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Abstract

Objectives: Incomplete fructose absorption can result in gastrointestinal distress symptoms in children, which may impact their quality of life; however, this 
has not been formally studied. This study evaluates whether dietary fructose restriction improves quality of life and gastrointestinal symptoms in children with 
breath test confirmed fructose intolerance, as measured by the Pediatric Quality of Life Inventory (PedsQL) and PedsQL Gastrointestinal Symptom Scale (GSS).

Methods: Thirty eight subjects, ages ranging from 8 to 18 years old with a positive hydrogen breath test consistent with fructose intolerance were included. 
Subjects drank 2 grams of fructose sugar per every kilogram of body weight, with a maximum of 50 grams fructose sugar. Hydrogen was collected every 
30 minutes over two hours. Hydrogen production of >20 ppm indicated a positive test. Participants with a positive breath test completed a PedsQL and a 
GSS assessment worksheet prior to leaving the office on the day of diagnosis. A dietitian then instructed subjects to follow a two-week fructose restricted diet. 
Subjects were then called exactly 2 weeks after diagnosis, and a post-intervention PedsQL/GSS was administered.

Results: The median age of subjects studied was 12.2 (10.4, 15.1) years. GSS and PedsQL scores showed statistically significant improvement from a 
mean of 47.2 (± 14) to 72.8 (± 15.5) and 75.0 (13.3) to 88.3 (± 8.9) respectively after the two-week dietary intervention (p value < 0.001 for both). Subjects 
showed significantly improvement on their total PedsQL score and in 4 out of the 5 PedsQL subscales, namely physical, emotional, school, and psychosocial 
function (p value < 0.001 for all).

Conclusion: Fructose restricted diet can significantly improve quality of life in fructose intolerant children. 

INTRODUCTION
Fructose is a monosaccharide ubiquitous in Western diets 

of children today. It exists both naturally in many fruits and 
some vegetables, as well as artificially as a sweetening additive 

in the form of high fructose corn syrup (HFCS), honey, and 
sucrose [1]. Comparison of data collected in national surveys 
over the last three decades identified a marked increase of 
fructose consumption in Americans two years and older, with 
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HFCS accounting for 8.3% of total energy intake in 2003-2004 
compared to 4.3% in 1989-1991 [1,2]. In the past, fructose 
malabsorption may have been less of a concern, given the limited 
quantity of fructose in the diet. However with HFCS representing 
at least 15.7% of total carbohydrate intake among Americans, 
effective recognition and management of fructose intolerance is 
of increasing importance [2].

Fructose malabsorption seems to be an under-recognized 
problem accounting for non-specific, chronic abdominal 
complaints in children and adults [3,4] and has been linked to 
conditions including irritable bowel syndrome [5], small intestine 
bacterial overgrowth [6], and depression [7,8]. Clinically, fructose 
malabsorption presents with a variety of symptoms including 
chronic diarrhea, periumbilical crampy abdominal pain, bloating, 
nausea, and vomiting [3,4]. Mechanistically, fructose is absorbed 
passively by facilitated diffusion via GLUT5 transporters located 
in the brush border membrane of small intestine enterocytes 
[9,10]. Net movement across the membrane is driven by the 
energy generated by the solute concentration gradient and is 
dose dependent with limited absorption capacity even in healthy 
individuals [1,11]. The presence of unabsorbed fructose in the 
colon acts as an osmotic laxative that draws fluid into the distal 
small bowel and colon, resulting in diarrhea [4]. Fermentation 
of excess fructose also releases organic acids and hydrogen 
gas which causes bloating, rumbling, and flatulence [12,13]. 
Hydrogen produced in this process is absorbed into the blood 
stream and expired through the lungs, which allows analysis 
of fructose malabsorption via fructose hydrogen breath tests 
(FHBT) [14].

Many studies have identified the efficacy of fructose restricted 
diets to improve abdominal symptoms in adults  [3,4,15,16], 
however there is limited research on how dietary fructose 
restriction affects symptoms in children [4]. Additionally, there is 
no research evaluating how fructose intolerance impacts quality 
of life pre- and post-fructose restricted diet within the pediatric 
population. With the increase in consumption of fructose 
containing food and beverages, it is important to evaluate 
whether implementation of a stringent fructose-free diet is 
beneficial to a child’s quality of life. This study will evaluate if a 
fructose-restricted diet does or does not improve quality of life in 
children after diagnosis of fructose intolerance by FHBT.  

MATERIALS AND METHODS
Subjects

This study was approved by the Cleveland Clinic Institutional 
Review Board (IRB). It included 38 subjects seen at the pediatric 
gastroenterology clinic at Cleveland Clinic Children’s. Subjects 
were 8 to 18 years old with a positive hydrogen breath test 
indicating fructose intolerance. Patients were enrolled as 
they were diagnosed with fructose intolerance. Patients with 
underlying gastrointestinal issues including inflammatory bowel 
disease (IBD), celiac disease, and anorexia were excluded from 
the study. Exclusion criteria were assessed via history and lab 
work collected on visits prior to the day subjects tested positive 
for fructose intolerance via breath testing. 

Diagnostic Measurements with Fructose Hydrogen 
Breath Tests

Each subject drank 2 grams of fructose sugar per every 
kilogram of body weight, with a maximum amount of 50 grams 
fructose sugar. Hydrogen was collected every 30 minutes over 
two hours. A hydrogen production of ≥20 ppm indicated a 
positive test. 

Quality of Life Assessments

The Quality of Life Assessments were carried out using the 
PedsQL questionnaires, developed by Dr. James W. Varni. All 
participants completed a Pediatric Quality of Life Inventory 
Version 4.0 (PedsQL) and a PedsQL Gastrointestinal Symptom 
Parent Report (GSS). The PedsQL Version 4.0(child report for age 
8-12 years; teen report for 13-18 years) is a 23 item questionnaire 
completed by the child to evaluate health related quality of life 
(HRQOL) subjects who are either healthy or suffering from an 
acute or chronic illness (Appendix 1). Four distinct domains of 
life including physical functioning (8 items), emotional function 
(5 items), social functioning (5 items), and school functioning (5 
items) are evaluated on a scale of 0 to 4, and subsequently scored. 
This tool is well validated and distinguishes healthy children from 
acutely or chronically ill children, as well as delineates severity of 
disease in those affected by a chronic illness [17-21].

The PedsQL GSS scale is a nine item, disease specific 
questionnaire, which has shown acceptable to excellent 
measurement properties, allowing it to be used as a common 
metric to compare common GI specific symptoms in children with 
both functional and organic GI complaints (Appendix 2) [22,23].

Informed consent was obtained from all study participants on 
the day fructose intolerance was diagnosed. This was followed 
by administration of the PedsQL and GSS symptom scales. After 
the symptom scales were completed, a gastroenterology specific 
dietician gave instructions for the patient to follow a two-week 
fructose-restricted diet which included face to face counseling, 
handouts listing fructose-free foods, and sample meal plans. 
After two weeks, the dietitian called the patient and administered 
a second set of Peds QL and GSS symptoms scales. Scores were 
only collected from those who verbally confirmed adherence to 
the diet. Both researchers used standard procedures outlined on 
the questionnaire instructions for scoring symptoms scales. 

The PedsQL and GSS are both scaled from 0 to 100, with higher 
scores indicating higher quality of life. Changes in these measures 
were computed as the difference of the post-dietary intervention 
from time of diagnosis (pre). Therefore, improvements in quality 
of life are indicated by change scores greater than 0.

Statistical Analysis

Changes in PedsQL and GSS were assessed with the one-
sample t-test. All analyses were performed on a complete-case 
basis. All tests were two-tailed and performed at a significance 
level of 0.05. SAS 9.2 software (SAS Institute, Cary, NC) was used 
for all analyses.

RESULTS

Patient Characteristics and Clinical Data

The median age of subjects was 12.2 (10.4 to 15.1) years 
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and 58% were female. The indications for FHBT are indicated 
in (Table 1). The most common presenting symptom noted was 
abdominal pain, occurring in 94.7 % of patients, with bloating, 
flatulence, eructation and diarrhea occurring in over one quarter 
of patients. Laboratory values of WBC, hemoglobin, platelets, 
ESR, and TSH were also evaluated at the time of diagnosis and 
mean values were found to be within a normal range for all 
subjects (Table 1). Celiac panel testing performed in 28 out of 38 
subjects was found to be negative in all cases, with the remaining 
10 subjects having no testing documented. Normal laboratory 
values collected prior to diagnosis of fructose intolerance, 
suggests that symptoms were due to fructose intolerance and not 
an alternative underlying pathology. 

Changes in Quality of Life with Fructose-Restricted 
Diet

Children with fructose intolerance had a mean GGS and 
PedsQL score of 47.2 out of 100 (± 14) and 75 out of 100 (± 13.3) 
respectively, before dietary intervention. After implementation 
of a 2-week fructose-free diet, there was improvement in the GSS 
and PedsQL scores to 72.8 (± 15.5) and 88.3 (± 8.9), respectively 
(p value < 0.001) (Figure 1). Furthermore, subjects showed 
significant improvement in 4 out of the 5 PedsQL subscales, 
namely physical, emotional, school, and psychosocial function (p 
value < 0.001) (Table 2).  

DISCUSSION
It is undeniable that with the increased prevalence and 

accessibility of fructose in the American diet, identification and 
effective management of fructose intolerance has become very 
important. Increased rates of fructose consumption by children 
has not only contributed to childhood obesity [24] and insulin 
resistance [25] but has also identified fructose malabsorption as 

an illness with the potential to negatively affect children’s quality 
of life. Health related quality of life research is a rapidly evolving 
concept within healthcare, as it can not only elucidate the burdens 
associated with a chronic illness, but also provides information 
on how therapeutic intervention may alter a patient’s quality 
of life. There is a paucity of data in both the adult and pediatric 
population as to whether quality of life can be improved with 
implementation of a fructose-free diet in those with breath test 
confirmed fructose intolerance. 

As in adults, children with fructose intolerance most 
commonly complain of symptoms including abdominal pain, 
nausea, vomiting, flatulence, diarrhea, or altered bowel habits. 
In adults, such symptoms associated with fructose intolerance 
are under-recognized in those diagnosed with irritable bowel 
syndrome (IBS) [3]. Although fructose intolerance was previously 
thought to be more prevalent in adults with IBS, recent studies 
have identified an equal prevalence of disease in those with 
functional bowel disorders and healthy individuals [26,27]. Thus, 
fructose intolerance is best diagnosed when both gastrointestinal 
symptoms and a positive fructose hydrogen breath test is 
obtained. The capacity of fructose absorption in normal adults 
ranges from 15 g to 50g, thus indicating use of a standard 
maximum of 50g fructose load when conducting fructose 
breath testing for diagnosis. Interestingly in children fructose 
malabsorption has been noted to change with age, possibly due 
to the up regulation of GLUT 5 expression over time [11]. The 
optimal dose of fructose ingestion to diagnose malabsorption 
may be more difficult to determine within pediatric population 
[28]. Nonetheless, FHBT remains the most practical means of 
diagnosing fructose intolerance in children.

Many studies have noted the benefit of adhering to a low 
fructose diet in those previously diagnosed with IBS, but later 
found to have fructose intolerance via breath testing. A study by 

N = 38
Sex N (%) 
    Female 22 (57.9)
    Male 16 (42.1)
Age Years
    Median 12.2
    Q1, Q3 10.4, 15.1
Presenting Symptoms N (%)
Abdominal Pain 36 (94.7)
Bloating 12 (31.5)
Flatulence 10 (26.3)
Eructation 10 (26.3)
Diarrhea 7 (18.4)
Vomiting 2 (5.3)
Reflux 2 (5.3)
Nausea 2 (5.3)
Fatigue 1 (2.6)
Laboratory Measurements Mean (SD)
WBC (k/uL) 6.7 (2.3)
Hemoglobin (g/dL) 13.7 (1.16)
Platelets (k/uL) 278.6 (51.8)
ESR (mm/hr) 5.7 (3.8)
TSH (mU/L) 2.5 (1.2)

Table 1: Baseline Demographics and Clinical Characteristics.

Figure 1 GSS and PedsQL scores, pre- and post- fructose restricted 
dietary intervention. The horizontal axis indicates the quality of life 
scoring tool used (GSS vs. PedsQL) and the vertical axis indicates the 
scores obtained pre- and post- implementation of a fructose-free diet. 
The box represents the interquartile range (25th and 75th percentile) 
from the median (horizontal line) and the vertical bars represent the 
95% confidence interval. After dietary modification, the pre- and post- 
GSS and PedsQL scores improved.
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Johlin et al. indicated that in a population of adults with fructose 
malabsorption, adherence to a low fructose diet decreased 
gastrointestinal symptoms (bloating, gas, abdominal pain) and 
improved quality of life [29]. Improved quality of life manifested 
itself as the ability to return to normal work patterns, travel 
without prior bothersome symptoms, and improved social 
function. In children, a study by Tsampalieros et al. revealed 
that a in a sample with FHBT confirmed fructose intolerance, 
97% who adhered to a low or reduced fructose diet remained 
symptom free 18-24 months later with continuation of the diet 
[4]. Although symptom improvement was identified in this study, 
the effect on quality of life was not evaluated.

The assessment of health care quality of life was performed 
using the PedsQL and GSS to gather data regarding burden of 
disease and efficacy of dietary intervention. 

The PedsQL allows a child to self-report how symptoms 
of a chronic illness affect his/her physical, social, emotional, 
and school functioning. The GSS scale is a newer scale that has 
been effective when used in conjunction with the PedsQL, to 
capture data with regards to gastrointestinal symptoms. In our 
study, we have used both these scales to indicate that a fructose 
restricted diet is an intervention with the potential to improve a 
child’s quality of life, in as quickly as two weeks. Our findings are 
particularly significant, as this is the first prospective study that 
indicates an improvement in emotional, physical, psychosocial 
and school related functionality after dietary fructose restriction. 
We also evaluated parents perception alongside self-report by 
children, which is equally important. Studies indicate that parents 
perceptions of their child’s illness often guide the utilization of 
healthcare resources, which not only enables prediction of future 
healthcare costs, but may also affect treatment outcome [30,31].

Some potential limitations of this study include the lack of 
a control group of healthy subjects to which our pre- and post-
intervention data could be compared. Conducting a future study 
to evaluate the health related quality of life (HRQOL) of children 
with fructose intolerance as compared to healthy controls may 
also be beneficial to further elucidate the burden of this chronic 
illness. Additionally, completing a follow up evaluation using the 
GSS and PedsQL questionnaire one year after diagnosis may also 
elucidate whether prolonged adherence to a fructose-free diet 
has the potential to provide a sustained improved quality of life 
for these children. In conclusion, this prospective study elucidates 
the benefits children with fructose intolerance can experience, in 
as quickly as two weeks, with implementation of a fructose-free 
diet. Since a child’s quality of life can be negatively impacted by 
symptoms associated with fructose intolerance, it is extremely 
important that awareness regarding the diagnosis and efficacy of 
dietary intervention are understood and further studied. 
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