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ABSTRACT
Objective: Alterations of gut microbiota composition or function may participate in the
pathophysiology of several diseases. We aimed to explore the effect of chronic alcohol
overconsumption on gut microbial metabolism, as assessed by evaluating 13C-D-xylose
breath test results.
Materials and methods: We investigated all 13C-D-xylose breath tests performed at
Lovisenberg Diaconal Hospital during the years 2005 to 2011, using patient files for diagnos-
ing the patients into one of three patient categories: alcohol overconsumption, coeliac
disease and functional bowel disorder. In addition, a group of healthy controls was included.
The time curves of 13CO2 excretion in breath samples were divided into two phases, evaluat-
ing small intestinal absorption (0–60 min) and colonic microbial metabolism (90–240 min),
respectively.
Results: A total of 719 patients underwent 13C-D-xylose breath testing during the inclusion
period. Thirty-five had a history of alcohol overconsumption, 66 had coeliac disease, and 216
had a functional bowel disorder, while 44 healthy controls were included for comparison. The
alcohol overconsumption group had similar small intestinal phase results as the group of
patients with untreated coeliac disease. During the colonic phase, the group of patients with
alcohol overconsumption differed from all the other groups in terms of 13C-xylose recovery,
with significantly less 13CO2 excretion compared to the other groups.
Conclusion: The results suggest that patients with a history of alcohol overconsumption
suffer from both small intestinal malabsorption and impaired colonic microbial metabolism.
The role of gut microbiota in chronic alcohol overconsumption should be investigated
further.
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Introduction

Alcohol exerts several harmful effects on the gastro-
intestinal tract and associated glands.[1–3] During
recent years, alterations of the gut microbiota and
subsequent damage to hepatocytes have emerged as
an important pathophysiological mechanism by
which alcohol may contribute to hepatic cirrhosis
and liver failure.[4] In particular, leakage of
immuno-active endotoxins from the gut into the
blood may be involved. A similar mechanism has
recently been proposed as an explanation for the
high incidence of anxiety and depression seen
among patients with elevated alcohol consumption,
and as a mechanism of alcohol craving following
periods of detoxification.[5] Thus, investigation of
the microbiota seems to be a rational approach for
examining how alcohol affects the body.

The gut microbiota can be evaluated either by
assessing its composition or by measuring its

functions. The term microflora-associated character-
istic (MAC) has been introduced to designate the
latter approach, being defined as ‘the recording of
any anatomical structure or physiological, biochem-
ical, or immunological function in a macro-organism,
which has been influenced by the microflora in either
an anabolic or catabolic way’.[6] In the present study,
we aimed to explore the effect of chronic alcohol
overconsumption on gut microbiota function by
assessing metabolism of xylose as a MAC, using
13C-D-xylose breath testing.

The D-xylose breath test has previously been used
extensively as a tool to diagnose small intestinal bac-
terial overgrowth (SIBO), taking advantage of the
microbial ability to metabolize D-xylose.[7]
Furthermore, D-xylose is a pentose, of which around
70% of the ingested amount is passively absorbed in
the small intestine. Thereafter, absorbed D-xylose is
either metabolized by the liver into threitol and car-
bon dioxide, excreted in the urine, or excreted
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unchanged into the bile.[8–10] Using an isotope of
carbon to mark the D-xylose, the amount of exhaled
XCO2 might be used as an expression of the effective
absorption area of the small intestine, and thus be
useful in diagnosing malabsorption. During later
years, the 13C-D-xylose breath test has replaced the
previously used 14C-D-xylose breath test for this pur-
pose,[11] due to 14C being a radioactive isotope.
Previous studies, applying administration of the 14C-
isotope in patients with chronic alcohol overcon-
sumption, have concluded that alcohol may cause
malabsorption comparable to patients with untreated
coeliac disease.[12] The gut microbiota is mainly
located within the colon. As microbial metabolism
of 13C-D-xylose produces 13CO2 in a similar manner
as via hepatic metabolism,[13] and the test duration
is 240 min, the 13CO2 excretion increases from the
point when the test meal reaches the caecum. Hence,
the 13C-D-xylose breath test may also be used as an
instrument to investigate the gut microbial metabo-
lism, during the colonic phase. In the present study, a
consecutive material of 13C-D-xylose breath tests per-
formed during the period 2005–2011 at Lovisenberg
Diaconal Hospital was reviewed in order to explore
whether chronic alcohol overconsumption may alter
metabolism of D-xylose during the colonic phase, as a
measure of gut microbial function.

Materials and methods

Study participants

Consecutive patients referred to 13C-D-xylose breath
testing at Lovisenberg Diaconal Hospital (Oslo,
Norway) during the years 2005–2011 were included.
They were diagnosed based on clinical information
from the referring doctor and the patients’ hospital file
(including available blood chemistry results, biopsy
reports and radiological examinations), by an experi-
enced gastroenterologist, into the following groups:
alcohol overconsumption, coeliac disease or patient
controls. Patients with alcohol overconsumption were
included based on confirmed anamnestic information
regarding alcohol overconsumption, in amounts corre-
sponding to several units per day for several years. In
addition, these patients had blood samples showing one
or more of the following: macrocytic anaemia (haemo-
globin <11.7 g/100 ml in women or <13.4 g/100 ml in
men; MCV>98 fl), thrombocytopenia (<145 x 109 l–1),
low sodium levels (<137 mmol l–1), elevated γGT levels
(>45 U l–1), and elevated AST/ALT-ratio (>2 with ele-
vated AST >35 U l–1). Regarding coeliac disease, the
diagnosis was confirmed by duodenal biopsies. The
patient control group consisted of patients who were
diagnosed as having a functional bowel disorder,mainly
irritable bowel syndrome (IBS). All patients were
referred as part of routine investigation. In addition,

30 patients with coeliac disease and 29 patients with
alcohol overconsumption were recruited as part of pre-
vious malabsorption studies.[11,14–16] The group of
healthy controls were recruited from the hospital staff.
Patients with a history of gastrointestinal surgery or
overt clinical signs of liver failure were excluded from
the study. The 348 patients not fulfilling the inclusion
criteria were patients diagnosed into one of the follow-
ing groups: inflammatory bowel disease (n = 23), trea-
ted coeliac disease (n = 55), SIBO (n = 4), food
intolerances apart from coeliac disease (n = 47), border-
line coeliac disease (n = 36) and ‘miscellaneous’
(n = 120). The miscellaneous group consisted of
patients with diabetes mellitus (n = 23), iron deficiency
(n = 26), thyroid disease (n = 37), cholecystectomy
(n = 8), pernicious anaemia (n = 12), cancer (n = 9),
osteoporosis (n = 5) and ‘various’ (n = 63). Within the
latter group, consisting of patients with conditions such
as sarcoidosis, microscopic colitis, PBC, Addison’s dis-
ease and suspected but unconfirmed IBD, no group
consisted of more than three patients, and none of the
patients fulfilled the criteria for the three study groups.
Consequently, they were not included in the further
analysis of the material. For the remaining 10 patients
(20% male), we did not have sufficient information
regarding their medical condition to diagnose them
within the limits of this study. The study was carried
out according to the Declaration of Helsinki and
approved by the Regional Committee for Medical
Research Ethics (REK Sør-Øst; reference number
2013/2357).

13C-D-xylose breath test

Tveito et al. [11] have previously validated the use of
the test in diagnosing malabsorption. Briefly, the
procedure is performed after an overnight fast, and
starts with two basal samples before the test meal is
consumed. The test meal consists of 100 mg of 99%
13C-D-xylose (Cambridge Isotope Laboratories,
Cambridge, MA, USA) and 5 g of xylose dissolved
in 250 ml of tap water. Breath samples are taken
times two every 30 min during the test, collected
from end-expirium through a straw into 12 ml exe-
tainers (Labco Limited, High Wycombe, UK), with a
total test duration of 240 min. A 13CO2:

12CO2 ratio is
determined by gas chromatography and continuous
flow isotope mass spectrometry (ABCA 20/20;
Europa Scientific, Crewe, UK), expressed as percen-
tage of 13C recovery per hour (% dose h–1), using
formula from Scholler et al. [17]. CO2 production is
assumed to be 300 mmol m–2, while body surface is
calculated using weight-height formula from Haycock
et al. [18]. In order to evaluate the small intestinal
phase and the colonic phase, we used a standard oro-
caecal transit time (OCTT) of 90 min, based on pre-
vious examinations on OCTT assessed with lactulose
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breath test.[19,20] For the analyses, we focused on the
total amount of exhaled 13CO2. Hence, total area
under the curve at 240 min subtracted area under
the curve from zero to 90 min, was computed for all
patients for the colonic phase. For the small intestinal
phase, area under the curve for the first 60 min was
computed for all patients.

Statistical analyses

We applied SPSS version 17.0 for statistical analyses,
using t-tests to compare differences between groups.
All tests were two-tailed, and p-values less than 0.05
were set as a limit for statistical significance.

Results

Subject characteristics

A total of 719 patients underwent the 13C-D-xylose
breath test during the inclusion period (Table 1), of
whom 35 had a history of alcohol overconsumption
(89% male; mean age 53.7; range 38–78 years). Sixty-
six were diagnosed with coeliac disease (35% male;
mean age 37.9; range 18–89 years), and 216 with IBS
(31% male; mean age 34.4; range 13–78 years). Forty-
four healthy controls (30% male; mean age 38.4;
range 22–67 years) were included for comparison.

13C-D-xylose breath test results

The breath test curves for all four groups are presented
in Figure 1. During the small intestinal phase (0–
60 min), the alcohol overconsumption group and the
coeliac disease group showed a pattern ofmalabsorption
that significantly separated them from all the other
groups based on calculations of area under the curve
of the first 60 min (p < 0.001, Figure 2). No significant
difference was found between the alcohol overcon-
sumption group and the coeliac disease group
(p = 0.22). During the colonic phase (90–240 min), the
alcohol overconsumption group differed from the other
three groups with regard to total amount of exhaled
13CO2. The alcohol overconsumption group had a sig-
nificantly lower 13CO2 excretion during this phase as
compared to the coeliac disease group (p < 0.001), the
patient control group (p < 0.001) and healthy control
group (p = 0.005), respectively (Figure 3).

Discussion

In the present study, we explored the effects of
chronic alcohol overconsumption by evaluating gas-
trointestinal function as assessed by D-xylose breath
test results. We found that chronic alcohol overcon-
sumption seems to cause malabsorption comparable
to patients with untreated coeliac disease, and may
alter gut microbial metabolism.

During the small intestinal phase (0–60 min), the
breath test results of patients with alcohol overcon-
sumption and coeliac disease were comparable, and
these two groups differed from the other groups,
indicating malabsorption. Malabsorption is a known
problem in patients with coeliac disease,[21] and has
previously been shown in patients with alcohol over-
consumption.[12,22] Hope et al. [15] have previously
reported a possible explanation for this finding,
demonstrating a reduced surface of the intestinal
epithelium by electron microscopical examination of
duodenal biopsies from patients with alcohol over-
consumption. Our results thus confirm previous
knowledge regarding malabsorption in patients with
alcohol overconsumption and coeliac disease.

Table 1. Baseline characteristics of study participants recruited from a consecutive material of 13C-D-xylose breath test results,
collected at Lovisenberg Diaconal Hospital from 2005 to 2011, with a total n = 719.
Group Alcohol overconsumption Coeliac disease Patient controls Healthy controls

N (%male) 35 (88%) 66 (35%) 216 (31%) 44 (30%)
Age (mean, range) 53.7 (38–78) 37.9 (18–89) 34.4 (13–78) 38.4 (22–67)
BMI 23.7 (15.4–44.8) 22.4 (17.0–35.9) 22.9 (15.9–36.1) 23.5 (19.3–32.0)

Figure 1. Excretion of 13CO2 after 13C-D-xylose ingestion in
different patient groups. The y-axis represents amount (per-
centage) of test meal expired per hour, while the x-axis
represents time (minutes). During the small intestinal phase
of the test (0–60 min), the group of patients with alcohol
overconsumption and coeliac disease are similar, collectively
differing from the other two groups. During the colonic
phase of the test (90–240 min), these two groups have a
distinctly different pattern, the latter with a rebound phe-
nomenon lacking in the prior group.
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During the colonic phase (90–240 min), patients
with alcohol overconsumption differed from the
other three groups, with significantly less 13CO2

excretion in the period where the unabsorbed part
of the test meal is expected to be located within the
colon. Several previous studies on the effects of alco-
hol on the gut microbiota have shown that alcohol
abuse affects the composition of the gut microflora.
Short- and long-term alcohol abuse seem to create a
state of dysbiosis, both in humans and in animal
models.[23–25] In general, the balance between the
colonic bacteria is affected in a pro-inflammatory
manner, with increased amounts of Proteobacteria
at the expense of anti-inflammatory bacteria like
Bacteroidetes.[23] The effect of alcohol on gut micro-
bial function has also been demonstrated through
examinations on short-chain fatty acids (SCFAs),
which are end products of colonic fermentation.
Patients with a high consumption of alcohol see-
mingly have less total SCFA levels, but higher levels

of acetic acid.[26] An alcohol-induced dysbiosis may
affect the body through ‘leakage’ of endotoxins from
the bowel to the blood.[23] The main part of the gut
microbiota is under normal circumstances situated
within the colon.[27] However, a high consumption
of alcohol may also affect the small intestine, creating
bacterial overgrowth.[28,29] Although several micro-
flora-associated consequences have been demon-
strated in relation to alcohol intake, the
pathophysiological explanation on how alcohol acts
to affect the gut microflora is under debate.[4] Our
hypothesis is that dysbiosis may explain the findings
of an altered colonic phase in the group of patients
with alcohol overconsumption in the present study.

Some limitations to the study design and the
breath test itself must be addressed. The retrospective
design implies that we made no standardized test-
protocol in advance of the inclusion of patients,

Figure 2. Box plot showing the small intestinal phase (0–
60 min) of 13CO2 excretion after ingestion of 13C-D-xylose in
different patient groups. The results are expressed as area
under the curve (percentage of dose 13C-recovery) for the
first 60 min of the test, hence showing total amount of 13C-
recovery. Compared to healthy controls and patient controls,
patients with untreated coeliac disease and patients with
high alcohol consumption show a pattern suggestive of
malabsorption. The differences are statistically significant
with p-values <0.001 for both groups compared to healthy
controls.

Figure 3. Box plot showing the colonic phase (90–240 min) of
13CO2 excretion after ingestion of

13C-D-xylose in different patient
groups. The results are expressed as area under the curve (per-
centage of dose 13C-recovery) for the last 150 min of the test,
hence showing total amount of 13C-recovery. During this phase,
the patients with alcohol overconsumption differ from healthy
controls (p < 0.001), while there is no significant difference
between the other three groups, respectively.
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which also implies that the only test all participants
went through was the breath test. Other inquiries
were made within a clinical setting, individually for
each patient. In order to gather the most possible
information on the patients’ diagnoses, we reviewed
patient files thoroughly on a regular basis up to the
point of analysing the data. Consequently, only 10
patients remained without diagnosis.

One of the advantages of the breath tests, namely
their non-invasive character, is simultaneously one of
the weaknesses of these tests. The pathways through
which the test meal is metabolized, within the liver
and the colon, is not completely understood.
Moreover, the milieu, in which the test meal is trans-
ported and metabolized, is impossible to standardize.
Consequently, a variation in bodily functions, like
intestinal transit time or hepatic metabolism of the
test meal, or variation in the nutritional context in
which the D-xylose is metabolized, might theoreti-
cally affect the results. In analysing the data, we
applied an estimated OCTT of 90 min. Breath tests
using liquid meals are more uncertain than solid
meal-tests regarding OCTT, with large inter- as well
as intra-individual differences.[30] There seems how-
ever to be a certain consensus that OCTT for liquid
meals, like lactulose, is around 90–100 min.[13,31]
When analysing the colonic phase, we therefore
chose to apply an OCTT of 90 min, in order to be
certain to separate the time the test meal spends in
the colon from the small intestinal phase. However, a
combination of a prolonged OCTT and malabsorp-
tion in patients with alcohol overconsumption may
have created similar results as in the present study. If
the test meal, due to a prolonged small intestinal
phase, spends greater parts of the test time in an
area where it is not absorbed, nor digested by bac-
teria, then both the first and latter part of the curve
would lie beneath a normal curve. However, the effect
of alcohol on OCTT is not clear, since alcohol over-
consumption has been found both to prolong [31,32]
and/or shorten the OCTT.[33] Furthermore, the
OCTT has to be severely prolonged in order to create
results like the present breath test results. A decline in
liver function, as seen in decompensated liver cirrho-
sis (regardless of cause), might affect the D-xylose test
results.[34,35] This discovery was one of the corner
stones in the development of the D-xylose test as a
breath test,[8] as cirrhotic patients differed from
patients with adequate liver function. However, the
results of patients with compensated liver failure were
not affected.[34,36] Consequently, patients with clin-
ical and/or biochemical signs of decompensated liver
failure were not included in our study. Malnutrition
is a known problem in patients with a prolonged
over-consumption of alcohol. Patients with high alco-
hol consumption tend to base larger parts of the
energy intake on alcohol-containing liquids. In

addition, regarding solid meals, the replacement of
healthy food in favour of unhealthy ones is also a
known problem.[37] Whether malnutrition directly
affects the intestinal handling of the test meal is
unclear. It may however lead to alterations of the
gut microbiota.[27] As mentioned above, alcohol
overconsumption may increase luminal levels of
acetic acid.[26] In an industrial setting, the presence
of acetic acid may inhibit metabolism of xylose.[38]
The presence of ethanol itself may also impair the
metabolism of xylose.[39,40] However, whether these
phenomena also occur in vivo is unclear.

In conclusion, alcohol overconsumption seems to
be associated with small intestinal malabsorption,
corresponding with previous findings. Furthermore,
a high alcohol intake may cause alterations in the
composition and/or functions of the colonic micro-
flora that are evident by the 13C-D-xylose breath test
results. The relation between alcohol overconsump-
tion and gut microflora alterations should be investi-
gated further.
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