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ABSTRACT

Sucrose intolerance is a form of carbohydrate malabsorption caused by sucrase-isomaltase deficiency that is more common than
recognized. Its symptoms include postprandial cramping, bloating, gas, and diarrhea, which are difficult to distinguish from irri-
table bowel syndrome. The gold standard test for diagnosing sucrase deficiency is a sucrase enzyme assay of duodenal biopsies
obtained by endoscopy. Hydrogen-methane or '3C-sucrose breath tests are noninvasive methods to screen for sucrose malab-
sorption. This chart review included 258 consecutive adults (47 men and 211 women) with chronic unexplained gastrointestinal
symptoms and suspected sucrose intolerance who were screened with a hydrogen-methane or "3C-sucrose breath test. The inci-
dence of sucrose malabsorption with two different hydrogen-methane breath tests was 34.4% (21/61) (Commonwealth
Diagnostics International, Inc., Salem, MA) and 40% (20/50) (Aerodiagnostics, Concord, MA). The incidence of sucrose malab-
sorption with the "3C-sucrose breath test was 26.5% (39/147). In a subgroup of patients with positive breath tests and clinical
follow-up, counseling regarding diet and/or enzyme replacement led to symptomatic improvement in 26/43 (60%). In conclusion,
sucrose malabsorption may present with irritable bowel syndrome symptoms in a proportion of adult patients, and breath tests
may be useful in identifying sucrose malabsorption and differentiating it from other gastrointestinal disorders.
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bout 70% of the adult population is affected by

form of carbohydrate
Sucrose malabsorption may be more prevalent

sucrase deficiency is detected, a trial therapy of dietary modi-

some malabsorption.  fication and enzyme replacement therapy can be initiated.

Our objective was to describe our clinical experience with a

than previously recognized.! Sucrose intolerance, large group of adult patients presenting with chronic GI

caused by a deficiency in sucrase enzyme activity in the small
intestine, presents with postprandial cramping, bloating, gas,
and diarrhea. These are common symptoms that are often
actributed to functional gastrointestinal (GI) disorders, such
as irritable bowel syndrome (IBS). There are increasing
reports of patients diagnosed with IBS whose symptoms are
actually due, at least in part, to carbohydrate malabsorption,
including sucrose.”” Sucrose intolerance due to congenital
sucrase-isomaltase deficiency (CSID) is rare. Secondary or
acquired sucrose intolerance is more common and caused by
intestinal brush border injury. The gold standard test for
sucrase deficiency is the sucrase enzyme activity assay from
duodenal biopsies. Alternatively, the sucrose breath test is a
noninvasive way to diagnose sucrose malabsorption.® When

symptoms who were screened for sucrose malabsorption
using breath testing and to discuss clinical outcomes in a
subgroup who were followed up in our clinic.

METHODS

We conducted a chart review of 258 adult patients who
sought care at an academic medical center with chronic,
undiagnosed GI symptoms from October 19, 2016, to
September 28, 2021. Patients whose symptoms were consis-
tent with carbohydrate maldigestion were tested for sucrose
malabsorption with one of two hydrogen-methane breath
tests (Commonwealth Diagnostics International, Inc., Salem,
MA, or Aecrodiagnostics, Concord, MA). After January 2,
2018, screening was conducted with the 13C-sucrose breath
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test (Metabolic Solutions, Inc., Nashua, NH). Patients with
breath test results and a record of their diagnoses at the time
of breath testing were included in the review.

Study patients were given detailed instructions on how to
prepare for the breath tests. Prior to taking one of the two
hydrogen-methane breath tests, patients were instructed to
suspend any oral antibiotic therapy for up to 4 weeks; sus-
pend use of any laxatives and/or promotility drugs for
1 week; for 24 hours limit diet to baked or broiled chicken,
turkey, or fish with salt and pepper only, plain steamed white
rice, eggs, and clear chicken or beef broth; suspend smoking
or vaping for 24 hours before and during the test; drink only
water for 12 hours before and during the test; and avoid
sleep or vigorous exercise for at least 1 hour before and dur-
ing the test.””®

Patients were instructed to blow exhaled air into the test
tube (Commonwealth Diagnostics International) or the
breath-gas analysis bag (Aerodiagnostics) labeled “baseline” in
the test kit. After exhalation, patients were instructed to
immediately secure the cap on the tube or immediately close
the breath-gas analysis bag. Patients were instructed to thor-
oughly mix the contents of the sucrose packet in 8 ounces of
room temperature water and drink the entire 8 ounces. The
interval between collection of subsequent breath samples was
30 minutes for a total of four or six samples collected after the
baseline sample. The labeled test tubes containing the breath
samples were mailed directly to the diagnostic laboratory by
the patient in a prepaid, labeled box. Any level of exhaled
hydrogen or methane gas is considered abnormal, but a dis-
ruption in sucrose metabolism and absorption is only one of
several possible causes for a patient to exhale these gases.””®

For the '>C-sucrose breath test, patients were instructed to
discontinue any oral antibiotic for at least 1 week prior to taking
the test and to avoid the use of any oral nonsteroidal antiinflam-
matory drug or antihistamine for at least 12 hours. They were
instructed to fast for at least 8 hours prior to taking the test and
to not sleep or exercise vigorously for at least 30 minutes before
and during the test. Patients were to not chew gum or smoke
on the morning of or during the test.” Patients were instructed
to mix the packet of '*C-labeled sucrose in 8 ounces of room
temperature water. The baseline breath sample was collected
prior to drinking the 13C sucrose solution, and three subse-
quent breath samples were collected every 30 minutes.
Collected breath samples were mailed directly to the diagnostic
laboratory.'® A normal level of sucrose digestion is indicated
when the 90-minute breath sample reading of exhaled 13CO, is
>5.10% for women and >3.91% for men."!

RESULTS

We analyzed data from 258 patients, 47 who identified
themselves as men and 211 who identified themselves as
women, who presented with chronic undiagnosed functional
GI symptoms. Sucrose malabsorption was detected by a
hydrogen-methane breath test (Commonwealth Diagnostics)
in 34.4% (21/61) of patients, including 10% of men and
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Table 1. Demographic and testing results of breath tests for
sucrose malabsorption in patients presenting with “functional”
gastrointestinal symptoms

Patients  Average age  Positive

Breath test tested (n) years (range) result
Hydrogen-methane for sucrose 61 45.8 (21-82) 21 (34.4%)

malabsorption (Commonwealth

Diagnostics)

Male 10 50 (33-66) 1 (10%)

Female 51 45 (21-82) 20 (39.2%)
Hydrogen-methane for sucrose 50 47.2 (22-79) 20 (40%)

intolerance (Aerodiagnostics)

Male 8 45 (23-76) 5 (62.5%)

Female 42 48 (22-79) 15 (35.7%)
3C-sucrose breath test 147 40.3 (18-83) 39 (26.5%)

(Metabolic Solutions)

Male 29 41 (19-71) 6 (20.6%)

Female 118 40 (18-83) 33 (28%)

39.2% of the women. The Aerodiagnostics hydrogen-
methane breath test method was positive in 40% (20/50)
overall, including 62.5% of men and 35.7% of women.
Using the '’C-sucrose breath test, sucrase deficiency was
observed in 26.5% (39/147), with a positivity rate of 20.6%
in men and 28% in women (7able 1). Combining all breath
tests in adult patients with chronic undiagnosed GI symp-
toms consistent with symptoms of malabsorption, 31% (80/
258) were consistent with sucrose intolerance (men: 12/47,
25.5%; women: 47/211, 22%). Gender was not a discrimi-
nating factor (7Table 1). Tables 2—4 list breath test outcomes
for each test based on the primary ICD-10 diagnosis assigned
prior to testing.

We attempted to reach every patient to provide test
results and educate them regarding diet and enzyme replace-
ment. Subsequently, the charts were reviewed to determine if
there was a response to this intervention. In patients with a
positive breath test who followed up and received counseling
regarding diet and/or enzyme replacement, 26/43 patients
(60%) reported improvement of symptoms.

DISCUSSION

In our study of 258 patients who presented with undiag-
nosed chronic GI symptoms suspicious for malabsorption,
80 patients (31%) had a positive breath test suggesting
sucrose malabsorption. Of the patients with documented fol-
low-up, 60% had a clinical response to a plan that included
dietary modification or enzymatic treatment. Hydrogen-
methane breath tests lack specificity, as a positive finding can
be attributed to a number of causes including SIBO and
rapid intestinal transit.'* The '*C-sucrose breath test, which
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Table 2. Results of hydrogen-methane breath test analyzed by
Commonwealth Diagnostics, by ICD-10 diagnosis (N = 61)

Table 3. Results of hydrogen-methane breath test analyzed by
Aerodiagnostics, by ICD-10 diagnosis (N = 50)

Positive Negative Total Positive Negative Total
Primary ICD-10 diagnosis n/21 (%) n/40 (%) n/61 (%) Primary ICD-10 diagnosis n/20 (%) n/30 (%) n/50 (%)
Functional diarrhea 5(23.8%) 9 (225%) 14 (22.9%)  Abdominal distension 5 (25%) 5 (16.7%) 10 (20%)
Abdominal distension 3(14.3%) 6 (15.0%) 9 (14.8%) Functional diarrhea 2 (10%) 2 (6.7%) 4 (8%)
Abdominal pain 1(4.8%  9(225%) 10 (16.4%)  Abdominal pain 2 (10%) 3 (10.0%) 5 (10%)
IBS-diarrhea 3(14.3%) 3 (7.5%) 6 (9.8%) IBS-diarrhea 2 (10%) 5 (16.7%) 7 (14%)
IBS-constipation 2 (9.5%) 1 (2.5%) 3 (4.9%) Change in bowel habit 2 (10%) - 2 (4%)
IBS - 1 (2.5%) 1 (1.6%) IBS-mixed 1 (5%) 4 (13.3%) 5 (10%)
Constipation 2 (9.5%) 2 (5.0%) 4 (6.6%) IBS-constipation 1 (5%) 1 (3.3%) 2 (4%)
Bacterial intestinal infection 2 (9.5%) - 2 (3.3%) Functional dyspepsia 1 (5%) 1 (3.3%) 2 (4%)
Flatulence 1 (4.8%) 3 (7.5%) 4 (6.6%) Nausea 1 (5%) - 1 (2%)
Iron deficiency anemia 1 (4.8%) - 1 (1.6%) Right upper quadrant pain 1 (5%) - 1 (2%)
Cyst of pancreas 1 (4.8%) - 1 (1.6%) Bacterial intestinal infection 1 (5%) - 1 (2%)
Abnormal weight loss - 1 (2.5%) 1 (1.6%) (Clostricium dificile)
i V) — 0,
GERD without esophagitis - 1@5%) (6% CMeose nolerance 15%) ! %)
— 0, 0,
Lactose intolerance, unspecified - 1 (2.5%) 1 (1.6%) Flatulence 5 (16.7%) 5 (10%)
A | weight | - 1(3.39 1 (29
Intestinal adhesions - 1(5%  1(16%) onormal weight loss 13:3%) (2%)
i — 0, 0,
Functional dyspepsia - 1 @5%)  1(16w  cuctaton 16:3%) 12%)
i — 0, 0,
Paralysis of diaphragm - 1@5%  1(16% "o lower quadant pain 133%) 1 %)
Constipation - 1 (3.3%) 1 (2%)

GERD indicates gastroesophageal reflux disease; IBS, irritable bowel syndrome.

tracks the "*CO, metabolic byproduct of 13C-sucrose, may
be a more specific measure of sucrase activity. Using the
commercially available '>C-sucrose breath test, the positive
test yield was 26.5%.

Sucrase deficiency presents with abdominal symptoms
related to the malabsorption of dietary sucrose that are confused
with IBS. In our study, the most common diagnoses in the
positive breath test group were functional diarrhea, flaculence,
abdominal distention, IBS-diarrhea, IBS-mixed, IBS-constipation,
and abdominal pain. In certain patients, carbohydrate intolerance
coexists with IBS symptoms, so by addressing the malabsorption,
at least part of the problem is solved.

Some patients diagnosed with IBS may be predisposed to
sucrase deficiency caused by CSID. Two large studies reported
that while relatively rare, sucrase-isomaltase (S/) variants are
more common among adults diagnosed with IBS.*> The first
study, which compared 2146 IBS-diagnosed patients with a large,
ethnically-matched reference population, found evidence linking
ST variants with IBS susceptibility.” The second study compared
the incidence of S/ variants in 1031 IBS cases with 856 asymp-
tomatic controls. Based on their findings, the investigators sug-
gested STvariants may predispose patients to IBS.”

CSID, or primary sucrose malabsorption, is a rare gen-
etic disorder associated with one or more mutations in the
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IBS indicates irritable bowel syndrome.

SI gene."” Secondary or acquired sucrose intolerance is
more common and occurs as a result of mucosal damage
and brush border injury from organic causes. The gold
standard for diagnosing sucrase deficiency is disaccharidase
testing of duodenal biopsies obtained during an upper
endoscopy.'® One recent study reported a 9.3% incidence
of sucrase deficiency among 27,875 pediatric GI patients."”
In a smaller pilot study, the incidence of sucrase deficiency
was 14.3% in 28 pediatric GI patients.16 A recent retro-
spective study of duodenal biopsies with normal histology
from adults with unexplained GI symptoms found that
9.2% (11/120) had pan-disaccharidase deficiency, including
sucrase deficiency.'”

In a study of 46 adult patients diagnosed with IBS-diar-
rhea, only 52.2% obtained symptomatic relief with a low fer-
mentable oligo-, di-, mono-saccharides and polyols
(FODMAP) diet. The low FODMAP diet does not restrict
sucrose. When analyzed for the presence of a hypomorphic
ST variant, 23 patients were carriers of an S/ variant, which
contributed to the diminished response to a low FODMAP
diet.'"® Therefore, IBS patients who do not respond to the
low FODMAP diet should be tested for sucrose intolerance.

In this review, using the '°C sucrose breath test, the four
most common ICD-10 diagnostic codes in patients with a
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Table 4. Results of '3C-sucrose breath test by primary ICD-10
diagnosis (N = 147)

Positive Negative Total
Primary ICD-10 diagnosis n/39 (%) n/111 (%) n/150 (%)
Functional diarrhea 8 (20.0%) 16 (14.8%) 24 (16.2%)
Flatulence 7(17.5%) 10 (9.3%) 7 (11.5%)
Abdominal distension 5 (12.5%) 10 (9.3%) 5 (10.1%)
IBS-mixed 4 (10.0%) 1 (0.9%) 5 (3.4%)
Functional dyspepsia 3 (7.5%) 4 (3.7%) 7 (4.7%)
IBS-constipation 3(75%) 16 (14.8%) 19 (12.8%)
Constipation 2 (5.0%) 2 (1.9%) 4 (2.7%)
GERD without esophagitis 2 (5.0%) 2 (1.9%) 4 (2.7%)
Abdominal pain 1 (2.5%) 9 (8.3%) 10 (6.8%)
IBS-diarrhea 1 (2.5%) 17 (15.7%) 18 (12.2%)
Regurgitation 1 (2.5%) - 1 (0.7%)
Right upper quadrant pain 1 (2.5%) - 1(0.7%)
Vitamin D deficiency 1 (2.5%) - 1(0.7%)
Hematochezia 1 (2.5%) - 1 (0.7%)
IBS - 2 (1.9%) 2 (1.4%)
Nausea - 7 (6.5%) 7 (4.7%)
Vomiting - 1 (0.9%) 1(0.7%)
Change in bowel habit - 1 (0.9%) 1(0.7%)
Polyp of colon - 2 (1.9%) 2 (1.4%)
Upper left quadrant tenderness - 2 (1.9%) 2 (1.4%)
Celiac disease - 1 (0.9%) 1(0.7%)
Anal/rectal pain - 1 (0.9%) 1(0.7%)
Bacterial intestinal infection - 2 (1.9%) 2 (1.4%)
Abnormal weight loss - 1 (0.9%) 1(0.7%)
Pelvic somatic dysfunction - 1 (0.9%) 1 (0.7%)
Lactose intolerance, unspecified - 1 (0.9%) 1 (0.7%)

GERD indicates gastroesophageal reflux disease; IBS, irritable bowel syndrome.

breath test indicative of sucrose malabsorption were functional
diarthea, flatulence, abdominal distention, and IBS-mixed.
Sucrose intolerance can easily be diagnosed with a noninvasive
breath test which is home administered and has acceptable test
specificity. Our findings reinforce the recommendation that
breath testing for sucrose intolerance should be considered in
patients who present with unexplained symptoms of carbohy-
drate malabsorption, especially in patients who are not respond-
ing to traditional IBS therapies and diets.
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