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Background. Postoperative ileus (POI) is an important complication after elective colorectal surgery, which prolongs hospital stay
and increases hospital costs. Coffee has been reported to be beneficial for the recovery of gastrointestinal function. We aimed to
investigate the effectiveness of coffee consumption in the treatment of POI, following elective colorectal surgery. Methods. A
comprehensive literature search for medical subject heading (MeSH) terms, including coffee, caffeine, colon, rectum, and
colorectal surgery was conducted in PubMed, Embase, and Cochrane Library until November 2021. A meta-analysis of
postoperative outcomes was conducted to assess the effectiveness of coffee consumption on POI after colorectal surgery.
Results. 726 articles were identified and six RCTs that captured 416 patients were included. The time to first defecation was
reduced with postoperative coffee consumption compared to the control group (mean difference =-15.03h; 95% confidence
interval: -17.79, -12.26; P < 0.00001). There was no difference in time to first flatus, time to tolerance for solid food, length of
hospital stay, use of laxatives, reinsertion of nasogastric tube, need for reoperation, postoperative complications, and
anastomotic leak between the groups. Coffee did not have any adverse effects. Conclusion. The current literature revealed that
postoperative coffee consumption shortened the time to first defecation following elective colorectal surgery. Large sample and
tightly controlled multicenter randomized clinical trials are needed to offer a more accurate evaluation of the efficacy of coffee.

1. Introduction

Postoperative ileus (POI) is an important cause of extended
hospitalization, following abdominal surgery, especially after
a colon surgery [1, 2]. The incidence of POI ranges from 10
to 20% and lasts from 3 to 5 days after colorectal resection
[3, 4]. Common symptoms associated with ileus include
anorexia, nausea, vomiting, intestinal cramps, abdominal
discomfort, and lack of flatus or passage of stool [1]. Recent
studies have identified the main mechanisms of POI, includ-
ing neurogenic dysfunction, use of analgesics (such as opi-
oids), intestinal inflammation, and surgical procedures
[5-7]. Prolonged hospital stay and complications caused by
POI have a significant impact on healthcare services [8],

and it has been found to increase hospital spending by 750
million USD annually in the USA [1].

Treatment of postoperative intestinal obstruction includes
nasogastric tube decompression, correction of electrolyte dis-
turbances, and analgesia [9]. Considering its serious effects
and the lack of effective therapies, many enhanced recovery
protocols have been proposed to shorten POI [10]. However,
not all measures offer a complete success [10].

Coffee is a widely consumed beverage with well-known
effects on the central nervous system and cardiovascular sys-
tem [11]. It is associated with an increase in bowel function
in healthy individuals [12]. Recently, several small randomized
clinical trials reported positive clinical outcomes of coffee use
in the management of POIL however, the results are not
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completely consistent [13, 14]. Giingordiik et al. concluded
that the administration of coffee reduces POI in a meta-
analysis of four trials [15]. However, the four trials in this anal-
ysis covered both gynecological and colorectal surgeries.

We performed this systematic review and meta-analysis
to investigate the efficacy of coffee consumption on POI after
elective colorectal surgery.

2. Materials and Methods

2.1. Identification of Trials. We conducted the literature
search according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines
[16], in order to build an evidence base for the assessment
of postoperative outcomes of colorectal surgery with or
without the administration of coffee and caffeine. We per-
formed the comprehensive literature search through
PubMed, Embase, and Cochrane Library until November
2021, using medical subject heading (MeSH) terms: coftee,
caffeine, colon, rectum, and colorectal surgery.

2.2. Selection Criteria. Two reviewers screened the titles for
relevance before assessing the abstracts and full-text articles.
Disagreements were resolved by discussing with a third
reviewer. The following PICO criteria were created to con-
duct an appropriate screen for literatures: In adults who
undergo colorectal surgery (P), does the administration of
coffee (I), compared to a comparative control group (C),
decreases the recovery time of bowel function after the oper-
ation (O)? There were no language or time restrictions. For
subsequent analyses, only randomized controlled trials
(RCTs) were included. Abstracts from conferences, editorial
reviews, letters, and nonhuman studies were not included in
the study. Most recent publications were selected if the
papers discussed the same research population.

2.3. Data Extraction. Data were extracted and checked by
two reviewers. Differences in judgments were resolved by
discussing with a third reviewer. Information on authors’
names, publication year, study country and size, patient
demographics, surgical information, and intervention infor-
mation were extracted from each study.

The primary outcome of POI was defined as the time to
first defecation. Secondary outcomes included time to first
flatus, time to tolerance for solid food, length of hospital stay
(LOS), use of any laxatives, need for reoperation, reinsertion
of nasogastric tube, postoperative complications, and anas-
tomotic leak.

2.4. Quality Assessment. Two reviewers assessed the risk of
study bias using the Cochrane tool for assessing risk of bias
independently [17]. Studies were assessed as high, low, or
unclear risk of bias using seven items, including random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other bias.
Discrepancies were resolved by discussing with a third
reviewer.
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2.5. Data Analysis. A meta-analysis was carried out with
Review Manager (version 5.3). The risk ratio (RR) and
95% confidence interval (CI) were calculated for dichoto-
mous variables using the Mantel-Haenszel method [18].
The mean difference (MD) and 95% CI were estimated using
the inverse variance method for continuous variables [19]. If
the median, interquartile range (IQR), or range were avail-
able, the mean and standard deviation (SD) were calculated
via the Box-Cox method [20].

Statistical heterogeneity was evaluated using the I? statis-
tic and P value of the I? test. Interstudy statistical heteroge-
neity was regarded as nonsignificant when I* >50% and
P < 0.1, in which case, a random-effect model was applied.
Otherwise, a fixed-effect model was used.

Publication bias was not performed because of the small
number of included studies. A P value < 0.05 was considered
significant.

We performed sensitivity analysis by repeating the meta-
analysis after excluding one study at a time to explore poten-
tial sources of heterogeneity. Additionally, we performed a
subgroup analysis on the primary outcome according to
the different perioperative management protocols (fast-track
vs. standard care).

3. Results

3.1. Study Selection and Characteristics. A total of 726 studies
were identified after an initial search. After the removal of
duplicates and irrelevant studies, six RCTs capturing 416
patients who underwent colorectal surgery (207 patients
with the administration of coffee/caffeine; 209 patients with
the administration of water or tea) were included for further
analysis [13, 14, 21-24]. The PRISMA flow diagram for the
literature search is graphically represented in Figure 1. Char-
acteristics of each trial are presented in Table 1. Most RCT's
were single-center (n=>5/6 (83.3%)), including surgery for
malignant or benign colorectal diseases (n=4/6 (66.7%)),
using a laparoscopic approach (n = 4/6 (66.7%)). Three stud-
ies applied the principles of fast-track surgery in periopera-
tive management [13, 14, 24]. The patients were fed
nutritious fluids within 48h after surgery in five studies
[13, 14, 22-24]. One study reported the administration of
nutritious fluids on the third postoperative day [21]. The
postoperative mobilization schedule was standardized across
the studies. Caffeinated, decaffeinated coffee, or caffeine cit-
rate was administered three times a day after surgery. The
patients in the control group received water or a tee. In five
studies [13, 14, 22-24], the intervention beverage was
administered in the morning of the first postoperative day,
while in one study [21], it was administered on the second
postoperative day when the nasogastric tube was removed.

3.2. Quality Assessment. The risk of bias was evaluated as low
to moderate in six trials (Figure 2). Most trials had the same
limitations, mainly focused on blinding of patients and eval-
uators because coffee has a unique aroma and color when
compared with water. Only one study was double-blinded
because the ampoules of caffeine citrate solution were
applied in the trial [23].
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FiGure 1: PRISMA flow diagram of the study search process.

3.3. Primary Outcomes. The time to first defecation was avail-
able in all the included studies. Coffee shortened the time to
first defecation with a P value of 0.008 in Hasler-Gehrer’s
study, but the outcome was reported as median and 95%
CIs, which could not be transformed to mean and standard
deviation. The meta-analysis of the other five trials revealed
that the administration of coffee shortened the time to first
defecation (MD =-15.03h; 95% CIL. -17.79, -12.26; P<
0.00001), with no heterogeneity (I* = 0%) (Figure 3).

3.4. Secondary Outcomes. The time to first flatus was
reported in four trials (n =298). The pooled result provided
that there were no differences between the two compared
groups (MD =-0.61h; 95% CI: -8.87, 7.66; P =0.89), with
remarkable heterogeneity (I* = 85%) (Figure 4).

The time to tolerance for solid food was reported in two
trials (n=137). The pooled result provided that there were
no differences between the two groups (MD =-8.92h, 95%
CIL: -18.07, 1.49; P=0.10), with no heterogeneity (I* = 0%)
(Figure 4).

Length of hospital stay was reported in four trials
(n=310). The pooled result provided that there were no dif-
ferences between the two groups (MD =-2.33h, 95% CI:

-6.65, 1.99; P=0.29), with remarkable heterogeneity
(I? = 100%) (Figure 4).

The use of laxatives for gastrointestinal motility was
reported in three trials (n = 252). The pooled result provided
that there were no differences between the two groups
(RR =0.76; 95% CI: 0.56, 1.04; P = 0.08), with low heteroge-
neity (I* = 28%) (Table 2).

The nasogastric tube reinsertion during the postopera-
tive period was reported in five trials (n =370). The pooled
result provided that there were no differences between the
two groups (RR=0.87; 95% CI: 0.44, 1.72; P =0.68), with
no heterogeneity (I* = 0%) (Table 2).

The need for reoperation was reported in three trials
(n=195). The pooled result provided that there were no dif-
ferences between the two groups (RR =0.40; 95% CI: 0.08,
1.99; P = 0.26), with no heterogeneity (I* = 0%) (Table 2).

Postoperative complications were reported in five trials
(n=358). The pooled result provided that there were no dif-
ferences between the two groups (RR =0.87; 95% CI: 0.58,
1.31; P =0.52), with low heterogeneity (I* = 11%) (Table 2).

The presence of an anastomotic fistula was reported in
two trials (n=194). The pooled result provided that there
were no differences between the two groups (RR =0.43;
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FIGURE 2: Risk of bias summary. Author’s judgement about risk of bias for each included study, presented as high (+), low (-), or unclear (?).

Coffee Control Mean difference Mean difference

Study or subgrou Weight 1V, fixed, 95% CI
yorsubstonp Mean  SD Total Mean SD  Total ¢ 1V, fixed, 95% CI red o
Dulskas 2015 90 36.72 30 99.36 27.6 30 2.8% —9.36 [-25.80, 7.08] I~
Hayashi 2019 55.1 25.72 23 69.7 32.68 23 2.6% —14.60 [-31.60, 2.40] i
Miiller 2012 60.4 213 40 74 21.6 39 8.5% —13.60 [-23.06, —4.14]
Parnasa 2021 67.48 45.06 30 89.16 48.64 28 1.3% —21.68 [-45.86, 2.50] i
Piric 2015 80.93 6.892 28 96.2 4.417 30 84.7% —15.27 [-18.27, -12.27] .
Total (95% CI) 151 150 100.0%  —15.03 [-17.79, —12.26] ’
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Heterogeneity: chi’ = 0.86, df = 4 (P = 0.93); I* = 0%

Test for overall effect: Z = 10.66 (P < 0.00001) ~100 —30 0 >0 100

Favours (coffee) Favours (control)

FIGURE 3: Forest plot of the time to first defecation.

95% CI: 0.12, 1.62; P=0.21), with low heterogeneity = 0%). Heterogeneity in the use of laxatives and LOS was elim-
(I* =27%) (Table 2). inated after excluding the study by Piric, and coffee consump-

tion was associated with lower need of laxatives (RR = 0.66;
3.5. Additional Analysis. Sensitivity analysis demonstrated that ~ 95% CI: 0.45, 0.95; P=0.03; I?=0%) and shorter LOS
the primary outcome has no essential changes after excluding ~ (MD = -0.81h; 95% CI: -1.05, -0.58; P < 0.00001; I? = 0%).
one study at a time. The heterogeneity in the time to first flatus In the subgroup analysis, the time to first defecation was
was eliminated after excluding the study by Hasler-Gehrer, but  not significantly different (P = 0.36) between patients treated
the difference between the two groups remained statistically =~ by the fast-tract protocol and standard care protocol for
insignificant (MD = —4.23h; 95% CI: -9.05, 0.58; P=0.08; >  perioperative management (Figure 5).
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Muller 2012 492 213 40 558 30 39 723% —6.60 [~18.10, 4.90]
Parnasa 2021 9289 3661 30 10559 3555 28  27.7% -12.70 [-31.27, 5.87]
Total (95% CI) 70 67  100.0% —8.29 [-18.07, 1.49]
itv: chi = - - 12 =09 I t t t {
I;ete?ogeneltyl.lcf; 'OZ.SE, df IP(I_3 0.58); I = 0% _100 o 0 - 100
est for overall effect: Z = 1.66 (P = 0.10) Favours (coffee) Favours (control)
(b)
Coffee Control Mean difference Mean difference
Study or subgroup Weight
Mean SD Total Mean SD Total 1V, random, 95% CI 1V, random, 95% CI
Hasler-Gehrer 2019 6.16 0.82 56 7 0.45 59 254%  —0.84 [-1.08, —0.60]
Muller 2012 10.8 44 40 113 45 39 242%  —0.50 [-2.46, 1.46]
Parnasa 2021 6.65 2.6 30 697 1.62 28 25.0%  -0.32[-1.43,0.79]
Piric 2015 8607 05804 28 1617 1.045 30 254%  -7.56 [-7.99,-7.13] "
Total (95% CI) 154 156 100.0%  —2.33 [-6.65, 1.99]
Heterogeneity: Tau® = 19.09; chi® = 725.09, df = 3 (P < 0.00001); I* = 100% i t T t !
Test for overall effect: Z = 1.06 (P = 0.29) -100 =50 0 50 100
Favours (coffee) Favours (control)
()
F1GURE 4: Forrest plot of (a) time to first flatus, (b) time to tolerance of solid food, and (c) length of hospital stay.
TABLE 2: Meta-analysis of dichotomous secondary outcomes.
No. of patients No. of events
Outcome No. of trials RR (95% CI I’ (% P
Coftee Control Coftee Control ( ) (%)
Use of laxatives 3421 2 124 128 42 57 0.76 (0.56, 1.04) 28 0.08
Reinsertion of nasogastric tube 513 14, 22-24 184 186 13 15 0.87 (0.44, 1.72) 0 0.68
Need of reoperation 3421 23 98 2 5 0.40 (0.08, 1.99) 0 0.26
Postoperative complications 513 14, 21,22, 24 177 181 34 40 0.87 (0.58, 1.31) 11 0.52
Anastomotic fistula 2! 22 96 3 7 0.43 (0.12, 1.62) 27 0.21

Meta-analysis of dichotomous secondary outcomes among trials with risk ratios (RR), 95% confidence intervals (CI), and heterogeneity (I?).

4. Discussion

POI is a major clinical and economic complication of colo-
rectal surgery. Although POI is usually self-resolving, con-
siderable efforts have been made to minimize the duration
of POI due to its negative impact on patients. However, opti-
mal treatments to prevent POI remain limited. This meta-
analysis demonstrated a small effect of coffee in shortening
POI after colorectal surgery. The pooled results revealed that
postoperative coffee consumption shortened the time to first
defecation. Additionally, there was no statistically significant
difference in the time to first flatus, time to tolerance for

solid food, LOS, use of laxatives, and reinsertion of nasogas-
tric tube between the two groups. In the included trials, there
were no adverse events associated with coffee. Meanwhile,
there was no statistical difference in the need for reopera-
tion, postoperative complications, and anastomotic leak
between the two groups. Given the normal amount of coffee
consumed and its safety, there should be no great concern.

The colonic motor activity is accelerated in 4 min after
coffee consumption, while drinking water has no similar
effect [12]. Rao et al. found that caffeinated coffee stimulates
colon motility to an extent comparable to that of high-
calorie foods [25]. Although the physiologic effects of coffee
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FIGURE 5: Subgroup analysis of the time to first defecation by type of perioperative management protocol.

have been extensively studied, information on its effect on
the bowel is not fully understood. While the most likely
stimulant is caffeine, decaffeinated coffee stimulates bowel
peristalsis in a previous study [25]. Parnasa et al. reported
that caffeine significantly reduced the time to the first post-
operative bowel movement when other chemical compo-
nents were excluded [23]. Several mechanisms have been
proposed: caffeine promotes postoperative gastrointestinal
recovery through vasodilation [26, 27], improvement of
POI by vagus nerve stimulation [28, 29], promoting the
release of gastrin, which may cause the need for defecation
shortly after ingestion [30]. Researchers believe that this lax-
ative effect is caused by not only caffeine. Dulskas et al.
showed that decaffeinated coffee was more effective in short-
ening the time to first bowel movement compared to caffein-
ated coffee, suggesting that a new active ingredient may have
been formed during decaffeination [13]. Some theories sug-
gest that the stimulant effect on the colon may be caused
by other active substances, such as chlorogenic acid [31].
Chlorogenic acid can inhibit the formation of edema, lead-
ing to pain and improvement of pain after inflammatory
reactions through anti-inflammatory effects [32, 33]. Piric
et al. reported that C-reactive protein was significantly lower
in the coffee-consuming group than in the control group on
the third postoperative day, and there was a positive correla-
tion between CRP level and the time to first defecation [21].
The abovementioned effects of coffee combined with effec-
tive postoperative analgesia can be beneficial to patient
mobilization; thus, reducing the possibility of postoperative
intestinal paralysis.

Our study found that coffee consumption only short-
ened the time to first defecation but had no effect on some
other outcomes. First, although some of the results were
not statistically significant, the results suggested that coffee
consumption was more likely to reduce the need for laxa-
tives and time to tolerance for solid food. One important
reason for this result is that the vast majority of patients

underwent laparoscopic surgery. Laparoscopic colorectal
surgery has been extensively studied and has consistently
improved many outcomes compared to laparotomy in
recent years [34]. The use of drugs to control postoperative
pain, as well as prolonged visceral manipulation and envi-
ronmental exposure, resulted in longer POI after open sur-
gery compared to laparoscopic colorectal surgery [35, 36].
Second, postoperative management in the included studies
followed the principles of fast-track surgery. Multimodal
fast track rehabilitation has been widely used in colorectal
surgery, and all these measures have shown good results,
such as reduced hospital stays and improved patient com-
fort [37, 38]. There was no difference in the time to first
defecation between the patients treated by the fast-track
protocol and those treated by standard care in the sub-
group analysis. However, due to the small number of stud-
ies included, caution is necessary while interpreting the
results. Third, whether the amount of coffee is sufficient
enough to have an effect. In previous studies, patients con-
sumed 240-280ml of coffee at a time [25, 39]. Fourth,
some uncontrolled and unmeasurable confounding factors
might produce heterogeneity among studies, such as post-
operative ambulation and opioid treatment.

The sensitivity analysis revealed that the heterogeneity was
introduced by the inclusion of studies by Hasler-Gehrer and
Piric alone. For example, tea was considered a control sub-
stance in both of these studies. The investigators had hypoth-
esized that tea would accelerate the gastrointestinal transit
through some ingredients, such as theophylline and thearubi-
gin [40, 41]. To make the two groups comparable, caffeine-
containing tea was excluded in Hasler-Gehrer’s study. Impor-
tantly, Hasler-Gehrer reported a relatively high proportion of
violation of coffee consumption in the control group. Mean-
while, Piric reported that coffee or water was provided on
the second postoperative day after the nasogastric tube was
removed and a fluid diet was started on the third postoperative
day, which would delay the patient’s food intake considerably.



Moreover, some investigators reported that avoiding nasogas-
tric tubes and early oral feeding can lead to earlier recovery of
bowel function [42, 43]. Lastly, Piric also disclosed that rates of
manual anastomosis and right hemicolectomy were signifi-
cantly higher in the control group. These factors may have
influenced the observed results.

There are some barriers to the implementation in prac-
tice of the studies, such as compliance with the study proto-
col and coffee standardization. Although patients with
expected compliance deficits were excluded during the
screening phase of the study, there was still a lack of compli-
ance, such as oft-protocol coffee consumption in the control
group and refusion of coffee consumption in the coffee
group. Hasler-Gehrer et al. reported more compliance by
patients in the control group compared with coffee group
at two time-points, which may indicate a stronger effect of
coffee [22]. Coffee preparation also varied between studies,
including the use of coffee capsules, instant coffee, and caf-
feine citrate. To reduce heterogeneity, our study included
caffeinated coffee-consuming patients in the study by Duls-
kas. Likewise, the time to first defecation was stable after
the study by Parnasa was excluded (MD =-14.94h; 95%
CI: -17.72, -12.16; P < 0.00001; I> = 0%), in which caffeine
citrate was used as an intervention substance. Future studies
need to standardize coffee preparation to better evaluate the
reliability of the results.

A clear definition of POI is currently lacking [44]; most
included studies reported the time to first bowel movement
as the time from the end of the operation to the first bowel
movement in the present review, which may be affected by
unblinded outcome assessors. In a study by Hayashi et al,,
patients took a radioopaque marker capsule orally in the
morning of surgery, and radiographs were obtained daily
[24]. The average number of evacuated markers 26h after
administration and the average number of markers that
passed through the small intestine 6h after administration
were significantly higher after coffee consumption compared
with water. Therefore, more objective methods are needed to
evaluate the efficacy of coffee consumption on the recovery
of gastrointestinal function after surgery.

Our review has some limitations. First of all, the sample
size was small crossed the trials. Future larger multicenter
studies are needed to conduct subgroup analyses of different
patient characteristics and surgical approaches. Second, the
dose-response relationship was unable to assess between the
coffee dosage and outcome, and the standardized coffee is
needed to determine the optimal dosage of coftee. Third, we
could not perform a subgroup analysis of caffeinated and
decaffeinated coffee. More studies are needed to investigate
the chemical components of coffee that are beneficial for
improving gastrointestinal function. Fourth, there was consid-
erable heterogeneity between different studies. For instance,
factors including perioperative management, control sub-
stance, and coffee preparation methods varied among studies.
Future studies need more harmonization to the possible extent
to assess the effect of coffee more accurately. Finally, our
results may not be applicable to all people, as the chemical
compounds in coffee may vary according to region, type of
bean, brewing, and roasting method.

Gastroenterology Research and Practice

5. Conclusion

Coffee consumption after elective colorectal surgery is inex-
pensive and safe. Although the mechanism of action of cof-
fee is not fully understood, the available studies suggest that
coffee consumption is associated with shortened time to first
defecation and may reflect a shorter recovery time of bowel
motility. Nevertheless, a large-sample, multicenter, tightly
controlled randomized clinical trial is needed to offer a more
accurate evaluation of the efficacy of coffee in patients
undergoing elective colorectal surgery.
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