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Abstract We hypothesize that type 2 diabetic patients

with different phenotypes may show different response to

incretin-based therapies. Therefore, we tested whether the

presence of metabolic syndrome (MS) influences glycemic

response to these drugs. We prospectively followed 211

patients, treated with the GLP-1 analog exenatide (n =

102) or a DPP-4 inhibitor (n = 109) for at least 4 months.

Treatment was decided on clinical grounds. We collected

baseline data (age, sex, BMI, waist, systolic and diastolic

blood pressure, lipid profile, data on diabetic complications

and concomitant treatment) and HbA1c at subsequent

visits. Patients were divided into groups according to the

presence/absence of MS. Compared to patients on exena-

tide, patients on DPP-4 inhibitors were older and had lower

BMI, waist, diastolic blood pressure, fasting plasma glu-

cose, and HbA1c. At means of baseline values, HbA1c

reduction was similar in patients treated with exenatide or

DPP-4 inhibitors. Patients on exenatide showed signifi-

cantly higher HbA1c reduction if they had MS (-1.55 ±

0.22%; n = 88) than if they had not (-0.34 ± 0.18%;

P = 0.002). Conversely, patients on DPP-4 inhibitors

showed significantly lower HbA1c reduction if they

had MS (-0.60 ± 0.12%; n = 73) than if they had not

(-1.50 ± 0.24%; P \ 0.001). Type of MS definition

(ATP-III, IDF or WHO) poorly influenced these trends.

The interaction between type of therapy (exenatide vs.

DPP-4 inhibitors) and MS remained significant after

adjusting for age, baseline HbA1c, BMI, and concomitant

medications. In conclusion, the presence of MS appears to

modify the response to incretin-based therapies. Given the

non-randomized nature of this study, these data need to be

replicated.
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Introduction

Endogenous incretins (glucagon-like peptide-1 [GLP-1]

and glucose-dependent insulinotropic peptide [GIP]) reg-

ulate insulin secretion and exert a variety of other effects

through receptor binding in several organs and tissues [1].

GLP-1 is rapidly degraded by dipeptidyl peptidase (DPP)-4

[2]. Incretin-based therapies, including synthetic GLP-1

analogs and DPP-4 inhibitors (DPP-4i), have widened the

therapeutic armamentarium and are increasingly used in

the management of type 2 diabetes [3, 4] for their ability to

improve beta-cell function. Synthetic analogs rise GLP-1

concentrations above physiologic values and exert ancil-

lary effects, such as slowing of gastric emptying and

stimulation of satiety, that favor weight loss. DPP-4i block

endogenous degradation of GLP-1, restoring physiological

incretin signaling, but are weight neutral [5, 6]. Emerging

data suggest that widespread expression of DPP-4 may

modulate pleiotropic effects of these drugs [7].

The two cornerstones of type 2 diabetes pathophysiol-

ogy are insulin resistance and beta-cell dysfunction.

Indeed, type 2 diabetes phenotype ranges from prevalent

beta-cell failure to prevalent insulin resistance, with most

patients showing some degree of both defects. Incretin-

based therapies counter beta-cell dysfunction, while it is

not clear whether or not they also modify insulin resistance
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[8]. In preclinical studies, mice lacking DPP-4 have shown

protection against diet-induced insulin resistance [9], and

GLP-1 analogs appear to prevent insulin resistance in rats

[10, 11]; however, no clear effects have been found with

GLP-1 analogs or DPP-4i on insulin resistance in humans

[12, 13].

Despite acting on the same biological system, GLP-1

analogs and DPP-4i have different mechanisms of action

and ancillary effects. Therefore, diabetic patients may

show different responses to GLP-1 analogs versus DPP-4i

based on clinical characteristics and phenotype. At present,

there are no studies showing clinical determinants of gly-

cemic efficacy in patients on incretin-based therapies. It

has been only shown that patients treated with the GLP-1

analog exenatide achieve HbA1c improvements that are

directly proportional to initial HbA1c values [14, 15].

This study was designed to find clinical determinants of

glycemic efficacy (HbA1c reduction) in patients on incre-

tin-based therapies, analyzed altogether or per drug type

(GLP-1 analog vs. DPP-4i). We specifically focus on the

metabolic syndrome (MS), which is a surrogate indicator of

insulin resistance in type 2 diabetic patients [16]. More-

over, several features of MS appear to modulate endoge-

nous incretins [17] and may affect response to drugs that

act on the incretin system.

Materials and methods

Patients

The study was approved by local institutions and carried

out according to the Declaration of Helsinki. Inclusion

criteria were type 2 diabetes and initiation of therapy with

either a GLP-1 analog or a DPP-4 inhibitor for clinical

indication. Decision to start incretin-based therapy in these

patients was taken purely on clinical basis. At the time,

exenatide was the only GLP-1 analog available in Italy,

while DPP-4i included vildagliptin and sitagliptin. Exclu-

sion criteria were missing key baseline data and early drug

discontinuation due to side effects. At baseline, we col-

lected the following data: age, sex, weight, height, waist

circumference, systolic and diastolic blood pressure, ciga-

rette smoking, lipid profile, fasting plasma glucose, HbA1c,

and duration of diabetes. The metabolic syndrome was

diagnosed according to the National Cholesterol Education

Program (NCEP) Adult Treatment Panel (ATP)-III criteria,

or the International Diabetes Federation (IDF), or the

World Health Organization (WHO) criteria [18]. Patients

were also characterized regarding chronic complications.

Retinopathy was defined based on digital fundus photog-

raphy; nephropathy was defined as either a urinary albumin

excretion rate[30 mg/g of creatinine or an estimated GFR

\60 mL/min/m2. Peripheral neuropathy was defined based

on symptoms (DNI questionnaire) and eventually con-

firmed by an electromyogram. Macroangiopathy was

defined as either coronary artery disease (stable or unstable

angina, or a history of myocardial infarction, or angio-

graphic evidence of hemodynamically relevant coronary

stenosis) or peripheral arterial disease (history of inter-

mittent claudication or rest pain, or an ankle brachial index

of less than 0.9, or angiographic evidence of hemody-

namically relevant stenosis) or cerebrovascular disease (a

history of stroke or transient ischemic attack, or instru-

mental evidence of carotid atherosclerosis). Data on con-

comitant medications were collected. We recorded HbA1c

values during follow-up.

Statistical analysis

Data are expressed as mean ± standard deviation or as

percentage. Comparisons of continuous variables between

two or more groups were analyzed using 2-tail unpaired

Student’s t test and ANOVA, respectively. The v2 test was

used for categorical variables. Univariate linear associa-

tions between change in HbA1c and baseline data were

analyzed with Pearson’s r or Spearman’s rho coefficient of

correlation for normal and categorical data, respectively. A

multivariate regression analysis was run to identify vari-

ables independently associated with change in HbA1c,

among variable showing significant association upon uni-

variate analyses. A generalized linear regression model was

used to detect an interaction between type of treatment and

metabolic syndrome, controlling for potential covariates,

such as clinical parameters different between the two drug

groups. Statistical significance was accepted at P \ 0.05

and SPSS ver. 15 was used.

Results

Characteristics of the study population

Between February 2008 and June 2010, 242 type 2 diabetic

patients were treated with either exenatide or a DPP-4i for

at least 4 months. Of these, 211 had complete records for

baseline data and follow-up HbA1c levels, 102 on exena-

tide, and 109 on a DPP-4i (32 patients on vildagliptin and

77 on sitagliptin). There were no significant differences in

age and sex between patients excluded for missing data and

patients finally included in the analysis. Compared to

patients on exenatide, patients on DPP-4i were significantly

older had lower baseline BMI, waist circumference, dia-

stolic blood pressure, fasting plasma glucose, and HbA1c

(Table 1). The prevalence of MS at baseline was 67%

(ATP-III), 71% (IDF), and 61% (WHO) among patients on
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DPP-4i and 84% (ATP-III), 86% (IDF), and 82% (WHO)

among patients on exenatide.

Determinants of glycemic efficacy

Patients were followed for an average 6.7 ± 0.3 months

(7.3 ± 0.4 with exenatide and 6.2 ± 0.4 with DPP-4i). In

the entire study population, exenatide was associated with a

higher drop in HbA1c compared to DPP-4i (-1.38 ±

0.20% vs. -0.90 ± 0.12%; P = 0.03); weight loss was

also greater with exenatide than with DPP-4i (-5.0 ± 0.7

vs. -2.2 ± 0.7 kg; P = 0.006). However, these differ-

ences were lost after adjusting for baseline HbA1c and

weight, respectively, both of which were higher in the

exenatide group. Mean change in HbA1c was comparable

between sitagliptin and vildagliptin (-0.92 ± 0.13% vs.

-0.83 ± 0.26%, respectively; P = 0.730).

To look for determinants of glycemic efficacy, we per-

formed univariate linear regression analyses between

HbA1c reduction and clinical parameters. When patients

on exenatide and DPP-4i were analyzed altogether, we

found a highly significant direct correlation between

baseline HbA1c and drop in HbA1c (r = 0.70; P \ 0.001),

while other clinical parameters were not correlated. Among

diabetic complications, patients with macroangiopathy

showed a lower drop in HbA1c than patients without,

independently of baseline HbA1c (0.85 ± 0.12% vs.

-1.50 ± 0.25%; P = 0.012), while microangiopathies

were not associated with glycemic efficacy. When patients

on DPP-4i were examined separately, drop in HbA1c was

still directly correlated to baseline HBA1c (r = 0.47;

P \ 0.001) and also negatively correlated with BMI

(r = -0.22; P = 0.02) and the presence of high blood

pressure (rho = -0.34; P \ 0.001). On multivariate anal-

ysis, these three parameters remained significantly and

independently associated with HbA1c reduction (Table 2).

When patients on exenatide were examined separately,

change in HbA1c was directly correlated to baseline

HbA1c (r = 0.77; P \ 0.001) and to the presence of high

blood pressure (rho = 0.21; P = 0.03). Change in HbA1c

was not correlated to diabetes duration or change in body

weight in the whole population or in drug groups

separately.

Glycemic efficacy and metabolic syndrome

Patients were first divided according to the presence/

absence of ATP-III MS and its components. Patients on

exenatide showed significantly higher HbA1c reduction in

the presence than in the absence of MS (-1.55 ± 0.22%

vs. 0.34 ± 0.18%; P = 0.002; Fig. 1a). There was a sig-

nificant direct correlation between drop in HbA1c and

number of MS components (rho = 0.25; P = 0.011).

Table 1 Characteristics of study patients

Variable DPP-4

inhibitors

(n = 109)

Exenatide

(n = 102)

P value

Anthropometrics

Age 65.5 ± 0.9 59.0 ± 0.9 \0.001

Male gender (%) 58 55 0.67

BMI (kg/m2) 29.8 ± 0.5 34.7 ± 0.6 \0.001

Waist (cm) 104.3 ± 1.1 111.5 ± 1.7 \0.001

Cardiovascular risk factors

SBP (mm Hg) 146.3 ± 2.4 150.1 ± 2.5 0.28

DBP (mm Hh) 83.6 ± 1.2 89.6 ± 1.4 0.002

Smoke (%) 14 9 0.26

Total cholesterol (mg/dL) 188.6 ± 4.1 192.9 ± 4.4 0.47

LDL cholesterol (mg/dL) 108.1 ± 3.4 110.8 ± 4.8 0.64

HDL cholesterol (mg/dL) 50.2 ± 1.6 47.3 ± 2.0 0.28

Triglycerides (mg/dL) 155.6 ± 10.9 173.8 ± 13.3 0.30

Diabetes/complications

Duration of diabetes (years) 11.5 ± 0.7 11.5 ± 0.6 0.99

Baseline FPG (mg/dL) 169.0 ± 3.6 195.8 ± 4.7 \0.001

Baseline HbA1c (%) 8.4 ± 0.1 9.3 ± 0.2 0.001

Retinopathy (%) 22 20 0.66

Nephropathy (%) 13 19 0.25

Neuropathy (%) 7 13 0.19

Macroangiopathy (%) 47 50 0.61

Anti-diabetic therapy

Metformin (%) 90 95 0.16

Secretagogues (%) 29 56 \0.001

Glitazones (%) 6 1 0.04

Anti-hypertensive medications

Beta-blockers (%) 21 39 0.005

Calcium channel blockers

(%)

19 28 0.12

Diuretics (%) 26 32 0.35

ACE inhibitors/ARBs (%) 60 57 0.68

Other anti-hypertensives

(%)

6 12 0.12

Table 2 Multivariable analysis for predictors of HbA1c reduction in

DPP-4i-treated patients

Variable Beta P

Baseline HbA1c 0.453 \0.001

BMI -0.250 0.002

High blood pressure -0.223 0.007

MODEL r = 0.595 \0.001

Clinical parameters that were significantly associated with HbA1c

reduction on univariate analyses were entered in a linear en block

multivariable model, with HbA1c reduction as dependent variable.

Standardized regression coefficients (beta) and P values are shown
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Among MS components, high blood pressure (n = 85,

83%) was associated with a significant higher HbA1c

reduction than its absence. Presence of obesity (n = 97,

95%) showed a similar trend, which was not statistically

significant, owing to the low number of patients on exe-

natide who were not obese according to the ATP-III defi-

nition of MS (Fig. 1d).

Patients on DPP-4 inhibitors showed significantly lower

HbA1c reduction in the presence than in the absence of MS

(-0.60 ± 0.12% vs. -1.5 ± 0.24%; P \ 0.001; Fig. 1a).

There was a significant inverse correlation between drop in

HbA1c and number of MS components (rho = -0.29;

P = 0.002). Among MS components, high blood pressure

and low HDL were associated with significantly lower

HbA1c reduction, and a similar non-significant trend was

found for obesity (Fig. 1e).

When patients were divided according to IDF MS

instead of ATP-III MS, HbA1c changes in DPP-4i and

exenatide-treated patients were quite similar (Fig. 1b); with

the WHO definition of MS, HbA1c reductions showed a

similar trend, but the difference did not reach statistical

significance in exenatide-treated patients (Fig. 1c).

In the linear generalized multivariate model, we found

that the interaction between type of incretin therapy (exe-

natide or DPP-4i) and ATP-III MS was independent of age,

baseline HbA1c, BMI, and concomitant anti-diabetic

medications (Table 3).

As high blood pressure was a significant determinant

of glycemic efficacy in both groups, we analyzed the

relationship between anti-hypertensive medications and

HbA1c reduction: In the whole cohort and in drug groups

separately, we found no differences in HbA1c change in

patients taking or not taking any of the anti-hypertensive

medications listed in Table 1.

Discussion

This was a prospective, single-center, observational study

of patients treated in a real-life setting. The most important

finding is that MS modified the response to incretin-based

a b c

d e

Fig. 1 HbA1c reduction in relation to metabolic syndrome and its

components. Patients on DPP-4i or exenatide were divided into

groups according to the presence or absence of ATP-III a, IDF b,
and WHO c metabolic syndrome (MS) (ANOVA P \ 0.05 for

all; *significant vs. no MS; �significant vs. exenatide). Patients on

exenatide d or DPP-4i e were then divided according to the presence

or absence of individual ATP-III MS components. *P \ 0.05 yes

versus no MS (borderline P values are also shown). TG triglycerides,

hBP high blood pressure. Numbers of patients are shown inside
columns

Table 3 Results of the generalized linear regression model, per-

formed to look for the interaction between drug type (exenatide vs.

DPP-4i) and metabolic syndrome (MS), with HbA1c reduction as

dependent variable, and age, BMI, baseline HbA1c, and concomitant

medications as covariates

Variable F P value

Age 0.866 0.353

Baseline HbA1c 133.066 \0.001

BMI 5.457 0.060

Metformin 0.069 0.832

Secretagogues 0.034 0.881

Glitazones 0.011 0.934

Drug type 4.593 0.084

MS 1.637 0.301

Drug type 9 MS 17.678 0.001
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therapies. Strikingly, patients showed opposite responses to

exenatide and DPP-4i according to the presence or absence

of MS. At means of age, BMI, baseline HbA1c, and con-

comitant anti-diabetic medications, patients without MS

were more likely to respond to a DPP-4i than to exenatide

and vice versa. If confirmed, this observation would have

important implications in the treatment of type 2 diabetic

patients with this class of drugs. However, owing to its

non-randomized nature, data from this cohort need to be

replicated by independent investigators, possibly within a

clinical trial.

At present, the reasons why patients on exenatide

responded better if they had than if they did not have MS

are unclear and warrant further investigation. In a double-

blind, randomized cross-over study, DeFronzo et al. [5]

found that exenatide was superior to sitagliptin in reducing

post-prandial glucose in type 2 diabetic obese patients,

many of which likely had MS. In type 2 diabetic patients,

diagnosis of MS has not a clear clinical value [19, 20], but

the number of MS components is a surrogate indicator of

the degree of insulin resistance [16]. Thus, supraphysio-

logical GLP-1 signaling achieved with exenatide might

counter insulin resistance, as suggested by preclinical

studies [11, 21, 22]. In addition, MS patients may have

developed ‘‘GLP-1 resistance’’, mediated by the low

expression of GLP-1 receptors on beta cells and resulting

in low incretin-stimulated insulin secretion [23, 24]. The

possibility to force this resistance with high GLP-1 levels

may explain the better response to exenatide than to DPP-4i

in MS patients.

Interestingly, patients without MS showed a better

response to DPP-4i than to exenatide. Weight loss might

influence glycemic efficacy, but the fact that patients

without MS were leaner cannot explain the worse response

to exenatide, and we found no correlation between change

in HbA1c and change in body weight at follow-up. It

should be acknowledged that the number of patients

without MS in the exenatide group was low, because GLP-1

analogs are not usually prescribed to lean patients.

Another possible explanation comes from the observa-

tion that DPP-4 activity is increased in patients with non-

alcoholic fatty liver disease [25] and obesity [26, 27], both

of which are features of MS and insulin resistance. In

addition, methylation of the DPP4 gene, which blocks

production of the DPP-4 enzyme, is directly related to HDL

cholesterol [28], another MS component. Finally, an

interaction, although complex, between DPP-4 activity and

hypertension has been shown [29]. Thus, an increased

DPP-4 activity in the presence of MS and its components

would explain why DPP-4i were less effective in patients

with MS than in those without.

With different MS syndrome definitions, the trends of

HbA1c reduction in the 4 groups were preserved, thus

strengthening the clinical value of the study. However,

the WHO definition reduced statistical significance in the

exenatide-treated group, indirectly suggesting that results

are more robust in DPP-4i-treated patients.

It has been shown that DPP-4i modulates the hemody-

namic response to ACE inhibitors in patients with the MS

[30, 31]. We examined whether, vice versa, ACE inhibitors

modulated the effects of DPP-4i on HbA1c. We found that

there was no relationship between use of ACE inhibitors

and HbA1c response. This was true for patients on DPP-4i

or exenatide and for all classes of anti-hypertensive

medications.

We confirm that the baseline HbA1c value is a strong

determinant of decrease in HbA1c after treatment, as it

happens regularly in studies with diabetic patients [32].

Moreover, mean HbA1c reduction in this cohort was higher

with both exenatide and DPP-4i compared to what reported

in the literature [33]. This is probably related to the dif-

ference between the routine practice and randomized

control study settings and to the fact that other interven-

tions may have occurred in parallel. Diabetes duration was

not a determinant of glycemic efficacy in this cohort of

patients treated with exenatide or a DPP-4i. While there

had been initial suggestions that disease duration could

affect the choice of incretin-based therapies, several

investigators have subsequently showed that disease dura-

tion does not affect response to DPP-4i [34] or GLP-1 [35].

This study has several limitations owing to the small

sample size and because it has been conducted in a real-life

setting, without excluding patients with confounding fac-

tors. Treatment was decided on clinical ground and was not

randomly assigned. Moreover, patients who withdrew the

drug due to early side effects were excluded for the

unavailability of at least one follow-up HbA1c value. As a

result of these selection biases, differences between

patients on DPP4i and patients on exenatide make these

groups not directly comparable. However, remarkable

differences in glycemic efficacy were found within each

group according to MS status. The results in the exenatide

group appear less solid than in the DPP-4i group, as the

criteria used (ATP-III and IDF vs. WHO) modified the

glycemic efficacy difference between MS and non-MS

patients, likely because of the low number of non-MS

patients treated with exenatide. Residual confounding may

account for observed results, and efforts were done to

uncover eventual biases and potential confounders. To this

end, a generalized linear regression model was run and

showed that the interaction between type of drug and MS in

determining change of HbA1c persists after adjusting for

age, BMI, baseline HbA1c, and concomitant medications,

which were different between the two groups. Age was not

a determinant of glycemic efficacy. The association

between macroangiopathy and glycemic efficacy in both
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drug groups may even suggest that occult comorbidities,

not accounted for, may affects results.

In conclusion, we show that exenatide and DPP-4i have

opposing glycemic efficacy according to MS status inde-

pendently of age, baseline HbA1c, BMI, and concomitant

medications. These results may have direct clinical impli-

cations in the individualization of therapy, but due to the

limitations inherent to the study design, they should be

considered hypothesis generating and need to be replicated.
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