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Resection of the Large Bowel Suppresses Hunger and Food 
Intake and Modulates Gastrointestinal Fermentation
Priyadarshika Hettiarachchi', A. Rajitha Wickremasinghe2. Gary S. Frost*, Kemal I. Deen4, Ajith A. Pathirana5,
Kevin G. Murphy6, and SriLal D. Jayaratne7

Objective: To a s se s s  appetite and gut hormone levels in patients following partial (PR) or total resection 

(TR) of the large bowel.

Methods: A  com parative c ro ss  sectional study w as carried out with healthy controls (n =  99) and patients 

w ho had undergone P R  (n =  64) or T R  (n =  12) of the large bowel. Participants consum ed  a standard (720 j

kcal) breakfast meal at 0830 (f =  0) h followed by lactulose (15 g) and a  buffet lunch (f =  210 min). Partici

pants rated the subjective feelings of hunger at f =  -3 0 ,  0, 30, 60, 120, and 180 min. Breath hydrogen ;

(BH) concentrations were a lso  evaluated. In a  m atched subset (11 controls, 11 P R  and 9 T R  patients) 

P Y Y  and GLP-1 concentrations were m easured following breakfast. The primary outcom e m easure w as  

appetite, a s  m easured using visual analogue sca le s  and the buffet lunch. The secondary outcom e w as  

BH  concentrations following a test meal.

Results: P R  and T R  participants had lower hunger and energy intake at the buffet lunch meal com pared  

to controls. P R  subjects had higher B H  concentrations com pared to controls and T R  subjects. B H  levels 

correlated with circulating GLP-1  levels at specific time points.

Conclusions: P R  or T R  of the large bowel reduced feelings of hunger and energy intake, and P R  

increased gastrointestinal fermentation.

Obesity (2016) 24, 1723-1730. doi:10.1002/oby.21550

Introduction
Obesity is a major international health issue (1). Understanding how 
food intake is regulated is important to facilitate dietary, pharmacolog
ical, and behavioral interventions to reduce weight gain or promote 
weight loss. Appetite is regulated by a complex system of central neu
ronal circuits which modulates energy homeostasis in response to neu
ral and endocrine signals from the peripheiy (2). Specific hormones 
released from the gastrointestinal tract are known to play a role in 
appetite regulation (3). The peptide hormones peptide YY (PYY) and 
glucagon-like peptide-1 (GLP-1) are released from the L cells of the 
gastrointestinal tract following a meal and are thought to act as signals 
of satiety and satiation (4). The density of L cells increases distally in 
the gastrointestinal tract, with increased density in the ileum compared 
to the proximal small intestine, and the largest concentration is found 
in the large bowel (5). The L cell expresses a large number of G pro
tein coupled nutrient receptors, and studies have suggested that spe
cific macronutrients can modulate the release of PYY and GLP-1

(6,7). Animal and human studies have suggested a causal relationship 
between products of fermentation in the gut and circulating gut hor
mone levels. Gut micro-organisms are thought to ferment complex car
bohydrates entering the colon to generate short chain fatty acids 
(SCFA), which can stimulate PYY and GLP-1 release (8,9).

The postprandial signaling that stimulates the release of anorectic 
gut hormones is complex. PYY and GLP-1 are released within 30 
min of consuming a meal, before nutrients reach the regions of the 
gut with the highest levels of PYY and GLP-1 expression. Hormonal 
or neuronal factors may signal from the upper gastrointestinal tract 
to L cells lower down the gut to stimulate the release of GLP-1 and 
PYY. It is also possible that the low levels of GLP-1 present in the 
upper intestine are the source of the early postprandial increase in 
circulating GLP-1 levels (10).

Understanding how L cell function is regulated may allow such sys
tems to be exploited to prevent or treat obesity. Investigating
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appetite and gut hormone release in patients who have had portions 
of their gastrointestinal tract removed may provide useful informa
tion regarding the factors regulating hunger and satiety and the 
source of circulating gut hormones. We hypothesized that appetite, 
gut fermentation, and gut hormone levels would be altered in 
patients who had undergone partial or total removal of the large 
bowel compared to healthy controls.

Methods
Ethical approval was obtained from the Ethical Review Committee 
of the Faculty of Medical Sciences, University of Sri Jayewardene- 
pura, Sri Lanka (Application No: A 128). All volunteers gave written 
informed consent.

Subjects
Ninety-nine healthy controls (55 male, 44 female) and 76 subjects 
(36 male, 40 female) who had undergone large bowel resection were 
recruited from surgical units of the Colombo North Teaching Hospi
tals and the Colombo South Teaching Hospital in Sri Lanka. Those 
with a history of intestinal surgery or disorders of the intestinal tract 
(colitis, irritable bowel) were excluded from being controls. Subjects 
who underwent surgery for large bowel cancer were free of cancer 
based on clinical (normal performance status according to WHO cri
teria), biochemical (basic blood parameters, stools for occult blood, 
carcinoembryonic antigen within normal limits), and radiological 
assessment (chest X-ray, US scan abdomen and colonoscopy nor
mal) at the time of recruitment to the study (11). Those with chronic 
illness (e.g., diabetes mellitus, Parkinson’s disease), those who had 
undergone irradiation, and subjects on long-term medication since 
resection were excluded from the study (12,13). Those who had 
undergone large bowel resection were classed as either partial resec
tion (PR) (64 subjects, 33 males, 31 females) for those who had 
undergone subtotal/hemi-colectomy, abdominoperineal resection 
(APR), low anterior resection (LAR), high anterior resection (HAR), 
or anterior resection (AR) or as total resection (TR) (12 subjects, 3 
males, 9 females) for those who had undergone TR of the large 
bowel, including both the colon and the rectum.

Study  protocol
Subjects who had undergone large bowel resection attended the 
skills laboratories of the professorial surgical units at the Colombo 
South Teaching Hospital and the Colombo North Teaching Hospital. 
Controls attended the Department of Physiology, University of Sri 
Jayewardenepura.

The study commenced at 0800 h following a 10-h overnight fast, 
during which only water was permitted to be consumed. Subjects 
were asked to refrain from smoking, alcohol consumption, and exer
cise during the preceding 24 h. On arrival, a cannula was placed in 
a subset of 31 participants’ forearms to allow blood samples to be 
taken.

M eal test
All participants consumed a standard 720 kcal breakfast meal con
taining 50 g fat, 50 g carbohydrate, and 32.9 g protein and consist
ing of bread (70 g), butter (30 g), and curry and a cup of tea with

12 g sugar without milk at 0830 h. Lactulose (15 g) was given 
immediately after the standard breakfast. At 210 min after breakfast, 
all participants were given a buffet lunch in excess. Lunch com
prised rice, lentils, tuna fish, eggplant, and a salad, while dessert 
was a standard 80 g cup of vanilla ice cream. All participants were 
asked to eat until they were comfortably .full. Each component of 
the lunch meal was weighed before and after eating and the energy 
intake calculated using the diet plan 5 (dietary analysis Software- 
Forestfield software Ltd., West Sussex, UK) which is based on 
McCance and Widdowson’s composition of food (14). j

Appetite a sse ssm en t
Participants rated subjective feelings of hunger (“How hungry do 
you feel right now?”), pleasantness to eat (“How pleasant would it 
be to eat right now?”), prospective food intake (“How much could 
you eat right now?”), fullness (“How full do you feel right now?”), 
and sickness (“How sick do you feel right now?”) using 100 mm 
horizontal visual analogue scales (VAS) at —30, 60, 120, and 180 
min following the breakfast (15). They were also asked to rate the 
tastiness, pleasantness, and palatability of the breakfast immediately 
after they had finished it.

Breath hydrogen
Breath hydrogen (BH) concentrations were evaluated as a measure 
of colonic fermentation before breakfast (—30 min) and at 60-min 
intervals up to 180 min after breakfast, using a portable BH monitor 
(Bedfont EC60 Gastrolizer BSEN 1SO9001, Rochester, Kent, UK) 
with a sensor sensitivity of 1 ppm (parts per million). A BH concen
tration of more than 10 ppm was considered a positive result (16).

Gut horm one analysis
Plasma PYY and GLP-1 concentrations were measured at —30,60, 120, 
and 180 min after breakfast in a subset of 31 age-, sex-, and body mass 
index (BM1) -matched subjects (11 controls, 11 PR, 9 TR) using in- 
house radioimmunoassay (17,18). The detection limit for PYY wias 10 
pmol/1 and the intra- and inter-assay variation was 6.0% and 9.5%, 
respectively. The detection limit for GLP-1 was 2 pmol/1 and the intra- 
and inter-assay variation was 8.7% and 8.0%, respectively.

Statistical analysis
Variables of control, PR, and TR participants were compared using 
regression analysis followed by p o s t  h o c  analysis using the Dun- 
nett’s test. Hunger, pleasantness to eat, prospective food intake, full
ness, sickness, PYY and GLP-1 concentrations, BH concentration, 
and changes in hunger levels compared to —30 min (baseline) 
between groups at different time points were compared by regres
sion analysis followed by p o s t  h o c  analysis using the Dunnett’s test. 
Pearson correlation coefficients were used to assess associations 
between other parameters, PYY and GLP-1 concentrations^ and 
incremental area under the curve (IAUC) for the PYY and GLP-1 
responses. Tastiness, pleasantness, and palatability of the bretikfast 
were assessed immediately after breakfast and lunch. Ail analyses 
were performed using SPSS software (version 16). Significance was 
assigned to a P  value of <0.05.
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TABLE 1 Characteristics of the subjects by type of surgery

HC
(male n =  55, female n = 44)

PR subjects
(male n = 33, female n  = 31)

TR subjects
(male n = 3, female n = 9)

Mean age ± SD (years) 
Male 42.1 ± 1 2 .7 59.2 ± 1 2 .6 ''38.7 ±  17.2

Female 48.3 ± 1 2 .8 54.7 ± 1 3 .5 40.0 ± 1 1 .0 2  ;
Mean BMI ± SD (kg/m2)

Male 21.7 ± 4 .0 22.4 ±  2.9 24.2 ±  0.6 !
Female 22.8 ±  3.8 22.8 ±  4.2 20.3 ±  2.4 I

Sub-cohort of subjects and controls in whom gut hormones were assayed
Control PR subjects TR subjects

(male n =  3, female n = 8) (male n = 1, female n = 10) (male n = 3, female n = 6)

Mean age ± SD (years)
Male 41.7 ± 1 7 .7 49.8 38.7 ± 1 7 .2  ;
Female 41.9 ± 1 1 40.5 ± 1 3 .0 40.2 ± 1 3 .4

Mean BMI ± SD (kg/m2)
Male 26.9 ±  4.0 25.0 24.2 ±  0.6

Female 23.2 ±  4.5 21.9 ± 4 .4 20.2 ±  2.1

HC, healthy controls; PR, patients who had undergone partial resection of the large bowel; TR, patients who had undergone total resection of the large bowel; SD,'Stand
ard deviation.

Obesity

Results
Dem ograph ic and anthropometric a sse ssm e n t
The age and BMI of the three participant groups are shown in Table 
1. There were no significant differences in age or BMI between any 
of the groups examined. The type of surgical procedure, diagnosis, 
and the average time since surgery when investigated for the PR 
and TR groups are shown in Table 2.

Visual analogue a sse ssm e n t of appetite
The subjective feeling of hunger was significantly lower (P  < 0.05) in 
PR subjects at baseline (time point -3 0  min), and in both PR 
(P  — 0.001) and in TR (P  <  0.05) subjects at 180 min, compared to

controls (Figure 1A). There were no significant differences between 
the groups regarding the change from baseline (—30 min) in the sub
jective feeling of hunger ratings following the breakfast (Figure I B).

There was a significant reduction in the estimate of prospective, food 
intake in PR subjects (P  < 0.05) at 60 min and in PR (P  =  0.001) 
and TR (P  <  0.05) subjects at 180 min (Figure 1C). There were no 
significant differences between the groups regarding the change 
from baseline (—30 min) in the estimate of prospective food intake 
following the breakfast (Figure ID).

PR {P  =  0.016) and TR subjects (P  = 0.031) had a significantly 
lower feeling of pleasantness to eat at 180 min (Figure IE). There 
were no significant differences between the groups regarding the

TABLE 2 Surgical procedure, diagnosis, and average time since surgery in subjects who underwent partial resection (PR) or 
total resection (TR) of the large bowel

Average time (years) since 
surgery to date of investigation 

(approximate length of the bowel
Type of the surgical procedure Diagnosis segment removed)

Anterior resection3 (n = 26) Carcinoma rectum 2.6 (15-20 cm)

Abdominoperineal resection3 (n =  11) Carcinoma rectum 2.7 (15-20 cm)

Hemi-colectomy3 (n= 13) Carcinoma colon 3.0 (35-50 cm)

Sigmoid colectomy3 (n =  7) Sigmoid colon carcinoma 1.8 (30-40 cm)

Subtotal colectomy3 (n = 5 ) Carcinoma colon 2.8 (135 cm)

Hartmans surgery3 (n = 2) Carcinoma rectum 4.0 (20 cm)

Proctocolectomy6 (n =  12) Familial adenomatous polyposis 2.8 (150 cm)

“Referred to as PR subjects. 
bReferred to as TR subjects.
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Figure 1 Subjective feelings of hunger, shown as (A) absolute values and (B) change from baseline, prospective amount of food intake, shown as (C): 
absolute values and (D) change from baseline, and pleasantness to eat, shown as (E) absolute values and (F) change from baseline, measured byl 
100 mm horizontal visual analogue scale in healthy controls (HC, n =  99), those who had undergone subtotal/hemi-colectomy, abdominoperineal resec
tion, low anterior resection, high anterior resection, or anterior resection (PR, n  =  64), and those who had undergone total resection of the large bowel, 
including both colon and the rectum (TR, n =  12). The subjective feelings of hunger ratings were indicated at - 3 0 ,  60, 120, and 180 min following the 
breakfast. *P  <  0.05, **P  <  0.001. PR vs. HC; VP  <  0.05 . TR vs. HC. All data expressed as mean £  SEM. I

change from baseline (—30 min) in the feeling of pleasantness to 
eat following the breakfast (Figure IF).

There was no significant difference in the subjective feelings of full
ness or sickness between control, PR, or TR participants at any time 
point (Table 3). There was a significant reduction in the perception 
of tastiness (P  =  0.001) and pleasantness (P = 0.005) of the break
fast in the PR subjects compared to controls (Figure 2A). However,

there was no significant difference in the perception of taste and pal- 
atability of the buffet meals between groups (Table 4).

Energy intake at a  buffet meal
The energy intake (mean ±  SD (kcal)) at the buffet lunch meal 
was significantly lower in subjects who had undergone PR or TR 
compared to controls (Figure 2B) (controls, 759.719 ±  216.848;
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TABLE 3 Feeling of fullness and sickness measured by the 
visual analogue scale

PR TR
subjects subjects

Time points (min)

HC (n = 98) (n= 64) (n = 12)

Mean SD Mean SD Mean SD

Feeling of sickness (mm)
-30 16.9 8.1 8.8 12.5 18.8 9.9
60 14.9 7.5 15.1 7.6 10.8 6.9
120 12.9 6.3 17.4 7.0 19.8 8.6
180 13.8 6.2 18.3 9.3 21.8 10.1

Feeling of fullness (mm)
-30 17.2 11.3 24.6 17.2 23.8 16.2
60 56.0 28.5 57.1 25.9 51,7 29.7
120 42.0 26.9 45.3 22.0 36.7 32.1
180 30.9 28.4 35.9 25.0 44.2 30.7

HC, healthy controls; PR, patients who had undergone partial resection of the large 
bowel; TR, patients who had undergone total resection of the large bowel; SD, 
standard deviation.

PR, 581.063 +  213.065, PcO.OOl; TR, 529.667 +  151.693, 
P <  0.005).

B H  concentration levels
PR subjects had significantly higher BH levels than those of controls 
and TR subjects at 60 min (P  <  0.05) and at 120 min (P  < 0.05) 
(Table 5). TR subjects had a significantly lower postprandial BH 
level (P  < 0.05) (Table 5).

Gut horm ones
The demographic details of the sub-cohort in which gut hormones 
were measured are presented in Table 1. There was a trend for 
higher postprandial circulating GLP-1 concentrations in TR and par
ticularly in PR subjects, though not statistically significant, and a 
trend for lower PYY levels in the TR subjects (Figure 3A). The 
IAUC for change in PYY levels from baseline was significantly 
higher in TR subjects between —30 and 60 min compared to 
controls (P  <  0.05) (Figure 3B). There was no significant difference 
in the IAUC for GLP-1 concentration between the study groups 
(Figure 3C).
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Figure 2 (A) Tastiness, pleasantness to eat, and payability of breakfast meal 
assessed immediately after the breakfast meal by 100 mm horizontal visual 
analogue scale in healthy controls (HC, n =  99), those who had undergone subto- 
tal/hemi-colectomy, abdominoperineal resection, low anterior resection, high ante
rior resection, or anterior resection (PR, n =  64), and those who had undergone 
total resection of the large bowel, including both colon and the rectum (TR, 
n  =  12). *P < 0 .0 5 , “ P <  0.001 for PR vs. HC. All data expressed as mean ± S E M . 
(B) The energy intake of HC (n =  99) and PR (n =  64) and TR (n =  12) subjects at a 
buffet lunch in excess. ” P < 0 .0 1  for PR vs. HC; ¥P <  0 .05  for TR vs. HC. All data 
expressed as mean ± SEM. [Color figure can be viewed in the online issue, which 
is available at wileyonlinelibrary.com.]

t a b l e  4 Taste, pleasantness, and payability of the buffet 
meal measured on a visual analogue scale (mm)

In PR subjects, hunger levels at 180 min negatively correlated with 
PYY concentrations at —30 min ( r — —0.783, P  =  0.004), at 60 min 
( r=  -0.667, P  =  0.024), and at t20 min ( r =  -0.601, P = 0.050). 
The IAUC for change in GLP-1 levels between —30 and 60 min cor
related with BH concentration levels at —30 min (r  =  0.785, 
P  = 0.004), at 60 min (r  = 0.677, P  =  0.022), and at 180 min 
(r = 0.597, P  =  0.052) in PR subjects.

The BH concentration increase observed coincides with the increase 
in GLP-1 concentration at 60 min and at 120 min, and the fullness 
levels at 60 min correlate with the BH concentrations at 60 min 
(r = 0.715, P  =  0.03), at 120 min (r = 0.83, P  =  0.005), and at 180

PR subjects TR subjects
HC (n = 95) (n =  64) (n = 12)

Mean SD Mean SD Mean SD

Taste (mm) 69.6 27.6 54.9 19.2 67.8 18.1
Pleasantness (mm) 74.0 23.1 71.2 22.5 69.8 25.9
Palatability (mm) 72.4 23.7 72.5 18.1 65.1 23.4

HC, healthy controls; PR, patients who had undergone partial resection of the large 
bowel; TR, patients who had undergone total resection of the large bowel; SD, 
standard deviation.
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TABLE 5 Breath hydrogen (BH) levels and incremental area under the curve (IAUC) at different time points

Time points

HC (n = 92)
PR subjects 

(n = 55)
TR subjects 

(n = 12) P  value

Mean SD Mean SD Mean SD PR subjects TR subjects

Breath hydrogen concentrations (ppm)
-30 8.9 11.3 10.7 17.4 4.7 5.4 0.17 0.35
60 8.1 9.1 10.4 14.4 8.3 9.3 0.05a 0.10 :
120 11.6 13.2 16.1 16.7 6.9 5.9 0.033 017
180 18.0 17.2 18.3 18.9 10.3 11.4 0.51 0.10 i

IAUC of BH concentrations (ppm x  min)
-30 to 60 min 748.1 856.8 971.3 1350.5 497.9 440.6 0.42 0.05a !
60-120 min 631.1 641.0 780.4 811.1 439.5 441.3 0.27 0.06
120-180 min 917.0 858.7 917.0 858.7 513.8 492.9 0.09 0.19 I
Total 2296.2 1982.1 2568.7 2761.70 1451.2 1299.9 0.17 0.04a

HC, healthy controls; PR, patients who had undergone partial resection of the large bowel; TR, patients who had undergone total resection of the large bowel; SD, stand
ard deviation.
“Significantly different compared to controls.

min (r  = 0.742, P  — 0.021) in PR subjects. In PR subjects, the p a y 
ability of the breakfast meal negatively correlated with the GLP-1 
concentration at -3 0  min (r  = —0.669, P  =  0.49).

Discussion
This study examined the effects of colectomy on appetite, energy 
intake, and gut fermentation and investigated the relationship 
between gut fermentation, gut hormone concentrations, and appetite 
in subjects who underwent PR or TR of the large bowel compared 
to healthy controls. Compared to other studies examining appetite in 
such patients (19-21), this study included a relatively large cohort of 
64 PR and 12 TR subjects. The PR and TR participants had signifi
cantly lower subjective feelings of hunger and prospective food 
intake at specific time points and ate less at a buffet lunch meal 
compared to controls. BH levels of PR subjects were significantly 
higher compared to controls and TR subjects at specific time points, 
and the TR subjects had significantly lower postprandial BH 
production.

Reduction or total absence of the large bowel was associated with a 
reduction in food intake. This may be due to the absence of factors 
from the large bowel, or it may reflect changes to other parts of the 
gut such as the small intestine secondary to this loss of large bowel. 
Altered neurohumoral mechanisms may be responsible for the 
altered appetite observed (22-24). It is interesting that there was a 
trend for postprandial GLP-1 levels to be higher in PR and TR sub
jects, but a similar pattern was not observed in PYY levels. The 
upper small intestine expresses more GLP-1 than PYY and has 
numerous cells that express GLP-1 but not PYY (25). The areas of 
the gut responsible for the release of PYY and GLP-1 following a 
meal are unclear, but these studies suggest that the gut is able to 
maintain its release of GLP-1 following the loss of part or the whole 
of the colon. Perhaps the small intestine GLP-1 system is more elas
tic and able to respond to changes in the gut more readily than the

PYY system. The ileum also contains a number of GLP-1 and PYY 
expressing cells, and it may be that the ileum increases its number 
and/or activity of L cells in response to the loss of the colon 
(26,27). This may represent a gut response to, for example, rapid 
small bowel transit following colectomy. Though PYY levels in TR 
subjects showed a trend to be lower than those in controls, it is 
interesting to note that they showed a relatively greater postprandial 
rise. It is possible that changes in PYY levels rather than absolute 
levels are important in appetite regulation; PYY levels and hunger 
ratings showed a negative association in PR subjects. The changes 
in gut hormones observed may be partly responsible for the diffi
culty in weight regain following colectomy. It is also interesting that 
the PR subjects rated the tastiness, pleasantness, and palatability of 
the breakfast as lower than the controls; there was also a trend for 
them to find the buffet meal less tasty, though this did not reach sta
tistical significance". It may be that such effects influence food intake 
in the PR group, though they do not appear to drive the even greater 
reduction in food intake observed in the TR group.

BH is an indicator of bacterial fermentation in the gastrointestinal 
tract. It is interesting to note that although the TR subjects had the 
lowest BH levels, it is still detectable, suggesting some fermentation 
is occurring, presumably in the small intestine. Subjects who had 
undergone PR generally had higher levels of BH than control and 
TR subjects, implying a higher bowel fermentation that may reflect 
the remaining large bowel tissue responding to, and perhaps over
compensating for, the removal of the rest of the large bowel.

In PR subjects the IAUC for GLP-1 concentrations correlated with 
BH excretion at -3 0 , 60, and 180 min. Recent animal and human 
studies have found fermentable food to stimulate the secretion of 
GLP-1 secretion (28-30). It is known that short chain fatty acids 
produced by fermentation of nondigestible carbohydrate in the colon 
can stimulate GLP-1 and PYY release (9). In this study, a standard 
meal containing lactulose was used to increase fermentation, in con
trast to other studies in which a specific fermentable nutrient such 
as oligofructosacharide or beta glucan was used. Further work is
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Time interval (min)

Figure 3 (A) Plasma PYY and GLP-1 concentrations at -30 , 60, 120, and 180 min 
in healthy controls (HC) (n =  11) and partial resection (PR) (n =  11) and total resec
tion (TR) (n =  9) subjects following a test breakfast. All data expressed as mean ±  
SEM. Incremental area under the curve (IAUC) values for changes in plasma (B) 
PYY and (C) GLP-1 concentrations in HC (n =  11) and PR (n =  11) and TR (n =  9) 
subjects following a test breakfast meal. YP <  0.05 for TR vs. HC. All data 
expressed as mean ±  SEM. [Color figure can be viewed in the online issue, which 
is available at wileyonlinelibrary.com.]

required to understand the relationship between fermentation in the 
gut and the release of gut hormones. However, it is interesting to 
speculate that manipulating gastrointestinal fermentation may be 
able to alter appetite in the absence of surgery.

These data suggest that partial or total removal of the colon may 
result in alterations to the gut endocrine system and that partial 
removal may be associated with greater gastrointestinal fermentation 
than in controls. Further work is required to determine the mecha
nisms which mediate the effects of PR or TR of the colon on appe
tite and food intake. O

Acknowledgments
We are grateful to Mrs. Geethani Ratnayaka, enterostomal therapist, 
Department of Surgery, Faculty of Medicine, University of Kela- 
niya, Sri Lanka, for the expert assistance given in sample collection, 
and Dr. Mahendra Perera, consultant oncologist. National Cancer 
Institute, Maharagama, Sri Lanka, for the expert opinion given in 
identifying inclusion and exclusion criteria in cancer patients.

©  2016 The Obesity  Society

References
1. Haidar Y, Cosman B. Obesity epidemiology. Clin Colon R ec ta l Surg  2011:24:205-

210.
2. Blundell J, Lawton C, Hill A. Mechanisms of appetite control and their 

abnormalities in obese patients. H arm  R es  1993;39:72-76.
3. Geiselman P. Control of food intake a physiologically complex motivated 

behavioral system. Endocrinol M etab C lin  1996;25:815-829.
4. Bcglingcr C, Degcn L. Gastrointestinal satiety signals in humans-physiologic roles ! 

for GLP-1 and PYY? Physiol Beha\' 2006:89:460464.
5. Ekblad E, Sundler F. Distribution of pancreatic polypeptide and peptide YY. 

Peptides 2002;23:251-261.
6. Rozengurt N, Wu S, Chen M, Huang C, Stemini C, Rozengurt E. Colocalization of 

the os-subunit of gustducin with PYY and GLP-l in L cells of human colon. : 
G astrointest L iver Physio l 2006;291 :G792-G802.

7. Spreckley E, Murphy KG. The L-cell in nutritional sensing and the regulation of
appetite. F ront N u tr  2015:2:23.

8. Chambers ES, Viardot A, Psichas A, et al. Effects of targeted delivery of 
propionate to the human colon on appetite regulation, body weight maintenance and 
adiposity in overweight adults. G ut 2015;64:1744-1754.

9. Psichas A, Sleeth ML, Murphy KG, et al. The short chain fatty acid propionate 
stimulates GLP-1 and PYY secretion via free fatty acid receptor 2 in rodents. In t J  
Obesity 2014;39:424429.

10. Steinert R, Meyer-Gerspach A, Beglinger C. The role of the stomach in the control 
of appetite and the secretion of satiation peptides. A m  J  P hysiol Endocrinol M etab  
2012;302: E666-E673.

11. Hamilton SR, Aaltonen LA, eds. W orld H ealth  O rganization Classification o f  
Tumours. Pathology a/ui G enetics o f  Tum ours o f  the D igestive System. Lyon, 
France: IARC Press; 2000.

12. Ruo MR, Allis S. Radiotherapy-induced taste impairment. C ancer Treat Rev  2006; 
32:541-547.

13. Shore D, Rafal R, Parkinson J. Appetitive motivational deficits in individuals with 
Parkinson's disease. M ov D isord  2011:26:1887-1892.

14. Agency FS. M cC ance a n d  W iddow son's the Com position o f  Foods. 6th ed.1 
Cambridge: Food Standards Agency, Royal Society of Chemistry; 2002.

15. Flint A, Raben A, Blundell i, Astrup A. Reproducibility, power and validity of 
visual analogue scales in assessment of appetite sensation in single test meal 
studies. In t J  O bes Rela t M etab  D isord  2000:24:3848.

16. Santavirta J. Lactulose hydrogen and [14C] xylose breath tests in subjects with' 
ileoanal anastomosis. Int J  Colorectal D isease 1991:6:208-211.

17. Adrian T, Fern G, Bacarese-Hamilton A. Human distribution and release of a 
putative new gut hormone, peptide YY. G astroenterology 1985;89:1070-1077.

18. Kreymann B, Williams G, Ghatei M, Bloom S. Glucagon-like peptide-1 7-36: a 
physiological incFelin in man. Lancet 1987;2:1300-1304.

19. Hopman W, Mollen R, Kuijpers J, Jansen J. Peptide YY release after colectomy in 
slow transit constipation. Scand J  G astroenterol 2004;39:727-730.

20. Tement C, Thorson A, Blatchford G, et al. Mouth to pouch transit after restorative, 
proctocolectomy: hydrogen breath analysis coirelates with scintigraphy. A m  J  
Gastroenterol 2001;%: 1460-1463.

21. Battum P, Hopman W, Salemans J. Kuijpers JH, Nagengast FM, Bansen J.! 
Impaired release of peptide YY in patients with proctocolectomy and ileal pouch- 
anal anastomosis. D iseases Colon Rectum  1998;41:868-874.

www.obesityjoumal.org Obesity I VOLUME 24 I NUMBER 8 I AUGUST 2016 1729

http://www.obesityjoumal.org


Obesity Colectomy on Appetite Regulation Heuiarachchi e t al

22. Bliarucha A, CamUlcri M. Zinsmeister A, Hanson R. Adrenergic modulation of human 
colonic motor and sensory lunction. A m  J  Physiol 1997;273:G997-1006.

23. Steadman C, Phillips S. Camilleri M, Talley N, Haddad A. Hanson R. Control of 
muscle tone in the human colon. G ut 1992;33:541-546.

24. Camilleri M, Ford M. Colonic sensorimotor physiology in health, and its alteration in 
constipation and diarrhoeal disorders. Alim ent P harm acol Ther 1998; 12:287-302.

25. Svendsen B, Pedersen J, Albechtsen NJ, et al. An analysis of cosecretion and 
coexpression of gut hormones from male rat proximal and distal small intestine. 
E ndocrinology  2014; 156:847-857.

26. Olesen M, Gudmand-Hoyer E. Holst J, Jorgensen S. Importance of colonic bacterial 
fermentation in short bowel patients: small intestinal malabsorption of easily 
digestible carbohydrate. D ig D is Sc i 1999:44:1914-1923.

27. Hallbook Of Adrian T, Permert J, Staab P. Role of peptide YY and cnteroglucagon 
after low anterior resection. Comparison between straight and colonic J-pouch 
anastomosis. D is Colon R ectum  1996:39:1153-1158.

28. Cani P, Dewever C. Delzenne N. Inulin-type fructans modulate gastrointestinal 
peptides involved in appetite regulation (glucagon-like peptide-1 and ghrelin) in 
rats. B r J  N u tr  2004;92:521-526.

29. Delmee E, Cani PD, Gual G, et al. Relation between colonic proglucagon 
expression and metabolic response to oligofructose in high fat diet-fed mice. Life  
Sci 2006;79:1007-1013.

30. Greenway F, O’Neil C, Stewart L, Rood J. Keenan M, Martin R. Fourteen weeks of 
treatment with Viscofiber increased fasting levels of glucagon-like peptide-1 and 
peptide-YY. J  M ed  F ood  2007; 10:720-724.

1730 Obesity I VOLUME 24 I NUMBER 8 I AUGUST 2016 www.obesityjoumal.org

http://www.obesityjoumal.org

