (16) 139 (15) 139 (16) 137 (16) 139 (16)
(mmHg)
Diastolic blood pressure 82 (9) 83 (9) 81 (9) 81 (9) 82 (9)
(mmHg)
Hypertension (%) 86 86 86 83 87
Current smokers (%) 19.1 18.8 19.4 15.3 22.1
Diet only (%) 13.8 14.8 12.7 21.7 7.5
Receiving oral hypoglycae- 86.2 85.2 87.3 78.3 92.5

mic agents (%)

Data are means (SD) or proportions
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Table 2 Mean blood glucose levels (mmol/l) at each meal and absolute and relative changes following the meals in 3,284 non-insulin-

treated type 2 diabetic patients

All subjects HbA,. <7% HbA . >7% p value®

Mean SD Mean SD Mean SD
Breakfast
Pre-breakfast 7.9 1.94 7.0 1.54 8.4 2.30 <0.0001
Post-breakfast 8.9 2.39 7.9 2.07 9.6 2.77 <0.0001
Absolute change 1.06 1.62 0.85 1.82 1.23 2.13 <0.0001
Relative change (%) 15.0 222 144 29.7 17.4 29.7 <0.0001
Lunch
Pre-lunch 7.6 2.12 6.7 1.68 8.2 2.49 <0.0001
Post-lunch 9.6 2.50 8.5 2.34 10.2 2.95 <0.0001
Absolute change 1.96 1.87 1.88 2.20 2.04 2.51 0.002
Relative change (%) 29.2 29.1 32.6 38.7 30.3 38.5 0.005
Dinner
Pre-dinner 7.6 2.17 6.7 1.97 8.1 2.64 <0.0001
Post-dinner 9.5 2.38 8.7 2.31 10.1 2.84 <0.0001
Absolute change 1.96 1.92 1.93 2.26 2.01 2.62 NS
Relative change (%) 304 323 34.9 42.8 322 443 0.003
Means
Mean pre-prandial 7.7 1.85 6.8 1.75 8.2 2.49 <0.0001
Mean post-prandial 9.4 2.17 83 2.27 10.0 2.86 <0.0001
Mean absolute prandial change 1.67 1.28 1.56 2.16 1.76 2.46 <0.0001
Mean relative prandial change (%) 24.9 19.7 27.3 38.6 26.6 38.5 NS

HbA . <7 vs >7%

When we examined how frequently high glucose peaks
and exaggerated glucose excursions with meals occurred,
we found that both events were very common in subjects
with both better control (HbA . <7%) and poorer control
(HbA . =7%) (Table 3). Among subjects with apparently
good control, only 28.3% never recorded a post-prandial
glucose >8.89 mmol/l, only 22.3% never had a Aglucose
>2.22 mmol/l and only 11.5% never had a relative increase
of'blood glucose >25% after meal. We also assessed rates of
hypoglycaemia (defined as a glucose level <3.88 mmol/l
[70 mg/dl] on any of the six daily glucose assessments)
according to the degree of diabetes control. Absolute rates
of hypoglycaemia were very low, but were statistically
higher (»<0.0001) in patients with HbA ., <7% (0.88% of
23,094 glucose tests [1,283 patientsx18 tests]) compared
with patients with HbA . >7% (0.50% of 36,018 glucose
tests).

High correlations were found between pre- and post-
prandial glucose levels, with 7 values about 0.60-0.70.
Accordingly, when subjects were grouped according to
mean pre-prandial glucose, we found that mean post-
prandial glucose increased across groups. However, abso-
lute and relative changes in blood glucose after a meal were
negatively correlated with pre-prandial glucose levels, with
r values in the range 0.20-0.50. All these negative
correlations were highly significant (p<0.001). Accord-
ingly, Aglucose and, to a greater extent, A% glucose
significantly decreased across groups of pre-prandial
glucose levels (Table 4). Among subjects with a satisfac-
tory mean pre-prandial glucose (<6.66 mmol/l; n=1,057),

Table 3 Frequency (%) of post-prandial glucose (PPG) peaks and
glucose excursions with meals in 3,284 non-insulin-treated type 2
diabetic patients

All subjects HbA,. <7% HbA . >7%

Number of readings where PPG >8.89 mmol/l

0 of 9 16.1 28.3 8.4
1-3 of 9 24.7 333 19.2
4-6 of 9 26.6 23.9 28.1
7-9 of 9 32.7 14.5 442
Number of meals where Aglucose >2.22 mmol/l

0 of9 18.6 223 14.2
1-3 of 9 40.3 41.8 38.5
4-6 of 9 334 30.1 36.7
7-9 of 9 7.7 5.8 10.5
Number of meals where A% glucose >25

0 of 9 11.6 11.5 11.3
1-3 of 9 36.0 349 37.0
4-6 of 9 39.5 40.4 38.8
7-9 of 9 12.9 13.2 12.9

32% had a mean Aglucose >2.22 mmol/l and 59% had a
mean A% glucose >25. On the other hand, among subjects
with a very poor mean pre-prandial glucose (>11.1 mmol/l;
n=163), 67% had a mean Aglucose <2.22 mmol/l, and
80% had a mean A% glucose <25.

In the whole sample, pre-prandial and, to a lesser extent,
post-prandial glucose levels were significantly correlated to
HbA;.. In multivariate analysis, pre-prandial glucose was
more strongly associated with HbA ;. than post-prandial
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Table 4 Glucose peaks and glucose excursions according to pre-prandial glucose levels in 3,284 non-insulin-dependent patients

Mean pre-prandial glucose (mmol/l) p value

<6.66 6.67-8.89 8.90-11.1 11.0
Mean post-prandial glucose (mmol/1) 7.7+1.29 9.3+1.36 11.3+1.57 14.2+£2.33 <0.001
Mean Aglucose change with meal (mmol/l) 1.8+1.18 1.6+£1.24 1.5+1.43 1.4£1.70 <0.001
Mean Aglucose change with meal (%) 33422 23+18 17£15 1315 <0.001
Mean post-prandial glucose >8.89 mmol/l (% of subjects) 17.1 57.2 96.5 100 <0.001
Mean Aglucose >2.22 mmol/l (% of subjects) 323 27.1 28.8 32.5 NS
Mean Aglucose >25% (% of subjects) 59.2 40.3 27.6 19.6 <0.001

Values are means=SD unless stated otherwise

glucose. We also assessed the relative contribution of pre-
and post-prandial glucose to HbA;. concentrations with
multivariate analysis after stratifying subjects into three
categories according to HbA;. levels (<6.50, 6.50-7.49,
>7.5%) and by modelling HbA,. as a function of pre-
prandial glucose (per mmol/l increase, mean of nine
readings) and post-prandial glucose (mean of nine readings).
In subjects with very good control (HbA . <6.5%), post-

prandial (p=0.006) but not pre-prandial glucose (p=0.006)
was associated with HbA;., whereas pre-prandial
(p<0.0001) but not post-prandial (p=0.5) glucose was
significantly associated with HbA . in subjects with poor
control (HbA . >7.5%). In subjects with HbA . 6.5-7.49%,
pre- and post-prandial glucose were associated with HbA .
to a similar extent (both p<0.03).

Table 5 Factors independently associated with average post-prandial glucose, average Aglucose and average A% glucose after meal

Independent variables Post-prandial glucose Aglucose A% glucose
LS mean p value LS mean p value LS mean p value

Age (years) 0.01 0.005 0.002
<50 9.83 0.92 14.5

51-60 10.0 1.04 16.6

61-70 9.94 0.99 15.6

>70 10.1 1.17 18.4

Sex 0.4 0.7 >0.99
Male 9.94 1.04 16.3

Female 10.0 1.02 16.3

Duration (years) <0.0001 <0.0001 <0.0001
<3 9.72 0.85 143

4-6 9.83 0.94 15.0

7-12 10.0 1.06 16.6

>12 10.2 1.25 19.1

BMI 0.1 0.09 0.02
Normal 10.0 1.10 17.7

Overweight 9.89 0.98 15.4

Obese 10.0 1.01 15.7
Hypertension 0.02 0.0361 0.06
Yes 9.89 0.97 15.4

No 10.0 1.09 17.1
Dyslipidaemia 0.04 0.6 0.9
Yes 9.89 1.02 16.3

No 10.0 1.04 16.2

Treatment <0.0001 <0.0001 <0.0001
Diet only 9.61 0.74 11.0

MET alone 9.78 0.88 13.9

SU alone 9.94 1.02 17.7

SU+MET 10.3 1.33 20.8

Other COMB 10.1 1.13 17.9

F statistics and corresponding p value of the considered effect are reported from models also adjusted for pre-prandial glucose levels
COMB Combinations of oral antidiabetic agents, LS mean least square mean predicted from the model, MET metformin, SU sulfonylureas



We examined the frequency of the different glycaemic
phenotypes. Subjects were categorised in six groups
according to a good, fair or poor mean glucose level in
the pre-prandial state (<6.66, 6.67—8.89, >8.90 mmol/l) and
a satisfactory or exaggerated mean absolute glucose
excursion after meals (<2.22 or >2.22 mmol/l). The most
common phenotype was fair pre-prandial with satisfactory
post-prandial excursion (n=1,120, 34%), followed by good
pre-prandial and satisfactory post-prandial excursion
(n=718, 22%), and the least common phenotype was
poor pre-prandial and exaggerated post-prandial (n=203,
6%). Among subjects with poor pre-prandial glucose levels
(n=684), those with satisfactory post-prandial excursions
were twofold more common than those with exaggerated
post-prandial excursions (481 vs 203). Among subjects
with good pre-prandial glucose levels (n=1,062), about
one-third (n=344) had exaggerated post-prandial glucose
excursions after meal. The same held true for subjects with
fair pre-prandial glucose levels (n=1,538) of whom about
one-third (n=418) had exaggerated glucose excursions with
meals.

Mean post-prandial glucose but not Aglucose or A%
glucose was significantly higher in women than in men
(9.442.22 vs 9.3£2.11 mmol/l, p=0.01). Age was posi-
tively correlated with mean post-prandial glucose
(r=0.089, p<0.0001), Aglucose (r=0.064, p=0.0003) and
A% glucose (r=0.048, p=0.005). Duration of diabetes was
positively correlated with average post-prandial glucose
(+=0.190, p<0.0001), Aglucose (»=0.108, p<0.0001) and
A% glucose (r=0.064, p=0.0003). BMI was negatively
correlated with mean Aglucose (=—0.073, p<0.0001) and
A% glucose (r=—0.098, p<0.0001).

Subjects were also grouped according to diabetes
treatment (diet only, sulfonylureas alone, metformin
alone, both drugs, other combinations). We observed that
mean post-prandial glucose, Aglucose and A% glucose
were significantly different in these groups. In particular,
after adjusting for sex, age, duration of diabetes and pre-
prandial glucose, subjects treated with sulfonylureas alone
or in combination with biguanide had mean post-prandial
glucose (»p<0.0001), average Aglucose (p=0.0005) and
mean A% glucose (p=0.008) higher than those observed in
subjects treated with diet only or with metformin alone.

Simple clinical characteristics may be useful to identify
subsets of patients likely to have exaggerated post-meal
glucose response. In mixed-effects ANOVA models
adjusted for pre-prandial glucose level, older age, longer
duration of diabetes, normal body weight, absence of
hypertension, absence of dyslipidaemia, and treatment with
sulfonylureas alone or in combination were independently
associated with higher post-prandial glucose (Table 5). In
general these factors were also predictors of higher
Aglucose and A% glucose. Clinical predictors of post-
meal hyperglycaemia were essentially identical when post-
prandial glucose >8.89 mmol/l, Aglucose >2.22 mmol/l
and A% glucose >25 were modelled as outcome variables.
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Discussion

Post-prandial hyperglycaemia may be a key metabolic
disturbance contributing to the chronic complications of
type 2 diabetes [1-4]. Despite the potential importance of
post-prandial hyperglycaemia, its prevalence and corre-
lates are incompletely understood. We examined the
epidemiology of post-prandial hyperglycaemia in a very
large, representative sample of non-insulin-treated type 2
diabetic patients and found that post-prandial hypergly-
caemia and post-prandial glucose peaks were very
common. The vast majority of patients recorded blood
glucose exceeding the ADA and IDF thresholds for
unacceptable hyperglycaemia (>8.89 mmol/l) following a
meal, and 40% of them had several exaggerated glucose
excursions (Aglucose >2.22 mmol/l) in the post-prandial
period. These values are consistent with data on post-
OGTT hyperglycaemia collected in diabetic patients from
NHANES [18], and underscore a deleterious metabolic
abnormality that occurs commonly in everyday life and in
a more typical physiological setting than an OGTT.

Importantly, post-prandial hyperglycaemia and post-
prandial peaks were common even in subjects with an
apparently good metabolic control (HbA,. <7%) and in
subjects with average pre-prandial glucose levels within
recommended goals (<£6.66 mmol/l; <120 mg/dl). Exag-
gerated post-prandial glucose excursions were less com-
mon in subjects with higher pre-prandial glucose levels
than in those with lower glucose concentrations before the
meals. Consistent with this result is the finding of an inverse
correlation between pre-prandial glucose levels and abso-
lute or relative glucose change after meals. These findings
clearly document that the usual methods to assess
glycaemic control are poorly informative of the capability
of the single individual to control glucose excursions after
meals, and neither HbA;. nor pre-prandial glucose
measurement can reliably be expected to identify patients
with acceptable post-prandial glucose levels or excursions.
The logical conclusion is that for optimal glucose control to
prevent diabetic complications, assessment of metabolic
control cannot rely solely on periodical HbA;. measure-
ments and that blood glucose self-monitoring cannot be
limited to pre-prandial glucose readings. Our data suggest
that the common habit of self-assessment of glycaemia at
home only before meals [19] may need to be reconsidered
and self-assessment of blood glucose after meals be added
to routine self-monitored blood glucose policies. This
approach meets guidelines of the IDF [12] and is consistent
with current recommendations of the ADA [11].

We chose our definitions for post-prandial hyperglycae-
mia on the basis of treatment guidelines issued by the IDF
and ADA. These guidelines indicate arbitrary thresholds of
post-prandial hyperglycaemia. It is possible that lesser
degrees of post-prandial hyperglycaemia (defined using a
cut-off point <8.89 mmol/l) contribute to diabetes
complications, although no data are available [10]. It is
also possible that with the use of novel markers of post-
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meal glucose levels, such as depressed 1,5-anhydroglucitol
levels [20], the prevalence of clinically significant post-
prandial hyperglycaemia might be different. In addition,
we based our definition of a deleterious post-prandial
excursion (=2.22 mmol/l) on risk associated with
post-OGTT glucose levels [9]. Because post-meal and
post-OGTT glucose excursions may be very different,
depending on the constituents of the meal, it is possible that
post-meal excursions may confer different risks from those
of post-OGTT excursions, and that use of >2.22 mmol/l to
define a deleterious post-prandial glucose excursion may
either over- or underestimate the actual risk of complica-
tions. Interestingly, however, post-OGTT and post-meal
glucose levels seems to be strongly correlated [21].

We also found that the contribution of pre- and post-
prandial glucose to HbA;. was a function of prevailing
HbA . levels. When HbA ;. was low, the main contribution
came from post-prandial glucose, whereas when HbA |,
was high, the main contribution came from pre-prandial
glucose. This is consistent with data from Monnier et al.
[16].

Data from many studies support the view that post-
prandial glucose peaks appear to play a major role in the
pathogenesis of chronic diabetic complications. In partic-
ular, complications related to accelerated atherosclerosis
seem to be related to post-prandial peaks more strongly
than to fasting glucose. This conclusion is based upon
observational studies focusing on clinical CVD in diabetic
patients who had an assessment of post-prandial glucose
[5-7] as well as on data from large general population
samples undergoing an OGTT [8, 9]. In addition, while
intervention trials targeting fasting glucose and/or HbA
exclusively have had at best a marginal effect on CVD in
type 2 diabetes [22—24], trials specifically targeting post-
prandial glucose appear to have been more effective and
add further support to the hypothesis that post-prandial
hyperglycaemia is a key contributor to diabetes complica-
tions [25, 26]. For instance, a post hoc analysis of an
intervention trial using acarbose (which targets post-
prandial hyperglycaemia) showed a 49% reduction in
cardiovascular events in subjects with IGT [27]. More
recently it has been reported that specifically controlling
post-prandial hyperglycaemia using a rapid-acting secreta-
gogue (repaglinide) compared with glyburide resulted in a
similar improvement of HbA ;. but was associated with a
regression of carotid artery atherosclerosis [28]. In addition
to these data, other clinical and experimental studies
suggest that post-challenge hyperglycaemia or acute ele-
vation of plasma glucose is deleterious for diverse
functions related to atherogenesis [29-39]. Thus, the bulk
of epidemiological, clinical and experimental evidence
strongly suggests that efforts to monitor and control the
common phenomenon of post-prandial hyperglycaemia
should have uniquely beneficial effects on the chronic
complications of type 2 diabetes.

Older age, longer duration of diabetes, absence of
obesity, hypertension and dyslipidaemia are -clinical
features related to exaggerated post-prandial glucose
peaks. These clinical features might be used to identify

patients more likely to have post-prandial peaks and to
need a careful post-prandial glucose assessment. Related to
this observation we found that patients treated with
sulfonylureas had greater post-prandial blood glucose
excursions than subjects not taking these medications,
suggesting that sulfonylureas are not able to prevent post-
prandial glucose peaks. Patients taking sulfonylureas who
have poor glycaemic control thus might benefit from
therapy with glinides and short-acting insulin analogues to
control post-prandial hyperglycaemia [40—46].

In recent studies carried out in a smaller number of
subjects, Monnier and coworkers [15] observed that pre-
lunch glucose concentration was higher than pre-breakfast
and post-lunch glucose levels. We were not able to confirm
this finding. On the contrary, we observed that glucose
levels before the three meals were essentially identical.
This means that, on average, non-insulin-treated type 2
patients are able to return to pre-meal glucose concentra-
tions before the next meal, without a substantially
progressive increase in blood glucose throughout the day
despite additional meals. A corollary is that in most type 2
diabetic patients the treatment should specifically target
early morning pre-breakfast hyperglycaemia on the one
hand and post-prandial glucose peaks on the other hand. As
a consequence, detailed glycaemic phenotyping of individ-
ual patients with careful home blood glucose monitoring is
probably warranted to optimise glycaemic control. Assess-
ment of post-prandial glycaemic excursions may be
particularly helpful when the therapeutic plan is being re-
evaluated to improve inadequate glycaemic control.
Relatively simple schedules of home blood glucose
monitoring can be prescribed on the basis of the individual
clinical situation.

In conclusion, data from this large, representative
sample of type 2 diabetes patients receiving routine care
in diabetes clinics demonstrate that post-prandial hyper-
glycaemia is a very common phenomenon. Post-prandial
hyperglycaemia occurs even when glycaemic control is
apparently good according to HbA,. or fasting plasma
glucose levels. Post-prandial hyperglycaemia can be
predicted by simple clinical features, thus permitting
identification of patients most likely to need a more
complete glycaemic phenotyping. The assessment of post-
prandial glucose levels and the evaluation of post-meal
glucose excursions can establish the glycaemic phenotype
and help to tailor the most appropriate treatment for
individual patients, and is likely to contribute to improved
glycaemic control for prevention of the devastating chronic
complications of type 2 diabetes.
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