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META-ANALYSIS AND SYSTEMATIC REVIEW
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Abstract
Background and Aim: Chewing gum proposal has been used in surgery to reduce
postoperative ileus for more than 10 years; however, the efficacy remains imprecise. The
aim of this study was to accurately assess whether the use of the chewing gum could reduce
duration of postoperative ileus following the abdominal surgery.
Methods: A systematic review was conducted in Medline, EMBASE, and the Cochrane
Library through December 2012 to identify randomized controlled trials comparing with
and without the use of chewing gum in patients undergoing abdominal surgery. The
outcome of interest was time to flatus, time to bowel movement, and length of stay.
Subgroup analyses were performed to examine the impact of different studies structural
design. Cumulative meta-analyses were used to examine how the evidence has changed
over time.
Results: Seventeen randomized controlled trials involving 1374 participants were
included. Overall time (in days) for the patients to pass flatus (weighted mean difference
[WMD], -0.31; 95% confidence interval [CI], -0.43 to -0.19; P = 0.000); time to bowel
movement (WMD, -0.51; 95% CI, -0.73 to -0.29; P = 0.000); and length of stay (WMD,
-0.72; 95% CI, -1.02 to -0.43; P = 0.000) were significantly reduced in the treatment
group. However, both of these results demonstrated significant heterogeneity. No evidence
of publication bias was observed. Cumulative meta-analysis showed that chewing gum
reduces duration of postoperative ileus that has been available for over 6 years.
Conclusions: Results of the meta-analysis suggest that chewing gum following abdominal surgery offers benefits in reducing the time of postoperative ileus.

Introduction
Postoperative ileus (POI) has been considered a temporary disturbance in gastric and bowel motility following abdominal surgery.1,2 Almost all patients develop POI after abdominal surgery.3,4
It is characterized by a transient cessation of bowel function, lack
of bowel sounds, accumulation of gastrointestinal gas and fluid,
pain and abdominal distention, nausea, vomiting, and delayed
passage of flatus and stool.1,2,5 The traditional end point of POI is
the passage of flatus or a bowel movement. In general, operations
that involve large incisions, extensive manipulation of the intestines, or exposure of the peritoneum to irritants such as blood or
pus are more likely to result in POI.1 The contributing factors of
POI are varied, including pharmacologic, inflammatory, hormones, metabolic, gastrointestinal physiology, neurologic, psychological, and miscellaneous.1 POI may extend length of hospital
stay (LOS) 5 days longer than those without POI6 and increase the
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expenditure of care by as much as between $750 million and $1
billion in the United States.4,6,7 Safely shortening LOS and reducing the duration of POI are associated with improvement in the
level of care provided as well as a significantly economic saving.
In order to reduce the duration of POI, various tactics such as a
less invasive surgical procedure (e.g. laparoscopy), epidural anesthesia, early ambulation, nasogastric tube decompression, and
early oral intake have been used in clinical setting.8 But these
methods should be have limited effect because the high incidences
of POI have not been absolutely solved. Moreover, a meta-analysis
by Vermeulen et al. 9suggested that routine nasogastric tube placement serves no benefit on gastrointestinal functions and may even
be harmful in patients after modern abdominal surgery.9 Also,
it is uncomfortable. A new approach that emphasizes patient
comfort and based on available evidence should be considered.
Sham feeding has been reported to stimulate bowel motility in
humans.10,11 Chewing gum is a type of sham feeding that simulates
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food ingestion. The reduction duration of POI afforded by chewing
gum is supported by several studies.12–25 However, other studies
have obtained null results.26–32 These discrepant evidences leave
uncertainty in the surgical field about the efficacy of chewing gum
in reducing the duration of POI. Several meta-analyses33–37 showed
a favorable effect of gum chewing on time to flatus and defecation,
but all of these studies were small number size(less than 9 trials)
and the results were not robust. Accordingly, we performed a
systematic meta-analysis of randomized controlled trials (RCTs)
to critically evaluate whether chewing gum reduces the duration of
POI after abdominal surgery. If any, this may bring in providing
an inexpensive, well-tolerated, and widely available solution to
ameliorate an old problem.

Methods
We attempted to follow the proposals Quality of Reports of
Meta-Analyses of Randomized Controlled Trials: the QUOROM
statement to report our meta-analysis.38
Search
strategy. Electronic
databases
MEDLINE,
EMBASE, and Cochrane Library were used to search for RCTs up
to December 2012. The final search strategy used for each database was based on key words both alone and combinations of the
terms “chewing gum” and “surgery.” A manual search of the reference lists of relevant articles was performed. A systematic search
of Google Scholar was used to explore the gray literature. No
language or time restrictions were made. Two reviewers (Yanqiong
Liu and Li Shan) independently evaluated all retrieved articles
using prespecified eligibility criteria. Disagreements were
resolved by consensus. When a study reported the results on different indication of surgery, we treated it as separate studies in the
meta-analysis.

Chewing gum reduces postoperative ileus

of cases and controls, patient demographics for treatment and
control groups (e.g. gender distribution, mean age), duration of
operation time, time of gum chewing, rate of complications,
quality indicators (e.g. details of randomization, blinding of
patients), time to flatus, time to bowel movement, and LOS for
treatment and control groups.
Risk of bias assessment. The risk of bias of each eligible
study was assessed by two authors (Yanqiong Liu & Shan Li)
using the Cochrane Risk of Bias tool39 for RCTs. Disagreements
were discussed with a third author (Xue Qin) and resolved by
consensus. The instruments are described in detail elsewhere.39
Statistical analysis. Weighted mean differences (WMDs)
together with their corresponding 95% confidence intervals (CIs)
were estimated using a random-effects model.40 Statistical heterogeneity was assessed by visual inspection of forest plots, by performing the c2 test (assessing the P-value) and by calculating the
I2 statistic.41,42 If the P-value was less than 0.10 and I2 exceeded
50%, indicating the presence of heterogeneity, a random-effects
model (the DerSimonian and Laird method) was used;43 otherwise,
the fixed-effects model (the Mantel and Haenszel method) was
used.44 Publication bias was evaluated by constructing a funnel
plot with visual assessment of asymmetry.45,46 Subgroup analyses
were carried out to examine whether the duration of POI varied by
type of surgery, the indication of surgery, or Jadad quality. Sensitivity analysis was also performed to examine whether the effect
estimate was robust to exclusion of different criterion. Cumulative
meta-analysis was conducted to examine how the evidence has
changed over time. A P-value < 0.05 was considered statistically
significant. All analyses were performed using STATA version
12.0 (StataCorp LP, College Station, TX, USA).

Results
Eligibility criteria. Studies were considered eligible if they
met the following inclusion criteria: (i) Study design: randomized and controlled; (ii) Population: patients undergoing abdominal surgery; (iii) Intervention: use of chewing gum in the
postoperative period; (iv) Comparator: standard postoperative
care; (v) Outcome: report at least one of time to flatus, time to
bowel movement, and hospital LOS. We did not use an age criterion and any minimum number of patients for inclusion in this
meta-analysis.
Studies were excluded if any of the following existed: (i) nonrandomized study design; (ii) surgeries that did not involve
abdominal surgery; (iii) primary outcome was not the interest of
ours; (iv) interventions other than chewing gum; (vi) raw data
could not be extracted in the appropriate format and failed to be
obtained from the authors or other published results.
Data extraction. Information was carefully extracted from
all eligible publications by two investigators (Li Shan and Yanqiong Liu) independently according to the inclusion criteria listed
earlier. Any disagreements were resolved by discussion during a
consensus meeting with a third reviewer (Qin Xue). The data
extracted included first author’s last name, year of publication,
country, type and indication of surgery performed, total numbers

Literature search. A flow chart showing the study selection
is presented in Figure 1. The study by Choi et al.22 performed
open and laparoscopic cystectomy, published its result in median
and range rather than mean and SDs, and was subsequently
excluded as we were unable to obtain these data from the authors.
The study by Matros et al.27 published median end points rather
than the mean, but we can obtain appropriate data for time to first
flatus and LOS from the published meta-analysis.37 We could
not get the full text or abstract of one citation47 mentioned in the
previous meta-analysis36 to extracted original data, so it was
excluded. Finally, 17 studies12–14,16–21,23,24,26–31 were included in our
meta-analysis.
Study characteristics. The characteristics of the included
17 RCTs are presented in Table 1. These studies were published
between 2002 and 2012. Five studies were conducted in the United
States, three in Europe, seven in Asia, and two in Africa. A total of
686 patients were in the treatment group and 688 in the control.
Operations were performed via open surgery,13,14,17–20,23,24,27,28,30
laparoscopic techniques,12 or both,26,31 not clearly stated.16,29
Studies by McCormick et al.26 and Crainic et al.31 reported
their open and laparoscopic surgery results separately, enabling
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Time to first flatus. A total of 686 patients were in the gumchewing group and 688 in the control. The overall effect of the
meta-analysis favored chewing gum, with a WMD of 0.31 days
reduction (95% CI, -0.42 to -0.19; P = 0.000). However, it should
be noted that nine trials have 95% CI crossing the zero level, and
had a large heterogeneity for I2 = 73.5%; P = 0.000. (Fig. 3)
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1/9
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10/21
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0/13
6/19
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0/9
43/107
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NR
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21/9
17/5
13/8
19/7
14/6
9/2
107/107
15/3
24/NR
76/76
23/10
191/191
16/7
50/14
50/50
Lapar
Open& Lapar
Open
Open
NS
Open
Open
NS
Open
Open
Open & Lapar
Open
Open
Open
Open
Open
Open

Colectomy
Colectomy
Colectomy
Colectomy
Gastrectomy
Colectomy
Colectomy
Gastrointestinal surgery
Caesarean section.
Intestinal resection
Colectomy
Caesarean section
Appendectomy
Caesarean section
Colectomy
Ileostomy
Caesarean section

10/7
53/NR
22/14
17/6
13/7
19/6
10/5
9/2
93/93
15/9
20/NR
74/74
23/10
195/195
16/5
50/18
50/50

Control
Gum
Control

Japan
US
US
US
China
UK
Japan
China
Egypt
Turkey
US
Turkey
Cameroon
China
Mexico
India
Iran

Indication of surgery
Type of
surgery
Country

Lapar, laparoscopic; NR, not report; NS, not state; Qid, quarter in die; Tid, three time a day.

Quantitative synthesis of data

Study, year

Risk of bias. The results of the risk of bias assessments are
reported in Figure 2. Overall, all studies had low risk of bias. Only
one trial was at high risk of bias for sequence generation (not truly
random), which was randomized based on hospital record number.19 But the method of randomization was unclear (not reported)
in five trials.12,13,16,26,30 Allocation concealment was stated clearly
only in five trials.17,20,23,27,28 Blinding of observers was part of the
trial design in five studies,20,23,27,28,30 but only one trial was double
blinded with a placebo group.27 Only one trial reported incomplete
outcome data.31

Table 1

calculation of their outcomes independently. All the included trials
informed primary outcomes of time to first flatus; 14 trials documented time to first bowel movement and 13 trials documented
LOS. The units of outcomes reported were variable and all were
converted to days to allow uniform analysis. There was variation in
the indications of surgery; seven studies were colectomy,12–14,26–28,31
four studies were cesarean section,17,18,20,23 and the remaining five
studies (gastrectomy, gastrointestinal surgery, intestinal resection,
appendectomy, ileostomy) were defined as others for small trial
size. In two trials,16,30 the gastrointestinal surgeries were done on
children.

Study characteristics of 17 randomized controlled trials on chewing gum following abdominal surgery

Figure 1 Quorum flow diagram depicting process of study selection.
ENT, ear, nose, and throat; RCTs, randomized controlled trials.

Patient
number/female

Mean age
(year)

RCTs accepted for analysis (n = 17)

Asao et al., 200212
McCormick et al., 200526
Matros et al., 200627
Schuster et al., 200614
Chou et al., 200629
Quah et al., 200628
Hirayama et al., 200613
Zhang and Zhao, 200816
Abd-El-Maeboud et al., 200917
Cavusoglu et al., 200930
Crainic et al., 200931
Kafali et al., 201018
Ngowe et al., 201019
Shang et al., 201020
Bahena-Aponte et al., 201021
Marwah et al., 201224
Ledari et al., 201223

3 articles excluded
Data format inapposite (n = 1)
Data not extractable (n = 2)

Gum

RCTs included in the analysis (n = 20)

Control

Mean duration
of surgery (min)

3 articles excluded
Not a randomized trial (n = 3)

Gum

Full-text articles reviewed for more
detailed evaluation (n = 23)

Control

Rate of
complications

149 articles excluded
Revealed no relation (n = 90)
Review or meta-analysis (n = 22)
Letter or comment (n = 11)
Case report (n = 5)
Teeth, ENT, and facial surgery (n = 20)
Wrong outcome (n = 1)

Gum

Potentially relevant studies identified
through database search and manual
search (n = 172)

Tid
Qid, for 15 min
Tid, for 45 min
Tid, for 1 h
Qid, for 5 min
Tid, for > 5 min
Tid, for 30 min
Tid
Every 2 h, for 15 min
Tid, for 1 h
Tid, for 30 min
Tid, for 1 h
Tid, for 30 min
Tid, for 1 h
Tid, for 30 min
Tid, for 1 h
Tid, for > 1 h

Time of chewing gum
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varied in each trail and not related to individual patients experiencing them; hence, statistical analysis of significance between
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Incomplete outcome data

Blinding of outcome assessment

Blinding of participants and
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Chewing gum reduces postoperative ileus

Random sequence generation

S Li et al.

Asao, 2002
McCormick, 2005
Matros, 2006
Schuster, 2006
Chou, 2006
Quah, 2006
Hirayama, 2006
Zhang, 2008
Abd-E1-Maebou, 2009
Cavusoglu, 2009
Crainic, 2009
Kafali, 2010
Ngowe, 2010
Shang, 2010
Bahena-Aponte, 2010
Marwah, 2012
Ledari, 2012

Figure 2 Risk of bias summary: Review authors’ judgments about
each risk of bias item across all included studies. ( + ) Low risk; ( – ) High
risk; ( ? ) Unclear risk.

Time to first bowel movement. A total of 573 patients were
in the gum-chewing group and 567 in the control. The overall
effect of the meta-analysis favored chewing gum, with a WMD
of 0.51 days reduction (95% CI, -0.73 to -0.29; P = 0.000).
However, seven trials had 95% CI crossing the zero level, and also
had a large heterogeneity for I2 = 86.4%; P = 0.000. (Fig. 4)
LOS. A total of 600 patients were in the gum-chewing group and
592 in the control. The overall effect of the meta-analysis favored
gum chewing, with a WMD of 0.72 days reduction (95% CI, -1.02
to -0.43; P = 0.000). However, 10 trials had 95% CI crossing the
zero level, and also had a large heterogeneity for I2 = 87.2%;
P = 0.000. (Fig. 5)
Complications. Postoperative complications were reported in
all but two studies.16,29 A summary of complications rate is shown
in Table 1. It shows that gum chewing was associated with a lower
incidence of postoperative complications. But complications were

Sensitivity analysis. Firstly, subgroup analysis was performed to explore heterogeneity between studies and assess the
robustness of our findings (Table 2). The studies that underwent
colectomy yielded a WMD of 0.3 days reduction in time to flatus
but without significance (95% CI, -0.68 to 0.08; P = 0.119); a
significant reduction of 0.74 days in time to bowel movement
(95% CI, -1.37 to -0.11; P = 0.038); a WMD of 1.10 days reduction in LOS but without significance (95% CI, -2.37 to 0.177;
P = 0.089). All of them had a large heterogeneity with I2 = 73.5%,
86.4%, and 87.2%, respectively. Subgroup analysis for cesarean
section demonstrated a significant decrease in all outcomes: time
to flatus with WMD, -0.26 (95% CI -0.31 to -0.22; P = 0.000);
time to bowel movement with WMD, -0.26 (95% CI -0.43 to
-0.08; P = 0.004); LOS with WMD, -0.21 (95% CI -0.39 to
-0.03; P = 0.021). All had a large heterogeneity except for time
to flatus analysis (I2 = 1.0%, I2 = 85.8%, and I2 = 86.7%, respectively). Studies that underwent other abdominal surgery yielded a
robust finding, associated with a significant reduction in all outcomes (P = 0.000) and demonstrated no heterogeneity (I2 < 60%,
P > 0.05). Studies evaluating open surgery demonstrated similar
results with the overall effect. However for the laparoscopic,
results were completely opposite, with all outcomes having no
significance.
Even though a subgroup analysis has been used, the heterogeneity of colectomy studies remained large. Sensitivity analyses
were performed to examine whether the effect estimate was robust
by sequential omission of individual studies using random-effects
estimates. The colectomy studies, excluding one study31 that
reported 17 missing values and the duration time in treatment
group longer than control, yielded opposite results in time to flatus
(WMD, 0.49; 95% CI, -0.88 to -0.11; P = 0.012), but with substantial evidence of heterogeneity (I2 = 69.7%, P = 0.002). There
was no change in time to bowel movement and LOS. In this base,
excluding other two studies12,13 in which patients were less than
30 yielded significant reduction of 0.24 days in time to flatus
(P = 0.049), 0.69 days in time to bowel movement (P = 0.000),
and demonstrated no heterogeneity (I2 = 0.0% and I2 = 32.5%,
respectively). However, there was 1.11 days reduction in LOS
without statistical significance (P = 0.106), which also demonstrated large heterogeneity (I2 = 81.3%, P = 0.000). Further exclusion of other single studies did not materially alter the overall
combined WMD. Sensitivity analysis was not performed on
laparoscopic surgery for the small number of studies.
Publication bias. Publication bias was assessed by Begg’s
funnel plots and Egger’s tests. The shapes of the Begg’s funnel
plots revealed no obvious asymmetry (Fig. 6). The Egger’s test
was then used to statistically assess funnel plot symmetry. The
funnel plot was relatively symmetrical, suggesting that publication
bias was not present. (t = -0.38, P = 0.580 for time to first flatus;
t = -1.05, P = 0.287 for time to bowel movement; t = -1.56,
P = 0.078 for LOS). These indicated that the results of these
meta-analyses were relatively stable and that publication bias
was unlikely to affect the results of the meta-analysis.
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Figure 3 Overall and subgroup analysis of weighted mean difference (WMD) for time to first flatus (days) using random-effects model. CI,
confidence interval.

Figure 4 Overall and subgroup analysis of weighted mean difference (WMD) for time to first bowel movement (days) using random-effects model.
CI, confidence interval.
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Figure 5 Overall and subgroup analysis of weighted mean difference (WMD) for time to length of hospital stay (days) using random-effects model.
CI, confidence interval.

Cumulative meta-analysis. A statistically significant
effect of chewing gum on abdominal surgery was first observed
after publication of the first trial in 2002 (1.1 days reduction in
time to flatus, P < 0.01; 2.7 days reduction in time to bowel movement, P < 0.01). Although subsequent trials had increased the precision of the point estimate, no substantive change had occurred in
the direction or magnitude of the treatment effect. A statistically
significant effect on time to first flatus of chewing gum following
abdominal surgery was consistently observed after publication
of the seventh trial in 2006, third trial in 2006 on time to bowel
movement, and seventh trial in 2006 on LOS. (Fig. 7)

Discussion
At present, the association between chewing gum and POI is not
fully understood. Increasing evidence that chewing gum reduces
recovery time in abdominal surgical patients has been available for
many years. The treatment effect varies somewhat according to the
type of surgery and indication of surgery, but the effect is most
accordance. It is well accepted that chewing gum as a type of sham
feeding stimulates bowel motility.10,11 However, whether chewing
gum reduces POI remains controversial. This study systematically
estimates the effects of chewing gum for postoperative treatment
of ileus following abdominal surgery and conjectures the potential
benefits of its use, if possible, providing an inexpensive, well-

tolerated, and widely available solution to ameliorate an old
problem. Our meta-analysis of 17 RCTs provides evidence that
chewing gum significantly reduces recovery time following
abdominal surgery. Patients in the chewing gum treatment group,
compared with the reference group, experienced a significant
reduction of 0.31 days for time to first flatus, 0.51 days for time to
first bowel movement, 0.72 days for LOS (Figs 3–5).
Mechanisms of chewing gum reduce POI. The
underlying mechanism involved in the association between
chewing gum and POI is uncertain. One possible explanation is
that chewing acts as sham feeding, stimulating the motility of
human stomach,48 duodenum,11 and rectum.10 Another explanation
is chewing may trigger the release of gastrointestinal hormones49
and increase the secretion of saliva and pancreatic juice, gastrin,
and neurotensin.48 Thus, it seems that the mechanisms are multimodal. However, for an intervention that is so cheap, effective,
well tolerated, and free of side effects, it may be used clinically
even before knowing the mechanism behind its success and important health and economic benefits.
Sources of heterogeneity. Heterogeneity is a potential
problem that may affect the interpretation of the results. The
present meta-analysis showed that there was large heterogeneity
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Subgroup analysis based on 17 randomized controlled trials of chewing gum after abdominal surgery

Outcome

Overall effect
Time to first flatus
Time to first bowel movement
Length of hospital stay
Indication of surgery: colectomy
Time to first flatus
Time to first bowel movement
Length of hospital stay
Indication of surgery: caesarean section
Time to first flatus
Time to first bowel movement
Length of hospital stay
Indication of surgery: others
Time to first flatus
Time to first bowel movement
Length of hospital stay
Studies of open surgery†
Time to first flatus
Time to first bowel movement
Length of hospital stay
Studies of laparoscopic surgery†
Time to first flatus
Time to first bowel movement
Length of hospital stay

No. of
Patients

No. of
Studies

WMD (95% CI)

1374
1140
1192

17
14
13

-0.31 (-0.43, -0.19)
-0.51 (-0.73, -0.29)
-0.72 (-1.02, -0.43)

318
252
254

8
7
6

836
388
736

P-value

Heterogeneity
I2 (%)

P

0.000
0.000
0.000

73.5
86.4
87.2

0.000
0.000
0.000

-0.30 (-0.68, 0.08)
-0.74 (-1.37, -0.11)
-1.10 (-2.37, 0.177)

0.119
0.038
0.089

81.0
84.0
77.6

0.000
0.000
0.000

4
3
3

-0.26 (-0.31, -0.22)
-0.26 (-0.43, -0.08)
-0.21 (-0.39, -0.03)

0.000
0.004
0.021

1.0
85.8
86.7

0.387
0.000
0.001

220
202
202

5
4
4

-0.47 (-0.72, -0.22)
-0.89 (-1.17, -0.60)
-1.32 (-1.95, -0.70)

0.000
0.000
0.000

50.8
19.9
45.1

0.087
0.290
0.141

1237
1044
1093

14
12
11

-0.33 (-0.46, -0.20)
-0.46 (-0.68, -0.23)
-0.70 (-1.01, -0.40)

0.000
0.000
0.000

75.3
88.3
89.9

0.000
0.000
0.000

93
70
70

3
2
2

-0.34 (-1.11, 0.43)
-1.57 (-3.51, 0.37)
-1.27 (-2.59, 0.05)

0.388
0.114
0.058

83.3
80.2
0.0

0.003
0.025
0.898

†

Studies that underwent both open and laparoscopic surgeries were analyzed separately.
CI, confidence interval; WMD, weighted mean difference.

Figure 6 Funnel plots for publication bias in
the studies of the meta-analysis of chewing
gum following abdominal surgery. s.e., standard error; WMD, weighted mean difference.

between studies (Table 2). Subsequent subgroup analysis stratified
by indication of surgery, type of surgery, and quality of study
identified large heterogeneity mostly as well, indicating that indication of surgery, type of surgery, and quality of study contributed
1128

little to the existence of overall heterogeneity. We performed sensitivity analysis on these subgroup analyses. On the colectomy
subgroup, the studies by Crainic et al.31 had longer duration time
in the treatment group than the control and had 17 missing values
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Figure 7 Cumulative meta-analysis of 17 randomized controlled trials on the efficacy of chewing gum following abdominal surgery. CI, confidence
interval; SMD, standard mean difference.

Journal of Gastroenterology and Hepatology 28 (2013) 1122–1132
© 2013 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd

1129

Chewing gum reduces postoperative ileus

S Li et al.

in the results. Dropping this study yielded opposite results in time
to flatus, with a statistical significance of 0.49 days shorten
(P = 0.012), but also with a large heterogeneity (I2 = 69.7%). Sensitivity analysis showed that the study by Asao et al.,12 Hirayama
et al.,13 and Crainic et al.31 had a large impact on our results. The
study patients in their report were less than 30. Dropping these
three studies from our analysis did increase the benefit seen from
chewing gum with regard to time to first flatus and time to first
bowel movement, but had no significance on LOS.
Twelve trials underwent open surgery, one underwent laparoscopic surgery,12 and two underwent both.26,31 The results for the
cohorts were analyzed separately on subgroup analysis. But on the
laparoscopic surgery studies, only two of them12,26 reported time to
first bowel movement and LOS as outcomes. Although a trend
toward shorter duration of time to flatus, first bowel movement and
LOS in patients who underwent laparoscopic surgery, none of the
results were significant. Laparoscopic surgery is known to reduce
the inflammatory response, and in so doing, promotes a faster
recovery.50 Many studies suggest a significant reduction in LOS on
laparoscopic surgery compared with the open technique.51,52 The
explanations of incongruent results in our subgroup analysis may
be owing to: (i) the small number of cases and participants of the
three trials increased the possibility that chance accounted for their
results; (ii) the study by Crainic et al.31 reported both open and
laparoscopic procedure results, having incomplete data and even
with longer duration time in treatment group longer than control;
(iii) the study by Asao et al.12 had relatively longer hospital stays
than other studies (mean 13.5 days for gum-chewing group, 14.5
days for the control group). It is worth mentioning that no definitions of discharge criteria were given in any of the studies to help
interpret LOS outcomes. These may explain the large heterogeneity between laparoscopic surgery studies in some degree. Therefore, considerably larger and more rigorous studies are needed to
determine the effect of chewing gum on duration of postoperative
hospital stay after laparoscopic surgery.

Another study by Choi et al.22 was excluded because of insufficient data that rendered the meta-analysis impossible. The study
by Choi et al.22 underwent open and laparoscopic cystectomy for
bladder cancer surgery and found a significant time for the amelioration of ileus. A second limitation is the lack of blinding in
most studies, leading to potential bias by the investigator recording
the results. Double blinding should be difficult in this project, but
blinding the observer is achievable and would reduce bias of the
results. A third limitation is the substantial heterogeneity among
studies. Despite assessing outcomes only in patients undergoing
colectomy, it also identified large heterogeneity. Nevertheless, we
were able to detect the major source of heterogeneity through the
sensitivity analyses. In other hand, residual confounding is of
concern. Uncontrolled or unmeasured confounding factors such
as opioids, epidural analgesia, and early enteral feeding etc.
potentially produce biases. Unfortunately, several studies did not
state postoperative practice in this respect. Furthermore, because
current data in efficacy of chewing gum after laparoscopic surgery
are sparse, we were unable to assess consistent results for these
outcomes. New trials with better design are necessary for patients
who undergo laparoscopic surgery before gum chewing becomes a
routine feature of the postoperative management.

Conclusions
In conclusion, the current evidence suggests that gum chewing
following abdominal surgery offers significant benefits in reducing
the time to resolution of POI and LOS. However, for the subgroup
of colectomy and laparoscopic surgery, inconsistent results were
presented. Well-designed, large-scale, blinded, randomized, controlled trials with a placebo arm studies were urgently needed to
answer the question of whether gum chewing can significantly
reduce POI in different abdominal surgeries.
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undergoing abdominal surgery. Although some studies had conducted a meta-analysis of relation between chewing gum and
POI and demonstrated a significant effect, all were only about
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shown that despite variation in results from each study, overall, the
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One potential limitation of the present meta-analysis was that
only one study included a double placebo group to assess the
treatment effect,27 but because of their differing method of reporting results, not all of their data could be included in our analysis.
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