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Abstract: Background: Disaccharidase (DS) deficiencies have been reported in pediatric patients
with inflammatory bowel disease (IBD), but the relationship between duodenal inflammation and
DS deficiency has not been evaluated outside of lactase deficiency. Methods: This study assessed
DS levels and DS deficiencies in pediatric IBD patients who underwent endoscopy with assessment
of DS activity. Records were reviewed for IBD subtype, pathology findings, and the results of DS
analysis. Results: A total of 136 patients were identified. Overall, 89 (65.4%) patients had a diagnosis
of Crohn’s disease (CD), 31 (22.8%) patients had a diagnosis of ulcerative colitis (UC), and 16 (11.8%)
patients had a diagnosis of indeterminant colitis. Lactase deficiency was identified in 55.9% of
patients, followed by maltase deficiency (19.9%), sucrase and palatinase deficiency (14%), and pan-
deficiency (12.5%). When analyzing only patients with CD, patients with duodenitis were more likely
to exhibit sucrase deficiency, palatinase deficiency, and pan-deficiency with a trend towards maltase
deficiency. Conclusions: The most common DS deficiency was lactase deficiency; however, this
was not related to duodenal inflammation. Pediatric patients with CD and duodenal inflammation
exhibit DS deficiencies, namely, sucrase, palatinase, and pan-deficiency. Dietary adjustments may be
warranted temporarily until duodenal inflammation is healed in patients with CD and duodenitis.
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1. Introduction

Upper gastrointestinal tract inflammation is common in pediatric inflammatory bowel
disease (IBD) [1–6]. This inflammation is associated with more severe disease and more
frequent symptoms including epigastric pain, nausea, vomiting, and diarrhea [7,8]. These
symptoms may be directly related to duodenal inflammation and/or disaccharidase (DS)
deficiency resulting from duodenal inflammation and villous injury. The ability to identify
symptom etiology, especially if symptoms are related to DS deficiency, may influence
treatment recommendations.

Lactase deficiency has been the most studied DS deficiency in IBD. A recent meta-
analysis concluded that lactase deficiency is prevalent among adult patients with Crohn’s
disease (CD) and small bowel involvement [9]. However, in pediatric patients, the preva-
lence of lactase deficiency is similar in patients with IBD as compared to patients with
chronic abdominal pain [10]. Additionally, lactase deficiency does not seem to be associ-
ated with duodenitis in pediatric patients with IBD [10,11]. There is a paucity of studies
describing DS deficiencies in pediatric patients with IBD. Only one previous study evalu-
ated sucrase and maltase deficiency which were present in a large proportion of pediatric
patients with IBD [12]. To our knowledge, a relationship between duodenal inflammation
and DS deficiency, other than lactase deficiency, has not been evaluated in pediatric patients
with IBD.
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The primary aims of the current study were to (1) assess the frequency of DS deficien-
cies in pediatric patients with IBD and (2) assess the relationship between DS deficiencies
and duodenal inflammation.

2. Results

A total of 136 patients diagnosed with IBD and undergoing DS analysis were identified.
Overall, 89 (65.4%) patients had a diagnosis of Crohn’s disease (CD), 31 (22.8%) patients
had a diagnosis of ulcerative colitis (UC), and 16 (11.8%) patients had a diagnosis of
indeterminant colitis. Females accounted for 47.1% of all patients and did not differ
between IBD subtypes. Ages ranged from 3 to 21 years with a mean of 14.2 ± 3.9 years.
Mean ages did not differ between IBD subtypes. The gastrointestinal tract histologic
findings are summarized below (Table 1).

Table 1. Histologic inflammation of the gastrointestinal tract in patients with inflammatory bowel disease.

Esophagitis 47 (34.6%)

Gastroesophageal reflux disease 39 (83.0%)

Eosinophilic esophagitis 8 (17.0%)

Gastritis 91 (66.9%)

Chronic 54 (59.3%)

Chronic active 21 (23.1%)

Eosinophilic 15 (16.5%)

Helicobacter pylori 1 (1.1%)

Duodenitis 38 (27.9%)

Chronic 5 (13.2%)

Chronic active 18 (47.4%)

Eosinophilic 15 (39.5%)

Ileitis 13 (9.6%)

Colitis 67 (49.3%)

Ileitis + Colitis 35 (25.7%)

Villous atrophy was found in the duodenum in 4.4% of patients and did not occur
in the absence of inflammation. Duodenitis occurred in 43.2% of those with ileitis versus
15.6% of those without ileitis (p = 0.004). Duodenitis occurred in 36.1% of those with colitis
versus 14.3% of those without colitis (p = 0.036). Overall, duodenitis was present in 93.8%
of patients with ileocolitis, 50% of patients with ileitis only, 30.4% of patients with colitis
only, and in no patients with normal lower tract histology.

Lactase deficiency was found in 55.9% of patients, sucrase deficiency in 14.0% of
patients, maltase deficiency in 19.9% of patients, palatinase deficiency in 14.0% of patients,
and pan-deficiency in 12.5% of patients. DS activity levels did not differ between IBD
subtypes for lactase (F = 1.069, p = 0.346), sucrase (F = 1.168, p = 0.314), maltase (F = 1.497,
p = 0.228), or palatinase (F = 1.929, p = 0.149). Frequencies of deficiencies did not differ
between patients with and without ileitis or between patients with and without colitis. No
individual disaccharidase activity levels differed between patients with and without ileitis
or between patients with and without colitis. There were no differences in DS deficiency
frequency in patients with duodenitis as compared to those without duodenitis (Table 2).

However, patients with duodenitis did have lower sucrase and maltase activity levels
when compared with patients without duodenitis (Table 3).
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Table 2. Comparison of the frequency of disaccharidase deficiency in patients with inflammatory
bowel disease with duodenitis vs. those without duodenitis.

Duodenitis (n = 38) No Duodenitis (n = 98) p Value

Lactase Deficiency 57.9% 55.1% 0.769

Sucrase Deficiency 21.1% 11.2% 0.138

Maltase Deficiency 28.9% 16.3% 0.098

Palatinase Deficiency 21.1% 11.2% 0.138

Pan-deficiency 21.1% 9.2% 0.060
Data are indicated as frequency; p values were calculated using the chi square test.

Table 3. Comparison of mean disaccharidase activity levels (umol/min/gram protein) in patients
with inflammatory bowel disease with duodenitis vs. those without duodenitis.

Duodenitis (n = 38) No Duodenitis (n = 98) p Value

Lactase Activity 14.1 ± 12.3 17.1 ± 15.9 0.294

Sucrase Activity 40.8 ± 18.5 49.8 ± 24.6 0.042

Maltase Activity 128.8 ± 47.8 151.0 ± 57.3 0.036

Palatinase Activity 8.0 ± 3.9 9.5 ± 4.5 0.070
Data are indicated as mean +/− SD; p values were calculated using the student’s t test.

When analyzing only patients with CD, patients with duodenitis were more likely to
exhibit sucrase deficiency, palatinase deficiency, and pan-deficiency with a trend towards
maltase deficiency (Table 4).

Table 4. Comparison of the frequency of disaccharidase deficiency in patients with Crohn’s disease
with duodenitis vs. those without duodenitis.

Duodenitis (n = 40) No Duodenitis (n = 96) p Value

Lactase Deficiency 57.7% 55.6% 0.853

Sucrase Deficiency 23.1% 7.9% 0.048

Maltase Deficiency 26.9% 11.1% 0.062

Palatinase Deficiency 23.1% 7.9% 0.048

Pan-deficiency 23.1% 7.9% 0.048
Data are indicated as frequency; p values were calculated using the chi square test.

In patients with CD, there was a trend towards lower sucrase (42.0± 18.5 umol/min/gram
proteinvs. 51.8± 24.4umol/min/gramprotein; p=0.069)andmaltase (131.7 ± 50.1 umol/min/gram
protein vs. 156.1 ± 54.3 umol/min/gram protein; p = 0.051) activity levels in patients with duodenitis
as compared with those without duodenitis (Table 5).

Table 5. Comparison of mean disaccharidase activity levels (umol/min/gram protein) in patients
with Crohn’s disease with duodenitis and without duodenitis.

Duodenitis (n = 40) No Duodenitis (n = 96) p Value

Lactase Activity 12.4 ± 9.6 16.9 ± 15.9 0.185

Sucrase Activity 42.0 ± 18.5 51.8 ± 24.4 0.069

Maltase Activity 131.7 ± 50.1 156.1 ± 54.3 0.051

Palatinase Activity 8.3 ± 4.2 10.1 ± 4.7 0.097
Data are indicated as mean +/− SD; p values were calculated using the student’s t test.
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3. Discussion

In the current study, DS deficiency was common among pediatric patients with IBD,
and it did not differ by IBD subtype. Lactase deficiency was the most common DS deficiency
identified in the study population. Lactase has been more extensively studied than other
DS deficiencies. A meta-analysis, based almost exclusively on adult studies, concluded
that IBD was associated with lactose malabsorption but only in CD patients with small
bowel involvement [9]. Decreased duodenal lactase levels have been correlated with
disease activity in adults [13]. In youth, the prevalence of lactase deficiency is similar
in patients with IBD as compared to patients with chronic abdominal pain [10,11]. In
contrast to the adult studies, Pfefferkorn and colleagues found no significant association
between duodenitis and lactase deficiency in pediatric patients [10]. Likewise, we found
no difference in lactase activity levels between patients with and without duodenitis.

In this study, duodenitis was identified in 27.9% of patients and was primarily iden-
tified as chronic active inflammation or eosinophilic inflammation. Villous atrophy was
rare. Duodenitis was associated with ileal and colonic inflammation, being present in 93.8%
of patients with ileocolitis, 50% of patients with ileitis only, 30.4% of patients with colitis
only, and in no patients with normal lower tract histology. An increase in duodenitis has
previously been reported in youth with IBD and has been associated with cryptitis but
rarely with granulomas [14]. CD-associated duodenitis has been found to have increased
eosinophils and less villous blunting than that seen in celiac disease [6].

In patients with CD, duodenitis was associated with lower sucrase and maltase ac-
tivity levels. Duodenitis was associated with increased frequencies of sucrase deficiency,
palatinase deficiency, and pan-deficiency with a trend towards maltase deficiency. Two pre-
vious studies have shown a decrease in sucrase activity in the jejunum of adults with IBD,
particularly CD [15,16]. Only one previous study assessed the prevalence of DS deficiencies
in youth with IBD. Wiecek and colleagues reported sucrase deficiency in 40% of 15 patients
with CD and 45% of 20 patients with UC [12]. Maltase deficiency was found in 33% of
CD patients and 15% of UC patients [12]. An association between sucrase deficiency and
inflammation is certainly plausible, as inflammatory cytokines can cause specific reductions
in mucosal sucrase-isomaltase enzyme [17].

With sucrase deficiency, it is not surprising to also see palatinase deficiency, a trend to-
wards maltase deficiency, and possibly even pan-deficiency as sucrase-isomaltase accounts
for nearly all palatinase activity and about 80% of maltase activity on the assay [18,19]. A
previous pediatric study found significant correlations of sucrase with both palatinase and
maltase activity levels [20]. Given the high frequency of lactase deficiency, combined lactase
and sucrase could be common and may account for pan-deficiency. It has been suggested
that pan-deficiency may be an artifact of obtaining the biopsy from the wrong location or
of the improper handling and processing of the biopsy. However, in a prospective study,
Chumpitazi and colleagues found pan-deficiency to be common in patients where great
care was taken regarding biopsy location and processing [21].

In this study, inflammation was common in the esophagus, stomach, and duodenum
of children and adolescents with IBD. Esophagitis was present in 37% of the patients. This
was primarily esophagitis consistent with gastroesophageal reflux. However, 6% of the
total patients had biopsies consistent with eosinophilic esophagitis. A previous population
study demonstrated an increased prevalence of eosinophilic esophagitis in patients with
IBD [22]. Gastritis was the most common upper gastrointestinal tract pathology finding,
being present in nearly three-fourths of patients. This was the only finding which occurred
more often in CD patients as compared with UC patients. The inflammation was primarily
chronic or chronic active. This is consistent with previous studies demonstrating gastritis
in over half of the CD patients, particularly in children and adolescents [2–6].

The strength of the current study is the relatively large sample size of youth with
IBD undergoing endoscopy with biopsy for pathologic assessment and DS analysis. Addi-
tionally, all DS samples were measured in a single commercial lab, and DS activity levels
were analyzed as both mean levels and as dichotomous variables (normal vs. abnormal).
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The potential weakness of this study is selection bias, as all patients were pre-selected
and very few of the patients had definitive Crohn’s duodenitis. The decision to obtain DS
testing in patients is based on individual clinician preference; clinical symptoms are poor
predictors of DS deficiency and symptoms would not be expected to affect the assessment
of relationships between inflammation and DS activity [21,23].

We found that the most common DS deficiency in this pediatric cohort was lactase
deficiency; however, lactase deficiency was not related to duodenal inflammation. Overall,
the frequencies of DS deficiency did not differ between CD and UC. Pediatric patients
with CD and duodenal inflammation exhibited DS deficiencies, namely, sucrase, palatinase,
and pan-deficiency. Additionally, it is possible that small intestinal bacterial overgrowth
could account for some of the alterations. Well-designed prospective studies will be neces-
sary to determine if DS deficiencies are related to small bowel bacterial overgrowth and
inflammation and could contribute to symptoms in pediatric patients with IBD, specifically
CD. Furthermore, it is important to investigate whether the DS deficiencies resolve with
treatment of duodenitis, because dietary changes could be considered, temporarily, while
duodenal inflammation is healing.

4. Materials and Methods
4.1. Study Design

This was a retrospective, single-site study assessing all patients with IBD less than
22 years of age who underwent endoscopy with assessment of DS activity between 2016
and 2019.

4.2. Data Collection

Medical records were reviewed for patient demographics, IBD sub-type diagnosis
(Crohn’s disease, ulcerative colitis, or indeterminate colitis), pathology findings, and results
of DS analysis. All biopsies were previously assessed as part of standard clinical care by
board-certified pediatric pathologists. Pathology reports were reviewed for the presence of
esophagitis, gastritis, duodenitis, ileitis, and colitis.

Esophagitis: Classified as gastroesophageal reflux disease if the peak eosinophil
density was <15/high power field (hpf) or as eosinophilic esophagitis if the peak eosinophil
density was ≥15/hpf.

Gastritis: Classified as chronic (presence of increased lymphocytes and/or plasma
cells), chronic active (presence of chronic inflammation and neutrophils), or eosinophilic
(presence of increased eosinophils > 25/hpf). The presence of Helicobacter pylori in gastric
biopsies was recorded.

Duodenitis: Classified as chronic (presence of increased lymphocytes and/or plasma
cells), chronic active (presence of chronic inflammation and neutrophils), or eosinophilic
(presence of increased eosinophils > 25/hpf).

DS analysis: Biopsies were obtained from the second portion of the duodenum distal
to the ampulla. The tissue samples for DS testing were immediately placed on ice and time
stamped. The tissue was transferred to the lab within 30 min and then flash-frozen in the lab.
The frozen tissue was sent to Mayo laboratories, Rochester, MN, USA the same day from
where the samples were forwarded to Joli Diagnostics, Inc. Laboratories, Williamsville, NY,
USA for DS analysis. All DS analyses were performed utilizing the modified Dahlqvist
method to determine enzyme activity levels.

Both actual DS activity levels and whether DS levels were normal or abnormal per
laboratory standard values were recorded.

Normal values:

• Lactase > 15 umol/min/gram protein;
• Sucrase > 25 umol/min/gram protein;
• Maltase > 100 umol/min/gram protein;
• Palatinase > 5 umol/min/gram protein.
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4.3. Data Analysis

All statistical analyses were performed with SPSS version 23 (SPSS, Inc.; Chicago, IL, USA).
Frequencies of DS deficiency were compared for patients with inflammatory bowel disease
with and without duodenitis by chi square analysis. Comparison of mean disaccharidase
activity levels in patients with inflammatory bowel disease with and without duodenitis
was conducted by student’s t test. Frequencies of DS deficiency were compared for patients
with Crohn’s disease with and without duodenitis by chi square analysis. Comparison
of mean disaccharidase activity levels in patients with Crohn’s disease with and without
duodenitis was conducted by student’s t test. A p value < 0.05 was considered significant.
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