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ABSTRACT 

Introduction: Toddler's diarrhea, or Chronic Nonspecific 

Diarrhea of Childhood (CNSD), is a common functional 

gastrointestinal disorder in children aged 6 months to 5 years. It is 

characterized by chronic, loose stools in otherwise healthy, 

thriving children. While dietary factors are implicated, particularly 

fruit juice, a comprehensive synthesis of the evidence across all 

types of sugar-sweetened beverages (SSBs) is lacking. This 

systematic review aims to evaluate the association between SSB 

consumption and toddler's diarrhea. 

Methods: A systematic search of PubMed, Google Scholar, 

Semanthic Scholar, Springer, Wiley Online Library was conducted 

for studies published in English. Randomized controlled trials 

(RCTs), controlled trials, cohort studies, case-control studies, and 

case series (N≥5) evaluating the association between SSB  
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(including fruit juices, sodas, and other sweetened drinks) 

consumption and diarrheal outcomes in children aged 6 months to 

5 years were included. The Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines 

were followed. Methodological quality was assessed using the 

Cochrane Risk of Bias 2 (RoB 2) tool for RCTs and the 

Newcastle-Ottawa Scale (NOS) for observational studies. Findings 

were synthesized narratively. 

Results: Seventeen studies, comprising six RCTs/controlled trials, 

six observational studies, and five case series, met the inclusion 

criteria. The evidence consistently demonstrated a strong 

association between the consumption of SSBs and toddler's 

diarrhea. An RCT found that infants consuming apple juice or 

white grape juice had significantly higher fecal output (3.94 g/kg/h 

and 3.59 g/kg/h, respectively) and longer diarrhea duration (49.4 

hours and 47.5 hours, respectively) compared to those consuming 

water (2.19 g/kg/h and 26.5 hours) (Valdovinos et al., 2005). 

Observational studies linked excessive fluid intake, particularly 

from juice, to increased stool frequency (4-10 stools/day) (Greene 

and Ghishan, 1983). Breath hydrogen tests confirmed 

carbohydrate malabsorption (fructose and sorbitol) as a key 

mechanism (Hyams and Leichtner, 1985; Smith and Lifshitz, 

1995). Dietary intervention studies showed that restricting or 

eliminating SSBs was curative or led to significant symptom 

resolution in most cases (Hyams and Leichtner, 1985). Beverages 

with a high fructose-to-glucose ratio and sorbitol content, such as 

apple and pear juice, were most frequently implicated (Gormally 

et al., 1997). 
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Discussion: The findings support a multifactorial 

pathophysiological model where the high osmotic load from 

poorly absorbed sugars (fructose, sorbitol) in SSBs exceeds the 

absorptive capacity of a toddler's immature gut. This effect is often 

compounded by rapid intestinal transit from low-fat diets and high 

overall fluid volume. The mechanistic principles derived from 

studies on fruit juice can be logically extended to other SSBs 

sweetened with high-fructose corn syrup. While some evidence 

supports dilute juice for rehydration in mild acute gastroenteritis 

due to palatability, its role is distinct from its causal contribution 

to chronic functional diarrhea (Freedman et al., 2016). 

Conclusion: There is strong evidence to support a causal 

association between the consumption of SSBs and the etiology of 

toddler's diarrhea. A detailed dietary history focusing on SSB 

intake is the cornerstone of diagnosis, and dietary modification is 

the primary, most effective management strategy. 

Keywords: Toddler's Diarrhea, Chronic Nonspecific Diarrhea, 

Sugar-Sweetened Beverages, Fruit Juice, Fructose, Sorbitol, 

Osmotic Diarrhea. 
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INTRODUCTION 

Background: The Clinical Entity of Toddler's Diarrhea 

Toddler's diarrhea, also known clinically as Chronic Nonspecific Diarrhea of Childhood 

(CNSD), is the most prevalent cause of chronic diarrhea in young children in developed nations 

(Baudon et al., 1991; Dennison et al., 1997). The condition is defined as a benign, functional 

gastrointestinal disorder that typically affects children between the ages of 6 months and 5 years, 

with a peak incidence between 12 and 36 months (Fay et al., 1983; Freedman et al., 2016; Gale et 

al., 1997; Gomara et al., 2006). The defining clinical presentation involves the passage of three to 

ten large, loose, or watery stools per day for a duration of at least three to four weeks (Gomara et 

al., 2006; Gomis et al., 2009). The stools often appear malodorous, may contain recognizable, 

undigested food particles, and can vary in consistency throughout the day, frequently worsening as 

the day progresses (Gale et al., 1997; Gormally et al., 1997; Greene and Ghishan, 1983). 

A cardinal feature that distinguishes toddler's diarrhea from more serious organic 

pathologies is the complete absence of systemic illness or malnutrition (Gomara et al., 2006; 

Gormally et al., 1997; Grenov et al., 2002). Children with CNSD are typically active, well-

nourished, and demonstrate normal growth and weight gain along their established centile curves 

(Baudon et al., 1991; Dennison et al., 1997; Fay et al., 1983; Gomara et al., 2006; Grenov et al., 

2002). There is no associated fever, vomiting, blood in the stool, or evidence of malabsorption such 

as steatorrhea (Dennison et al., 1997; Gomara et al., 2006; Gormally et al., 1997). This stark 

contrast between the alarming diarrheal symptoms and the child's otherwise excellent state of health 

creates a significant clinical paradox. The benign nature of the condition is often at odds with the 

high level of anxiety it generates in parents and caregivers, who may fear a more severe underlying 

disease (Baudon et al., 1991; Grenov et al., 2002). This parental concern frequently leads to 

pressure on clinicians to pursue extensive and often unnecessary diagnostic evaluations, including 

invasive procedures and pharmacological interventions, when the cornerstone of management is, in 
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fact, non-invasive dietary assessment and counseling (Gomara et al., 2006; Grenov et al., 2002; 

Hyams and Leichtner, 1985). Therefore, a clear understanding of the condition's etiology is 

paramount for effective clinical practice, enabling practitioners to provide reassurance and 

appropriate, targeted advice. 

Pathophysiological Mechanisms: The Role of Osmotic Diarrhea 

The primary pathophysiological mechanism underlying toddler's diarrhea is osmotic 

diarrhea (Gomis et al., 2009; Hyams and Leichtner, 1985; Kneepkens et al., 1995; Lebenthal et al., 

2014). This process occurs when non-absorbable or poorly absorbed solutes remain within the 

intestinal lumen. These solutes exert an osmotic force, drawing water from the intestinal mucosa 

into the bowel to maintain isotonicity. When the volume of this fluid exceeds the absorptive 

capacity of the colon, the result is watery, high-volume stools (Hyams and Leichtner, 1985; 

Lebenthal et al., 2014; Lifschitz et al., 2000; Smith and Lifshitz, 1995). In the context of CNSD, the 

principal osmotic agents are specific dietary carbohydrates that are incompletely absorbed in the 

small intestine of young children (Dennison et al., 1997; Gomara et al., 2006). 

The main carbohydrates implicated are the monosaccharide fructose and the sugar alcohol 

sorbitol (Dennison et al., 1997; Fay et al., 1983; Freedman et al., 2016; Grenov et al., 2002; 

Valdovinos et al., 2005). The absorptive capacity for fructose in the pediatric gut is limited and 

developmentally regulated (Lifschitz et al., 2000). Fructose is absorbed via the GLUT5 transporter, 

a process that is relatively slow and can be overwhelmed by high loads (Kneepkens et al., 1995). 

Crucially, fructose absorption is facilitated by the co-ingestion of glucose, which stimulates water 

and solute absorption (Lifschitz et al., 2000). Consequently, beverages and foods with a high 

fructose-to-glucose ratio, such as apple and pear juice, are particularly prone to causing fructose 

malabsorption (Gomara et al., 2006; Kneepkens et al., 1995; Gormally et al., 1997). Sorbitol, 

another common constituent of fruit juices and a sweetener in "sugar-free" products, is absorbed 

very slowly and passively in the small intestine, making it a potent osmotic agent even in moderate 
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doses (Lifschitz et al., 2000; Gormally et al., 1997; Baudon et al., 1991). 

The development of toddler's diarrhea can be conceptualized as a "perfect storm" resulting 

from the convergence of several developmental and dietary factors. First, the toddler's digestive 

tract is functionally immature, with both a limited capacity for carbohydrate transport and 

potentially disordered intestinal motility leading to rapid transit times (Dennison et al., 1997; 

Greene and Ghishan, 1983; Lifschitz et al., 2000). Second, modern pediatric diets are often 

relatively low in fat, which is known to slow gastric emptying and intestinal transit; a low-fat diet 

can therefore accelerate the delivery of food to the colon, reducing the time available for absorption 

in the small intestine (Dennison et al., 1997; Gomara et al., 2006; Greene and Ghishan, 1983). 

Third, parents, often under the impression that fruit juice is a healthy beverage, may provide it in 

large volumes, sometimes in "sippy cups" that allow for constant consumption throughout the day 

(Dennison et al., 1997; Gormally et al., 1997). This practice leads to excessive total fluid intake, 

which can overwhelm the gut's absorptive capacity on its own (Dennison et al., 1997; Greene and 

Ghishan, 1983). When these factors combine—a high volume of a high-fructose, high-sorbitol 

beverage is consumed by a child with an immature gut and rapid intestinal transit—a significant 

osmotic load is guaranteed to reach the colon, resulting in the characteristic symptoms of toddler's 

diarrhea. This multifactorial synergy is a more complete explanation than a simple attribution to 

sugar alone. 

Sugar-Sweetened Beverages in the Pediatric Diet 

For the purposes of this review, the term sugar-sweetened beverages (SSBs) is defined 

broadly to encompass any beverage containing added caloric sweeteners (such as sucrose, high-

fructose corn syrup, or fruit-juice concentrates) or beverages that are naturally high in free sugars 

(Gormally et al., 1997). This definition includes not only carbonated soft drinks, fruit drinks, and 

sports drinks, but also 100% fruit juices, which are a primary source of free sugars in the diets of 

toddlers and young children (Gormally et al., 1997). 
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The consumption of SSBs among young children is a significant public health concern. 

National survey data indicate that a substantial proportion of children aged 2 to 5 years consume 

SSBs daily, with intake patterns often established before the first birthday (Dennison et al., 1997). 

Consumption frequently exceeds the limits recommended by major health organizations, such as the 

American Academy of Pediatrics (AAP) and the American Heart Association (AHA) (Gormally et 

al., 1997). While much of the scientific literature and public health discourse surrounding SSBs has 

concentrated on their role in the escalating rates of childhood obesity, type 2 diabetes, and dental 

caries (Dennison et al., 1997), their more immediate gastrointestinal effects in the toddler 

population have received less synthesized attention. 

Rationale, Research Gap, and Novelty 

The high prevalence of both toddler's diarrhea as a clinical complaint and SSB consumption 

as a dietary habit underscores the need to clarify their association. A critical appraisal of the 

existing literature reveals a significant research gap stemming from the fragmentation of evidence. 

On one hand, a specific body of clinical and gastroenterological research has long identified an 

explicit link between the consumption of fruit juice and the symptoms of CNSD, grounding this 

association in the well-understood mechanism of carbohydrate malabsorption (Hoekstra, 1995; 

Hyams and Leichtner, 1985; Kneepkens et al., 1995). On the other hand, a much larger body of 

public health and nutrition research has investigated the health impacts of SSBs as a broad 

category, but has overwhelmingly focused on long-term metabolic outcomes like obesity, with 

diarrhea rarely being a primary endpoint (Dennison et al., 1997). 

The novelty of this systematic review lies in its effort to bridge this gap. It aims to 

synthesize these disparate streams of evidence through the unifying pathophysiological framework 

of osmotic diarrhea. By focusing on the common denominator—the delivery of a high load of 

malabsorbable free sugars and sugar alcohols—this review will assess whether the well-established 

link between fruit juice and toddler's diarrhea can be mechanistically and evidentially extended to 
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other forms of SSBs, such as those sweetened with HFCS. This approach provides a more holistic 

understanding of the role of sweetened drinks in the etiology of this common pediatric condition. 

Objectives and Hypothesis 

The primary objective of this systematic review is to synthesize and evaluate the evidence 

from clinical trials and observational studies on the association between the consumption of SSBs 

(including 100% fruit juices) and the incidence, duration, and severity of toddler's diarrhea. 

Secondary objectives are: 

1. To characterize the specific types of SSBs and the quantities of constituent sugars (e.g., 

fructose, sorbitol) that are most strongly implicated in causing or exacerbating diarrheal 

symptoms. 

2. To evaluate the evidence supporting dietary modification, specifically the reduction or 

elimination of SSBs, as a primary management strategy for toddler's diarrhea. 

3. To identify key knowledge gaps in the current literature to guide future research priorities. 

The central hypothesis of this review is that a higher intake of SSBs, particularly those rich 

in free fructose and sorbitol, is positively and causally associated with an increased risk, severity, 

and duration of toddler's diarrhea. This association is predicated on the mechanism of osmotically-

driven carbohydrate malabsorption in the developmentally immature pediatric gastrointestinal tract. 

METHODS 

Protocol and Reporting Guidelines 

This systematic review was designed and conducted, and its findings are reported, in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) 2020 statement. The PRISMA checklist provides a robust framework for transparent and 

complete reporting of systematic reviews.  
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Eligibility Criteria (PICOS Framework) 

Studies were included in this review if they met the following criteria, structured according 

to the Population, Intervention/Exposure, Comparison, Outcomes, and Study Design (PICOS) 

framework: 

● Population: The review included studies involving children aged 6 months to 5 years who 

were either formally diagnosed with or presented with symptoms consistent with chronic 

nonspecific diarrhea (toddler's diarrhea). This was defined as the presence of diarrhea (three or 

more loose/watery stools per day) for a duration exceeding three weeks, in the absence of 

failure to thrive, malnutrition, or evidence of an underlying organic disease (e.g., celiac 

disease, inflammatory bowel disease, infectious enteritis). 

● Intervention/Exposure: The exposure of interest was the consumption of any sugar-

sweetened beverage. This was defined as any beverage with added caloric sweeteners (e.g., 

sucrose, high-fructose corn syrup, glucose) or beverages naturally high in free sugars, such as 

100% fruit juice and fruit juice concentrates. Studies investigating sugar alcohols (e.g., 

sorbitol, isomalt, maltitol) used as sweeteners were also included due to their similar osmotic 

mechanism. 

● Comparison: The comparator group or condition included children with no or low 

consumption of SSBs, those consuming non-caloric beverages such as water or milk, or 

baseline dietary habits prior to a dietary intervention. In single-arm intervention studies, the 

pre-intervention state served as the control. 

● Outcomes: To be included, a study had to report on at least one of the following outcomes: 

○ Primary Outcomes: Incidence or prevalence of toddler's diarrhea; stool frequency 

(number of stools per day); stool volume or output (e.g., measured in g/kg/h); duration of 

diarrheal episodes (in hours or days); and stool consistency (e.g., described as watery, 

loose, or formed, or assessed via a standardized scale). 

○ Secondary Outcomes: Resolution, improvement, or amelioration of diarrhea following a 
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dietary intervention (e.g., SSB restriction); recurrence of diarrhea upon dietary re-

challenge; objective measures of carbohydrate malabsorption (e.g., breath hydrogen test 

results); presence of other gastrointestinal symptoms such as abdominal pain, bloating, or 

flatulence; need for subsequent medical interventions (e.g., intravenous fluid 

administration); and relevant nutritional outcomes (e.g., total caloric intake, weight gain or 

loss during the study period). 

● Study Design: Eligible study designs included randomized controlled trials (RCTs), non-

randomized controlled trials, prospective and retrospective cohort studies, and case-control 

studies. In recognition of the nature of the evidence in this specific clinical area, case series 

with a sample size of five or more participants that reported clear pre- and post-intervention 

data were also considered for inclusion in the qualitative synthesis. Review articles, editorials, 

and case reports with fewer than five subjects were excluded. 

Information Sources and Search Strategy 

A comprehensive and systematic search of the literature was performed to identify all 

relevant studies. The following electronic databases were searched from their inception through 

March 2024: PubMed, Google Scholar, Semanthic Scholar, Springer, Wiley Online Library. These 

databases are standard for high-quality systematic reviews in the medical field.  
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Search Strategy 

The keywords used for this research based PICO :  

Element Keyword 1 Keyword 2 Keyword 3 Keyword 4 

Population 

(P) 
Toddler's Diarrhea 

Chronic 

Nonspecific 

Diarrhea 

(CNSD) 

Young Children (6 

months - 5 years) 

Functional 

Gastrointestinal 

Disorder 

Intervention 

(I) 

Sugar-Sweetened 

Beverages (SSBs)  
Fructose Sorbitol Fruit Juice 

Comparison 

(C) 

Low/No SSB 

Intake 

Water 

Consumption 

Dietary 

Restriction/Modification 

Unsweetened 

Beverages 

Outcome 

(O) 

Diarrhea 

Duration/Frequency 

Osmotic 

Diarrhea 

Carbohydrate 

Malabsorption 

Stool 

Frequency/Volume  

 

The Boolean MeSH keywords inputted on databases for this research are: ("Toddler's 

Diarrhea" OR "Chronic Nonspecific Diarrhea (CNSD)" OR "Young Children (6 months - 5 years)" 

OR "Functional Gastrointestinal Disorder") AND ("Sugar-Sweetened Beverages (SSBs)" OR 

"Fructose" OR "Sorbitol" OR "Fruit Juice") AND ("Low/No SSB Intake" OR "Water Consumption" 

OR "Dietary Restriction/Modification" OR "Unsweetened Beverages") AND ("Diarrhea 

Duration/Frequency" OR "Osmotic Diarrhea" OR "Carbohydrate Malabsorption" OR "Stool 

Frequency/Volume"). 
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Table 1. Article Search Strategy 

Database Keywords Hits 

Pubmed ("Toddler's Diarrhea" OR "Chronic Nonspecific Diarrhea (CNSD)" OR 
"Young Children (6 months - 5 years)" OR "Functional Gastrointestinal 
Disorder" AND("Sugar-Sweetened Beverages (SSBs)" OR "Fructose" 
OR "Sorbitol" OR "Fruit Juice") AND ("Low/No SSB Intake" OR 
"Water Consumption" OR "Dietary Restriction/Modification" OR 
"Unsweetened Beverages" AND "Diarrhea Duration/Frequency" OR 
"Osmotic Diarrhea" OR "Carbohydrate Malabsorption" OR "Stool 
Frequency/Volume") 

4 

Semantic 

Scholar 

("Toddler's Diarrhea" OR "Chronic Nonspecific Diarrhea (CNSD)" OR 
"Young Children (6 months - 5 years)" OR "Functional Gastrointestinal 
Disorder") AND ("Sugar-Sweetened Beverages (SSBs)" OR "Fructose" 
OR "Sorbitol" OR "Fruit Juice") AND ("Low/No SSB Intake" OR 
"Water Consumption" OR "Dietary Restriction/Modification" OR 
"Unsweetened Beverages") AND ("Diarrhea Duration/Frequency" OR 
"Osmotic Diarrhea" OR "Carbohydrate Malabsorption" OR "Stool 
Frequency/Volume") 

250 

Springer ("Toddler's Diarrhea" OR "Chronic Nonspecific Diarrhea (CNSD)" OR 
"Young Children (6 months - 5 years)" OR "Functional Gastrointestinal 
Disorder" AND("Sugar-Sweetened Beverages (SSBs)" OR "Fructose" 
OR "Sorbitol" OR "Fruit Juice") AND ("Low/No SSB Intake" OR 
"Water Consumption" OR "Dietary Restriction/Modification" OR 
"Unsweetened Beverages" AND "Diarrhea Duration/Frequency" OR 
"Osmotic Diarrhea" OR "Carbohydrate Malabsorption" OR "Stool 
Frequency/Volume") 

27 

Google 
Scholar 

("Toddler's Diarrhea" OR "Chronic Nonspecific Diarrhea (CNSD)" OR 
"Young Children (6 months - 5 years)" OR "Functional Gastrointestinal 
Disorder") AND ("Sugar-Sweetened Beverages (SSBs)" OR "Fructose" 
OR "Sorbitol" OR "Fruit Juice") AND ("Low/No SSB Intake" OR 
"Water Consumption" OR "Dietary Restriction/Modification" OR 
"Unsweetened Beverages") AND ("Diarrhea Duration/Frequency" OR 
"Osmotic Diarrhea" OR "Carbohydrate Malabsorption" OR "Stool 
Frequency/Volume") 

25 

Wiley 
Online 
Library 

("Toddler's Diarrhea" OR "Chronic Nonspecific Diarrhea (CNSD)" OR 
"Young Children (6 months - 5 years)" OR "Functional Gastrointestinal 
Disorder") AND ("Sugar-Sweetened Beverages (SSBs)" OR "Fructose" 
OR "Sorbitol" OR "Fruit Juice") AND ("Low/No SSB Intake" OR 
"Water Consumption" OR "Dietary Restriction/Modification" OR 
"Unsweetened Beverages") AND ("Diarrhea Duration/Frequency" OR 
"Osmotic Diarrhea" OR "Carbohydrate Malabsorption" OR "Stool 
Frequency/Volume") 

2 
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Figure 1. Article search flowchart 
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Study Selection, Data Extraction, and Management 

The study selection process was conducted in two phases. In the first phase, two 

independent reviewers screened the titles and abstracts of all records retrieved from the electronic 

searches to identify potentially relevant articles. Any record deemed potentially eligible by at least 

one reviewer was advanced to the next phase. In the second phase, the full texts of these articles 

were obtained and independently assessed for eligibility against the pre-defined PICOS criteria by 

the same two reviewers. Any disagreements regarding study inclusion at either phase were resolved 

through discussion and consensus. If consensus could not be reached, a third senior reviewer was 

consulted to make a final decision. 

A standardized data extraction form was developed and piloted before use. Two reviewers 

independently extracted data from each included study. The extracted information included: (1) 

study characteristics (first author, year of publication, country of origin, study design); (2) 

participant characteristics (sample size, age range, sex); (3) details of the exposure or intervention 

(type of SSB, amount consumed or administered, duration of exposure/intervention); (4) 

characteristics of the comparator group; (5) all reported primary and secondary outcome measures; 

and (6) key quantitative results, including measures of association (e.g., odds ratios, risk ratios), 

mean differences, and statistical significance (p-values, 95% confidence intervals). Any 

discrepancies in extracted data were resolved by consensus. 

Assessment of Methodological Quality and Risk of Bias 

The methodological quality and risk of bias of each included study were independently 

assessed by two reviewers using established, design-specific tools. For RCTs, the Cochrane Risk of 

Bias 2 (RoB 2) tool was employed. This tool assesses bias across five domains: bias arising from 

the randomization process, bias due to deviations from intended interventions, bias due to missing 

outcome data, bias in measurement of the outcome, and bias in selection of the reported result. Each 

domain was judged as "low risk," "some concerns," or "high risk" of bias. 
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For observational studies (cohort and case-control studies), the Newcastle-Ottawa Scale 

(NOS) was used. The NOS evaluates study quality based on three broad domains: the selection of 

the study groups, the comparability of the groups, and the ascertainment of either the exposure or 

the outcome of interest for case-control or cohort studies, respectively. Studies were awarded stars 

for high-quality items, with a maximum possible score of nine stars. 

For case series, a formal risk of bias tool was not applied, but their methodological 

limitations (e.g., lack of a control group, potential for selection bias) were noted and considered 

during the synthesis of evidence. The results of the risk of bias assessments were compiled into a 

summary table and were used to inform the overall strength and interpretation of the review's 

findings. 

RESULTS 

Characteristics of Included Studies 

The 17 studies included in this systematic review comprised a heterogeneous mix of study 

designs, reflecting the nature of the evidence in this field. There were six randomized controlled or 

controlled clinical trials, six observational studies (including prospective, cross-sectional, and case-

control designs), and five case series. The studies were published between 1983 and 2016 and were 

conducted primarily in North America and Europe. Sample sizes ranged from 5 participants in the 

smallest case series to 647 in the largest RCT. The age of participants was consistent with the 

toddler and preschool period. The exposure of interest varied but predominantly focused on fruit 

juices, particularly apple juice, with other studies investigating sugar alcohols like isomalt and 

maltitol, or general fluid intake. Key outcomes reported included stool frequency, stool 

volume/output, duration of diarrhea, and resolution of symptoms following dietary intervention. 

The detailed characteristics of each included study are summarized in Table 1. 

Table 1: Characteristics of Included Studies 
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Study ID 

(Author, 

Year) 

Study 

Design 

Country Participa

nts (N, 

Age) 

Exposure/

Interventi

on 

Comparat

or 

Key Diarrhea-

Related 

Outcomes 

Greene 

and 

Ghishan 

(1983) 

Observati

onal 

(Case 

Series) 

USA N=40; 

<3.5 

years 

Excessive 

fluid 

intake 

(>150 

ml/kg/day) 

Normal 

fluid intake 

(<120 

ml/kg/day) 

Stool 

frequency, stool 

consistency, 

resolution with 

intervention 

Hyams 

and 

Leichtne

r (1985) 

Case 

Series 

USA N=5; 16-

27 

months 

Non-

excessive 

apple juice 

intake (240 

mL) 

Withdrawal 

of apple 

juice 

Diarrhea 

resolution, 

breath hydrogen 

test results 

Fay et al. 

(1983) 

Observati

onal 

UK N=9; 15-

30 

months 

Standard 

diet 

N/A 

(Mechanisti

c study) 

Intestinal 

motility 

patterns 

Smith 

and 

Lifshitz 

(1995) 

Case 

Series 

USA N=7; 8-

27 

months 

Excessive 

fruit juice 

(12-30 

oz/day) 

Dietary 

intervention 

(juice 

reduction) 

GI complaints 

(diarrhea), 

failure to thrive, 

breath H2 test 
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Study ID 

(Author, 

Year) 

Study 

Design 

Country Participa

nts (N, 

Age) 

Exposure/

Interventi

on 

Comparat

or 

Key Diarrhea-

Related 

Outcomes 

Kneepke

ns et al. 

(1995) 

Crossover 

RCT 

Netherlan

ds 

N=12; 

CNSD 

diagnosis 

10 ml/kg 

clear apple 

juice vs. 

cloudy 

apple juice 

Basal 

period, 

extra clear 

fluids 

Stool 

frequency, stool 

consistency, 

breath hydrogen 

test 

Dennison 

et al. 

(1997) 

Cross-

sectional 

USA N=163; 2 

and 5 

years 

Excessive 

fruit juice 

intake 

(≥12 

oz/day) 

Lower fruit 

juice intake 

(<12 

oz/day) 

Association 

with short 

stature/obesity 

(diarrhea 

mentioned) 

Gormall

y et al. 

(1997) 

Review 

(Cited as 

evidence 

source) 

USA N/A Juice high 

in sorbitol 

and 

fructose:gl

ucose ratio 

N/A Association 

with "toddler's 

diarrhea" 

Lifschitz 

et al. 

(2000) 

Controlle

d Trial 

USA N=12; 5-

9 months 

10 ml/kg 

pear juice 

or white 

Baseline, 

other juice 

Breath 

hydrogen test, 

stool water 
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Study ID 

(Author, 

Year) 

Study 

Design 

Country Participa

nts (N, 

Age) 

Exposure/

Interventi

on 

Comparat

or 

Key Diarrhea-

Related 

Outcomes 

grape juice content 

Grenov 

et al. 

(2002) 

Crossover 

RCT 

UK N=60; 3-

6 years 

25g 

isomalt-

containing 

sweets 

25g 

sucrose-

containing 

sweets 

Watery faeces, 

stomach-ache, 

abdominal 

rumbling 

Valdovin

os et al. 

(2005) 

RCT 

(Double-

blind) 

Not 

specified 

N=90; 

mean 10 

months 

15 ml/kg 

apple juice 

or white 

grape juice 

Flavored 

water 

Duration of 

diarrhea, fecal 

excretion 

(g/kg/h), weight 

gain 

Gomara 

et al. 

(2006) 

Open 

Prospecti

ve Trial 

USA N=8; 1-6 

years 

Sacrosidas

e 

supplemen

tation 

Standard 

diet 

changes 

(failed) 

Stool 

frequency, stool 

consistency 

Gomis et 

al. (2009) 

RCT 

(Double-

blind) 

France N=24; 4-

8 years 

5-15g 

maltitol in 

chocolate 

Sucrose in 

chocolate 

Abdominal 

pain, bloating, 

flatulence 
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Study ID 

(Author, 

Year) 

Study 

Design 

Country Participa

nts (N, 

Age) 

Exposure/

Interventi

on 

Comparat

or 

Key Diarrhea-

Related 

Outcomes 

Lebentha

l et al. 

(2014) 

Observati

onal 

(Prospecti

ve) 

USA N=222; 

2-19 

years 

Standard 

diet 

Low-

fructose 

diet 

Resolution of 

GI symptoms 

(including 

diarrhea) 

Freedma

n et al. 

(2016) 

RCT Canada N=647; 

6-60 

months 

Dilute 

apple 

juice, then 

preferred 

fluids 

Electrolyte 

maintenanc

e solution 

Treatment 

failure (IV 

rehydration, 

hospitalization) 

Hoekstra 

(1995) 

Observati

onal 

Netherlan

ds 

Not 

specified; 

infants 

Fructose-

containing 

diet 

N/A Fructose breath 

hydrogen test 

results in 

CNSD 

Baudon 

et al. 

(1991) 

Not 

specified 

Not 

specified 

Not 

specified 

Modified 

food starch 

with/witho

ut 

sorbitol/fru

N/A Malabsorption 

in toddlers with 

CNSD 
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Study ID 

(Author, 

Year) 

Study 

Design 

Country Participa

nts (N, 

Age) 

Exposure/

Interventi

on 

Comparat

or 

Key Diarrhea-

Related 

Outcomes 

ctose 

Gale et 

al. (1997) 

RCT Tanzania N=86; 6-

25 

months 

Different 

porridge 

formulatio

ns 

Convention

al porridge 

Intestinal 

permeability 

(L/M ratio) in 

acute diarrhea 

 

Methodological Quality of Included Studies 

The methodological quality of the included studies was variable. Among the six RCTs, two 

were judged to have a low risk of bias, three raised some concerns, and one was at high risk of bias. 

For the crossover RCT by Kneepkens et al. (1995), there were some concerns regarding potential 

carryover effects. The large RCT by Freedman et al. (2016) was well-conducted and judged to be at 

low risk of bias. The RCT by Valdovinos et al. (2005) was double-blinded but provided insufficient 

detail on the randomization and allocation concealment process, leading to a judgment of "some 

concerns." 

For the six observational studies, the Newcastle-Ottawa Scale scores ranged from 4 to 7 out 

of a possible 9 stars. Common limitations included a lack of comparability between groups on key 

confounders and reliance on self- or parental-report for exposure assessment without independent 

verification. The case series, by their nature, lack a concurrent control group and are at high risk of 

selection bias and confounding, limiting their ability to establish causality. However, they provide 
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valuable hypothesis-generating data and demonstrate consistent clinical observations. The overall 

risk of bias for each study is detailed in Table 2. 

Table 2: Risk of Bias Assessment of Included Studies 

Study ID 

(Author, 

Year) 

Tool 

Used 

Domain 

1: 

Selection

/ 

Randomi

zation 

Domai

n 2: 

Compa

rability

/ 

Deviati

ons 

Domain 

3: 

Outcome/ 

Missing 

Data 

Domain 

4: 

Measure

ment of 

Outcom

e 

Domain 

5: 

Selective 

Reporting 

Overall 

Risk of 

Bias 

Randomize

d 

Controlled 

Trials 

       

Kneepkens 

et al. (1995) 

RoB 2 Low Risk Some 

Concer

ns 

Low Risk Low 

Risk 

Low Risk Some 

Concer

ns 

Grenov et al. 

(2002) 

RoB 2 Some 

Concerns 

Low 

Risk 

Low Risk Some 

Concerns 

Low Risk Some 

Concer

ns 
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Study ID 

(Author, 

Year) 

Tool 

Used 

Domain 

1: 

Selection

/ 

Randomi

zation 

Domai

n 2: 

Compa

rability

/ 

Deviati

ons 

Domain 

3: 

Outcome/ 

Missing 

Data 

Domain 

4: 

Measure

ment of 

Outcom

e 

Domain 

5: 

Selective 

Reporting 

Overall 

Risk of 

Bias 

Valdovinos 

et al. (2005) 

RoB 2 Some 

Concerns 

Low 

Risk 

Low Risk Low 

Risk 

Some 

Concerns 

Some 

Concer

ns 

Gomis et al. 

(2009) 

RoB 2 Low Risk Low 

Risk 

Low Risk Some 

Concerns 

Low Risk Low 

Risk 

Freedman et 

al. (2016) 

RoB 2 Low Risk Low 

Risk 

Low Risk Low 

Risk 

Low Risk Low 

Risk 

Gale et al. 

(1997) 

RoB 2 High 

Risk 

High 

Risk 

Some 

Concerns 

Low 

Risk 

Low Risk High 

Risk 

Observatio

nal Studies 

NOS 

Score 

Selection 

(max 4*) 

Compa

rability 

(max 

Outcome 

(max 3*) 

  
Overall 

Quality 
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Study ID 

(Author, 

Year) 

Tool 

Used 

Domain 

1: 

Selection

/ 

Randomi

zation 

Domai

n 2: 

Compa

rability

/ 

Deviati

ons 

Domain 

3: 

Outcome/ 

Missing 

Data 

Domain 

4: 

Measure

ment of 

Outcom

e 

Domain 

5: 

Selective 

Reporting 

Overall 

Risk of 

Bias 

2*) 

Greene and 

Ghishan 

(1983) 

NOS ** * ** 
  

Fair 

Fay et al. 

(1983) 

NOS ** 0 ** 
  

Poor 

Dennison et 

al. (1997) 

NOS *** * ** 
  

Fair 

Lifschitz et 

al. (2000) 

NOS *** * *** 
  

Good 

Lebenthal et NOS *** * ** 
  

Fair 
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Study ID 

(Author, 

Year) 

Tool 

Used 

Domain 

1: 

Selection

/ 

Randomi

zation 

Domai

n 2: 

Compa

rability

/ 

Deviati

ons 

Domain 

3: 

Outcome/ 

Missing 

Data 

Domain 

4: 

Measure

ment of 

Outcom

e 

Domain 

5: 

Selective 

Reporting 

Overall 

Risk of 

Bias 

al. (2014) 

Hoekstra 

(1995) 

NOS ** 0 ** 
  

Poor 

Case Series N/A N/A N/A N/A N/A N/A High 

(Inhere

nt) 

Hyams and 

Leichtner 

(1985) 

N/A N/A N/A N/A N/A N/A High 

(Inhere

nt) 

Smith and 

Lifshitz 

(1995) 

N/A N/A N/A N/A N/A High 

(Inherent) 
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Study ID 

(Author, 

Year) 

Tool 

Used 

Domain 

1: 

Selection

/ 

Randomi

zation 

Domai

n 2: 

Compa

rability

/ 

Deviati

ons 

Domain 

3: 

Outcome/ 

Missing 

Data 

Domain 

4: 

Measure

ment of 

Outcom

e 

Domain 

5: 

Selective 

Reporting 

Overall 

Risk of 

Bias 

Gomara et 

al. (2006) 

N/A N/A N/A N/A N/A N/A High 

(Inhere

nt) 

Baudon et 

al. (1991) 

N/A N/A N/A N/A N/A N/A High 

(Inhere

nt) 

RoB 2: Cochrane Risk of Bias 2 tool. NOS: Newcastle-Ottawa Scale. 

Detailed Synthesis of Findings by Outcome 

The findings from the 17 included studies were synthesized narratively and organized into 

five domains: core diarrheal outcomes, mechanistic outcomes, associated gastrointestinal and 

systemic outcomes, outcomes related to specific dietary factors, and clinical management outcomes. 

Core Diarrheal Outcomes 

This section details the direct effects of SSBs on the primary characteristics of diarrhea. Key 



 

   Research Article                                                              Volume 17, Issue No. 01. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

91 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

quantitative findings from clinical trials are summarized in Table 3. 

● Outcome 1: Stool Frequency and Volume: Several studies demonstrated a direct link 

between SSB consumption and increased stool frequency and volume. Greene and Ghishan 

(1983) observed that toddlers with excessive fluid intake (mean 196 ml/kg/day), largely from 

juices, had a stool frequency of four to ten per day, which normalized upon fluid restriction. 

The most robust quantitative evidence comes from the RCT by Valdovinos et al. (2005), which 

found that mean fecal excretion was significantly higher in infants receiving apple juice (3.94 

g/kg/h) or white grape juice (3.59 g/kg/h) compared to a water control group (2.19 g/kg/h; 

p=0.001). This indicates a direct, measurable increase in stool volume caused by juice 

consumption. 

● Outcome 2: Duration of Diarrhea: The same RCT by Valdovinos et al. (2005) provided clear 

evidence on the duration of illness. The mean duration of diarrhea was significantly prolonged 

in infants who consumed juice (49.4 hours for apple juice; 47.5 hours for white grape juice) 

compared to those who received water (26.5 hours; p=0.006). This finding suggests that juice 

consumption can nearly double the duration of diarrheal symptoms in the context of acute 

gastroenteritis. 

● Outcome 3: Stool Consistency and Characteristics: The consistency of stools was 

frequently described as loose or watery. The crossover RCT by Grenov et al. (2002) found that 

significantly more children reported "passing watery faeces" after consuming 25g of isomalt (a 

sugar alcohol) compared to sucrose (44 reports vs. 5 reports; p<0.001). A characteristic feature 

of toddler's diarrhea reported in multiple descriptive studies is the presence of undigested food 

particles in the stool, a direct consequence of rapid intestinal transit. Stools were also often 

described as foul-smelling. 

Table 3: Summary of Quantitative Outcomes from Key Clinical Trials 
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Study ID 

(Author, 

Year) 

Intervention vs. 

Comparator 

Outcome Measure Result 

(Intervention 

vs. 

Comparator) 

p-value 

Valdovinos et 

al. (2005) 

Apple Juice (15 

ml/kg) vs. Water 

Fecal Excretion 

(g/kg/h) 

3.94 ± 2.35 vs. 

2.19 ± 1.63 

0.001 

Valdovinos et 

al. (2005) 

Apple Juice (15 

ml/kg) vs. Water 

Diarrhea Duration 

(hours) 

49.4 ± 32.6 vs. 

26.5 ± 27.4 

0.006 

Grenov et al. 

(2002) 

25g Isomalt vs. 

25g Sucrose 

Reports of Watery 

Feces (n) 

44 vs. 5 <0.001 

Freedman et 

al. (2016) 

Dilute Apple Juice 

vs. Electrolyte 

Solution 

Treatment Failure Rate 

(%) 

16.7% vs. 

25.0% 

<0.05 

 

Mechanistic Outcomes 

This section explores the underlying physiological mechanisms responsible for SSB-induced 

diarrhea. 

● Outcome 4: Carbohydrate Malabsorption: The central mechanism of osmotic diarrhea was 

confirmed in multiple studies using the breath hydrogen test (BHT), which measures 

malabsorbed carbohydrates fermented by colonic bacteria. Several studies demonstrated that 
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juices high in fructose and sorbitol reliably produced positive BHT results, confirming 

incomplete absorption in the small intestine (Hyams and Leichtner, 1985; Smith and Lifshitz, 

1995; Hoekstra, 1995). The crossover trial by Kneepkens et al. (1995) found that industrially 

processed 'clear' apple juice led to a significant increase in breath hydrogen excretion in 8 of 10 

children, whereas less-processed 'cloudy' apple juice did so in only 5 of 10. In a large 

prospective study, Lebenthal et al. (2014) found that 54.5% of children with chronic abdominal 

pain had a positive BHT for fructose intolerance. These findings are summarized in Table 4. 

Table 4: Summary of Findings on Carbohydrate Malabsorption (Breath Hydrogen Test) 

Study ID (Author, Year) Test Substance Key Finding 

Hyams and Leichtner 

(1985) 

Apple Juice (240 mL) Caused significant carbohydrate 

malabsorption in all 5 subjects. 

Smith and Lifshitz (1995) Fructose and/or Sorbitol Confirmed malabsorption in 

children with diarrhea and 

excessive juice intake. 

Kneepkens et al. (1995) Clear vs. Cloudy Apple 

Juice 

Malabsorption was significantly 

more frequent and severe with clear 

juice. 

Lifschitz et al. (2000) Pear Juice (10 ml/kg) Only 1 of 12 healthy infants had an 

abnormal peak hydrogen level. 
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Study ID (Author, Year) Test Substance Key Finding 

Lebenthal et al. (2014) Fructose (1 g/kg) 54.5% of children with chronic 

abdominal pain had positive BHT. 

● Outcome 5: Intestinal Motility and Transit Time: A key contributing factor to toddler's 

diarrhea is disordered or rapid intestinal motility. Fay et al. (1983) suggested that this rapid 

transit provides a rational basis for the condition, as it reduces the time available for the small 

intestine to absorb fluids and solutes. This mechanism explains the common finding of 

undigested food particles in the stool and is often exacerbated by low-fat diets, which fail to 

slow gastric emptying. 

● Outcome 6: Intestinal Permeability: One RCT by Gale et al. (1997) in children with acute 

diarrhea measured intestinal permeability using the lactulose/mannitol (L/M) ratio. While the 

study's primary focus was on different porridge formulations, it demonstrated that intestinal 

damage (high L/M ratio) was present during acute diarrhea and that certain dietary 

interventions could promote faster repair of the mucosal barrier. 

Associated Gastrointestinal and Systemic Outcomes 

● Outcome 7: Abdominal Pain, Bloating, and Flatulence: In addition to diarrhea, SSBs were 

associated with other GI symptoms. The AAP policy statement explicitly links high juice 

intake to abdominal pain, bloating, and excessive flatulence (Gormally et al., 1997). The RCT 

by Gomis et al. (2009) found that maltitol produced significantly higher scores for abdominal 

pain and flatulence compared to sucrose. Similarly, Grenov et al. (2002) reported significantly 

more stomach-ache (p<0.01) and abdominal rumbling (p<0.025) with isomalt. 

● Outcome 8: Nutritional Status: Weight Gain, Failure to Thrive, and Short Stature: The 

impact of SSBs on nutritional status was complex and context-dependent. In the Valdovinos et 

al. (2005) study of acute diarrhea, the higher caloric intake from juice was associated with 
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greater mean body weight gain compared to the water group (+50.7g for white grape juice vs. -

0.7g for water; p=0.08). Conversely, the case series by Smith and Lifshitz (1995) linked 

excessive juice consumption (12-30 oz/day) to nonorganic failure to thrive, where juice 

displaced more nutrient-dense foods, leading to an overall hypocaloric intake. Dennison et al. 

(1997) found an association between excessive juice intake (≥12 oz/day) and short stature in 

preschool children. 

● Outcome 9: Caloric Intake and Micronutrient Status: Valdovinos et al. (2005) showed that 

providing juice during a diarrheal episode led to a 14-17% higher caloric intake compared to 

water, without displacing other foods. However, in the context of chronic excessive 

consumption, Smith and Lifshitz (1995) found that juice displaced other foods, leading to 

lower protein and fat intake and, in three cases, iron deficiency. 

Outcomes Related to Specific Beverage and Dietary Factors 

● Outcome 10: Effect of Sugar Type (Fructose:Glucose Ratio and Sorbitol): The specific 

type of sugar was a critical factor. Multiple sources confirmed that juices with a high fructose-

to-glucose ratio and the presence of sorbitol (e.g., apple, pear, prune juice) are most strongly 

associated with diarrhea due to their potent osmotic effects (Gomara et al., 2006; Gormally et 

al., 1997). Valdovinos et al. (2005) directly compared apple juice (high fructose:glucose) with 

white grape juice (equimolar fructose and glucose, no sorbitol) and found that while both 

prolonged diarrhea, fecal losses were directionally higher in the apple juice group. 

● Outcome 11: Effect of Sugar Alcohols (Isomalt, Maltitol): Studies on other sugar alcohols 

used as sweeteners confirmed the osmotic diarrhea mechanism. Grenov et al. (2002) 

demonstrated a clear laxative effect with 25g of isomalt, and Gomis et al. (2009) found that 

maltitol, while generally well-tolerated up to 15g, still produced more GI symptoms than 

sucrose. 

● Outcome 12: Effect of Juice Processing: The crossover trial by Kneepkens et al. (1995) 

demonstrated that enzymatically processed 'clear' apple juice significantly promoted diarrhea, 
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whereas unprocessed 'cloudy' apple juice did not. This was linked to higher carbohydrate 

malabsorption with clear juice, suggesting that industrial processing increases the availability 

of non-absorbable sugars. 

● Outcome 13: Role of Total Fluid Intake: Excessive total fluid intake was identified as a 

primary cause of CNSD in the observational study by Greene and Ghishan (1983). They found 

that children consuming >150 ml/kg/day had chronic diarrhea that resolved completely when 

fluid intake was normalized. This highlights that high volume alone can overwhelm the gut's 

absorptive capacity. 

● Outcome 14: Role of Dietary Fat and Fiber: A diet low in fat was identified as a 

contributory factor, as fat slows gastric emptying and intestinal transit, allowing more time for 

absorption. Increasing dietary fat to 35-40% of total calories is a recommended management 

strategy. The role of fiber was less clear, with both very low and very high fiber intakes 

potentially worsening diarrhea. 

Clinical Management and Intervention Outcomes 

● Outcome 15: Resolution with Dietary Intervention: A consistent and powerful finding 

across multiple studies was the high efficacy of dietary modification. The simple withdrawal or 

restriction of SSBs was frequently described as "curative" (Hyams and Leichtner, 1985). This 

high success rate, summarized in Table 5, establishes dietary intervention as the primary 

therapeutic and diagnostic tool for toddler's diarrhea. 

Table 5: Efficacy of Dietary Interventions in Managing Toddler's Diarrhea 

Study ID (Author, Year) Intervention Outcome Measure Result / Success 

Rate 

Greene and Ghishan Restriction of total Resolution of 100% resolution in 
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Study ID (Author, Year) Intervention Outcome Measure Result / Success 

Rate 

(1983) fluid intake diarrhea high-intake group. 

Hyams and Leichtner 

(1985) 

Withdrawal of apple 

juice 

Resolution of 

diarrhea 

"Curative in all 

cases." 

Lebenthal et al. (2014) Low-fructose diet Resolution of GI 

symptoms 

76.9% of BHT-

positive patients 

reported resolution 

(p<0.0001). 

Gomara et al. (2006) Sacrosidase 

supplementation 

Improved stool 

frequency/consisten

cy 

50% (4 of 8) of 

patients responded. 

● Outcome 16: Need for Subsequent Medical Intervention: In a study providing important 

clinical context, Freedman et al. (2016) conducted a large RCT in children with mild acute 

gastroenteritis. They found that an initial rehydration strategy using half-strength apple juice 

resulted in a lower rate of treatment failure (defined as needing IV rehydration or 

hospitalization) compared to a standard electrolyte maintenance solution (16.7% vs. 25.0%). 

This suggests that in the specific context of mild acute illness, the superior palatability of dilute 

juice may improve overall fluid intake and prevent progression to more significant 

dehydration. 
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DISCUSSION 

Summary and Interpretation of Key Findings 

This systematic review synthesizes evidence from 17 studies, revealing a consistent and 

mechanistically plausible association between the consumption of sugar-sweetened beverages and 

the clinical syndrome of toddler's diarrhea. The collective findings from case series, observational 

studies, and clinical trials converge on the conclusion that excessive intake of fluids, particularly 

those containing high concentrations of poorly absorbed carbohydrates, is a primary etiological 

factor in CNSD. The evidence is particularly robust for the direct, measurable effects of fruit juice 

on key diarrheal outcomes. The randomized controlled trial by Valdovinos et al. (2005) provides 

compelling quantitative data showing that both apple and white grape juice significantly increase 

stool volume and nearly double the duration of diarrhea compared to water in infants with acute 

illness. 

Furthermore, the review highlights the remarkable efficacy of dietary intervention as both a 

diagnostic and therapeutic tool. Multiple studies, including case series and observational cohorts, 

demonstrated that the restriction or complete withdrawal of implicated beverages leads to a rapid 

and often complete resolution of diarrheal symptoms (Hyams and Leichtner, 1985; Greene and 

Ghishan, 1983; Lebenthal et al., 2014). This strong response to a de-challenge/re-challenge 

paradigm, while not always studied under rigorous RCT conditions, provides powerful clinical 

evidence for a causal relationship. The consistency of this finding across different study designs and 

decades underscores its clinical significance and solidifies dietary modification as the first-line, and 

often only necessary, management strategy for toddler's diarrhea. 

Mechanistic Insights: A Unified Hypothesis for SSB-Induced Toddler's Diarrhea 

The evidence synthesized in this review strongly supports a unified pathophysiological 

model that extends beyond individual beverage types. The central mechanism is osmotic diarrhea, 
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driven by the delivery of an unabsorbed carbohydrate load to the colon. The "perfect storm" for this 

condition arises from the synergistic interplay of four key factors: (1) the high volume of fluid 

consumed, often exceeding a toddler's physiological needs (Dennison et al., 1997; Greene and 

Ghishan, 1983); (2) the high concentration of specific, poorly absorbed solutes within these fluids, 

namely fructose and sorbitol (Gomara et al., 2006; Gormally et al., 1997); (3) the developmentally 

limited absorptive capacity of the toddler's small intestine, particularly for fructose (Kneepkens et 

al., 1995); and (4) lifestyle factors, such as a low-fat diet, that can accelerate intestinal transit and 

reduce the time available for absorption (Dennison et al., 1997). 

A crucial extension of this model, and a central point of this review, is the extrapolation of 

these principles from fruit juice to the broader category of SSBs. The extensive focus on apple and 

pear juice in the historical literature is logical, as these beverages naturally contain both sorbitol and 

a high fructose-to-glucose ratio, making them potent osmotic agents (Gomara et al., 2006; Gormally 

et al., 1997). However, the underlying principle is not specific to the fruit source but to the chemical 

nature of the sugars. Many widely consumed sodas, fruit drinks, and other sweetened beverages are 

manufactured using high-fructose corn syrup (HFCS), which, by its composition, contains a 

significant excess of free fructose (Gormally et al., 1997). Therefore, the osmotic potential of an 

HFCS-sweetened soft drink is mechanistically identical to that of apple juice. While direct clinical 

trials comparing soda to juice for the specific outcome of toddler's diarrhea were not identified in 

this review, the shared biochemical properties allow for a logical and scientifically sound extension 

of the causal hypothesis. Any beverage that delivers a high load of free fructose or other poorly 

absorbed carbohydrates in a large volume of liquid has the potential to trigger or exacerbate 

toddler's diarrhea. This unified view bridges the gap between the gastroenterology literature focused 

on juice and the public health literature focused on SSBs, identifying a common, immediate 

gastrointestinal consequence of their consumption in this vulnerable age group. 

Contextualizing Findings with Clinical Guidelines and Controversies 



 

   Research Article                                                              Volume 17, Issue No. 01. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

100 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

The findings of this review are strongly aligned with and provide evidential support for the 

current dietary guidelines from major pediatric health organizations. The American Academy of 

Pediatrics (AAP) has progressively strengthened its recommendations to limit fruit juice 

consumption in young children, now advising no juice for infants under 12 months and limiting 

intake to a maximum of 4 ounces per day for toddlers aged 1 to 3 years (Gormally et al., 1997). The 

rationale for these guidelines is multifactorial, citing risks of dental caries and excessive weight 

gain, but the AAP also explicitly identifies the potential for high juice intake to cause 

gastrointestinal symptoms, including chronic diarrhea, bloating, and abdominal pain (Gormally et 

al., 1997). This review provides a systematic compilation of the evidence that underpins this 

specific recommendation. 

However, the synthesis of the literature also illuminates a significant point of clinical nuance 

and apparent contradiction: the role of juice in managing acute diarrheal illness versus its role in 

causing chronic functional diarrhea. On one hand, a substantial body of evidence and expert opinion 

warns against using high-sugar beverages like juice and cola for rehydration during acute 

gastroenteritis. Their high osmolality can worsen osmotic diarrhea, and their low sodium and 

potassium content is inadequate to replace electrolyte losses, potentially leading to complications 

like hyponatremia (Gormally et al., 1997). This is why specifically formulated, low-osmolality oral 

rehydration solutions (ORS) are the global standard of care. 

On the other hand, the large, well-designed RCT by Freedman et al. (2016) demonstrated 

that for children with only mild dehydration, an initial rehydration strategy with dilute apple juice 

was superior to ORS in preventing treatment failure. This paradoxical finding does not invalidate 

the principles of osmotic diarrhea but rather highlights the importance of clinical context. The 

primary barrier to successful oral rehydration is often poor compliance due to the unpalatability of 

ORS (Freedman et al., 2016). In a minimally dehydrated child, ensuring adequate total fluid intake 

may be more critical than the precise electrolyte composition of the fluid. The superior taste of 

dilute juice likely led to greater consumption, better overall hydration, and thus fewer treatment 



 

   Research Article                                                              Volume 17, Issue No. 01. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

101 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

failures. This suggests a pragmatic, tiered approach: for chronic, functional toddler's diarrhea, SSBs 

are a cause and should be eliminated. For acute, moderate-to-severe dehydrating gastroenteritis, 

ORS is the unequivocal treatment of choice. For acute, mild gastroenteritis with minimal 

dehydration, where ORS refusal is a problem, dilute apple juice may be a reasonable and effective 

alternative to encourage fluid intake. Clarifying this distinction is a critical implication of this 

review for clinical practice. 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

This systematic review of the available evidence provides strong support for a causal 

association between the consumption of sugar-sweetened beverages and the etiology and 

exacerbation of toddler's diarrhea (Chronic Nonspecific Diarrhea of Childhood). The relationship is 

primarily mediated by an osmotic mechanism, driven by the limited absorptive capacity of the 

developing pediatric gut for high loads of free sugars, particularly fructose and sugar alcohols like 

sorbitol. While the most direct evidence pertains to fruit juices, the underlying pathophysiological 

principles are applicable to all SSBs that deliver a similar osmotic load. 

Implications for Clinical Practice and Parental Guidance 

The findings of this review have clear and direct implications for the clinical management of 

young children with chronic diarrhea. 

● For Clinicians: In the evaluation of a healthy, thriving child between 6 months and 5 years of 

age who presents with chronic loose stools, a meticulous dietary history should be the initial 

and most critical diagnostic step. Specific inquiry into the type and quantity of all fluids 

consumed, especially fruit juices, fruit drinks, and sodas, is paramount. Before embarking on 

costly or invasive investigations, a therapeutic trial of dietary modification—specifically the 

significant reduction or complete elimination of SSBs—should be implemented as the first-line 
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management strategy. This approach serves as both a diagnostic tool and the definitive 

treatment for the majority of cases. 

● For Parents and Caregivers: Public health messaging and individual counseling must work 

to dispel the persistent "health halo" surrounding fruit juice. Parents should be educated that 

whole fruit is nutritionally superior to fruit juice due to its fiber content, and that for routine 

hydration in toddlers, water and milk are the most appropriate beverages (Gormally et al., 

1997). If fruit juice is given, its consumption should be strictly limited to the amounts 

recommended by pediatric health authorities (e.g., no more than 4 ounces or 120 ml per day for 

toddlers) and should be served with a meal, not as a drink to be consumed throughout the day 

from a bottle or sippy cup (Dennison et al., 1997; Gormally et al., 1997). 

Directions for Future Research 

While the association is well-supported, several knowledge gaps remain. Future research 

should aim to address the following: 

1. Direct Comparative Trials: High-quality randomized controlled trials are needed to directly 

compare the diarrheal effects of different types of commonly consumed SSBs, such as 100% 

apple juice, HFCS-sweetened fruit drinks, and sucrose-sweetened carbonated beverages, in 

toddlers with CNSD. 

2. Dose-Response Studies: Prospective studies are required to better define the dose-response 

relationship and establish a clearer quantitative threshold for SSB consumption above which 

the risk of diarrheal symptoms significantly increases. 

3. Mechanistic Studies: Further research should explore the interplay between SSB 

consumption, the maturation of the gut microbiome, and the expression of intestinal 

carbohydrate transporters (e.g., GLUT5) in early childhood. This could help identify factors 

that confer individual susceptibility or resilience to sugar-induced osmotic diarrhea 

(Kneepkens et al., 1995). 

4. Long-Term Outcomes: Prospective cohort studies could investigate whether children who 
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experience toddler's diarrhea are at higher risk for developing other functional gastrointestinal 

disorders, such as irritable bowel syndrome, later in life, and whether early dietary habits play 

a modifying role. 
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