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Abstract
The mechanism by which incretins and their effect on insulin secretion increase markedly
following gastric bypass (GBP) surgery is not fully elucidated. We hypothesized that a decrease in
the activity of dipeptidyl peptidase-4 (DPP-4), the enzyme which inactivates incretins, may
explain the rise in incretin levels post-GBP. Fasting plasma DPP-4 activity was measured after 10-
kg equivalent weight loss by GBP (n = 16) or by caloric restriction (CR, n = 14) in obese patients
with type 2 diabetes. DPP-4 activity decreased after GBP by 11.6% (p = 0.01), but not after CR.
The increased peak glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP) response to oral glucose after GBP did not correlate with DPP-4 activity. The
decrease in fasting plasma DPP-4 activity after GBP occurred by a mechanism independent of
weight loss and did not relate to change in incretin concentrations. Whether the change in DPP-4
activity contributes to improved diabetes control after GBP remains therefore to be determined.
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Introduction
Concurrent with the rise in obesity and obesity-related metabolic complications such as type
2 diabetes mellitus (T2DM), the number of bariatric surgeries has risen substantially over
the last decade. Roux-en-Y gastric bypass (GBP) surgery results in 50% excess weight loss,
with resolution of T2DM in up to 80% of the cases [1]. In contrast with the effects of weight
loss from caloric restriction (CR) or gastric banding (GB), diabetes remission following
GBP occurs rapidly and well before significant weight loss is achieved. Factors other than
weight loss play a role in improved glucose metabolism after GBP. Incretins have emerged
as potential mediators of the remarkable metabolic improvements following GBP.
Circulating glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP) concentrations increase significantly in response to meals or oral glucose
after GBP [2,3], and the incretin effect on insulin secretion, blunted in patients with T2DM,
is restored to normal levels 1 month after GBP [3]. A similar rise in incretin levels was not
observed after matched weight loss by diet [4] or after GB surgery [5]. Incretins and other
gut hormones, such as peptide YY (PYY), have short half-lives, as they are rapidly degraded
by the enzyme dipeptidyl peptidase-4 (DPP-4) [6]. The mechanisms by which postpran-dial
circulating incretins increase significantly after GBP, but not after GB or diet, are not fully
elucidated. Both the bypass of the foregut [7] and the rapid exposure of the lower gut to
nutrients, or the hindgut hypothesis [8], have been proposed as possible explanations of the
rapid rise of incretins after GBP. The goal of this study was to compare the change in fasting
plasma DPP-4 activity after GBP and after similar weight loss by CR by GB or diet, in
morbidly obese patients with T2DM. We hypothesized increased incretin levels observed
after GBP would be accounted for, in part, by decreased DPP-4 activity. Following weight
loss by CR, we expect no change in fasting DPP-4 activity, as previous studies have shown
no change in incretin levels [4].

Methods
This is a prospective study to investigate the changes in DPP-4 activity in two groups of
patients with T2DM. One group was studied before and 1 month after GBP (GBP group)
and was compared to a second group studied before and after weight loss by CR by either
diet or GB (CR group).

Subjects
Thirty morbidly obese patients with body mass index (BMI) above or equal to 35 kg/m2,
eligible candidates for bariatric surgery, age less than 60 years, of all ethnic groups, with
T2DM diagnosed for less than 5 years, not on insulin, thiazolidinedione, exenatide or DPP-4
inhibitors, with a glycosylated haemoglobin (HBA1c) less than 8%, participated in the
study. Sixteen patients undergoing GBP were studied before and 1 month after surgery.
Fourteen patients undergoing CR by GB (n = 3) or diet (n = 11) were studied before and
after equivalent ~10-kg weight loss. Both groups were matched for age, weight and BMI,
diabetes status and duration at baseline, and for weight loss. All participants signed an
informed consent, approved by our institution, before enrolling in the study.

GBP and CR-induced Weight Loss by Diet or GB
The methods of diet, laparoscopic GBP and GB were described previously [4,5]. Briefly, the
diet consisted of a meal replacement plan of 1000 kcal/day with weekly visits. The diet for
the GBP and the GB patients was based on bariatric standard recommendations.
Adjustments of the GB were performed by the bariatric team as needed.
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Incretin levels were measured during a 50-g 3-h oral glucose tolerance test (OGTT) and
incretin effect by comparing the insulin response after oral and intravenous (IV)
isoglycaemic-matched infusion as described before [3].

Total GLP-1 and insulin were measured by RIA and total GIP by enzyme-linked
immunosorbent assay (ELISA) (Millipore, St. Charles, MO). DPP-4 activity was assessed
kinetically using Gly-Pro-p-nitroaniline (1 mmol/l) as substrate by monitoring the release of
p-nitroaniline at 405 nm [9]. The inter- and intra-assay coefficients of variation for DPP-4
were 8 and 5.5%, respectively.

Statistical Analysis
Normal distribution of the variables was verified and therefore parametric analyses were
used. Paired t-tests were used to assess within-group changes in outcome measures.
Between-group comparisons were performed by independent samples t-test. Data are
expressed as mean ± standard deviation. Significance was set at p < 0.05. SPSS 18 was used
for data analysis.

Results
Subject characteristics are shown in Table 1. At baseline, BMI and peak GLP-1 and GIP
concentrations in response to oral glucose did not differ between GBP and CR. There was a
trend for a greater baseline fasting DPP-4 activity in GBP compared to CR (p = 0.058).
Weight loss was similar between the groups (−11.1 ± 4.7 vs. −9.9 ± 2.1 kg, p = 0.358), but
the duration of weight loss was longer for CR than for GBP (73.5 ± 59.6 vs. 35.9 ± 17.7
days, p = 0.032).

Following similar weight loss, DPP-4 activity decreased significantly after GBP (−61.5 ±
83.1 pmol/min/20 μl; p = 0.010), but not after CR (−5.5 ± 45.0 pmol/min/20 μl; p = 0.657)
(Table 1; figure 1). In addition, peak GLP-1 and GIP concentrations increased significantly
after GBP by 69.0 ± 42.4 pmol/l and 110.6 ± 72.1 ng/l, respectively (p < 0.001), but
remained unchanged after CR (Table 1). The incretin effect on insulin increased
significantly after GBP (+29.1 ± 23.2%; p < 0.001), but not after CR (Table 1). Baseline and
postweight loss levels of fasting DPP-4 activity did not correlate with weight, BMI, glucose,
insulin, GIP or GLP-1 levels or effect.

Conclusions
The present study shows that fasting DPP-4 activity decreases by 11.6% following GBP, in
parallel with the rise in incretin levels. The decrease in DPP-4 activity was rather modest
compared to the robust increase in incretin levels [3] and to pharmacological inhibition [10].
However, there was no relationship between the change in DPP-4 activity and incretin levels
or effect after GBP. Previous studies also failed to show a relationship between DPP-4
activity and incretin response [9]. It is therefore unlikely that decreased plasma DPP-4
activity after GBP contributes significantly to the increase in circulating GLP-1 and GIP
concentrations. The decrease in the glomerular filtration rate after weight loss is unlikely to
contribute, by decreasing GLP-1 renal clearance, to the higher levels of GLP-1 observed
after GBP, as both CR and GBP groups were matched for weight loss. In addition, renal
clearance has a limited contribution to the regulation of circulating bioactive incretins
compared to the cleavage by DPP-4 [6]. Plasma DPP-4 activity may not account for the total
degradation of the incretins by DPP-4 in vivo. DPP-4 is mainly a tissue enzyme, and the
relationship between tissue and circulating DPP-4 activity is unknown [9,11]. This could
explain the lack of correlation between circulating DPP-4 activity and peak levels of
incretins. Future studies should explore tissue DPP-4 activity and its relationship with
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plasma DPP-4 activity. Our findings contrast with previous data showing no change in
DDP-4 activity after biliopancreatic diversion in patients without diabetes [12]. The
difference between studies could be secondary to diabetes status, as DPP-4 activity differs
according to the degree of glucose tolerance [11], and/or the different types of bariatric
surgeries, as biliopancreatic diversion results in greater malabsorption than GBP.

The decrease in DPP-4 activity 1 month after GBP was not seen after matched weight loss
by CR. The absence of change in DPP-4 activity parallels the absence of change in incretin
levels after GB [5] or diet [4]. It is therefore unlikely that the decrease in DPP-4 activity
after GBP is related to CR or weight loss.

In conclusion, our findings show that circulating fasting DPP-4 activity decreases as a result
of GBP surgery, in parallel with increased incretin levels. CR alone does neither. The lack of
relationship between change in circulating DPP-4 activity and incretin suggests that tissue
DPP-4 may be more important in regulating the incretins.
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Figure 1.
Dipeptidyl peptidase-4 (DPP-4) activity at baseline and 1 month after gastric bypass (GBP,
A) and after equivalent weight loss by caloric restriction (CR, B). Data are presented as
mean ± standard error of the mean.
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