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Point: Postprandial Glucose Levels Are a
Clinically Important Treatment Target

he results of the Nateglinide And
T\/alsartan in Impaired Glucose

Tolerance Outcomes Research
(NAVIGATOR) trial have been recently
reported (1-2). Nateglinide, a member of
the meglitinide class, which has been
shown to lower postprandial hyperglyce-
mia by increasing the first phase of insulin
secretion, was not effective in decreasing
both the new cases of diabetes and the
new cardiovascular events in a population
at high risk (1). Valsartan, an angiotensin
(AT-1) blocker, was ineffective on cardio-
vascular events but significantly—even
marginally—reduced the onset of new di-
abetes (2). The negative results of nateg-
linide immediately raised the concern
about the possibility that postprandial hy-
perglycemia could be considered an inde-
pendent risk factor for cardiovascular
disease (CVD) and whether its treatment
may give any advantage in the manage-
ment of diabetes (3).

Diabetologists have long debated
whether the lack of insulin action (insulin
resistance) or impaired insulin secretion
represents the primary pathological
mechanism underlying type 2 diabetes.
Recent analyses confirm that impaired
pancreatic B-cell glucose sensitivity and
whole-body insulin sensitivity are strong
predictors of a progression to hyperglyce-
mia (4). Conversely, numerous studies
have shown that acute insulin secretion
defects represent a powerful early predic-
tor of diabetes progression.

During the progression from normal
glucose tolerance to increasingly severe
type 2 diabetes, first-phase insulin secre-
tion (FPIS) is an early casualty. Prior to
the diagnosis of diabetes, insulin response
to mealtime glucose becomes delayed and
blunted; eventually, it is lost (5). In a
landmark study, Polonsky et al. (5)
showed that FPIS responses were more
sluggish and less dramatic in diabetic in-
dividuals. In another analysis, a marked
and increasing loss of the early-phase
B-cell secretory response to a meal chal-
lenge correlated with increasing post-
prandial hyperglycemia in a group of
individuals recently diagnosed with dia-
betes (6). Together these data indicate
that declining FPIS and postprandial hy-

perglycemia are key features of type 2
diabetes.

The relative contribution of fasting
versus postprandial glucose (PPG) to
overall glycemic exposure was a matter of
considerable controversy until recently
when influential analyses from Monnier
et al. (7,8) appeared showing that the
contribution of postprandial hyperglyce-
mia varies depending on an individual’s
degree of glycemic control. This funda-
mental insight—that postprandial glyce-
mia excursions make an ever greater
contribution to A1C as glycemic control
improves—has been confirmed in other
settings (9) and has been extended to sub-
jects whose A1C values lie well within the
normal range (10). Based on this informa-
tion, one would predict that attempts to
treat patients to target, especially when
aiming for ambitious A1C targets, will
generally fail unless PPG is controlled.
Many studies directly support this hy-
pothesis (11), including the recent data of
the Treating to Target in Type 2 diabetes
(4-T) trial (12) and in particular the data
after 1 year (13), where even the conclu-
sions of the authors were, surprisingly,
different.

The link between postprandial hyper-
glycemia and the risk for CVD has been
recently highlighted due to the identified
linear relationship, widely confirmed in
many studies, between the risk of CVD
death and the glucose value at 2 h during
an oral glucose tolerance test (OGTT)
(11). A recent study (14) consistently
confirmed postprandial hyperglycemia as
an independent risk factor for CVD in
type 2 diabetes. However, most of the ep-
idemiological data supporting this con-
cept were available from studies using the
OGTT (11). This approach raised the
concern that because the OGTT could not
be considered a meal, the existing rela-
tionship between the 2-h glucose values
during an OGTT did not necessarily mean
that these subjects could have increased
postprandial hyperglycemia after a meal.
This concern has now been clarified. A
strong relationship between the level of
glycemia after an OGTT and after a meal
has been demonstrated (15), particularly

in terms of peak values, thereby suggest-
ing that this issue is now over.

However, even epidemiological data
support the concept that postprandial hy-
perglycemia is a risk factor for CVDs, the
main concern regards the need for evi-
dence that lowering postprandial hyper-
glycemia CVD can be prevented. The
Study To Prevent Non-Insulin-Depen-
dent Diabetes Mellitus (STOP-NIDDM)
trial has shown, as a predefined secondary
end point, that treating postprandial hy-
perglycemia may reduce the incidence of
new cardiovascular events in people with
impaired glucose tolerance (16), a finding
confirmed in type 2 diabetes by a meta-
analysis on the use of acarbose (17). How-
ever, the Hyperglycemia and Its Effect
After Acute Myocardial Infarction on Car-
diovascular Outcomes in Patients With
Type 2 Diabetes Mellitus (HEART2D)
study (18) last year and the NAVIGATOR
(1) study now, have failed to confirm this
finding.

What has the NAVIGATOR study
demonstrated? In my opinion, it has only
demonstrated that nateglinide does not
reduce cardiovascular events. That is all.
Unfortunately, NAVIGATOR 1is another
study, asis the HEART2D study (18), that
does not help to answer whether lowering
postprandial hyperglycemia reduces the
incidence of CVD.

The HEART2D study failed to reach
the predetermined difference in post-
prandial hyperglycemia of 2.5 mmol/l,
the mean difference at the end of the
study being only 0.8 mmol/l, less than
one-third of the goal, even if significantly
different between the two groups (18). In
the NAVIGATOR trial, nateglinide not
only did not improve postprandial hyper-
glycemia, but the glucose levels 2 h after a
glucose challenge in the annual OGTTs
were higher in the nateglinide group than
in the placebo group (1). Furthermore,
the incidence of new diabetes was also
higher in the treated group than in the
placebo group (1).

As already suggested (19), we have to
pay attention to the level of risk in the
patients included in the studies. We have
learned that the control of hyperglycemia
may have a different impact in the pri-
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mary and secondary prevention of CVD in
type 2 diabetes (19), influencing the sam-
ple size of the study. Looking at the recent
lessons from the Action to Control Car-
diovascular Risk in Diabetes (ACCORD)
trial (20), the Action in Diabetes and Vas-
cular Disease—Preterax and Diamicron
Modified Release Controlled Evaluation
(ADVANCE) trial (21), the Veterans Af-
fairs Diabetes Trial (VADT) (22), and the
long-term follow-up of the UK Prospec-
tive Diabetes Study (UKPDS) (23), it has
been suggested that if the control of hy-
perglycemia, both fasting (ACCORD,
ADVANCE, and VADT) or postprandial
(HEART2D), is started too late, the possi-
ble beneficial effect of treating hypergly-
cemia, both fasting (UKPDS) or
postprandial (STOP-NIDDM), in a very
early stage of the disease is lost.

In NAVIGATOR, people in the pri-
mary prevention and who already suf-
fered a cardiovascular event were pooled
and evaluated together (1). This may in-
troduce another bias in the evaluation of
the results. This concept is strengthened
during the study by the need to change
the primary outcome, including a third
coprimary core cardiovascular outcome,
previously designated as a secondary out-
come (1). To this, we have to add the very
high rate of dropouts (1).

The authors of NAVIGATOR claim
that the paradox increase of glucose dur-
ing the OGTT in the nateglinide arm
would be a rebound effect since nateglin-
ide was not administered on the morning
that the OGTT was performed, therefore
suggesting that postprandial hyperglyce-
mia was lower during the other days of
the study (1). However, as already out-
lined by Nathan (3), “There are no direct
data to support this contention, and no
data on glycated hemoglobin are pre-
sented, other than in the subgroup that
progressed to diabetes, to support a sub-
stantial lowering of overall glycemic levels
with nateglinide.”

Asreported above, the impact of post-
prandial hyperglycemia on CVD is still a
matter of debate, and perhaps we will ob-
tain an answer from the Acarbose Cardio-
vascular Evaluation (ACE), a huge trial
performed in China. However, in my
opinion, what we have learned again (19)
is how complex the management of post-
prandial hyperglycemia truly is.

This is certainly an important issue
because prandial glucose regulation is an
emerging approach to treating type 2 di-
abetes (11). Mechanistic and epidemio-
logical studies indicate that PPG

significantly contributes to overall glyce-
mic exposure (7—8). In particular, post-
prandial hyperglycemia is the most
important contributor to A1C, particu-
larly when it is lower than 7.5% (7-8).
Targeting postprandial hyperglycemia
has been largely confirmed as important
for the achievement of A1C targets (24).
Paradoxically, it has been published (25)
that in type 2 diabetic patients with good
glycemic control (A1C < 6.5%), further
strict glycemic control by nateglinide
(A1C of 6.1%) resulted in the regression
of carotid intima-media thickness, a use-
ful marker of cardiovascular risk.

Oxidative stress, in particular the in-
creased superoxide production at the mi-
tochondrial level, has been suggested as
the key link between hyperglycemia and
diabetic complications (26). Evidence
suggests that the same phenomenon un-
derscores the deleterious effect of oscillat-
ing glucose, leading to a more enhanced
deleterious effect of fluctuating glucose
compared with constant high glucose
Q7).

Postprandial hyperglycemia, which
can be considered just an aspect of the
glucose variability, produces oxidative
stress, which, in turn, induces endothelial
dysfunction and inflammation (28), all
well recognized risk factors for CVD.
Considering that the specific manage-
ment of postprandial hyperglycemia is so
difficult, one can wonder whether treat-
ing oxidative stress (in the right, modern
way [29]) while managing postprandial
hyperglycemia would be a good strategy.
For instance, an AT-1 blocker, irbesartan,
has been demonstrated to reduce oxida-
tive stress, endothelial dysfunction, and
inflammation induced by postprandial
hyperglycemia (30), evidence which
might explain the positive effect of valsar-
tan in preventing the new onset of diabe-
tes (1).

Accumulating evidence suggests that
glucose “variability” in terms of widely
fluctuating glucose may have a deleteri-
ous effect in worsening the prognosis, not
only for diabetic complications, but also
for several critical care situations (27).
The hypothesis that maintaining the level
of glycemia under very strict control
would be relevant in any clinical setting
is, in my opinion, stressed by the recent
evidence that glycemia in normoglycemic
people is always maintained in very nar-
row range, particularly after a meal
(31,32). One can argue that if the human
body spends so much energy to maintain
the blood glucose level under so strict a

range, it is because otherwise it could be
deleterious.

Finally, T wonder if the acronym
“NAVIGATOR” was chosen because in
the past the concept of postprandial hy-
perglycemia as a damaging factor was rep-
resented with a “wave” (28). If this is the
case, this NAVIGATOR (nateglinide)
would have been good for lakes and riv-
ers, certainly not for a stormy sea (post-
prandial hyperglycemia).

ANTONIO CERIELLO, MD

From the Insititute d’Investigacions Biomediques
August Pi i Sunyer (IDIBAPS), Barcelona, Spain.

Corresponding author: Antonio Ceriello, aceriell@
clinic.ub.es.

DOI: 10.2337/dc10-0634

© 2010 by the American Diabetes Association.
Readers may use this article as long as the work is
properly cited, the use is educational and not for
profit, and the work is not altered. See http:/
creativecommons.org/licenses/by-nc-nd/3.0/ for
details.

Acknowledgments— No potential conflicts
of interest relevant to this article were
reported.

References

1. NAVIGATOR Study Group, McMurray J],
Holman RR, Haffner SM, Bethel MA, Hol-
zhauer B, Hua TA, Belenkov Y, Boolell M,
Buse JB, Buckley BM, Chacra AR, Chiang
FT, Charbonnel B, Chow CC, Davies M]J,
Deedwania P, Diem P, Einhorn D, Fon-
seca V, Fulcher GR, Gaciong Z, Gaztam-
bide S, Giles T, Horton E, Ilkova H,
Jenssen T, Kahn SE, Krum H, Laakso M,
Leiter LA, Levitt NS, Mareev V, Martinez
F, Masson C, Mazzone T, Meaney E,
Nesto R, Pan C, Prager R, Raptis SA, Rut-
ten GE, Sandstroem H, Schaper F, Scheen
A, Schmitz O, Sinay I, Soska V, Stender S,
Tamas G, Tognoni G, Tuomilehto J, Vil-
lamil AS, Vozar J, Califf RM. Effect of val-
sartan on the incidence of diabetes and
cardiovascular events. N Engl ] Med
2010;362:1477-1490

2. The NAVIGATOR Study Group. Effect of
nateglinide on the incidence of diabetes
and cardiovascular events. N Engl ] Med
2010;362:1463-1476

3. Nathan DM. Navigating the choices for
diabetes prevention. N Engl ] Med 2010;
362:1533-1535

4. Walker M, Mari A, Jayapaul MK, Bennett
SM, Ferrannini E. Impaired beta cell glu-
cose sensitivity and whole-body insulin
sensitivity as predictors of hyperglycae-
mia in non-diabetic subjects. Diabetolo-
gia 2005;48:2470-2476

5. Polonsky KS, Given BD, Hirsch 1J, Tillil
H, Shapiro ET, Beebe C, Frank BH, Gal-
loway JA, Van Cauter E. Abnormal pat-

1906

Di1ABETES CARE, VOLUME 33, NUMBER 8, Aucust 2010

care.diabetesjournals.org



10.

11.

12.

13.

14.

terns of insulin secretion in non-insulin-
dependent diabetes mellitus. N Engl
J Med 1988;318:1231-1239

. Coates PA, Ollerton RL, Luzio SD, Ismail

I, Owens DR. A glimpse of the ‘natural
history’ of established type 2 (non-insulin
dependent) diabetes mellitus from the
spectrum of metabolic and hormonal re-
sponses to a mixed meal at the time of
diagnosis. Diabetes Res Clin Pract 1994;
26:177-187

. Monnier L, Lapinski H, Colette C. Contri-

butions of fasting and postprandial
plasma glucose increments to the overall
diurnal hyperglycemia of type 2 diabetic
patients: variations with increasing levels
of HbA(1c). Diabetes Care 2003;26:881—
885

. Monnier L, Colette C, Dunseath GJ,

Owens DR. The loss of postprandial gly-
cemic control precedes stepwise deterio-
ration of fasting with worsening diabetes.
Diabetes Care 2007;30:263-269

. Bonora E, Corrao G, Bagnardi V, Ceriello

A, Comaschi M, Montanari P, Meigs JB.
Prevalence and correlates of post-prandial
hyperglycaemia in a large sample of pa-
tients with type 2 diabetes mellitus. Dia-
betologia 2006;49:846-854

Woerle HJ, Pimenta WP, Meyer C, Gos-
manov NR, Szoke E, Szombathy T, Mitra-
kou A, Gerich JE. Diagnostic and
therapeutic implications of relationships
between fasting, 2-hour postchallenge
plasma glucose and hemoglobin A1C val-
ues. Arch Intern Med 2004;164:1627—
1632

Ceriello A, Hanefeld M, Leiter L, Monnier
L, Moses A, Owens D, Tajima N, Tuom-
ilehto J. Postprandial glucose regulation
and diabetic complications. Arch Intern
Med 2004;164:2090-2095

Holman RR, Farmer AJ, Davies MJ, Levy
JC, Darbyshire JL, Keenan JF, Paul SK,
4-T Study Group. Three-year efficacy of
complex insulin regimens in type 2 dia-
betes. N Engl J Med 2009;361:
1736-1747

Holman RR, Thorne KI, Farmer AJ, Da-
vies MJ, Keenan JF, Paul S, Levy JC, 4-T
Study Group. Addition of biphasic, pran-
dial, or basal insulin to oral therapy in
type 2 diabetes. N Engl J Med 2007;357:
1716-1730

Cavalot F, Petrelli A, Traversa M, Bonomo
K, Fiora E, Conti M, Anfossi G, Costa G,
Trovati M. Postprandial blood glucose is
a stronger predictor of cardiovascular
events than fasting blood glucose in type 2
diabetes mellitus, particularly in women:

15.

16.

17.

18.

19.

20.

21.

22.

lessons from the San Luigi Gonzaga Dia-
betes Study. J Clin Endocrinol Metab
2006;91:813-819

Meier JJ, Baller B, Menge BA, Gallwitz B,
Schmidt WE, Nauck MA. Excess glycae-
mic excursions after an oral glucose toler-
ance test compared with a mixed meal
challenge and self-measured home glu-
cose profiles: is the OGTT a valid predic-
tor of postprandial hyperglycaemia and
vice versa? Diabetes Obes Metab 2009;11:
213-222

Chiasson JL, Josse RG, Gomis R, Hanefeld
M, Karasik A, Laakso M, STOP-NIDDM
Trial Research Group. Acarbose treatment
and the risk of cardiovascular disease and
hypertension in patients with impaired
glucose tolerance: the STOP-NIDDM
trial. JAMA 2003;290:486—494
Hanefeld M, Cagatay M, Petrowitsch T,
Neuser D, Petzinna D, Rupp M. Acarbose
reduces the risk for myocardial infarction
in type 2 diabetic patients: meta-analysis
of seven long-term studies. Eur Heart ]
2004;25:10-16

Raz I, Wilson PW, Strojek K, Kowalska I,
Bozikov V, Gitt AK, Jermendy G, Cam-
paigne BN, Kerr L, Milicevic Z, Jacober SJ.
Effects of prandial versus fasting glycemia
on cardiovascular outcomes in type 2 di-
abetes: the HEART2D trial. Diabetes Care
2009;32:381-386

Ceriello A. Postprandial hyperglycemia
and cardiovascular disease: is the
HEART2D study the answer? Diabetes
Care 2009;32:521-522

Action to Control Cardiovascular Risk in
Diabetes Study Group, Gerstein HC,
Miller ME, Byington RP, Goff DC Jr, Big-
ger JT, Buse JB, Cushman WC, Genuth S,
Ismail-Beigi F, Grimm RH Jr, Probstfield
JL, Simons-Morton DG, Friedewald WT.
Effects of intensive glucose lowering in
type 2 diabetes. N Engl ] Med 2008;358:
2545-2559

ADVANCE Collaborative Group, Patel A,
MacMahon S, Chalmers J, Neal B, Billot L,
Woodward M, Marre M, Cooper M, Glas-
ziou P, Grobbee D, Hamet P, Harrap S,
Heller S, Liu L, Mancia G, Mogensen CE,
Pan C, Poulter N, Rodgers A, Williams B,
Bompoint S, de Galan BE, Joshi R, Travert
F. Intensive blood glucose control and
vascular outcomes in patients with type 2
diabetes. N Engl ] Med 2008;358:2560—
2572

Duckworth W, Abraira C, Moritz T, Reda
D, Emanuele N, Reaven PD, Zieve FJ,
Marks J, Davis SN, Hayward R, Warren
SR, Goldman S, McCarren M, Vitek ME,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ceriello

Henderson WG, Huang GD, VADT Inves-
tigators. Glucose control and vascular
complications in veterans with type 2 di-
abetes. N Engl ] Med 2009;360:129-139
Holman RR, Paul SK, Bethel MA, Mat-
thews DR, Neil HA. 10-Year follow-up of
intensive glucose control in type 2 diabe-
tes. N Engl J Med 2008;359:1577-1589
Lasserson DS, Glasziou P, Perera R, Hol-
man RR, Farmer AJ. Optimal insulin reg-
imens in type 2 diabetes mellitus:
systematic review and meta-analyses. Dia-
betologia 2009;52:1990-2000

Mita T, Watada H, Shimizu T, Tamura Y,
Sato F, Watanabe T, Choi JB, Hirose T,
Tanaka Y, Kawamori R. Nateglinide re-
duces carotid intima-media thickening in
type 2 diabetic patients under good gly-
cemic control. Arterioscler Thromb Vasc
Biol 2007;27:2456-2462

Nishikawa T, Edelstein D, Du XL, Yamag-
ishi S, Matsumura T, Kaneda Y, Yorek
MA, Beebe D, Oates PJ, Hammes HP, Gi-
ardino I, Brownlee M. Normalizing mito-
chondrial superoxide production blocks
three pathways of hyperglycaemic dam-
age. Nature 2000;404:787-790

Ceriello A, Thnat M. “Glycaemic variabil-
ity:” a new therapeutic challenge in diabe-
tes and the critical care setting. Diabet
Med. In press

Ceriello A. The possible role of postpran-
dial hyperglycaemia in the pathogenesis
of diabetic complications. Diabetologia
2003;46(Suppl. 1):M9-M16

Ceriello A, Testa R. Antioxidant anti-in-
flammatory treatment in type 2 diabetes.
Diabetes Care 2009;32(Suppl. 2):5232-
5236

Ceriello A, Assaloni R, Da Ros R, Maier A,
Piconi L, Quagliaro L, Esposito K, Giugli-
ano D. Effect of atorvastatin and irbesar-
tan, alone and in combination, on
postprandial endothelial dysfunction, ox-
idative stress, and inflammation in type 2
diabetic patients. Circulation 2005;111:
2518-2524

Mazze RS, Strock E, Wesley D, Borgman
S, Morgan B, Bergenstal R, Cuddihy R.
Characterizing glucose exposure for indi-
viduals with normal glucose tolerance us-
ing continuous glucose monitoring and
ambulatory glucose profile analysis. Dia-
betes Technol Ther 2008;10:149-159
Tsujino D, Nishimura R, Taki K, Mi-
yashita Y, Morimoto A, Tajima N. Daily
glucose profiles in Japanese people with
normal glucose tolerance as assessed by
continuous glucose monitoring. Diabetes
Technol Ther 2009;11:457—-460

care.diabetesjournals.org

DiaBETES CARE, VOLUME 33, NUMBER 8, AuGusT 2010

1907



