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A B S T R A C T

Background: Pancreatic polypeptide (PP) hormone is a 36-amino-acid peptide released from the pancreas, the
serum levels of which have been shown to rise upon food intake. The underlying mechanism for metabolic
surgery in the treatment of patients with type 2 diabetes mellitus (T2DM) remains intriguing. We compared post-
oral glucose challenge PP levels between patients undergoing laparoscopic gastric bypass (GB) and sleeve gas-
trectomy (SG) at 1 year after surgery.
Methods: This hospital-based, prospective study followed up a total of 12 laparoscopic GB and 12 laparoscopic
SG patients and evaluated their glucose homeostasis. One year after metabolic surgery, 75-g oral glucose tol-
erance tests (OGTTs) were performed in the patients in the GB and SG groups and the blood levels of PP were
evaluated.
Results: The laparoscopic GB group had stable serum PP levels within 120 min after OGTT; however, the levels
were significantly higher in the laparoscopic SG group at 30 min after OGTT. The patients with complete T2DM
remission did not exhibit significantly different PP levels at fasting and post-OGTT than those in patients without
remission after GB. Similarly, after SG, patients with T2DM remission did not show significantly different PP
levels at fasting and post-OGTT than those in patients without T2DM remission.
Conclusions: No significant difference was found in plasma PP levels after OGTT in T2DM patients that received
either GB or SG, or in T2DM remitters or non-remitters 1 year after metabolic surgery.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a major global disease, with a
prevalence expected to rise to 360 million by 2025 (Wild et al., 2004).
Whereas simple obesity is associated with an increased risk of devel-
oping T2DM (Wang et al., 2019), its development also varies markedly
according to body fat distribution. Central obesity or abdominal fat
accumulation is one of the most important causes for lean individuals

developing T2DM, especially among Asian populations, with higher
intra-abdominal according to fat accumulation and lower muscle mass
compared to those in Western populations (McKeigue et al., 1991;
Ramachandran et al., 2012). With this rapid increase in prevalence, less
than half of T2DM patients have achieved well-controlled status (gly-
cated hemoglobin [HbA1c] < 7%), indicating the urgent need to
minimize long-term complications in patients with poorly-controlled
T2DM and to develop new approaches to improve the outcomes of

https://doi.org/10.1016/j.npep.2020.102032
Received 30 September 2019; Received in revised form 19 February 2020; Accepted 23 February 2020

⁎ Corresponding author at: Division of Gastroenterology and Hepatology, Department of Medicine, Taipei Veterans General Hospital, No. 201, Section 2, Shih-Pai
Road, Taipei 112, Taiwan R.O.C.

E-mail address: chency@vghtpe.gov.tw (C.-Y. Chen).

Neuropeptides 81 (2020) 102032

Available online 27 February 2020
0143-4179/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01434179
https://www.elsevier.com/locate/npep
https://doi.org/10.1016/j.npep.2020.102032
https://doi.org/10.1016/j.npep.2020.102032
mailto:chency@vghtpe.gov.tw
https://doi.org/10.1016/j.npep.2020.102032
http://crossmark.crossref.org/dialog/?doi=10.1016/j.npep.2020.102032&domain=pdf


diabetes care (Chen et al., 2013; Huang et al., 2019; Wu et al., 2019).
Our previous randomized study demonstrated that metabolic sur-

geries; namely, gastric bypass (GB) and sleeve gastrectomy (SG), are
favorable options for treating non-morbidity obese patients (body mass
index [BMI]< 35 kg/m2) with poorly controlled T2DM (Lee et al.,
2011a). The results of the study revealed more successful amelioration
in T2DM patients with GB surgery than that in those with SG, as evi-
denced by significantly higher T2DM remission rates and lower waist
circumference and glucose, HbA1c, and blood lipid levels than those in
the SG group (Lee et al., 2011b, Lee et al., 2011c). However, the un-
derlying mechanism of T2DM remission after metabolic surgery re-
mains intriguing.

Pancreatic polypeptide (PP) is a 36-amino-acid peptide secreted by
the F-cells of the endocrine pancreas. In humans, increased PP circu-
lation has been observed after ingestion of a meal, whereas reduced
postprandial PP secretion was found among individuals with morbid
obesity, indicating the potential role for PP in the development of
obesity (Adrian et al., 1976; Lieverse et al., 1994). Furthermore, pre-
vious studies have reported unusually high plasma concentrations of PP
among the Pima Indians of Arizona, who exhibit high obesity and
T2DM prevalence rates compared to those worldwide (Knowler et al.,
1981; Vozarova de Courten et al., 2004; Koska et al., 2004). De Courten
et al. demonstrated a dose-dependent reduction in adjusted insulin and
PP secretion with increasing doses of atropine, an agent that improves
insulin sensitivity, indicating that PP may play an important role in
insulin responses (Vozarova de Courten et al., 2004; Walter et al.,
2012). Based on these findings, we hypothesized that PP secretion
might contribute to diabetes remission, which may play an important
role in achieving higher remission rates among T2DM patients with GB
than those with SG surgery.

The present study was designed to explore whether PP secretion is
associated with insulin sensitivity and diabetes remission achievement.
We performed 75-g oral glucose tolerance test (OGTT) in patients in GB
and SG groups followed up at 1 year after surgery. We examined the
fasting and postprandial secretion of PP in both patient groups and
explored the potential underlying mechanisms associated with diabetes
remission to gain additional insight into the different remission rates of
diabetes.

2. Methods

2.1. Patients and bariatric surgery

We designed a hospital-based randomized trial and enrolled 60
eligible patients with T2DM (GB, n = 30; SG, n = 30). The study was
conducted at the Department of Surgery of Min-Sheng General Hospital
and Taipei Veterans General Hospital and was approved by the Ethics
Committees of both hospitals. Bariatric surgery with laparoscopic GB
and SG were performed as previously described (Lee et al., 2011a). We
included patients who met the following criteria: (1) onset of T2DM
of>6 months with hemoglobin A1c (HbA1c) level ≥ 8% under in-
tensive medical care; (2) BMI ≥25 kg/m2, the optimal cut-off value for
obesity in Asian populations as suggested by the International Obesity
Task Force, and ≤40 kg/m2; (3) willingness to receive accessory
therapy with diet control and exercise; (4) willingness to undergo
follow-up; and (5) willingness to provide written informed consent.
Patients with underlying malignancy and active pulmonary tubercu-
losis, who were human immunodeficiency virus-positive, who under-
went previous gastrointestinal surgery, and who presented un-
cooperative conditions were excluded. Twenty four of 60 patients (GB,
n= 12; SG, n= 12) who agreed to undergo the OGTT were recruited in
this trial. Written informed consents were obtained before the study.

2.2. Definition of diabetes remission

In the absence of active pharmacologic therapy or ongoing

procedures, partial remission of T2DM was defined as a fasting glucose
level of 100–125 mg/dL and HbA1c level < 6.5%, while complete
remission was defined as a fasting glucose level < 100 mg/dL and
normal HbA1c range (< 6.0%) (Lee et al., 2011b). We defined patients
with T2DM who achieved either complete remission or partial remis-
sion at 1 year after bariatric surgery as remitters. In contrast, those
patients who failed to achieve remission were defined as non-remitters
(Chen et al., 2013, Lee et al., 2011c).

2.3. 75-g OGTT and measurement of insulin resistance and PP levels

The recruited subjects were required to fast before blood samples
were taken and underwent anthropometric measurements and routine
laboratory tests, including plasma glucose level, insulin, and HbA1c.
The 75-g glucose in 300 mL of water was given and drunk in 5 min after
an overnight fast before and at 1 year after GB or SG, as described by us
previously (Chen et al., 2013). We used the homeostatic model as-
sessment index for insulin resistance (HOMA-IR), calculated as plasma
glucose level (mmol/L) × insulin level (μU/mL)/22.5, to measure in-
sulin resistance. Enzyme immunoassays for plasma PP (Bertin Pharma,
Montigny le Bretonneux, France) were performed in a blinded and
single batch run, similar to our previous study (Chen et al., 2013, Lee
et al., 2011a).

2.4. Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Sciences version 12.01 (SPSS, Inc., Chicago, Illinois). Continuous
variables were expressed as means ± standard deviation (SD) or
median and interquartile ranges. Chi-square or Fisher's exact tests were
used to compare remission rates and categorical variables, while
Mann–Whitney U tests were used to compare continuous variables.
Wilcoxon signed-rank tests were used to compare baseline and post-
operative variables. Friedman's one-way analysis of variance followed
by post hoc tests were used to analyze the differences among plasma PP
levels at 0, 30, 60, 90, and 120 min after 75-g OGTT 1 year post-
operatively. Statistical significance was set at a P < .05.

3. Results

3.1. Comparison of T2DM patients after GB and SG

The patients' preoperative characteristics, including demographic
data, smoking habits, duration of diabetes, HbA1c, insulin, and HOMA-
IR levels, were comparable before GB and SG (Table 1). There were no

Table 1
Baseline characteristics of T2DM patients before GB and SG.

Characteristics GB SG P value

(n = 12) (n = 12)

Age (years) 44.1 ± 8.3 46.5 ± 8.6 0.563
Sex (male/female) 6/6 5/7 0.680
Smoking (yes/no) 5/7 3/9 0.663
BMI (kg/m2) 28.8 ± 3.2 30.8 ± 3.1 0.100
Waist circumference (cm) 96.8 ± 10.7 100.5 ± 15.6 0.298
Hip circumference (cm) 104.0 ± 5.8 103.2 ± 16.5 0.488
Waist-to-hip ratio 0.93 ± 0.07 0.98 ± 0.04 0.141
Duration of T2DM (years) 6.6 ± 6.2 6.4 ± 4.6 0.794
HbA1c (%) 9.7 ± 2.0 10.1 ± 2.4 0.908
Insulin (μU/mL) 7.1 (3.7–15.5) 13.7 (3.8–29.9) 0.470
HOMA-IR 4.0 (1.6–5.6) 10.3 (3.5–14.2) 0.089

Data expressed as mean ± SD or median (interquartile ranges).
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin; HOMA-IR;
homeostasis model assessment-insulin resistance; GB, gastric bypass; SG, sleeve
gastrectomy; T2DM, type 2 diabetes mellitus.
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significant differences in baseline characteristics between the two sur-
gical groups.

At 1 year after surgery, there was no significant difference in BMI,
waist-to-hip ratio, weight loss, insulin, and HOMA-IR between the two
surgical groups (Table 2). However, the diabetes remission rate was
significantly higher in the GB than that in the SG group, where six la-
paroscopic GB patients achieved complete and partial remission, re-
spectively, while six laparoscopic SG patients achieved partial remis-
sion and others have failed to achieve remission (100% vs 50%;
P = .002, chi-square test). HbA1c levels in GB patients were also sig-
nificantly lower than those in SG patients (P = .012; Table 2).

3.2. Plasma PP concentrations in GB and SG patients

To further investigate the underlying mechanism associated with
T2DM remission, 75-g oral glucose tolerance tests (OGTTs) were per-
formed in the patients in the GB and SG groups at 1 year after metabolic
surgery; additionally, the PP levels were also measured. The results
revealed that there were no significant differences in plasma PP levels
at fasting between the two groups (Fig. 1). During the 75-g OGTT, no
significant change in PP concentrations was observed in the GB group
(Fig. 1A), whereas plasma PP concentrations in the SG group increased
significantly from 0.5 ng/mL at fasting to 1 ng/mL at 30 min post-oral
glucose challenge (P < .05; Fig. 1B; Friedman's one-way analysis of
variance followed by a Tukey's post-hoc test). At 120 min, there was a
reduction in PP level in the SG patients but no statistically significant
difference was found.

3.3. Plasma PP concentrations in GB patients with complete T2DM and
non-complete remission

Among the 12 patients, 50% of T2DM patients achieved complete
T2DM remission at 1 year after GB. Throughout OGTT, both complete
and non-complete remitters in the GB group showed no significant
change in PP concentration during post-oral glucose challenge, with
plasma PP levels stable throughout the test (Fig. 2). Although the basal
PP level in complete remitters was slightly higher than that in those
without complete remission during 75-g OGTT, the difference between
the two groups was not statistically significant.

Next, we examined PP levels among remitters and non-remitters in
the SG group at 1 year after surgery (Fig. 3). As only one subject in the
SG group achieved complete remission, the PP levels in the SG were not
comparable between complete remitters and non-complete remitters.
Thus, we grouped those patients with complete (n = 1) or partial re-
mission (n = 5) as “remitters” and those who did not achieve remission
(n = 6) as “non-remitters” and compared the changes in PP secretion
between these groups. The results revealed lower PP levels in remitters
than those in the non-remitters at fasting and throughout the OGTT
(Fig. 3). The difference showed a strong trend but did not reach sta-
tistical significance. The change was greater in non-remitters than that
in remitters, where the PP level in non-remitters increased between 0
and 30 min but slowly dropped during OGTT. In contrast, the PP con-
centration in remitters remained stable over the entire OGTT.

Table 2
Outcomes one year after GB and SG.

Characteristics GB SG P value

(n = 12) (n = 12)

BMI (kg/m2) 22.8 ± 2.6 23.8 ± 2.4 0.236
Waist circumference (cm) 80.7 ± 8.1 84.1 ± 4.2 0.260
Hip circumference (cm) 93.4 ± 5.4 96.1 ± 6.0 0.840
Waist-to-hip ratio 0.86 ± 0.06 0.90 ± 0.03 0.112
Wight loss (kg) 16.1 ± 5.4 18.9 ± 7.8 0.794
HbA1c (%) 5.8 ± 0.6 7.3 ± 1.7 0.012
Insulin (μU/mL) 4.8 ± 4.4 4.5 ± 2.9 0.436
HOMA-IR 1.3 ± 1.3 1.6 ± 1.4 0.298

Data are means ± SD; Chi-square or Fisher's exact tests were used to compare
categorical variables, while Student's t- or Mann–Whitney tests were used to
compare continuous data.
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin; HOMA-IR;
homeostasis model assessment-insulin resistance; GB, gastric bypass; SG, sleeve
gastrectomy; T2DM, type 2 diabetes mellitus.

Fig. 1. Plasma pancreatic polypeptide concentrations in (A) GB and (B) SG patients during a 75-g OGTT at a year after the surgery. #P < .05; 0 min versus 30 min in
SG group. Continuous variables were expressed as mean ± SD. Friedman's one-way analysis of variance followed by a Tukey's post-hoc test was used to analyze the
differences among groups. OGTT, oral glucose tolerance test; GB, gastric bypass; SG, sleeve gastrectomy.

Fig. 2. Influences of OGTT on plasma pancreatic polypeptide levels in complete
remitters (n = 6) and non-complete remitters (n = 6) after GB surgery.
Continuous variables were expressed as means ± SD. OGTT, oral glucose
tolerance test; GB, gastric bypass.
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4. Discussion

A previous randomized trial demonstrated that gastrointestinal
metabolic surgeries, namely GB and SG, are effective for the treatment
of Asian non-morbidity obese patients (BMI<35 kg/m2) with poorly
controlled T2DM (Lee et al. 2011). At 1 year after surgery, both GB and
SG groups showed reductions in fasting blood glucose and HbA1c levels
as well as insulin resistance and strong improvement in blood pressure
and lipid profiles (Chen et al., 2013). T2DM patients with GB, however,
revealed more successful amelioration than that in those with SG, as
evidenced by higher remission rates (100% vs. 50%) and lower HbA1c
level (5.8 ± 0.6% vs. 7.3 ± 1.6%; P = .012) than those in the SG
group. Most importantly, a year after GB surgery led to achieve well-
controlled status as defined by an HbA1c < 7%, implying that GB
surgery may be more effective in achieving successful diabetes remis-
sion than SG surgery.

PP is a major gut hormone responsible for regulating appetite and
satiety as well as energy expenditure. Although the physiological role of
PP has not been entirely elucidated, several studies have demonstrated
the association between PP concentration and T2DM (Knowler et al.,
1981; Vozarova de Courten et al., 2004; Walter et al., 2012; Maxwell
et al., 2014). PP concentration may also be an indicator of insulin
sensitivity, as both adjusted insulin and PP secretion were reduced
dose-dependently with increasing atropine dose (Vozarova de Courten
et al., 2004). The current study, therefore, compared PP levels during
OGTT between patients with T2DM who underwent GB or SG to explore
mechanisms underlying diabetes improvement after metabolic surgery.
We also investigated the potential correlations between changes in PP
level and achievement of diabetes remission.

In our study, the fasting PP levels in both surgical groups reached
nearly 500 pg/mL. The reported fasting serum levels of PP in normal
subjects and patients with diabetes were<100 and<200 pg/mL, re-
spectively; thus, our findings revealed noticeably higher plasma PP
concentration in those patients than that of normal and of diabetic
patients described in previous studies (Floyd et al., 1976, Matsumoto
et al., 1982, Walter et al., 2012, Hart et al., 2015). Although the exact
cause of the abnormally elevated level of PP in both surgical groups
remains unclear, several studies have proposed that PP overexpression
may lead to reduced food intake, resulting in excess weight loss
(Roberts et al., 2015). High circulating levels of PP may modulate
gastrointestinal functions by inducing anorexigenic hypothalamic pep-
tides and suppressing gastric ghrelin release, which may benefit pa-
tients with diabetes (McTigue et al., 1993; Asakawa et al., 2003; Chen
et al., 2010; Huang et al., 2018). As both GB and SG groups showed a
marked reduction in body weight and low BMI at 1 year post-
operatively, the high circulating PP level was likely related to the body

weight loss of T2DM patients after such surgical interventions. The si-
milar f PP levels in the GB and SG groups may explain why there were
no significant differences in body weight and BMI between those
groups.

In addition, an elevated PP level may be positively associated with
insulin secretion (Mandarino et al., 1981; D'Alessio et al., 1989; Kim
et al., 2014; Roberts et al., 2015). For this reason, several studies hy-
pothesized that the increased PP concentrations observed in diabetes
patients may be due to compensatory mechanisms to stimulate insulin
secretion and improve glycemic control (Floyd et al., 1976; Kim et al.,
2014; Roberts et al., 2015). Rabiee et al., also suggested that PP plays a
role in glucose homeostasis by demonstrating that subcutaneous ad-
ministration of PP resulted in increased insulin sensitivity and reduced
insulin requirements in diabetes patients (Rabiee et al., 2011). Our
results also revealed that insulin levels were reduced at a year after the
metabolic surgeries (GB, 4.8 ± 4.4 μU/mL; SG, 4.5 ± 2.9 μU/mL)
which positively correlated with low HOMA-IR values for estimating
insulin resistance. Elevated basal levels of PP at 1 year postoperatively,
thus, may indicate that both laparoscopic GB and SG could ameliorate
insulin signaling and improve insulin resistance, which also supports
that both surgeries are effective in the treatment of patients with T2DM
who have failed current medical treatment.

We next examined the potential role of PP in the higher remission
rate for GB than that for SG. Although the basal PP levels were similar
between the GB and SG groups, the change in PP concentration was
greater in the SG group than that in the GB group. A significant increase
in PP level was observed during OGTT between fasting and 30 min in
the SG group, and then declined at 120 min. Unlike the dynamic change
in the PP level observed in the SG group, the PP level remained con-
sistent in the GB group, which may be associated with the mechanisms
of diabetes remission after metabolic surgery. PP response to complete
and non-complete remitters in the GB group also showed a similar
trend, remaining stable during OGTT. No significant difference was
observed between the complete and non-complete remitters.

The T2DM remitters in the SG group also demonstrated consistent
PP secretion from fasting to post-OGTT at 120 min, with levels below
0.6 ng/mL. In contrast, the non-remitters in this group showed in-
creased PP secretion during OGTT starting from 30 min, reaching above
1 ng/mL and remaining high over time. While the difference showed a
strong trend, it did not reach statistical significance.

In summary, no significant difference was found in plasma PP levels
after OGTT in either T2DM patients that received GB or SG, or in T2DM
complete remitters or non-complete remitters 1 year after metabolic
surgery. However, high fasting PP level and significant improvements
in insulin resistance at a year after following surgeries strengthen the
previous notion that PP may be positively correlated with insulin se-
cretion. There are several limitations of our study. First, we have a
small sample size used for analyses, which may lead to potential type II
error (Hackshaw, 2008). Second, we have not measured serum P value
before metabolic surgeries, which halts from making a direct compar-
ison among participants. Third, previous study suggested that serum PP
level is mainly affected by protein or mixed meal intake (Norris and
Carr, 2013), explaining the potential cause of stable PP concentration
during OGTT. More studies are needed to elucidate the role of PP se-
cretion in the mechanism of T2DM remission.
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SG, sleeve gastrectomy.
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