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Abstract

This meta-analysis aimed to evaluate changes in GIP after RYGB in obese patients. We searched PubMed, EMBASE, and
CENTRAL for relevant studies from database inception through July 2021. Articles were eligible for inclusion if they
reported pre-operative and post-operative fasting GIP levels. We found fasting GIP levels had a decreasing tendency. The
decrease in fasting glucose and postprandial GIP levels was also observed. Subgroup analysis indicated diabetic subjects
tended to have a more obvious fasting GIP reduction compared to non-diabetic individuals. Meta-regression showed that the
amount of weight loss (% total body weight), gastric pouch volume, alimentary limb length, and biliopancreatic limb length
were not related to fasting GIP decrease. Fasting GIP levels decreased significantly after RYGB in obese people, especially

in diabetic patients.
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Introduction

Obesity has become an increasingly serious global epidemic
associated with multiple serious metabolic co-morbidities,
including diabetes mellitus (DM) [1, 2]. Compared with
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Key Points

1. Fasting GIP levels significantly decreased following RYGB.

2. Fasting glucose and postprandial GIP levels decreased were
observed after RYGB.

3. The decline in fasting GIP after RYGB was more pronounced in
diabetic subjects.
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conservative interventions (diet, exercise, and medications),
bariatric surgery has been proved to be the most effective
method for treating morbid obesity and DM [3, 4].
Roux-en-Y gastric bypass (RYGB), which involves con-
necting a small gastric pouch to the jejunum and creating
a blind loop consisting of distal stomach, duodenum, and
proximal jejunum that connects to the Roux limb, has been
regarded as the gold standard for obesity treatment. Also,
it can bring about excellent remission of obesity-related
comorbidities such as insulin resistance and type 2 DM [3,
4]. Compared with sleeve gastrectomy (SG), RYGB can
result in greater weight loss, higher T2DM remission rates,
fewer T2DM recurrences, and better long-term glycemic
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control [5]. Until now, the mechanisms by which RYGB
causes weight loss as well as glucose homeostasis are not
fully understood. Alterations in gastrointestinal hormones
(i.e., gastric inhibitory polypeptide (GIP), glucagon-like
peptide (GLP)-1, peptide YY (PYY), and ghrelin) are
thought to play important roles [6-9].

GIP, an incretin produced by the K cells in the small
intestine, was originally called as gastric inhibitory pep-
tide on the basis of its influence on gastric function [7, 10,
11]. Nevertheless, relevant studies have revealed that it has
a negligible role in gastric motility or secretion [10]. Its
insulinotropic activity and related metabolic actions are
now considered of greater importance [10]. In addition to
its incretin effect, GIP has been shown to promote obesity
[12, 13]. The decline in GIP is more likely to occur in
bariatric operations with a malabsorptive component [6,
11, 14]. GIP decrease after RYGB tends to be more pro-
nounced compared to that after SG [6]. Most studies have
reported reduced postprandial GIP levels following RYGB,
but the results of fasting level changes are not constant
[11]. Some reported decreased fasting GIP [6, 15], while
others observed non-significant modification [16—-19].
Based on these different evidences, it is hard for us to draw
a conclusion about the relationship between GIP levels and
RYGB. Therefore, this meta-analysis aims to assess the
changes in fasting GIP levels following RYGB.

Methods

The meta-analysis was conducted based on the recommen-
dations from the Meta-Analysis of Observational Studies
in Epidemiology (MOOSE) guidelines [20] and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [21]. The review was regis-
tered at PROSPERO (https://www.crd.york.ac.uk/PROSP
EROY/) as registration number CRD42019135063.

Literature Search

A computerized search was conducted in PubMed,
EMBASE, and the Cochrane Central Register of Con-
trolled Trials (CENTRAL) from database inception to
July 2021, with English language only. Free terms and
medical subject headings were used together during litera-
ture search, including (gastric inhibitory peptide OR GIP
OR gastric inhibitory polypeptide OR glucose-dependent
insulinotropic polypeptide OR glucose-dependent insuli-
notropic peptide) AND (gastric bypass). The references of
pertinent articles were also hand-searched to supplement
the investigations.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) people with obesity
(BMI > 30 kg/m?) underwent RYGB; (2) reported pre-
operative and post-operative fasting GIP levels. If more
than one post-RYGB GIP level was reported, the meas-
urement value at the longest follow-up time was selected.

Exclusion criteria were as follows: (1) animal stud-
ies; (2) non-RYGB surgery; (3) data not presented as
mean =+ standard deviation (SD) or standard error (SE);
and (4) no available data, conference abstracts, comments,
reviews, and meta-analyses.

Data Collection, Risk of Bias Assessment,
and Quality Assessment

The data extraction and quality assessment were conducted
by three investigators independently, and disagreements
were resolved by discussion. The titles and abstracts of all
articles identified by literature search were screened follow-
ing the inclusion criteria. Full-text was further reviewed if
the information from the abstract met eligibility criteria. A
standard data extraction form was used to collect the follow-
ing information: study characteristics (the first author, pub-
lication year, country, study design), patient demographics
(mean age, number of patients included, mean BMI before
surgery, diabetes, length of follow-up), outcome (GIP levels
before and after surgery), sample measuring method, and
characteristics of RYGB (operative technique, gastric pouch
volume, Roux limb length, and biliopancreatic limb length).
If possible, we would contact the authors by email for the
missing information. The Cochrane Collaboration’s risk of
bias in non-randomized studies of interventions (ROBINS-
I) tool was used for assessing risk of bias in observational
studies. The domains assessed were confounding, selection
of participants, classification of intervention, deviation from
intervention, missing data, measurement of outcomes, and
selection of reported results. For randomized controlled tri-
als (RCTs), the Cochrane Collaboration’s tool was used to
assess risk of bias in randomized trials. This tool evaluated
risk of bias through six dimensions: selection bias, perfor-
mance bias, detection bias, attrition bias, reporting bias, and
other biases. The quality of the observational studies was
assessed by the Newcastle—Ottawa Scale (NOS), which con-
sists of three factors: patient selections, comparability of the
study groups, and the assessment of outcomes. The scale’s
score ranged from O to 9, and studies with a score equal to
or higher than 5 were considered to be eligible for our meta-
analysis. We used the JADAD score to evaluate the quality
of RCTs. A NOS score of >6 or a JADAD score of >3 was
considered high quality.
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Outcome Measures

The primary outcome was defined as the change in fasting
GIP levels post-RYGB. Secondary outcome included fast-
ing glucose and postprandial GIP. All types of postprandial
simulation, such as glucose tolerance test or mixed meal
tolerance test, were included. When multiple postprandial
values were reported, testing at the longest duration was pre-
ferred. The postprandial GIP levels reported using an area
under the curve (AUC) were included.

Statistical Analysis

All statistical analyses were performed by Review Manager
(RevMan version 5.3) and Stata (version 12.0). A p value
<0.05 was considered statistically significant. Standardized
mean difference (SMD) with a corresponding 95% confi-
dence interval (95% CI) was calculated for continuous out-
comes. For studies that only reported SE, SD values were
computed using the formula: SD=SE X \/ n, where n is the
sample size. Heterogeneity was measured using Cochran’s Q
tests and I2, with a significance threshold of p value <0.1 and
I*>50% [22]. A fixed-effect model would be chosen to pool
results except for when statistical heterogeneity was signifi-
cant. Subgroup analysis was performed based on whether
or not there is DM (yes vs. no vs. yes/no), different types of
measuring methods (ELISA vs. RIA), and follow-up dura-
tion varies (> 6 months vs. < 6 months). Sensitivity analy-
ses were carried out to investigate whether the outcomes
were stable by changing the pooling model (fixed-effects
model or random-effects model) and using the one-study-
out method. A meta-regression analysis was performed to
assess if change of GIP levels was affected by the amount
of weight loss (% total body weight), gastric pouch volume,
Roux limb length, and biliopancreatic limb length. Possible
publication bias was evaluated by Begg’s test and Egger’s
test using Stata software.

Results

Search Process, Study Characteristics, Risk of Bias
Assessment, and Quality Assessment

A total of 468 potential articles were identified through data-
base searching and no additional publications were added to
the search result by manual search. After removing dupli-
cates and screening titles and abstracts, 261 records were
excluded and 207 remained for full-text analysis. A total
of 189 full-text articles did not meet the inclusion criteria.
Hence, the remaining eighteen articles were incorporated
into the final meta-analysis. Of the included studies, two
studies had two arms; these arms were analyzed separately.

@ Springer

The detailed process of study selection is shown in Fig. 1.
The study characteristics are shown in Table 1. We identi-
fied eighteen cohort studies and two RCTs from the litera-
ture [19, 38]. The weighted mean age prior to RYGB of the
included patients was 43.67 +5.30 years, and the weighted
mean BMI at baseline was 43.24 +5.68 kg/m>. The follow-
up period ranged from 4 days to 24 months.

Both RCTs were deemed to be of high quality JADAD
score > 3) and moderate overall risk of bias. Eight non-ran-
domized studies were evaluated to have a moderate overall
risk of bias, eight had a low overall risk of bias, and two
had a serious overall risk of bias. Risk of bias across cohort
studies assessed using ROBINS-I is depicted in Table 2. The
quality assessment of included cohort studies using the NOS
is shown in Table 3.

Primary Outcome

Twenty trials involving 252 patients reported changes in
fasting GIP levels following RYGB. Because of between-
study homogeneity (p=0.16, I*=24%), a fixed-effects
model was used to pool result. The result showed that RYGB
could significantly decrease the GIP levels of obese patients
(SMD=0.38,95% CI 0.21 to 0.56, p <0.0001) (Fig. 2). No
significant publication bias was seen with Begg (p =0.347)
or Egger (p=0.180) test.

Subgroup and Sensitivity Analysis

We performed subgroup analyses by DM (yes, no, or yes/
no), type of measuring method, and follow-up duration. The
diabetic subgroup consisted of 9 studies and the analysis
showed that fasting GIP levels decreased significantly after
RYGB as compared with that before surgery (SMD =0.59,
95% CI 0.31 to 0.86, p<0.0001), but a slight decrease
(SMD=0.38, 95% CI 0.01 to 0.75, p=0.04) was observed
in the non-diabetic groups. What’s more, GIP levels in the
mixed groups were not significantly changed postoperatively
(SMD=0.13, 95% CI —0.18 to 0.44, p=0.40) (Fig. 3). In
the subsequent analysis, the outcomes showed that GIP lev-
els after RYGB were remarkedly lower than the pre-RYGB
levels regardless of the length of follow-up (> 6 months
or <6 months) and which method of GIP measurement was
used.

In sensitivity analysis, a random-effects model yielded a
similar result (SMD =0.40, 95% CI, 0.19 to 0.61, p=0.0002)
with the fixed-effect analysis. When removing any one study
in turn, the pooled results were not markedly changed.

Meta-regression Analysis

Meta-regression analysis showed that the amount of weight
loss (% total body weight), gastric pouch volume (range,
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Fig. 1 Flow diagram of study
selection .
database searching

(n=468)

Records identified through

Additional records identified
through other sources
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A
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Unrelated to topic (n=51)

\ 4

(n=207)

Case report (n=4)
Review (n=25)

\ 4

Full-text articles assessed for
eligibility

Articles excluded after full
text review (n=189)
Conference abstract (n=104)

A\ 4

(n=18)

Text not available (n =84)
BMI < 30kg/m? (n=1)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=18) (two study had two
arms with each arm analysed
separately)

20 to 40 ml), Roux limb length (range, 100 to 150 cm), and
biliopancreatic limb length (range, 30 to 150 cm) were not
significant predictors of fasting GIP decreased after RYGB
(p>0.05 in all) (Table 4).

Secondary Outcomes

Eleven trials involving 126 patients documented the post-
prandial GIP levels before and after RYGB. Significant het-
erogeneity was identified between these studies (p <0.00001,
P= 77%), and the random-effects model showed that post-
prandial GIP levels after RYGB were significantly lower
than pre-surgery levels (SMD =0.66; 95% CI 0.09 to 1.23,
p=0.02). Eighteen studies reported pre- and post-RYGB
fasting glucose levels. Due to significant heterogeneity, the
random-effects model was selected for analysis. The pooled

result showed fasting glucose levels decreased significantly
after RYGB (SMD=0.96, 95% CI 0.67 to 1.26, p <0.00001).

Discussion

Many of the beneficial metabolic effects of RYGB have
been attributed to changes in related gastrointestinal hor-
mones [39, 40]. A previous meta-analysis by Jirapinyo
et al. [41] showed postprandial GLP-1 levels increased
following RYGB but fasting levels remained unchanged
and the former was negatively connected with alimen-
tary limb length. Through a systematic review and meta-
analysis, Xu et al. [42] found that fasting ghrelin levels
increased significantly after RYGB and this variation was
related to the time course of RYGB but not to surgical

@ Springer
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Table 2 The Cochrane Collaboration’s risk of bias in non-randomized studies of interventions (ROBINS-I)

Confounding Selection of Classification Deviations from Missing data Measure- Selection Overall

participants of interven- intended interven- ment of of reported
tions tions outcomes results
Abrahamsson 2016 Low Low Low Low Low Low Low Low
[15]

Clements Moderate Low Low Low Low Low Moderate Moderate
2004 [23]
Dirksen Low Low Low Low Low Low Low Low
2013 [24]
Hansen Low Low Moderate Low Low Low Moderate Moderate
2011 [25]
Isbell 2010 Low Low Serious Low Low Low Low Serious
[26]
Jacobsen Low Low Low Low Low Low Low Low
2012 [27]
Jorgensen Low Low Low Low Low Low Moderate Moderate
2012 (1) [28]
Jorgensen Low Low Low Low Low Low Moderate Moderate
2012 (2) [28]
Laferrére Moderate Low Low Low Low Low Low Moderate
2008 [29]
Lips 2014 (1) [30] Low Low Low Low Low Low Low Low
Lips 2014 (2) [30] Low Low Low Low Low Low Low Low
Nosso 2016 Low Low Low Low Low Low Low Low
[31]
Rubino 2004 Moderate Low Low Low Low Low Low Moderate
[32]
Schrumpf 1985 [33] Serious Low Low Low Low Low Moderate Serious
Vetter 2015 [34] Low Low Low Low Low Low Low Low
Wu 2012 Moderate Low Low Low Low Low Moderate Moderate
[35]
Zhang 2015 [36] Low Low Low Low Low Low Moderate Moderate
Braga 2020 Low Low Low Low Low Low Low Low
[37]

Low comparable to a well-performed randomized trial; Moderate sound for a non-randomized study, but not comparable to a rigorous rand-
omized trial; Serious presence of important problems; Critical too problematic to provide any useful evidence on the effects of intervention;

Overall risk of bias equal to the most severe level of bias found in any domain

technical characteristics (including gastric pouch volume,
biliopancreatic limb length, and alimentary limb length).
To our knowledge, this is the first meta-analysis exploring
changes in GIP levels after RYGB in people with obesity.
We found that fasting GIP levels decreased postoperatively
and these changes appeared to be particularly marked in
diabetic subjects. In addition, postprandial GIP levels
decreased were observed. All the included studies did not
report the association between GIP change and pouch size
and the length of the Roux limb and biliopancreatic limb.
This is also the first to probe into this association in obese
subjects. Our meta-regression analysis indicated that the
amount of weight loss and RYGB surgical technical char-
acteristics were not associated with fasting GIP altered.

GIP is a hormone mainly secreted by the K cells in the
duodenum and upper jejunum. Compared with lean people,
obese and diabetic subjects had higher basal and stimulated
GIP levels [43, 44]. But so far, its role in the development
of obesity and diabetes is still unclear. GIP has been shown
to promote insulin resistance and the conversion of glucose
to fatty acids and their storage in adipose [7, 45, 46]. The
reduction in GIP demonstrated in this meta-analysis high-
lighted the importance of GIP antagonism as a mechanism
of obesity and DM treatment following RYGB. Neverthe-
less, the exact mechanism by which GIP decreases postop-
eratively remains unclear. This could be partly explained by
the exclusion of the upper small intestine, which would lead
to less stimulation of K cells and therefore a lower level of

@ Springer
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Table 3 Quality assessment of included cohort studies by the Newcastle-Ottawa Scales

Studies Selection Com- Outcome
- . . parabil- —_
Exposed Non Ascertain- Outcome of interest it Assessment  Follow- Adequacy  Total
y
cohort exposed  ment of not present at start of outcome up long of follow-
cohort exposure enough up
Abrahamsson 2016 [15] 1 0 1 1 0 1 1 1 6
Clements 1 0 1 1 0 1 1 1 6
2004 [23]
Dirksen 2013 1 0 1 1 0 1 1 1 6
[24]
Hansen 1 1 1 1 0 1 0 1 6
2011 [25]
Isbell 2010 1 1 0 1 2 1 0 1 7
[26]
Jacobsen 2012 [27] 1 0 1 1 0 1 0 1 5
Jgrgensen 2012 (1) [28] 1 0 1 1 0 1 1 1 6
Jgrgensen 2012 (1) [28] 1 0 1 1 0 1 1 1 6
Laferrere 2008 [29] 1 1 1 1 2 1 0 1 8
Lips 2014 (1) [30] 1 1 1 1 2 1 0 1 8
Lips 2014 (2) [30] 1 1 1 1 2 1 0 1 8
Nosso 2016 1 1 1 1 2 1 1 1 9
[31]
Rubino 2004 1 0 1 1 0 1 0 1 5
[32]
Schrumpf 1985 [33] 1 0 1 1 0 1 1 1
Vetter 2015 [34] 1 1 1 1 2 1 0 1
Wu 2012 1 0 1 1 0 1 1
[35]
Zhang 2015 [36] 1 0 1 1 0 1 1 1
Braga 2020 [37] 1 1 1 1 1 1 1 1
preoperative postoperative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Abrahamsson 2016 55.9 27.4 12 40 12 12 4.7% 0.73[-0.11, 1.56] n
Braga 2020 34776 23592 15 41,164 33115 15  6.3% -0.22 [-0.93, 0.50] —
Breitman 2011 53 28 30 55 29 30 12.6% -0.07 [-0.58, 0.44] - T
Clements 2004 3408 1021 20 1966 95.4 20 6.5% 1.43[0.73,2.13]
Dirksen 2013 8 6.63 11 4 3.32 11 4.5% 0.37 [-0.48,1.21] B
Hansen 2011 58 31.6 9 381 19.2 9 3.5% 0.72[-0.24,1.69] ]
Ishell 2010 58 316 9 42 211 9 3.6% 0.57 [[0.38,1.51] I
Jacobsen 2012 15.8 2.83 g 15 2.26 8 3.3% 0.30 [-0.69, 1.28] |
Jergensen (1) 2012 7 5 13 7 5 13 55% 0.00[0.77,0.77] B —
Jergensen (2) 2012 g 7 12 9 3 12 5.0% -0.18 [-0.98, 0.62] - 1
Katsogiannos 2020 89 32 13 a5 49 13 5.5% 0.09 [-0.68, 0.86] -1
Laferrere 2008 39.27 1505 9 4054 2987 9  38% -0.05 [-0.98, 0.87] -1
Lips (1) 454 3021 15 315 2285 15  B.1% 0.50 }0.22,1.23] —
Lips (2) 446 30 16 277 228 16 6.4% 0.62 [-0.09, 1.33] n
Nosso 2016 108 130 14 42 19 14 5.5% 0.69 [-0.08, 1.46] 7
Rubino 2004 3634 1698 10 2601 17241 10 4.0% 0.58 [-0.32,1.48) ]
Schrumpf 1985 43.4 141 9 49 18.7 9 3.8% -0.03 [-0.96, 0.89] I
Vetter 2015 576 3795 10 358 1455 10 3.9% 0.73[-0.19,1.64] ]
W 2012 1491 11.56 g 8 293 6 2.6% 0.72[-0.39,1.82] ]
Zhang 2015 181 138 9 B 1.8 9 31% 1.171[0.15,2.19]
Total (95% Cl) 252 250 100.0% 0.38 [0.21, 0.56] <
Heterogeneity: Chi*= 2513, df=19 (P = 0.16), F= 24% 32 51 5 15 é

Testfor overall effect: 2= 4.20 (P < 0.0001) Increase:d invalue Decreasedinvalue

Fig. 2 Forest plot of fasting gastric inhibitory polypeptide (GIP) levels before and after RYGB
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Std. Mean Difference

Std. Mean Difference

IV, Fixed, 95% CI IV, Fixed, 95% CI

preoperative postoperative
Study or Subgroup Mean SD Total Mean SD Total Weight
1.1.1 Diabetic group
Clements 2004 3408 1021 20 1966 95.4 20 6.5%
Jargensen (1) 2012 7 8 13 7 5} 13 5.5%
Katsogiannos 2020 89 32 13 a5 49 13 55%
Laferrére 2008 38.27 1505 9 4054 2987 9  38%
Lips (1) 454 301 18 3.5 2285 15  B1%
MNosso 2016 108 130 14 42 19 14 55%
Vetter 2015 576 3795 10 358 1455 10 3.9%
Wy 2012 1491 11.56 g 8 293 6 26%
Zhang 2015 181 138 9 B 1.8 9  31%
Subtotal (95% CI) 111 109 42.4%
Heterogeneity: Chi*=12.71, df=8{P=0.12), F=37%
Testfor overall effect: Z=4.17 (P < 0.0001)
1.1.2 Non-diabetic group
Abrahamsson 2016 55.9 274 12 40 12 12 47%
Dirksen 2013 8 6.63 11 B 3.32 11 4.5%
Jacobsen 2012 15.8 2.83 8 15 2.26 g  33%
Jargensen (2) 2012 8 7 12 9 3 12 5.0%
Lips (2) 446 30 16 27.7 228 16 6.4%
Subtotal (95% CI) 59 59 23.9%
Heterogeneity: Chi*= 2.99, df= 4 (P = 0.56); F= 0%
Test for overall effect: Z=2.02 (P = 0.04)
1.1.3 Mixed group
Braga 2020 34776 23,592 15 41,164 33115 15  6.3%
Breitman 2011 53 28 30 55 29 30 12.6%
Hansen 2011 58 316 9 381 19.2 9  35%
Ishell 2010 58 316 9 42 211 9  36%
Rubino 2004 3634 1698 10 2601 1721 10  4.0%
Schrumpf 1985 48.4 141 9 49 18.7 9  38%
Subtotal (95% CI) 82 82 33.7%
Heterogeneity: Chi®= 4.85, df=5(P=0.43), F=0%
Test for overall effect: Z=0.85 (P = 0.40)
Total (95% Cl) 252 250 100.0%

Heterogeneity: Chi*= 2513, df= 19 (P=0.16), F= 24%
Test for overall effect: Z=4.20 (P < 0.0001)
Test for subaroun differences: Chi*= 4.57. df=2 (P=010). F=56.3%
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Fig.3 Forest plot of fasting gastric inhibitory polypeptide (GIP) levels in diabetic group, non-diabetic group or mixed group before and after

RYGB

Table 4 Meta-regression
of predictors of GIP level

decreased after RYGB

Influencing factor Coefficient 95% CI p value R?
Amount of weight loss (% TBW) —0.00 [—0.03, 0.02] 0.82 -0.13
Gastric pouch volume (ml) 0.00 [—0.04, 0.05] 0.94 0.29
Roux limb length (cm) 0.01 [-0.00, 0.03] 0.08 0.58
Biliopancreatic limb length (cm) 0.00 [-0.01, 0.02] 0.74 —0.86

TBW total body weight

GIP. Also, it was found that the presence of food and bile
was necessary for the secretion of GIP [11]. In RYGB, the
food in the alimentary limb is not exposed to bile, thus pos-
sibly preventing its release.

In the current study, subgroups were predefined and used
to assess the effect of specific factors on the change of GIP.
Preoperative diabetic status was assumed to be an important
factor, since previous studies had found this problem but
failed to provide a definite conclusion [11]. Rubino et al.
[32] showed that fasting GIP levels decreased in obese dia-
betic patients but not in obese nondiabetics. There are also

some studies pointing out no change in fasting GIP after
RYGB regardless of whether there is DM [27, 30]. Our sub-
group analysis suggested that the decline in GIP levels was
correlated with diabetic status prior to RYGB. The forest
plot is shown in Fig. 3. GIP decreased markedly in the dia-
betic group, whereas it decreased slightly in the non-diabetic
group. In addition, no significant change was observed in the
mixed group. Studying the change in GIP after RYGB with-
out grouping the populations by preoperative diabetic status
could lead to untrue and unreliable results [32]. An interest-
ing finding of our study is the significant effect of RYGB on
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GIP levels in diabetic patients. Whether RYGB can cause the
variation of GIP in non-diabetic patients still needs further
study. Decreased GIP after RYGB is more likely to occur in
diabetic patients. This may be ascribed to glycemic control.
The improvement of GIP resistance caused by upregulating
GIP receptors could lead to GIP decrease through negative
feedback regulation [11].

As mentioned earlier, GIP is elevated in obese patients
with DM and contributes to insulin resistance and obesity.
From another point of view, a more obvious GIP reduction
in diabetic patients (SMD =0.59, 95% CI1 0.31 to 0.86) com-
pared to normal individuals (SMD =0.38, 95% CI 0.01 to
0.75) suggested that GIP played a crucial role in glucose
homeostasis. However, the precise mechanism is not well
understood and may be explained by the following reasons.
On the one hand, the ameliorations in GIP resistance after
RYGB may also make a contribution. Previous studies have
suggested that patients with DM are resistant to the action
of GIP [8, 47]. The cause of this GIP resistance is the down-
regulation of GIP receptors [48]. Hyperglycemia is thought
to directly downregulate GIP receptors in pancreatic beta-
cells, and reversal of hyperglycemia has been regarded as a
contributor to GIP receptor upregulation [49]. The decreased
GIP levels could improve the GIP-resistant state through
upregulating GIP receptor, thus resulting in glucose control
[11]. On the other hand, GIP has been reported to promote
glucose absorption in the small intestine by increasing the
number of GLUT1 receptors [11, 50, 51], so the reduction in
GIP succeeding RYGB can be responsible for the improve-
ment in glucose metabolism. Consequently, GIP antagonists
may be beneficial in the treatment of obese diabetic patients.
In order to explore the relationship between changes in GIP
and glycemic control, we performed an additional meta-
regression analysis. Regrettably, we failed to find any associ-
ation between GIP decrease and the decline in fasting blood
glucose (f#=0.03, p=0.91, data not shown). Considering
small patient sizes, the pooled results should be cautiously
treated. Additionally, glycemic control after RYGB is likely
to be the result of a combination of multiple gastrointestinal
hormones changes such as GLP-1, PYY, and ghrelin. Their
effect on blood glucose control can interfere with our meta-
regression results.

This meta-analysis provides a quantifiable measure
of GIP change after RYGB. However, several limitations
should be pointed out. First, twenty studies with 252 patients
only were enrolled in our study. The relatively small samples
recommend caution in extrapolating firm conclusions from
our observation. Furthermore, most of the included studies,
but not all, reported gastric pouch volume, Roux limb length,
or biliopancreatic limb length of the included patients. These
may weaken our strength to explore the real association
between changes in GIP levels and surgical technical char-
acteristics. Second, dietary changes and the amount of time

@ Springer

following surgery may play an important role in GIP level
changes. Due to the limitations of the included studies, these
data points were not available. Both impacts could be stud-
ied in randomized control trials with a non-surgical arm and
followed over time. Another limitation is that most of the
included studies were observational in nature. They are of
suboptimal quality relative to experimental study. Therefore,
randomized controlled study of RYGB versus medical treat-
ment or placebo with long time follow-up and large sample
sizes are also warranted to further examine the impact of
RYGB on GIP levels.

Conclusions

Based on the available evidence, fasting GIP levels signifi-
cantly decreased following RYGB. These changes were more
pronounced in diabetic subjects. Changes in fasting GIP lev-
els post-RYGB need to be reported separately for diabetic
and non-diabetic patients. Randomized prospective studies
with larger sample sizes and longer follow-up are needed to
validate these findings.
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