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In people without diabetes, ingestion 
of food results in a transient increase 
in plasma glucose, which elicits a 

postprandial increase in the secretion 
of insulin from pancreatic β-cells and 
suppression of glucagon secretion 
from α-cells. In people with type 2 di-
abetes, however, this normal response 
to blood glucose spikes is dampened, 
primarily due to reduced insulin pro-
duction resulting from β-cell dysfunc-
tion and loss combined with insulin 
resistance, leading to hyperglycemia 
(1). Hyperglycemia is associated with 
increased risk of microvascular com-
plications such as retinopathy, neu-
ropathy, and nephropathy, as well 
as macrovascular complications, in-
cluding increased risk of myocardial 
infarction (MI), cardiovascular disease 
(CVD), and stroke (2).

The achievement of glycemic 
control is the key principle in dia-
betes management. A1C provides a 
good indication of overall glycemic 
control during the previous 2–3 
months and remains the gold stan-
dard for assessing glycemic control 
in patients with diabetes (3,4). As a 
result, treatment guidelines for dia-
betes have historically focused on 
reducing A1C to specified targets. 

For example, the American Diabetes 
Association (ADA) recommends 
A1C targets ranging from <6.5% to 
<8.0% depending on factors such 
as patients’ health, comorbid condi-
tions, and duration of diabetes (5). 
The International Diabetes Federation 
(IDF), the American Association of 
Clinical Endocrinologists (AACE), 
and the American College of 
Endocrinology recommend a target 
of <6.5% where possible, with indi-
vidualization of goals depending on 
patients’ needs (6,7).

It is now well established that A1C 
levels are the result of a combination 
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■ IN BRIEF This article reviews the evidence regarding the impact of 
postprandial glucose (PPG) on overall A1C and its relation to cardiovascular 
disease (CVD). To date, four randomized, controlled trials have evaluated the 
impact of PPG reduction on CVD; however, only one of these successfully 
demonstrated a positive effect. Despite this, epidemiological evidence does 
indicate a cardiovascular benefit of PPG reduction, and agents that can be used 
to manage PPG in people with type 2 diabetes are also discussed.

KEY POINTS
•	 Postprandial glucose (PPG) is a 

significant contributor to A1C that 
is often overlooked.

•	 Long-term goals cannot be 
achieved by targeting only fast-
ing plasma glucose levels.

•	 PPG is an independent risk factor 
for cardiovascular disease.

•	 PPG should be measured after 
breakfast because post-breakfast 
excursions tend to be larger and 
more consistent, with lower 
day-to-day variation.
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of both fasting plasma glucose (FPG) 
and postprandial glucose (PPG) lev-
els (8,9), with the relative importance 
of each depending on factors such as 
the degree of glycemic control (9). 
Treatment may also influence this 
FPG-PPG relationship. For exam-
ple, basal insulin primarily reduces 
FPG. Therefore, after its initiation 
in patients treated with oral antidia-
betic drugs (OADs) with uncontrolled 
hyperglycemia, it is PPG that accounts 
for the majority (approximately two-
thirds) of residual hyperglycemia (10). 
It has become increasingly appar-
ent that long-term A1C target levels 
cannot be achieved by treating only 
FPG; rather, PPG must also be tar-
geted by therapeutic strategies (11). 
Consequently, most treatment guide-
lines now include specific PPG targets 
alongside A1C and FPG targets. The 
ADA/European Association for the 
Study of Diabetes guidelines recom-
mend targets of A1C <7.0%, FPG 
80–130 mg/dL, and PPG <180 mg/dL 
(5); the IDF recommends targets of 
A1C <7.0%, FPG 115 mg/dL, and 
PPG <160 mg/dL (6); and AACE rec-
ommends targets of A1C <7.0%, FPG 
110 mg/dL, and PPG ≤140 mg/dL (7). 
However, current strategies and ther-
apies (i.e., metformin, sulfonylureas, 
thiazolidinediones, and basal insulins) 
are mainly effective in controlling 
FPG; the importance of PPG, par-
ticularly in maintaining long-term 
glycemic control, has been given less 
attention (12).

Studies have shown that, in addi-
tion to its contribution to overall 
A1C, PPG is an independent risk 
factor for CVD, with a demonstrated 
linear relationship of PPG and risk 
of cardiovascular (CV) death (13). 
Although a significant number of 
publications support PPG being an 
independent risk factor for CVD 
and death, data have varied (14–22). 
Furthermore, a prospective study was 
conducted in subjects with previ-
ously undiagnosed diabetes who had 
demonstrated no fasting hyperglyce-
mia, in which subjects underwent oral 
glucose tolerance testing. This study 

concluded that, of those with isolated 
post-challenge hyperglycemia, women 
but not men showed a significantly 
increased risk of fatal CVD and heart 
disease compared to those without 
diabetes (23).

In this article, we review the evi-
dence regarding the impact of PPG 
on overall A1C and its relationship to 
CVD in an attempt to help reach a 
consensus on the importance of con-
trolling PPG in people with type 2 
diabetes.

Impact of PPG on A1C
It is clear that A1C, as an index of 
overall glycemic control, is significant-
ly affected by both FPG and PPG, 
although the data concerning the 
relative importance of each to A1C 
levels was initially varied. Monnier 
and Colette (9) investigated the rela-
tive contributions to A1C of FPG and 
PPG depending on the A1C level in 
an attempt to conciliate these different 
results. The group determined that the 
relative contributions changed, de-
pending on whether patients’ diabetes 
was well controlled or not, with PPG 
excursions predominating at lower 
A1C levels, and FPG predominating 
at higher A1C levels. They calculated 
that the relative contribution of PPG 
is 70% in patients with A1C <7.3%, 
reducing to 30% in patients with A1C 
>10.2% (Figure 1) (9).

A later analysis of data from six 
studies of treatment intensification 
with insulin or additional OADs 
supported these findings, determin-
ing that, where A1C is >7.0% despite 
OAD therapy, FPG dominates 
glucose exposure, contributing an 
average of 76–80% to hyperglycemia 
(10). The study also suggested that the 
type of antihyperglycemic treatment 
used may be more significant than the 
A1C level alone. Despite similar A1C 
levels, basal insulin reduced the FPG 
contribution to 32–41%, whereas 
alternative intensification regimens 
(i.e., insulin lispro, premixed insu-

lin, or additional OADs) reduced the 
FPG contribution to 64–71% (10).

In a recent meta-analysis of 14 
studies in patients with type 1 or 
type 2 diabetes, stronger correla-
tions were found between PPG and 
A1C than between FPG and A1C 
(24). Furthermore, decreases in PPG 
resulted in greater A1C reductions 
than FPG reductions (24).

It has also been reported that, 
in type 2 diabetes, elevated PPG is 
one of the earliest abnormalities of 
glucose homeostasis, often arising 
before elevated FPG. This is distinctly 
exaggerated in patients with elevated 
FPG (25,26). Regardless of the exact 
contributions of each, the evidence 
clearly suggests that PPG and FPG 
are both significant contributors to 
A1C; therefore, both should be con-
sidered during treatment. 

Impact of PPG on CVD
In addition to an increase in risk of 
microvascular complications, diabetes 
is associated with an overall two- to 
fourfold increased risk of developing 
CVD (1). Indeed, CVD is by far the 

■ FIGURE 1. Relative contributions of 
postprandial (n) and fasting (n) hyper-
glycemia (%) to the overall diurnal 
hyperglycemia over quintiles of A1C. 
aSignificant difference between FPG and 
PPG (paired t test). bSignificantly differ-
ent from all other quintiles (analysis of 
variance [ANOVA]). cSignificantly differ-
ent from quintile 5 (ANOVA). Reprinted 
with permission from ref. 8.
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single largest cause of mortality in pa-
tients with type 2 diabetes, accounting 
for up to 75–80% of deaths (2,27). 
Traditional risk factors for diabetes 
such as hypertension, obesity, and 
atherogenic dyslipidemia do not fully 
account for the increased risk of CVD 
associated with diabetes (2). Increased 
A1C levels are well known to be as-
sociated with increased CVD risk, 
implying the contribution of PPG 
to A1C is a significant factor in this 
increased risk (2). In addition, most 
epidemiological studies agree that 
PPG is a significant independent risk 
factor for CVD and MI, regardless of 
whether a person has diabetes (28,29).

Studies have also shown that, in 
addition to CV events, PPG is a pre-
dictor of CV-related and all-cause 
mortality, whereas it appears that FPG 
is not (30). In the Honolulu Heart 
Program conducted in Japanese-
American men aged 45–68 years, 
there was an increased risk of coro-
nary heart disease (CHD) in patients 
with abnormal oral glucose tolerance 
test results (14). Similar results were 
seen in the Baltimore Longitudinal 
Study of Aging, which concluded 
that, regardless of FPG and A1C, a 
higher 2-hour PPG level was asso-
ciated with increased risks of CVD, 
CVD mortality, and all-cause mortal-
ity (16). The Diabetes Epidemiology: 
Collaborative Analysis of Diagnostic 
Criteria in Europe (DECODE) study 
analyzed data from 10 prospective 
European cohort studies that included 
15,388 men and 7,126 women aged 
30–89 years. The authors concluded 
that 2-hour PPG values were a better 
predictor than FPG of death from 
all causes and CVD, with the larg-
est number of excess deaths being 
observed in patients showing impaired 
glucose tolerance (IGT) after a 2-hour 
oral glucose test but normal FPG lev-
els (17). Additional analysis showed 
that mortality associated with FPG 
concentration was largely dependent 
on 2-hour PPG levels. In this study, 
~33% of men and ~44% of women 
who had diabetes according to the 
2-hour PPG values were not identified 

as having diabetes according to their 
FPG levels, highlighting the diagnos-
tic value of PPG measurement (17).

It is important to stress that 
the Honolulu Heart Program, the 
Baltimore Longitudinal Study of 
Aging, and DECODE were non-
interventional studies that looked 
at subjects who did not have diag-
nosed diabetes. It is therefore unclear 
whether they can inform us on how 
to better treat those with diagnosed 
diabetes.

A post hoc analysis determined 
that a prandial strategy targeting PPG 
with three premeal doses of insulin 
lispro daily may be associated with 
lower risk of subsequent CV events 
than a basal strategy of twice-daily 
NPH or once-daily insulin glargine 
100 units/mL in older patients (19). A 
caveat of this study, which should be 
considered, is that the magnitude of 
the differences in PPG levels between 
the two treatment regimens was 
smaller than expected, and the trial 
was eventually stopped due to lack of 
efficacy (18).

A number of other studies sup-
port the findings from these studies 
that PPG levels are linked to CVD. 
In a 14-year follow-up of patients 
with type 2 diabetes managed in 
routine clinical practice, PPG and 
A1C, but not FPG, were found to 
have similar predictive power for CV 
events and all-cause mortality (20), 
whereas a review of a large number 
of epidemiological studies concluded 
that PPG is, in fact, a more power-
ful risk factor than either A1C or 
FPG (31). In the Study to Prevent 
Non-Insulin-Dependent Diabetes 
Mellitus (STOP-NIDDM), patients 
with IGT were randomized to receive 
either placebo or acarbose, an α- 
glucosidase inhibitor (AGI) that low-
ers PPG. In addition to a 25% relative 
risk reduction in the development 
of type 2 diabetes and a 34% risk 
reduction for hypertension, patients 
treated with acarbose had a 49% risk 
reduction of developing CV events 
(32). Additionally, in a substudy of 
STOP-NIDDM, patients treated 

with acarbose showed a reduced inci-
dence of silent MIs compared to those 
receiving placebo (33). The Acarbose 
Cardiovascular Evaluation trial, 
conducted in Chinese patients with 
IGT and CHD, showed no signifi-
cant difference between acarbose and 
placebo for incidence of primary five-
point composite outcome (CV death, 
nonfatal MI, nonfatal stoke, hospital 
admission for unstable angina, and 
hospital admission for heart failure) 
or any secondary CV outcomes (34). 
However, patients treated with acar-
bose did have a reduced incidence of 
diabetes.

A number of studies have given 
indications as to the underlying 
mechanisms for the association 
between PPG levels and CV risk. For 
example, a study of patients without 
diabetes showed that higher 1-hour 
PPG levels were significantly associ-
ated with increased arterial stiffness 
as determined by cardio-ankle vas-
cular index values, a measure of the 
stiffness of the aorta, femoral artery, 
and tibial artery (35). Furthermore, in 
the Risk Factors in Impaired Glucose 
Tolerance for Atherosclerosis and 
Diabetes study, there was a closer 
correlation between PPG and carotid 
intima-media thickness than FPG in 
patients with IGT (36).

Hypertriglyceridemia is also a 
risk factor for CVD and is ampli-
fied in the postprandial state, rising 
concomitantly with postprandial 
hyperglycemia. Despite this, evidence 
suggests a direct atherogenic role for 
postprandial hyperglycemia indepen-
dent of that of lipids (29). Postprandial 
hypertriglyceridemia has been shown 
to be associated with increased carotid 
intima-media thickness in patients 
with diabetes, meaning that it may be 
an independent risk factor for early 
atherosclerosis in these patients (37). 
Furthermore, the progression of ath-
erosclerosis has also been shown to be 
slowed and even reversed by therapies 
that reduce PPG (38).

PPG has been shown to stimu-
late oxidative stress, which has been 
implicated as the underlying cause of 
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both macrovascular and microvascu-
lar complications in type 2 diabetes 
(39–42). Indeed, epidemiological 
and other studies have demonstrated 
a strong association between PPG 
and CV risk through oxidative 
stress, carotid intima-media thick-
ness, and endothelial dysfunction 
(16,17). Glucose fluctuations have 
been shown to have a linear cor-
relation with increased production 
of free radicals, and PPG induces 
overproduction of superoxide, which 
reacts with nitrous oxide to create 
derivatives that lead to endothelial 
damage (43). In the Nateglinide 
and Valsartan in Impaired Glucose 
Tolerance Outcomes Research study, 
treatment of patients with IGT with 
the angiotensin II receptor antagonist 
valsartan (which reduces blood pres-
sure) did not affect CV outcomes. It 
should be noted, however, that the 
patients in this trial were not hyper-
tensive, and valsartan was not used 
for blood pressure control (21). Thus,  
the observed effects of PPG on CV 
outcomes may not be explained by 
increased blood pressure associated 
with hyperglycemia. 

In summary, in addition to its 
significant contribution to A1C, 
the literature strongly indicates that 
PPG is an independent risk factor for 
CVD. It remains unclear, however, 
whether the most important aspect 
of PPG is how frequently it is above 
the optimal range or whether it is its 
maximal values. Regardless of this, 
the impact of PPG on CVD implies 
that reducing PPG in patients with 
diabetes may be of significant bene-
fit to their long-term prognosis and 
quality of life, even though demon-
stration of this benefit in randomized 
controlled trials has been elusive.

Monitoring PPG
Although widely used and recom-
mended for monitoring glycemic con-
trol, the cost of A1C testing is high, 
which means its availability is very 
limited in resource-poor settings (24). 
Given that studies indicate that PPG 
and A1C have similar predictive pow-

er for CV outcomes, regular monitor-
ing of PPG with plasma glucose test-
ing, which is considerably less costly 
and easier to perform, may represent 
a viable and practical alternative that 
enables the improvement of overall 
glycemic control and reduced the risk 
of CV complications.

Data from an observational study 
of people with type 2 diabetes sug-
gest that PPG readings preferably 
should be obtained after breakfast 
rather than after lunch or dinner 
because post-breakfast excursions 
tend to be larger and more consis-
tent, with lower day-to-day variation 
(44). Furthermore, the median time 
to peak concentration in this study 
was ~90 minutes, indicating that this 
is the time after the start of the meal 
that the reading should be taken (44). 
Postprandial self-monitoring of blood 
glucose (pp-SMBG) has been shown 
to be associated with improvements in 
glycemia, lipids, and weight, as well as 
exercise and dietary habits in subjects 
who have already reached their A1C 
goals; this provides a rationale for 
implementation of pp-SMBG when 
possible (45). 

Diabetes organizations are increas-
ingly recognizing that continuous 
glucose monitoring (CGM) may be an 
appropriate and useful diabetes man-
agement tool, especially in patients on 
insulin therapy. CGM technology is 
advancing rapidly; for example, the 
FreeStyle Libre and FreeStyle Libre 
Pro “flash” CGM systems do not 
require fingerstick calibration. While 
the Freestyle Libre system is intended 
to be used by patients for diabetes 
self-management, the FreeStyle Libre 
Pro is the first flash CGM system 
available for professional use in clinical 
practice. In a significant improvement 
over previous systems, the sensor is 
factory calibrated and can be con-
tinuously worn for up to 14 days, 
requiring no calibration via SMBG 
during that time period. Another sys-
tem, the Dexcom G5, still requires 
calibration using SMBG; however, 
it has been granted a nonadjunctive 
indication by the U.S. Food and Drug 

Administration (FDA), meaning its 
readings alone can be used to modify 
therapy (46). More recently, the FDA 
approved the Dexcom G6 system, 
which does not require fingerstick 
calibration. Similarly, the FreeStyle 
Libre device does not require finger-
stick SMBG calibration.

Reducing PPG
The most important and effective 
first step in diabetes management is 
to encourage patients to make life-
style modifications, including in-
creasing exercise and improving diet. 
However, diabetes is a progressive dis-
ease, and all patients will eventually 
require pharmacological treatment to 
maintain glycemic control. In gen-
eral, treatment strategies to reduce 
A1C have focused on controlling 
FPG; however, as discussed, PPG is 
an important contributor to A1C. 
Controlling PPG is therefore a major 
unmet need, particularly in patients 
with longer durations of type 2 dia-
betes (12).

A number of treatment options 
are available to target PPG, includ-
ing AGIs, amylin analogs, glinides, 
dopamine agonists, glucagon-like 
peptide 1 (GLP-1) receptor agonists, 
dipeptidyl peptidase-4 (DPP-4) 
inhibitors, sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors, and 
rapid-acting insulins (Table 1) (3,47–
62). Treatment guidelines provide 
algorithms for the intensification 
of therapy, including many of these 
agents, and recommend that spe-
cific strategies and choices should 
be based on patient- and disease- 
specific factors (5–7).

Insulin Therapy
In patients treated with basal insulin 
who are not achieving glycemic tar-
gets, preprandial rapid-acting insulin 
analogs or premixed insulin formula-
tions consisting of intermediate and 
rapid-acting insulin are often initiat-
ed (63). Rapid-acting insulins are a 
well-established and effective treat-
ment for patients requiring prandi-
al control. However, adverse effects 
associated with rapid-acting insulin 
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TABLE 1. FDA-Approved Pharmacological Interventions That Target Postprandial Hyperglycemia*

Agent Mode of Action A1C 
Reduction, %

PPG Reduction, 
mmol/L (mg/dL)

CV 
Benefit

AGIs

Acarbose Inhibits carbohydrate digestion, delaying 
absorption

0.4–0.8 4.0 (72)

Miglitol Inhibits carbohydrate digestion, delaying 
absorption; enhances GLP-1 activity

0.2–0.8 1.5–3.5 (27–63)

Amylin analogs

Pramlintide Slows gastric emptying; suppresses glucagon 
activity; increases satiety

0.6 2.0 (36)

Glinides

Repaglinide Stimulates insulin release 0.6–1.5 2.6 (47)

Nateglinide Stimulates insulin release 0.5–0.8 2.6 (47)

Insulin

Rapid-acting 1.5–2.5

SGLT2 inhibitors

Canagliflozin Inhibition of glucose reuptake in the kidney; 
short-term inhibition of intestinal SLGT1 at 

higher doses

0.8–1.0 2.4–3.3 (43–59) 

Dapagliflozin Inhibition of glucose reuptake in the kidney 0.6–1.0 3.6–3.8 (65–68)

Empagliflozin Inhibition of glucose reuptake in the kidney 0.7–0.8 2.0–2.6 (36–47)

Incretin-based agents

GLP-1 receptor agonists

Exenatide Enhances insulin secretion; inhibits glucagon 
release after eating; delays gastric emptying; 

promotes satiety

Short-acting: predominant effect on PPG

Long-acting: predominant effect on FPG

0.5–1.0† 3.6 (65)

Liraglutide Enhances insulin secretion; inhibits glucagon 
release after eating

Predominant effect on FPG

1.0–1.5† 1.7–2.7 (31–49) 

Lixisenatide Enhances insulin secretion; inhibits glucagon 
release after eating; delays gastric emptying; 

promotes satiety

Predominant effect on PPG

0.5–0.9 3.1–5.9 (56–106)

DPP-4 inhibitors

Sitagliptin Inhibits DPP-4, increasing levels of GLP-1 0.6–0.8 2.8 (50)

Saxagliptin Inhibits DPP-4, increasing levels of GLP-1 0.6–0.8 2.8 (50)

Combination agents

iDegLira Complementary action of basal insulin on 
FPG and GLP-1 receptor agonist on PPG

0.8–1.9 Not reported

iGlarLixi Complementary action of basal insulin on 
FPG and GLP-1 receptor agonist on PPG

1.1–1.6 4.7–5.7 (85–103)

Adapted from refs. 3, 96, and 97, with additional data from refs. 47–62. *Used as monotherapy or in combination with 
other antidiabetic agents. †Assuming starting value ≥8%.



V O L U M E  3 7,  N U M B E R  3 ,  S U M M E R  2 0 1 9 	 255

h e r s h o n e t  a l .
F

E
A

T
U

R
E

 A
R

T
IC

L
E

analogs, including weight gain and 
increased risk of hypoglycemia, mean 
that patients and health care provid-
ers are often reluctant to initiate their 
use. In addition, data from popula-
tion-based studies suggest that this ap-
proach may not be optimal, in terms 
of both long-term glycemic control 
and CV outcomes (12). 

AGIs
AGIs significantly reduce PPG-
dependent insulinotropic polypeptide 
(gastric inhibitory polypeptide) secre-
tion and are effective at reducing PPG 
by altering the intestinal absorption 
of carbohydrates (64,65). In general, 
AGIs have modest A1C-lowering ef-
fects and a low risk of hypoglycemia 
and require frequent dosing (7,66), 
and the action of AGIs means that 
undigested carbohydrates reach the 
colon, resulting in flatulence and di-
arrhea (67). Although this effect may 
lessen over time, gastrointestinal side 
effects make AGIs difficult to tolerate 
for many patients, and this has limited 
their use (7). 

Amylin Analogs
Amylin analogs target PPG by sup-
pressing post-meal glucagon activity, 
slowing gastric emptying, and increas-
ing satiety. This significantly reduces 
PPG and improves glycemic control 
when added to insulin and has a ben-
eficial effect on weight (68). They are 
generally used as a supplement to 
basal insulin therapy in patients who 
are not meeting glycemic targets (69). 
The major disadvantages of amylin 
analogs are the need for multiple daily 
injections due to their short duration 
of action and increased risk of nausea. 
There is also in an increased risk of 
hypoglycemia, although this is lower 
than with rapid-acting insulins (12).

Glinides
Glinides are short-acting insulino-
tropic agents that rapidly increase 
insulin secretion and reduce PPG 
(70). Glinides are associated with an 
increased risk of hypoglycemia, al-
though this is lower than that of sulfo-
nylureas. They are also associated with 

weight gain, require frequent dosing, 
and have only modest A1C-lowering 
effects (7,66).

SGLT2 Inhibitors
SGLT2 inhibitors lower plasma glu-
cose by inhibition of glucose reuptake 
in the kidney and so reduce both FPG 
and PPG (71). Canagliflozin 300 mg 
(maximum recommended dose) was 
shown to have provided greater reduc-
tions in PPG and insulin excursions, 
possibly related to a combination of 
renal SGLT2 inhibition and delayed 
absorption of ingested glucose due 
to intestinal SGLT1 inhibition (49). 
This insulin-independent mechanism 
of action means that they are not as-
sociated with weight gain, have a low 
risk of hypoglycemia, and can be used 
at any stage of type 2 diabetes. They 
have similar A1C-lowering efficacy 
to other OADs (7,66). Patients with 
type 2 diabetes and high risk for CV 
events who were treated with empagli-
flozin have been shown to have lower 
rates of a composite outcome of death 
from CV causes, nonfatal MI, or non-
fatal stroke, as well as death from any 
cause, compared to placebo (71), and 
this was also seen in the canagliflozin 
CANVAS research program (72).

A disadvantage of SGLT2 inhib-
itors is that they result in elevated 
excretion of glucose in the urine, 
which is associated with urinary tract 
and genital infections in patients (par-
ticularly women) (73). Additionally, 
canagliflozin carries a black-box warn-
ing for lower-limb amputation, with 
an approximately twofold increased 
risk observed in patients with type 2 
diabetes either with established CVD 
or at risk of CVD (74). However, it 
should be considered that the absolute 
risk remains low.

DPP-4 Inhibitors
DPP-4 inhibitors (i.e., sitagliptin, 
vildagliptin, saxagliptin, and lina-
gliptin) are incretin-based therapies 
that provide another way of target-
ing PPG. They are associated with 
weight loss and lower risk of hypo-
glycemia than rapid-acting insulin. 
DPP-4 inhibitors prevent DPP-4 

from degrading native incretins such 
as GLP-1, which in turn activate the 
GLP-1 receptor. This results in DPP-
4 inhibitors and GLP-1 receptor ag-
onists having similar effects resulting 
from activation of the GLP-1 recep-
tor; however, GLP-1 receptor agonists 
have been shown to provide superior 
glycemic control compared to DPP-4 
inhibitors (3,75), effectively stimu-
lating glucose-dependent insulin se-
cretion and suppressing postprandial 
glucagon levels, and thereby reducing 
PPG (76).

Unlike rapid-acting insulin, 
DPP-4 inhibitors have a neutral effect 
on hypoglycemia and weight. Some 
may carry a risk of congestive heart 
failure; however, this is uncertain due 
to short follow-ups and low-quality 
evidence of studies (77). Recent analy-
sis has suggested that only saxagliptin 
in the SAVOR-TIMI 53 trial resulted 
in increased hospitalization for heart 
failure (78,79).

GLP-1 Receptor Agonists
GLP-1 receptor agonists are also an 
incretin-based therapy, meaning they 
have similar effects to DPP-4 inhibi-
tors, resulting from activation of the 
GLP-1 receptor (3). As with DPP-4 
inhibitors, this activation results in 
stimulation of insulin secretion and 
suppression of glucagon secretion from 
the pancreas in a glucose-dependent 
manner (11,80,81). They are also as-
sociated with a lower risk of hypogly-
cemia than rapid-acting insulins.

Because their mechanism of action 
differs from that of DPP-4 inhibitors, 
GLP-1 receptor agonists are associ-
ated with weight loss, whereas DPP-4 
inhibitors are weight neutral; however, 
both classes are superior to rapid-act-
ing insulins, which are associated 
with weight gain. The mechanism 
by which GLP-1 receptor agonists 
promote weight loss is multifactorial 
and involves both the brain and the 
gastrointestinal tract. They slow gas-
tric emptying and increase satiety to 
varying degrees, resulting in reduced 
food intake and associated weight loss 
(11,82,83).
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Evidence suggests that GLP-1 
receptor agonists result in better gly-
cemic control and greater weight loss 
than DPP-4 inhibitors (75). A study 
has shown that GLP-1 receptors are 
required to be present in the central 
nervous system, while another study 
showed that a small peptide GLP-1 
receptor agonist can penetrate the 
brain, subsequently activating cer-
tain neurons to stimulate weight loss 
(84,85).

Short-acting GLP-1 receptor 
agonists such as lixisenatide and exen-
atide have a predominant effect on 
PPG and are associated with a greater 
effect on gastric emptying. Longer-
acting GLP-1 receptor agonists such 
as liraglutide, exenatide long-acting 
release, albiglutide, and dulaglutide 
have more of an effect on FPG and 
a lesser effect on gastric emptying. It 
seems that continuous stimulation of 
the GLP-1 receptor can attenuate this 
effect of gastric emptying via tachy-
phylaxis (5,86).

Overall, GLP-1 receptor agonists 
are associated with a lower incidence 
of hypoglycemia compared to insu-
lin (87). Trials investigating the CV 
safety of GLP-1 receptor agonists 
show comparable (88,89) or reduced 
(90,91) CV outcomes compared to 
placebo in patients with diabetes. 
A meta-analysis of these four tri-
als suggested a class effect of GLP-1 
receptor agonists for improving CV 
outcomes. This analysis suggested 
that treatment with a GLP-1 receptor 
agonist results in a significant (10%) 
reduction in relative risk for three 
major adverse cardiac events (CV 
mortality, nonfatal MI, and nonfatal 
stroke). Furthermore, there were rel-
ative risk reductions of 13% for CV 
mortality and 12% for all-cause mor-
tality. There was no identified impact 
of GLP-1 receptor agonist therapy 
on fatal and nonfatal MI, fatal and 
nonfatal stroke, hospital admission for 
unstable angina, or hospital admis-
sion for heart failure (92).

It should be noted that it is unlikely 
that these improved CV outcomes can 
be attributed solely to reduced PPG. 

The meta-analysis included studies 
of longer-acting GLP-1 receptor ago-
nists; although these do have a modest 
impact on PPG, it is likely a result of 
reduced basal glycemia. They have 
little to no sustained impact on the 
rate of gastric emptying, which is the 
factor most important for reduced 
PPG excursions seen with short-acting 
GLP-1 receptor agonists (85,93). The 
authors of the meta-analysis spec-
ulated that the CV effects may be 
related to antiatherogenic mecha-
nisms, which affect common CV risk 
factors such as blood pressure, anti- 
inf lammatory pathways, cardiac 
output, ischemic conditioning, and 
endothelial function (92).

Another meta-analysis, which 
included a greater number of studies 
and compared GLP-1 receptor ago-
nist treatment to placebo or any other 
non–GLP-1 receptor agonist drugs, 
showed similar results. Patients with 
type 2 diabetes treated with a GLP-1 
receptor agonist had lower all-cause 
mortality, CV mortality, and MI 
rates, whereas no significant differ-
ences were seen for stroke or heart 
failure (94).

Given their complementary modes 
of action, the combination of a GLP-1 
receptor agonist and basal insulin 
is potentially an attractive option 
to manage both PPG and FPG. 
Titratable fixed-ratio combinations of 
basal insulin glargine and the GLP-1 
receptor agonist lixisenatide (iGlar-
Lixi), and of insulin degludec and 
liraglutide (iDegLira), were approved 
by the FDA in 2016 and are now on 
the market. In clinical trials, once-
daily injections of these formulations 
have been shown to result in greater 
A1C reduction than basal insulin or 
a GLP-1 receptor agonist alone. These 
trials have also shown weight gain 
associated with basal insulin therapy 
to be mitigated, hypoglycemia to be 
reduced, and gastrointestinal adverse 
effects to be reduced compared 
to GLP-1 receptor agonists alone 
(60–62,95).

Conclusion
Studies have consistently demonstrat-
ed that PPG is a significant contribu-
tor to A1C and is also an independent 
risk factor for CVD. Long-term epide-
miological studies and meta-analyses 
show that PPG, far more than FPG, 
is a predictor of CV risk. PPG is es-
pecially important to patients with di-
abetes who have achieved their FPG 
goal but whose A1C remains high. 
In patients with an A1C of ≥10.2%, 
PPG only contributes up to ~30% of 
24-hour A1C; however, in patients 
closer to goal (A1C ≤7.3%), PPG 
contributes ~70% of 24-hour A1C 
(8). Therefore, patients who have 
achieved FPG goals but still have 
elevated A1C should consider PPG-
targeting therapeutics.

Despite this association, studies 
have not consistently shown improved 
CV outcomes in patients taking 
PPG-lowering therapy. Although it is 
possible that PPG is merely a marker 
or surrogate for CV risk, it may be 
that the designs of studies conducted 
to date have been insufficient to fully 
answer this question (93). Overall, 
the data suggest that reducing PPG 
excursions may be protective against 
CVD. A range of available treatments 
can be used to target PPG, including 
rapid-acting insulin analogs, GLP-1 
receptor agonists, DPP-4 inhibitors, 
and SGLT2 inhibitors.

Control of PPG should be con-
sidered equally as important as FPG 
control in people with type 2 diabe-
tes. However, despite the increasing 
apparent importance of PPG, it is 
commonly ignored by primary care 
providers (PCPs) in lieu of FPG con-
trol. Often, PCPs have been trained 
to address FPG first and therefore 
believe that management of PPG is 
of lesser importance. Many PCPs 
have also acquired a familiarity and 
comfort with the use of basal insulin. 
However, basal insulin is effective only 
up to a tipping point of ~0.5 units/kg; 
thereafter, further titration will likely 
result in hypoglycemia and weight 
gain.
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Many patients are able to achieve 
an FPG target while their A1C 
remains high. At this point, agents 
targeting PPG are essential. However, 
these often require an additional 
injection, the use of carbohydrate 
counting, titration, or other nuances 
for which PCPs often have not been 
trained and would therefore be likely 
to refer such patients to an endocri-
nologist. Newer agents such as GLP-1 
receptor agonists or fixed-ratio combi-
nations may be added to basal insulin 
and can mitigate some of the issues of 
weight gain while not increasing the 
risk of hypoglycemia. However, there 
may be additional side effects with 
these agents, including increased gas-
trointestinal adverse effects, that will 
need to be managed.
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