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♦  Background:  Fructo-oligosaccharides (FOS) exhibit 
soluble-fiber properties that beneficially affect bowel 
function and relieve constipation. The effects of FOS supple-
mentation on constipation and biochemical parameters 
were examined in elderly continuous ambulatory peritoneal 
dialysis (CAPD) patients. 
♦  Methods:  This randomized, double-blind, placebo-
controlled, cross-over study was performed in elderly CAPD 
patients (5 males and 4 females) with chronic constipation. 
All subjects were randomly assigned to receive either 20 g FOS 
or placebo daily for 30 days. After a 14-day washout period, 
the patients were switched to the other substance for 1 more 
month. Before and after each treatment period, frequency of 
defecation, characteristics of feces, and colonic transit were 
evaluated. Biochemical parameters were also assessed.
♦  Results:  Fructo-oligosaccharides significantly increased 
the frequency of defecation (10.5 ± 2.0 vs 6.2 ± 1.4 times 
per week, p < 0.005) and changed the feces’ appearance 
from type 1 (nut-like) to type 4 (sausage–like). The colonic 
transit determined by geometric center (GC) was augmented 
after FOS supplementation (3.9 ± 0.3 vs 3.2 ± 0.4, p < 0.05). 
Fructo-oligosaccharides had no effects on biochemical 
parameters. Fructo-oligosaccharides caused mild discom-
forts which were well tolerated after dose adjustment.
♦  Conclusions:  Fructo-oligosaccharide supplementation 
is effective, well tolerated, and can be an alternative to 
other laxatives in CAPD patients with constipation. Further 
studies are needed to better assess the biochemical effects 
of FOS in the chronic kidney disease population.
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Constipation is a common complaint of patients 
undergoing continuous ambulatory peritoneal 

dialysis (CAPD). Based on early reports, it is estimated 
that the prevalence of constipation in CAPD patients 
ranges from 16.0 to 28.9%, especially in the elderly 
(1,2). Although constipation is a more common prob-
lem in hemodialysis patients, peritoneal dialysis (PD) 
patients have worse quality of life once constipation 
occurs. Moreover, constipation in the PD population is 
believed to be a risk factor for developing peritonitis 
as a result of transmural migration of bacteria and rare 
colonic perforation (3–5). A widely accepted recom-
mendation for the initial treatment of constipation 
includes high dietary fiber intake and bulk-forming 
agents such as psyllium (6). In subjects unresponsive 
to fiber, both osmotic and stimulant laxatives are effec-
tive. However, the latter tends to be recommended 
for occasional use as the long-term safety profile is  
unclear (6,7).

Fructo-oligosaccharides (FOS) are oligosaccharides 
that are indigestible and non-absorbable in the small 
intestine but are fermented in the colon by the resident 
microflora (8). Through the process of fermentation, 
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FOS are metabolized to produce short-chain fatty acids 
which acidify the colonic content and selectively stimu-
late the growth of bifidobacteria. The proliferation of 
these colonic bacteria causes an increase in bacteria 
fecal mass and produces a bulky effect. In addition, 
the development of bifidobacteria is detrimental to 
the growth of harmful pathogens, and FOS is therefore 
considered a prebiotic. These beneficial properties help 
modulating bowel functions and improve defecation  
frequency (9–11). 

Several studies have demonstrated that FOS can 
significantly increase defecation frequency and acceler-
ate colonic transit time without significant side effects 
(12–15). Additionally, experimental studies have shown 
that FOS can reduce the levels of glucose, cholesterol, and 
serum urea nitrogen produced by bacterial growth and 
utilization (15). Change in colonic acidity also facilitates 
calcium absorption (9,16). Currently, no data are avail-
able for the use of FOS in CAPD patients with constipation. 
The present study was conducted to examine the effects 
of FOS on constipation and biochemical parameters 
including serum glucose, cholesterol, urea nitrogen, and 
calcium in elderly CAPD patients.

METHODS

PATIENTS

This randomized, double-blind, placebo-controlled 
cross-over study was conducted in CAPD patients 
aged more than 50 years old at King Chulalongkorn 
Memorial Hospital. Inclusion criteria were patients 
who underwent CAPD for more than 6 months and had 
chronic constipation which was defined according to 
the Rome II criteria (17). The experimental protocol 
was approved by the Ethical Committee of Research, 
Faculty of Medicine, Chulalongkorn University. Written 
informed consent was obtained from each patient. A 
4-week washout period was undertaken for patients 
receiving antibiotics or medications that might poten-
tially influence bowel habit. Patients with inadequate 
dialysis, acute and chronic inflammations, hepatobiliary 
diseases, and gastrointestinal diseases were excluded  
from the study. 

EXPERIMENTAL DESIGN 

Each subject was given either FOS (20 g/d) or placebo 
(sucrose) for 30 days, followed by a 14-day washout 
period. Then the subjects were switched to receive the 
other experimental substance for another 30-day period. 
Fructo-oligosaccharides as well as the placebo were 

similarly prepared in a 10-g sachet. The subjects were 
instructed to dissolve each sachet of FOS or placebo in 
approximately 150 – 200 mL of water, stir thoroughly, 
and drink after breakfast and dinner. The frequency of 
defecation was recorded and the characteristics of feces 
were assessed following the Bristol Stool Form Scale 
(18) as follows: type 1, separate hard lumps like nuts, 
hard to pass; type 2, sausage shaped but lumps; type 3, 
like a sausage but with cracks on its surface; type 4, 
like a sausage or snake, smooth, and soft; type 5, soft 
blobs with clear-cut edges, passed easily; type 6, fluffy  
pieces with ragged edges, a mushy stool; type 7, watery, 
no solid pieces, entirely liquid. Standard colonic tran-
sit time was assessed by calculation of a geometric 
center (GC) at baseline and the end of each treatment 
period. In brief, gastrointestinal tract x-rays were per-
formed after 48-h radiopaque marker administration 
(Sitzmark, Konsyl Pharmaceuticals, Maryland, USA). 
The images were reviewed according to the colonic 
regions of interest, which were divided into 5 segments 
as follows: segment 1, the ascending colon; segment 
2, the transverse colon; segment 3, the descending 
colon; segment 4, the rectosigmoid colon; and seg-
ment 5, feces (19). Geometric center referred to the 
median point of the distribution of the radiopaque 
within the colon regions and was calculated from  
the following equation: GC = sum of counts in each  
region × region number/total counts (including counts  
excreted in stool).

ASSESSMENT OF SERUM BIOCHEMICAL PARAMETERS

Three-day food record and serum biochemical param-
eters were examined before and after each treatment 
period. The serum biochemical parameters studied 
included serum glucose, cholesterol, total protein, 
albumin, calcium, phosphorus, sodium, potassium, urea 
nitrogen, and creatinine. 

STATISTICAL ANALYSIS

Descriptive statistics were expressed as mean ± 
standard of error (SEM). Comparisons of all parameters 
measured between before and after supplementation 
of either FOS or placebo were performed by paired 
sample t-test (SPSS for window version 11.5, SPSS 
Inc., Illinois, USA). The values of parameters measured 
after FOS supplementation were compared with those 
after placebo supplementation by cross-over analysis 
using t-test (NCSS97 for window, NCSS Company, Utah, 
USA). The dif ferences were considered signif icant  
at p < 0.05.
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RESULTS

BASELINE CHARACTERISTICS 

Thirteen subjects (8 male and 5 female) were enrolled 
in the study. However, 4 subjects were excluded: 2, 
both assigned to take the placebo, were found later 
not to have stopped taking other laxatives right at the 
beginning of the experimental period, 1 subject was 
switched to hemodialysis shortly after starting placebo, 
and 1 subject died after the crossover while taking FOS 
before outcome could be assessed. The patient who 
died was an elderly patient who was found dead at 
home without prior symptoms. Therefore, 9 subjects 
(5 male and 4 female) completed the study and were 
included in the final statistical analysis. The average 
age of the patients was 71.2 ± 6.5 (55 – 83) years.  
The diseases underlying the end-stage renal dis-
ease were diabetes (n = 5), hypertension (n = 3), 
and unknown (n = 1). The patients underwent CAPD 
for 17.8 ± 3.2 months (6 – 24 months). The drugs 
that were used in the patients and could alter bowel 
habit, including diuretics (100%), calcium channel 
blockers (55.6%), calcium supplements (55.6%), 
and iron (11.1%) were withdrawn at least 1 month  
before starting the experiment. Most of the patients 
(55.6 %) had daily fiber intake about one half of their 
total food intake and all of them drank less than 1,500 
mL of water per day. At both 3 months and 1 month 
before entering the study, the stool characteristic 
of all patients was separate hard lumps, “like nuts” 
(type 1). The patients experienced pain and bleeding  
during defecation.

EFFECTS OF FOS ON CONSTIPATION

The frequency of defecation was signif icantly 
increased after supplementation with FOS for 30 days, 
compared to the placebo and the baseline (10.5 ± 2.0 vs 
6.2 ± 1.4 times per week, p < 0.005) (Figure 1). After FOS 
supplementation, the stool appearance changed from 
type 1 (nut-like) to type 4 (sausage-like, smooth, and 
soft). The patients defecated easily without pain. 

The effect of FOS on colonic transit was evaluated by 
the change of GC after 48 hours of radiopaque marker 
administration. The GC values significantly increased 
after FOS supplementation when compared with the 
baseline (Figure 2), indicating a faster colonic transit 
after FOS supplementation. In contrast, slower colonic 
transit was found as the GC was significantly decreased 
after placebo supplementation when compared with 
the baseline FOS-supplement period. When GC after 

FOS supplementation was compared with that after pla-
cebo, it was found that FOS supplementation resulted in 
increased GC (Figure 2).

Figure 1 — Effect of fructo-oligosaccharide (FOS) supplemen-
tation on the frequency of defecation per week in continuous 
ambulatory peritoneal dialysis (CAPD) patients. FOS = fructo-
oligosaccharides; CAPD = continuous ambulatory peritoneal 
dialysis.

Figure 2 — Effect of fructo-oligosaccharide (FOS) supplemen-
tation on geometric center after 48-hour administration of 
radiopaque markers in CAPD patients. A: Significant differ-
ences in GC between before and after placebo supplementation 
(p < 0.05) using paired sample t-test; B: Significant differences 
in GC between before and after FOS supplementation (p < 0.05) 
using paired sample t-test; C: Significant differences in GC 
after FOS supplementation (p < 0.01), compared with placebo 
using cross-over analysis using t-test. GC = geometric center; 
FOS = fructo-oligosaccharides; CAPD = continuous ambulatory 
peritoneal dialysis.
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(20). The amount and percentages of total calories from 
carbohydrate, protein, and fat were not significantly 
changed throughout the study. The results showed that 
supplementation with FOS significantly increased the 
dietary fiber intake, compared with baseline (p < 0.001) 
and placebo (p < 0.001). 

COMPLIANCE AND ADVERSE EVENTS DURING FOS 
SUPPLEMENTATION

Subjects appropriately consumed both FOS and 
placebo, as compliance was higher than 95 percent. 
Some minor adverse events were reported by the 

EFFECTS OF FOS ON BIOCHEMICAL PARAMETERS

The levels of biochemical parameters measured in 
this study are shown in Table 1. Both FOS and placebo 
treatment had no effects on the levels of all biochemi-
cal parameters. Of note, there was slightly but not 
significantly decreased blood urea nitrogen after FOS 
supplementation (Table 1). 

Average daily dietary nutrient intakes are presented in 
Table 2. At baselines before either treatment, total energy 
and macronutrient intakes were lower than the Kidney 
Disease Outcomes Quality Initiative nutrition work group 
recommended for patients with chronic kidney disease 

TABLE 1  
Levels of Serum Biochemical Parametersa

	 Placebo	 Fructo-oligosaccharides 
	 Parameters	 Before	 After	 Before	 After

Glucose (mg/dL)	 131.9±15.4	 143.4±13.2	 140.7±16.5	 148.8±19.7
Total protein (g/dL)	 6.9±0.2	 7.0±0.3	 6.9±0.1	 7.1±0.3
Albumin (g/dL) 	 3.8±0.1	 3.9±0.2	 3.7±0.1	 3.7±0.1
Total cholesterol (mg/dL)	 193.6±13.3	 186.8±12.9	 185.3±14.2	 182.1±13.2
Triglyceride (mg/dL)	 168.0±30.1	 179.6±34.4	 164.1± 24.5	 149.7±27.6
LDL-cholesterol (mg/dL)	 102.4±13.8	 102.0±12.1	 95.7±11.6	 101.1±14.9
HDL-cholesterol (mg/dL)	 57.4±4.3	 52.2±5.9	 54.9±6.5	 50.9±4.2
Urea nitrogen (mg/dL)	 43.7±4.8	 45.3±4.9	 47.9±4.9	 42.9±5.6
Creatinine (mg/dL) 	 6.5±0.9	 6.8±0.9	 6.7±1.0	 6.6±0.9
Sodium (mEq/L) 	 138.4±1.0	 139.8±0.7	 139.1±1.0	 138.0±1.3
Potassium (mEq/L) 	 4.3±0.2	 4.0± 0.2	 4.2±0.2	 4.2±0.1
Calcium (mg/dL)	 9.1±0.2	 9.2±0.2	 9.3±0.1	 9.3±0.1
Phosphorus (mg/dL) 	 4.1±0.3	 3.7±0.2	 3.8±0.2	 3.9±0.2

LDL = low-density lipoprotein; HDL = high-density lipoprotein; SEM = standard error of the mean. 
a 	Values are expressed as mean ± SEM.

TABLE 2 
Daily Dietary Intakesa 

	 Placebo	 Fructo-oligosaccharides 
	 Parameters	 Before	 After	 Before	 After

Total energy (kcal)	 1,642.0±65.5	 1,649.4±84.7	 1,648.9±58.9	 1,567.3±60.8
CHO (g, %)	 223.4±20.0 (54.3)	 229.3±20.1 (55.1)	 222.6±18.1 (54.0)	 211.4±17.4 (53.7)
Protein (g, %)	 70.8±2.7 (17.2)	 71.9±3.2 (17.3)	 73.7±3.7 (17.7)	 68.0±2.1 (17.2)
Fat (g, %)	 52.1±4.3 (28.4)	 50.4±4.1 (27.5)	 51.7±3.5 (28.2)	 50.6±4.4 (29.0)
Fiber (g)	 5.4±1.1	 4.2±0.8	 5.4±0.9	 22.3±0.5b

Water (mL) 	 687.4±61.0	 719.1±63.7	 715.2±62.5	 713.0±56.4

CHO = carbohydrate; SEM = standard error of the mean; FOS = fructo-oligosaccharides. 
a	Values are expressed as mean ± SEM (the values after supplementations include the amount of nutrients provided by FOS and 

placebo).
b 	Significant difference after FOS supplementation, compared with before FOS supplementation and after placebo supplementa-

tion (p < 0.001).
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patients during the first few days after starting FOS 
supplementation. Three patients experienced mild 
flatulence and abdominal discomfort which required a 
dose reduction to 10 g/day for the first 2 – 3 days. The 
dose was successfully increased to 20 g/day without 
any complaints. No significant differences in urine 
volume, residual renal function, peritoneal function 
assessed by peritoneal equilibrium test, and small-solute 
adequacy were found during the periods of placebo and  
FOS supplementation.

DISCUSSION

The results in the present study showed that the fre-
quency of defecation was significantly enhanced, the 
stool was softer and easily passed, and the colonic transit 
was faster, after FOS supplementation. These findings in 
elderly CAPD patients were in agreement with previous 
studies in the elderly without renal diseases (12,15). The 
effect of FOS in ameliorating constipation is believed to 
be due to their prebiotic properties. This trial showed for 
the first time that administration of FOS can successfully 
improve constipation in a CAPD population.

Like other non-absorbed carbohydrates that yield gas 
during the process of fermentation, supplementation of 
FOS could result in gastrointestinal tract–related adverse 
effects, including flatulence, bloating, and gastric 
discomfort. The severity of these effects appeared to 
be dose-dependent (8). In accordance with previous 
studies (20,21), FOS was well-tolerated with only mild 
gastrointestinal adverse effects reported in our study. 
However, we could not completely exclude the role of 
FOS as a cause of death in 1 subject. Given that there 
have been no serious adverse events reported with the 
use of FOS in the literature, and the death occurred in 
an elderly end-stage renal disease patient with no prior 
alarming symptoms, FOS related-death appears highly 
unlikely but could not be entirely excluded. 

Lactulose, which is also an indigestible sugar and acts 
as an osmotic laxative, is hydrolyzed by a wide variety 
of colonic bacteria and produces more side effects than 
FOS (22). Another commonly used osmotic laxative in 
chronic kidney disease patients is polyethylene gly-
col, which is an inert polymer and is better tolerated 
than lactulose (23). This agent comes as a powder that 
needs to be mixed with water before it is used, whereas 
FOS is considered as a dietary supplement that can be 
incorporated into ordinary diet (15). This may be ben-
eficial in patients with poor compliance or who require  
fluid restriction. 

Non-digestible oligosaccharides are often cited as 
being important supplemental dietary fibers in the 

treatment and prevention of metabolic syndrome (24). 
The role of FOS in reducing plasma glucose and cho-
lesterol has been studied widely; however, the results 
remain inconclusive (15,25). Short-chain fatty acids, 
mainly acetate and propionate, are produced and 
absorbed during the process of colonic fermentation. 
These short-chain fatty acids can reduce plasma-free 
fatty acids which might theoretically lower blood sugar 
and increase insulin sensitivity (26). The mechanism 
by which FOS reduces cholesterol levels remains to be 
investigated. It is proposed that FOS may increase fecal 
cholesterol excretion by stimulating bacterial growth, 
which in turn decreases the blood cholesterol level 
(15,27). In our study, FOS failed to show hypoglycemic 
and hypocholesterolemic effects as these parameters did 
not change throughout the study. The present findings 
supported the study of Alles et al. (28). They also found 
no reduction in abnormal high levels of glucose and lipid 
levels after FOS supplementation (15 g/d for 20 days). 
Using the same amount and duration of FOS supplemen-
tation (20 g/d for 4 weeks), the present results were 
in accordance with those found by Luo et al. in type 2 
diabetic patients (26,29). 

A significant decrease in serum urea nitrogen was 
observed in a study conducted among elderly people with 
normal renal function (15). Many other studies regarding 
FOS and nitrogen metabolism were extensively conducted 
on both normal renal function and renal-failure animal 
models (30,31). Colonic microflora is likely the cause of 
increased serum urea utilization, which in turn increases 
the fecal excretion of nitrogen waste (32). Interestingly, 
a decrease in serum urea nitrogen in our study was also 
observed after FOS supplementation. However, the 
difference was not statistically significant which was 
probably due to small sample size. Nonetheless, this 
finding is promising as it would imply that FOS may have 
a role in the management of chronic kidney disease by 
reducing serum urea nitrogen. Another physiologic 
benefit of the consumption of FOS is increased bioavail-
ability of calcium. Short-chain fatty acids produced 
during fermentation decrease intestinal pH thereby 
increasing calcium solubility and absorption in the distal 
colon (33). This physiologic change has been confirmed 
by a few human trials (16,34,35). However, there were 
no significant changes in serum calcium level in the  
present study. 

There were certain limitations in the present study 
including small sample size and short duration of treat-
ment and follow-up. These limitations might be the main 
reasons why we did not find any significant changes in 
biochemical parameters. Long-term safety and efficacy 
were not evaluated in this study. 
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CONCLUSIONS

Supplementation of FOS at the level of 20 g/d for 30 
days could significantly increase bowel frequency, soften 
stool, and accelerate colonic transit time in patients with 
CAPD. Fructo-oligosaccharides are well tolerated with 
only mild adverse events such as bloating and flatulence. 
Unlike other laxatives, FOS can be easily incorporated 
into an ordinary diet as a food ingredient. Moreover, 
FOS show a promising role in the reduction of serum urea 
nitrogen in CAPD patients. Further studies are needed 
to better assess the biochemical effects and long-term 
efficacy of FOS. In the present study, we have proven that 
FOS supplementation is effective, well tolerated, and 
can be an alternative to other laxatives in CAPD patients 
with constipation. 
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