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Background: Children commonly report gastrointestinal symptoms. Limited evidence suggests that
children with type 1 diabetes mellitus (T1DM) report more gastrointestinal symptoms than healthy children
without diabetes. The aim of this study was to ascertain the pattern and severity gastrointestinal symptoms
reported by children with diabetes and healthy children without diabetes.

Methods: After recruitment, children (less than 16 years of age) with type 1 diabetes and healthy control
children reported their recent gastrointestinal symptoms using a short questionnaire. A five-point Likert
scale was utilised to grade the severity of each symptom and an overall symptom score for each child was
derived.

Results: One hundred and fifty cases (88% of eligible population) and 94 controls completed the
questionnaire. Both groups had similarly high rates of any gastrointestinal symptom [80% of controls vs.
85% cases, OR 1.5 (95% CI: 0.7-3.1)]. Children with diabetes had higher mean scores for abdominal pain
(1.3 vs. 1.0, P=0.02) and reflux (0.4 vs. 0.20, P=0.02). Cases also had a higher overall mean score than controls
(4.9 vs. 3.4, P=0.02).

Conclusions: Overall, gastrointestinal symptoms were reported at the same frequency by both groups
of children. However, the children with diabetes had more severe symptoms, especially those of reflux and

abdominal pain. The reasons for these differences remain to be elucidated.
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Introduction

Children commonly report gastrointestinal (GI) symptoms
(1,2). These GI symptoms can impact adversely on the
quality of life of the child and family (3). Anecdotally,
children with type 1 diabetes mellitus (T1DM) are reported
to complain of GI symptoms more frequently than their
healthy peers. Potential explanations for this could include

factors such as higher rates of coeliac disease (CD) in
TIDM (4), the physiological effects of TIDM (5) or that
living with a chronic illness may lead to altered perception
of and increased complaints of pain (6).

Two reports have assessed GI complaints in children
with T1IDM compared to healthy peers (7,8). One study
evaluating symptoms in adolescents found a high prevalence
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of at least one symptom in cases (75%) and controls (77%);
however, the intensity of symptoms was not ascertained (7).
The other report examined the prevalence of symptoms
in children, but its control group was limited to children
of hospital staff (8). They found lower rates of symptoms
(36.8% cases, 44.9% controls) with no statistical difference
between the groups.

"To date there are no published data about GI symptoms
in New Zealand children with or without diabetes.
Consequently, the current study aimed to establish the
rate and intensity of GI symptoms in a local population
of children with T1DM compared to a group of healthy
children. We present the following article in accordance
with the SURGE checklist (available at http://dx.doi.
org/10.21037/tp-20-139).

Methods
Subjects

All children with T1DM aged 15 years and younger
attending the diabetes clinic at Christchurch Hospital (the
tertiary referral centre for the mid-South Island of New
Zealand) were approached to participate in the study by the
first author. Controls were healthy peers or siblings of the
case, healthy siblings of children admitted to the paediatric
wards at Christchurch Hospital and children of staff at the
Paediatric Department at Christchurch Hospital. Children
were excluded if their caregiver felt they were unable to
communicate complaints. Children or their caregivers were
not provided without any specific incentives.

Questionnaire

Caregivers completed a questionnaire regarding GI
symptoms (available from authors on request). This
10-question tool was designed to establish the presence
and intensity of common GI symptoms in the preceding
6 months. The questionnaire was adapted to suit a New
Zealand audience from a questionnaire designed by Saps
et al. (9) to study GI symptoms in a community group of
school aged children. The caregiver was asked to include
the child when completing the questionnaire.

Symptoms assessed were: abdominal pain, nausea,
vomiting (either an episode or persistently), diarrhoea, (either
an episode or persistently), constipation, bloating and reflux.
“Persistently” was defined as more than once in 24 hours
for vomiting and greater than a week for constipation and
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diarrhoea. Respondents were asked to choose an answer from
a 5-point Likert scale (0: not at all, 1: a little, 2: somewhat, 3:
a lot, 4: a whole lot). A symptom was recorded as “present”
if the respondent had complained of or experienced the
symptom on at least one day in the past 6 months. A
response of “Severe” was created for each symptom if the
response on the Likert scale was 3 or above. The presence
of upper GI symptoms (nausea, bloating, vomiting or reflux)
was recorded as “Upper GI” present/absent, as was the
presence of “Lower GI” symptoms (constipation, diarrhoea,
persistent constipation, or persistent diarrhoea). A composite
GI symptom score for each individual was recorded by
summing the Likert scale score for each question.

The questionnaire included questions about
demographics, past medical history (PMH) of GI disorders,
pre-existing medical conditions, and family history (FH).
The result of glycosylated haemoglobin (HbAlc) testing
within 3 months of completing the questionnaire was
obtained from each case’s hospital records, to serve as a
proxy measure of blood sugar control.

Statistical analysis

Results were analysed using Stata/IC 12.1 for Windows
(Statacorp, Texas, USA). Data were presented as means or
proportions as appropriate. Mean values were compared using
two sample 7-tests. Odds ratios (OR), Pearson’s y¢* or Fisher’s
exact test were used to compare dichotomous responses.
Regression analysis was performed to evaluate the impact of
background factors on the results, logistic for discrete variables,
linear for continuous. P<0.05 was considered statistically
significant. 95% CI were reported where appropriate.

Ethical approval

Ethical approval was granted to the study by the Upper
South A Regional Ethics Committee, Christchurch New
Zealand (URA/10/07/051). Informed consent was attained
from the guardian and children prior to entry into the
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Results
Subjects and demographics

One hundred and fifty cases (88% of eligible population)
and 94 controls (38% of distributed questionnaires
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Table 1 Demographic data of 150 participants with T1DM and 94 healthy controls

Variable

Case Control

Age (years), mean (95% Cl)
Male gender
HbA1c [(%; mmol/mol)], mean (95% ClI)
Ethnicity European
New Zealand Maori

Other

10.5 (9.9-11.0) 9.3 (8.7-10.0)*

47% 47%
8.9% (8.7-9.1%); 74 (72 to 76) N/A
91% 90%
7% 4%
2% 5%

All comparisons not significant except where indicated. *, P=0.01. N/A, not applicable.

Table 2 Gastrointestinal symptoms in children with TIDM and healthy controls

Presence of symptom

Likelihood of symptom in

Mean response on Likert scale (95% ClI)

Symptom
Case (n=150)  Control (n=94) case, OR (95% CI) Case Control

Abdominal pain 73% 66% 1.4 (0.8-2.5) 1.3 (1.1-1.5) 1.0 (0.8-1.1)*
Nausea 43% 36% 0.9 (0.7-2.3) 0.7 (0.5-0.8) 0.5 (0.4-0.7)
Vomiting 19% 16% 1.2 (0.6-2.6) 0.3 (0.2-0.4) 0.2 (0.1-0.3)
Persistent vomiting 9% 6% 1.4 (0.5-4.6) 0.2 (0.1-0.2) 0.1(0.0-0.2)
Diarrhoea 53% 43% 1.5(0.9-2.7) 0.8 (0.7-1.0) 0.6 (0.4-0.8)
Persistent diarrhoea 12% 6% 2.0 (0.7-6.4) 0.2 (0.1-0.4) 0.1 (0.0-0.2)
Constipation 31% 26% 1.3(0.7-2.5) 0.4 (0.3-0.5) 0.4 (0.2-0.5)
Persistent constipation 10% 5% 2.0(0.7-7.1) 0.1 (0.1-0.2) 0.9 (0.0-0.2)
Bloating 30% 22% 1.5(0.8-2.8) 0.5 (0.4-0.7) 0.3 (0.2-0.4)
Reflux 27% 15% 2.2 (1.1-4.6)* 0.4 (0.3-0.6) 0.2 (0.1-0.3)

OR adjusted for gender, history of Gl disorder and positive family history of Gl disease. *, P<0.05.

returned) completed the questionnaire. Although cases were
slightly older than controls [10.5 years (95% CI: 9.9-11.0)
vs. 9.3 years (95% CI: 8.7-10), P=0.01], the two groups were
similar for gender and ethnicity (7zble 1). Approximately
30% of the controls were siblings of a case.

Overall GI symptom score

Eighty percent of controls and 85% of cases reported at
least one GI symptom in the preceding 6 months [OR 1.5
(95% CI: 0.7-3.1), P=0.3]. Adjusting for age, sex, FH or
PMH of GI condition did not impact on the result (P,4=0.3).
Children with diabetes were more likely to have a higher
mean GI symptom score than controls [4.9 (95% CI: 4.0-
5.8) vs. 3.4 (95% CI: 2.6-4.2), P=0.02].

© Translational Pediatrics. All rights reserved.

Specific GI symptoms

The most common symptom reported by children was
abdominal pain. Most children (73% of cases and 66% of
controls) reported at least “a little” abdominal pain in the
preceding 6 months (OR 1.4, 95% CI: 0.8-2.5) (1able 2).
For each question the mean response on the Likert scale
was higher for cases, scores for abdominal pain 1.3 vs. 1.0
(P=0.02) and reflux 0.4 vs. 0.2 (P=0.01) were statistically
significant (7able 2). Children with T1DM were more likely
to complain of the presence of any reflux symptoms [OR 2.2
(95% CI: 1.1-4.6)].

There was an increased proportion of complaints of
“severe” abdominal pain in cases; 17% wvs. 5% of controls
[fisher’s exact P=0.01; OR 3.6 (95% CI: 1.3-12.3)]. Very
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Table 3 Pre-diagnosed gastrointestinal conditions in cases with T1DM and healthy controls

Underlying condition

Case (n=150)

Control (n=94)

None

Constipation

Functional abdominal pain

Coeliac disease
Gastro-oesophageal reflux disease

Other*

80% (n=120)

93% (n=87)

5% (n=7) 4% (n=4)
2% (n=3) 1% (n=1)
7% (n=10) 0% (n=0)
5% (n=8) 1% (n=1)
1% (n=2) 1% (n=1)

*, not specified by respondent.

Table 4 Predictors of gastrointestinal symptom score in New Zealand children

Variable Coefficient (95% CI of coefficient) Adjusted coefficient’ (95% CI of coefficient)
Diabetes 1.48 (0.24-2.74)* 1.50 (0.27-2.73)*
HbA1c" 0.66 (0.02-1.30)* 0.72 (0.9-1.34)*

PMH of Gl disorder
Ethnicity
New Zealand European

New Zealand Maori

5.10 (3.5-6.71)"

-1.24 (~4.46 to 1.97)
-0.14 (-3.39 to 3.09)

5.02 (3.44-6.61)*

Sex -1.85 (~3.06 to —0.65)" -

Age -0.32 (-2.09 to 0.15)

* P<0.05; T, adjusted for sex; *, in children with T1DM only. PMH, past medical history.

few respondents answered 3 or above on the Likert scale
for other symptoms; consequently, none of the other
comparisons reached statistical significance (data not
shown). When examined as symptom complexes, there was
no difference in the prevalence of upper GI [61% cases
vs. 49% controls, OR 1.6 (95% CI: 0.9-2.8)] or lower GI
symptoms between cases and controls [56% vs. 62%, OR 1.3
(95% CI: 0.7-2.2)].

Pre-existing GI conditions

Pre-existing GI conditions included constipation, coeliac
disease, and abdominal migraine (7zble 3). Cases were
more likely to have a pre-existing GI condition, OR 3.0
(95% CI: 1.2-8.4, P=0.01). No children had inflammatory
GI condition such as inflammatory bowel disease or
eosinophilic oesophagitis. In post hoc analysis when
children with CD were excluded from analysis, cases had
a mean score of 4.89 (95% CI: 4.00-5.77) vs. controls 3.40

© Translational Pediatrics. All rights reserved.

(95% CI: 2.59-4.21), P=0.02.

Other pre-existing medical conditions

The majority of children did not have any other medical
problems (93% of cases and 90% of controls). Seven cases
(5%) and nine controls (10%) listed a diagnosis of asthma,
while three cases (2%) and one control (1%) listed attention
deficit hyperactivity disorder as a pre-existing medical
condition.

Factors predictive of gastrointestinal symptoms

The presence of T1DM was predictive of a higher GI
symptom score (adjusted effect size 1.60, P=0.01). Higher
HbAlc, PMH of GI disorder and female gender were
predictive of a higher symptom score, whereas ethnicity and
age were not. The increased likelihood of each symptom
did not change when these factors were adjusted (7able 2).
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When the model was adjusted for gender, the relationship
remained significant (7able 4).

Discussion

This study confirms that complaints of GI symptoms are
common in childhood. Overall, 83% of the total group
reported symptoms. The children with T1DM complained
of gastrointestinal symptoms as frequently as their peers.
However, the intensity of their complaints overall was more
severe than their peers. In particular, they complained of
more severe abdominal pain and reflux symptoms. Factors
associated with a higher GI symptom score in cases included
higher HbAlc and female gender.

The overall prevalence of GI symptoms in the current
report was higher than reported in most studies, however
no other studies have examined 6-month prevalence. A
community-based study found weekly prevalence rates
of 45% for any GI complaint (3). Most (90%) children
complained of abdominal pain during the study period,
with a weekly prevalence rate of 38%. Weekly rates for
other symptoms (nausea 23%, diarrhoea 9%, constipation
8% and vomiting 7%) (3) were all lower than the 6-month
prevalence reported by the current control group (10). In
the general paediatric population abdominal pain prevalence
rates have been reported at around 50%, again lower than
the 73% of cases and 66% of controls in the present study
@,11).

Four children in the current study reported a pre-existing
functional GI pain condition; this rate is much lower than
the 12.5-25% previously published for pain predominant
functional GI conditions (6,12,13). It is likely there are
children in the current study with functional abdominal
pain syndromes who have not had a formal diagnosis.

Although cases were more likely to have a pre-existing
GI condition, the effect size was small (Tuzble 4) and the
inclusion of these conditions means the group is reflective
of the true population attending clinic. No children had
significant inflammatory gut conditions. Exclusion of
children with CD did not affect the significance of the
difference in mean score.

Two studies have investigated complaints of abdominal
symptoms in children with TIDM. A Greek study
investigated the prevalence of GI symptoms in a sample
of children and adolescents attending a diabetes clinic and
a well matched control group of siblings of hospitalized
children and offspring of hospital staff (8). As in the
current study, they found no difference between cases and
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controls (36.8% vs. 44.9% in controls; P=0.17). The overall
prevalence rate of any GI symptom complaint was much
lower than in the current study. Their results suggest that
T1DM had no impact on symptom prevalence. However,
they did not report the intensity of the symptoms or details
of the specific symptoms.

A Swedish study used a postal questionnaire to determine
the presence of 13 GI symptoms in a population-based
group of adolescent cases and controls (7). Their findings
are similar to the present study with a high prevalence of
any GI symptom in cases and controls (75% vs. 77%; P=ns).
They did not find any difference in prevalence for any of
the individual symptoms, but subgroups were affected by
environmental and disease specific factors, such as gender
and HbAlc.

The current study has shown that children with T1IDM
complain of more intense symptoms than their peers. The
reasons for this may include comorbidity, direct metabolic
effects of hyperglycaemia or psychological factors.

Coeliac disease is more prevalent in TIDM (4).
However, there is typically a low rate of reported symptoms
in undiagnosed children (14,15). The standard local
practice is to screen at least biannually, so the prevalence of
undiagnosed CD can be assumed to be low and is unlikely
to explain the difference in symptom score.

Autonomic neuropathy (AN) has been proposed as an
explanation for more intense and frequent GI complaints
in older patients (16-18). In children however, autonomic
neuropathy is very rare at the onset of diabetes (19) and
therefore unlikely to impact upon the rate of GI symptoms.

Perception of sensation from the GI system has been
shown to change in both hyperglycaemia and hypoglycaemia
(5,20,21). In the current study higher HbAlc was
predictive of increased symptom score suggesting persistent
hyperglycaemia may contribute to symptom prevalence.
However, poor control has been associated (22,23), with
symptoms of anxiety and depression, and it may be that
higher HbAlc is a marker of psychological distress rather
than the cause of the increased symptom complaints.

The complaints of pain in cases may be associated with
the child’s reaction to and interpretation of pain. T1DM
in children has been shown in a recent meta-analysis to be
associated with small to moderate levels of psychological
distress (22). Functional abdominal pain is often worse
in children with psychological distress (6). There was no
measure of psychological upset in the current questionnaire,
but it is likely cases experience distress which may affect
their interpretation of pain.
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The way parents react to their child’s pain can alter
the disability that results from that pain (24). In two large
population studies of Health Related Quality of Life
(HRQL) in children with T1DM (23,25); the children
rated their HRQL higher than their parents rated the
child’s HRQL. Parent and child were asked to answer the
current questionnaire together, but as the completion of the
questionnaires was not supervised, it is not possible to know
how consistently this was done.

A limitation of the current study is the selection of
control group children. All control children were recruited
from the same geographical area. Siblings of children
with T1DM are not necessarily a true representation of
the normal population. The initial intention was to use
peers, but recruitment was difficult. Using this group does
however control for parenting practises and family history.
The cases were older, but in the regression analysis this
did not impact on the result. This study had an excellent
response rate and it was representative of the diabetes clinic
population, but the size of the study also means that the
significance of subgroup analysis was limited. Although this
questionnaire did have multiple questions, the likelihood of
each response is not independent as the symptoms occur in
complexes and therefore a Bon Ferroni correction would
be too conservative. While the questionnaire has not been
independently validated, and therefore results do need to
be interpreted with caution, it has been adapted from an
independently validated questionnaire.

Conclusions

In conclusion, gastrointestinal complaints were common in this
group of children. The children with diabetes complained of
more intense symptoms than their peers without diabetes. The
reason for this difference in symptom severity may be related
to the pathophysiology of T1DM or a psychological response
to chronic illness. Further work examining the relationship of
metabolic control and GI function as well as the psychological
and family reaction to their illness may be useful to determine
the reasons for this difference.
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