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Abstract

 Background—Fructose intake is associated with NAFLD (Non-Alcoholic Fatty Liver 

Disease) development.

 Objective—To measure fructose absorption/metabolism in pediatric NAFLD compared to 

obese and lean controls.

 Methods—Children with histologically proven NAFLD, and obese and lean controls received 

oral fructose (1 gm/kg ideal body weight). Serum glucose, insulin, uric acid, and fructose, urine 

uric acid, urine fructose, and breath hydrogen levels were measured at baseline and multiple points 

until 360 minutes after fructose ingestion.

 Results—Nine NAFLD (89% Hispanic, mean age 14.3 years, mean BMI 35.3 kg/m2), 6 Obese 

Controls (67% Hispanic, mean age 12.7 years, mean BMI 31.0 kg/m2), and 9 Lean Controls (44% 

Hispanic, mean age 14.3 years, mean BMI 19.4 kg/m2) were enrolled. Following fructose 

ingestion, NAFLD vs. Lean Controls had elevated serum glucose, insulin, and uric acid (p<0.05), 

higher urine uric acid (p=0.001) but lower fructose excretion (p=0.002) and lower breath hydrogen 
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180-min AUC (p=0.04). NAFLD vs. Obese Controls had similar post-fructose serum glucose, 

insulin, urine uric acid, and breath hydrogen, but elevated serum uric acid (p<0.05) and lower 

urine fructose excretion (p=0.02).

 Conclusions—Children with NAFLD absorb and metabolize fructose more effectively than 

lean subjects, associated with an exacerbated metabolic profile following fructose ingestion.

Keywords

Obesity; breath hydrogen; hyperuricemia; malabsorption

 Introduction

Non-alcoholic fatty liver disease (NAFLD), a spectrum of liver diseases encompassing 

steatosis, non-alcoholic steatohepatitis (NASH), and cirrhosis, is the most common liver 

disease in American children, affecting up to 38% of obese children 1.

Recently, NAFLD has been associated with fructose consumption 2. Fructose, a sugar found 

in fruits and honey, is a component of added sweeteners including sucrose and high fructose 

corn syrup. Intake of added sweeteners increased 50% between 1970–2004 and is associated 

with obesity, hypertension, and metabolic syndrome3. High fructose intake in rats causes 

hepatic steatosis4. In humans, fructose intake is linked with increased hepatic fructokinase 

expression, hepatic ATP depletion, hepatic fibrosis, and dyslipidemia 2, 4–6.

Children are known to have limited intestinal absorption capacity for fructose 7. This led us 

to hypothesize that children with NAFLD may better absorb fructose compared to children 

without NAFLD, possibly contributing to the pathogenesis of NAFLD. Interestingly, 

malabsorption of fructose was recently reported to be associated with reduced risk of 

NAFLD in African American adults 8. Therefore, the objective of this study was to 

determine fructose absorption and its metabolic consequences following fructose ingestion 

in children with NAFLD compared to obese and lean controls.

 Methods

 Subjects

Twenty-four subjects recruited from Children’s Hospital Colorado in Aurora and Denver 

Health and Hospitals in Denver, Colorado, participated in the study. All subjects were ages 

8–18 years and Tanner pubertal stage 2–4. NAFLD subjects had BMI >95%ile for age and 

gender, histologically confirmed NAFLD on liver biopsy performed within 6 months prior to 

enrollment, and were excluded if they experienced >5% weight loss from the time of liver 

biopsy. Obese Control subjects had BMI >95%ile for age and gender, ALT ≤40 IU/mL and a 

hepatic ultrasound that demonstrated normal hepatic echogenicity. Lean Control subjects 

had BMI 10–85%ile for age and gender. For all three study groups, subjects with other liver 

diseases, pregnancy, history of gout, renal disease, or diabetes, use of antibiotics or alcohol 

within 2 weeks of the study or use of insulin sensitizing agents, antioxidant therapy, anti-

hyperlipidemic agents, or xanthine oxidase inhibitors, were excluded. At enrollment, 

demographics, history, physical, and anthropometric (height, weight, hip and waist 
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circumference) data were obtained. Anthropometrics were collected by the research 

dietician. Weight and height included clothes but not shoes. Blood pressures were measured 

using an appropriate cuff size for each patient 9.

The Scientific Advisory and Review Committee and the Colorado Multiple Institutional 

Review Board of the University of Colorado approved the experimental protocol. Written 

informed consent and assent were obtained from parents and subjects prior to enrollment.

 Oral Fructose Challenge

Subjects were asked to abstain from sugar-sweetened foods and beverages for 24 hours prior 

to the oral fructose challenge. Each subject was admitted to the Clinical Translational 

Research Center at Children’s Hospital Colorado (January 2011-August 2012). Following an 

observed 8 hour fast, at 0600 all subjects were administered fructose (Quintron, Milwaukee, 

WI, 1 gm/kg based on ideal body weight; maximum 75 gm) dissolved in 8 oz of water.10 

Following fructose ingestion, subjects continued to fast for 6 hours.

Blood samples were drawn prior to fructose consumption and at 30, 60, 90, 120, 180, 270, 

and 360 minutes post fructose consumption. Serum glucose, triglyceride, free fatty acids, 

uric acid and fructose concentrations were measured at each time point. Fructose 

concentrations were measured using the EnzyChrom™ Fructose Assay Kit (BioAssay 

Systems, Hayward, CA) 11. Insulin was measured at baseline and at 30, 60, 90, and 120 

minutes post fructose ingestion.

Breath hydrogen testing was performed on each patient to assess for fructose malabsorption. 

Samples of exhaled air were collected at baseline prior to the fructose challenge and at 30, 

60, 90, 120, 150, and 180 minutes post fructose consumption 12, and analyzed for hydrogen 

(Breathtracker/GaSampler System, Quintron, Milwaukee, WI). Results were expressed as 

parts per million (ppm). A breath test was considered positive if baseline breath hydrogen 

values were < 20 ppm and there was an increase of breath hydrogen from baseline ≥20 ppm 

during the study.

First morning urine was collected at baseline before fructose administration. A pooled 

collection of urine was obtained from ingestion of fructose to completion of the oral fructose 

challenge, at which time subjects were instructed to urinate. Urine fructose concentrations 

were measured using the EnzyChrom™ Fructose Assay Kit. Urine creatinine and uric acid 

concentrations were analyzed on an Alfa Wassermann autoanalyzer (ACE, West Caldwell, 

NJ). Urine fructose and uric acid were normalized per gram of urine creatinine.

Descriptive statistics were used to present data as mean ± SD. Comparisons were made 

using ANOVA (analysis of variance) for continuous variables and Chi Square tests for 

dichotomous outcomes. Univariate analyses were performed on breath hydrogen levels and 

serum fructose, uric acid, free fatty acids, triglycerides, insulin, and glucose. Comparisons 

between the groups were analyzed by ANOVA. A mixed effects model was used to 

investigate the interrelationship between outcome variables with repeated measures and 

change over the sampling period. Changes in serum variables following oral ingestion of 

fructose were described as change from baseline to peak (Δ variable) and the area under the 
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curve (AUC) calculated by the trapezoid rule subtracting the time 0 (baseline) values from 

each subsequent measured value.

 Results

 Clinical Characteristics of the Study Population

Twenty-four children enrolled in the study (9 NAFLD, 6 Obese Controls, and 9 Lean 

Controls). Based on NASH Clinical Research Network scoring 13, mean NAFLD Activity 

Score (NAS) was 5 ± 1.2, with 7 subjects with definitive NASH (NAS ≥5) and 2 with 

probable NASH (NAS 3–5). The groups were similar with respect to age, race, and ethnicity 

(Table 1). Lean Controls had lower BMI, BMI z-score, and waist circumference than both 

NAFLD and Obese Controls (p<0.01). Systolic blood pressure was higher in NAFLD vs. 

Lean Controls (p=0.005). At baseline, NAFLD had higher fasting uric acid and glucose 

levels compared with Obese and Lean Controls (Table 1, p<0.05). Baseline breath hydrogen 

levels were higher in Obese vs. Lean Controls.

 Serum glucose and insulin

Baseline glucose was higher in NAFLD vs. Lean Controls (87.0 ± 5.5 mg/dL vs 79.8 ± 7.0 

mg/dL, p = 0.03). Following fructose ingestion, serum glucose remained significantly higher 

at 30, 60, 90, 120, and 360 minutes in NAFLD vs. Lean Controls (Figure 1a). In addition, at 

120 minutes post-fructose ingestion, NAFLD had significantly higher glucose levels 

compared to Obese Controls (95.0 ± 11.1 vs. 85.5 ± 8.7 mg/dL, p=0.046). There were no 

differences in 360 min-AUC.

The mean insulin levels were similar between the three groups at baseline (Figure 1b). 

However, at 60, 90, and 120 minutes after fructose ingestion, insulin levels were 

significantly higher in NAFLD vs. Lean Controls (p<0.04). In addition, NAFLD had a more 

pronounced increase in insulin (ΔI) from baseline vs. Lean Controls (26.2 vs. 9.9 μU/mL, 

p=0.03). NAFLD had higher post-fructose insulin AUC compared to Lean Controls (120 

min-AUC, 1883 ± 1675 vs. 565 ± 360 μU/mL*3 hr, p=0.03).

 Serum triglycerides and free fatty acids

Lean Controls had a significant decrease in serum triglycerides compared to baseline at 30, 

60, 90, 120, 180, and 270 minutes post fructose ingestion (Figure 1c, p<0.05). At all times 

post fructose administration, NAFLD had higher triglyceride levels compared with Lean 

Controls (p<0.03), while NAFLD and Obese Controls were similar. There were no 

differences in 360 min-AUC.

Baseline free fatty acids (FFA) were similar in all three groups, followed by a similar 

decrease after fructose ingestion (Figure 1d). While all groups demonstrated a subsequent 

rise in FFA concentrations, Obese vs. Lean Controls had higher FFA at 30 and 270 minutes 

post fructose ingestion (p=0.03). In addition, although FFA did not significantly change 

from baseline to 360 minutes in Obese and Lean Controls, NAFLD had higher levels at 360 

minutes compared with baseline (692 ± 49 μEq/L vs. 519 ± 103 μEq/L, p = 0.007). There 

were no differences in 360 min-AUC.
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 Serum and urine uric acid

At baseline, NAFLD had significantly higher mean serum uric acid levels (Figure 2a) 

compared with Obese (7.5 ± 1.4 vs. 6.1 ± 1.6 mg/dL, p=0.04) and Lean Controls (7.5 ± 1.4 

vs. 4.5 ± 1.6 mg/dL, p=0.0003). Following ingestion of fructose, serum uric acid levels 

remained stable and were significantly higher in NAFLD at all points compared with Lean 

(p<0.002) and at 120 (p=0.045) and 270 minutes (p=0.04) compared to Obese Controls. The 

change in serum uric acid levels from baseline to peak (Δ UA) was significantly higher in 

Lean Controls vs. NAFLD (p=0.03). NAFLD vs. Lean Controls had lower AUC (360 min-

AUC, −15 ± 83 vs. 104 ± 73 mg/dL*6 hr, p=0.01). Similarly, NAFLD vs. Lean Controls had 

higher mean urine uric acid concentrations at baseline (59.5 ± 19.9 vs. 37.9 ± 14.5 mg/dL, 

p=0.04) and post-fructose administration (65.1 ± 31.6 vs. 29.2 ± 20.0 mg/dL, p=0.001).

 Serum and urine fructose

Baseline serum fructose levels were similar amongst all groups (Figure 2b). After fructose 

ingestion, Lean Controls had higher fructose levels at 30 and 60 minutes compared with 

NAFLD and Obese Controls (p<0.02). The Δ fructose was significantly higher in Lean 

Controls vs. NAFLD (372 ± 150 vs. 210 ± 94 μM, p=0.01). There were no differences in 

360-min AUC.

Baseline urine fructose was similar amongst all groups. However, NAFLD had lower urinary 

fructose excretion following oral fructose dosing compared with Obese (41.2 ± 19.4 vs. 

141.5 ± 87.5 mg/g creatinine, p=0.02) and Lean Controls (225.5 ± 78.0 mg/g creatinine, p = 

0.002).

 Breath hydrogen

Baseline breath hydrogen values were similar between the three groups. Baseline breath 

hydrogen values, however, were increased in Obese vs. Lean Controls (Figure 2c). At 120 

minutes, NAFLD had a lower breath hydrogen level compared with Lean Controls (23.1 

± 30.1 vs. 67.6 ± 62.1 ppm, p=0.01). In addition, NAFLD and Obese Controls had smaller Δ 

breath hydrogen compared with Lean Controls (p<0.03) and had significantly lower AUC 

compared to Lean Controls (p <0.04). In addition, 22% of NAFLD, 33% of Obese Controls 

and 67% of Lean Controls had a positive breath hydrogen test.

 Discussion

An association between fructose intake and the development of NAFLD has been well 

described 2, 6, 14–16. This pilot study presents novel findings on the effects of oral fructose in 

children with obesity and with NAFLD compared to non-obese children. We demonstrate 

that children with NAFLD appear to have increased absorption and an exaggerated 

metabolic response to fructose administration compared to lean children, with obese 

children without NAFLD showing an intermediate response.

Normally, ingested fructose is passively absorbed across the intestinal epithelium by the 

Glut-5 receptor, which is up-regulated after luminal fructose exposure17. Following 

absorption, fructose is transported to the liver, where it is phosphorylated to fructose-1-
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phosphate by hepatic fructokinase without hormonal regulation. Phosphorylation of fructose 

uses adenosine triphosphate (ATP), and stimulates adenosine monophosphate (AMP) 

deaminase to convert AMP to inosine monophosphate (IMP) and eventually uric acid. 

Fructose-1-phosphate is further metabolized to glucose, acetyl-CoA, triglycerides, and fatty 

acids. Thus, end products of hepatic fructose metabolism include glucose, fatty acids, 

triglycerides and uric acid.

Mild elevations of serum glucose and insulin occur following fructose ingestion 18, 19. In this 

study, NAFLD subjects had an exaggerated response to oral fructose ingestion with higher 

serum glucose compared with Lean Controls and a slower return to baseline compared to 

both Obese and Lean Controls. Rising serum glucose levels result in increased serum insulin 

levels. Consistent with this physiology, NAFLD subjects had a delayed peak in insulin levels 

(60 minutes) and demonstrated no decline even at 120 minutes, as compared to both lean 

and obese controls. These findings are consistent with insulin resistance observed in NAFLD 

and may be indicative of exacerbated hepatic insulin resistance seen with elevated serum 

fructose concentrations 20.

Such hyperinsulinemia may be partially responsible for the acute decrease in triglycerides 

previously noted with the acute administration of fructose 19. As such, while all groups 

demonstrated a decrease in serum triglycerides following fructose ingestion, NAFLD 

subjects had higher post-fructose triglycerides than Lean Controls, which were 

inappropriately suppressed during hyperinsulinemia. In addition, NAFLD subjects had a 

significant increase in free fatty acids at 360 minutes after fructose ingestion compared to 

baseline levels. This may be secondary to insulin resistance and/or increased de novo 
lipogenesis from increased Acetyl-CoA production during unregulated fructose 

metabolism, 21 consistent with previous studies suggesting dysregulation of lipid 

metabolism in children with NAFLD 22.

Uric acid is produced as a result of fructose ingestion 10, 23. Transient increases in uric acid 

have been noted following an oral fructose challenge in adults, and are particularly 

pronounced in adults with gout and in children of adults with gout 10. Intravenous fructose 

infusions increase uric acid levels in normal children, and when administered to children 

with hereditary fructose intolerance, uric acid increases four-fold 23. Moreover, 

hyperuricemia is an independent risk factor for adult and pediatric NAFLD24–27. In our 

study, NAFLD subjects had higher baseline serum uric acid levels which were sustained 

following fructose challenge compared to Obese and Lean Controls. Both NAFLD and 

Obese Controls, however, exhibited a blunted increase in uric acid levels as compared to 

lean controls, which may have reflected higher urinary uric acid excretion following fructose 

ingestion.

Breath hydrogen testing is a non-invasive measure of carbohydrate malabsorption, 

commonly used clinically to diagnose carbohydrate malabsorption. When carbohydrates are 

malabsorbed in the intestine, hydrogen gas, produced as a result of carbohydrate 

fermentation by colonic flora, is absorbed into the bloodstream and appears in expired 

respiratory gases. Fructose malabsorption has been shown to be more common in lean vs. 

obese subjects28. In our study, 67% of Lean Controls had a positive breath test following 
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ingestion of fructose, consistent with previous reports 12, while only 22% of NAFLD and 

33% of Obese Controls had positive breath tests. In addition, Lean Controls demonstrated a 

greater rise in breath hydrogen and AUC compared with both NAFLD and Obese Controls. 

These preliminary data suggest that NAFLD and obese subjects had better fructose 

absorption than lean controls, which has not been previously described.

A potential explanation for this observation is that intestinal bacterial flora could be altered 

during obesity such that the flora could not ferment fructose into hydrogen, with a resultant 

lower breath hydrogen response to oral fructose. Recent evidence suggests an association 

between small bowel bacterial overgrowth and NAFLD. 29 Alterations in bacterial flora can 

limit the accuracy of breath hydrogen testing, as individuals may be colonized with 

hydrogen-producing bacteria. Organic intestinal diseases and/or functional intestinal 

disorders may influence hydrogen production; although we excluded subjects with known 

intestinal disease, endoscopy was not performed and irritable bowel syndrome/functional 

gastrointestinal disorders could have likely occurred in our patient population.

Alternatively, chronic ingestion of fructose is known to up-regulate Glut-5 in the intestinal 

epithelium 4, which could account for increased absorption of fructose. If NAFLD or Obese 

Controls were indeed absorbing fructose more effectively than Lean Controls, one might 

expect higher serum and urinary fructose levels in NAFLD subjects. However, serum 

fructose levels and urine fructose excretion were lower in NAFLD subjects during the first 

60 minutes following fructose ingestion. The reason for this paradox has recently become 

evident. Serum fructose levels are influenced by both intestinal absorption and metabolism. 

While higher intake is associated with higher serum and urinary levels of fructose, increased 

metabolism can lower serum fructose, and conversely, decreased metabolism can raise 

fructose levels 30. In studies with mice lacking fructokinase, increased serum and urinary 

fructose levels were observed even in the absence of dietary fructose11. The observation that 

serum and urinary fructose levels are lower in NAFLD subjects despite having higher serum 

glucose levels following fructose ingestion (in the presence of lower breath hydrogen levels) 

is consistent with increased intestinal absorption and more efficient metabolism of fructose 

in NAFLD subjects. Taken together, these preliminary data suggest that NAFLD subjects are 

both absorbing and metabolizing more fructose compared to lean subjects following a 

similar oral fructose load, which is associated with an exacerbated metabolic profile 

following the ingestion of fructose, as noted by higher serum glucose and insulin excursions 

and by less suppression of serum triglycerides.

Adult NAFLD subjects have higher fructokinase expression in their livers in association 

with higher fructose intake and higher uric acid levels2. The mechanism for higher 

fructokinase expression may be because fructose itself upregulates fructokinase in liver 

cells.2 The administration of fructose or sucrose to rats also upregulates both the fructose 

transporter (Glut5) in the liver and fructokinase in the gut and liver4, 31. Uric acid 

upregulates fructokinase expression in liver; this is rate-limiting such that the same dose of 

fructose results in more fructose metabolism, uric acid generation and fat response in cells 

expressing higher amounts of fructokinase32. Consistent with this finding, the administration 

of intravenous fructose to subjects with NAFLD results in a greater ATP depletion in those 

with prior fructose exposure and in those with higher uric acid levels33.
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In this study, we found that NAFLD subjects have lower serum fructose levels despite 

evidence for greater absorption. While indirect, this suggests there is a greater first pass 

effect in the liver, with more fructose metabolism. This is consistent with the studies quoted 

above.

While this study is limited by a small sample size, the results are consistent across subjects 

in each group. It is possible that a larger population would yield more robust results. Another 

limitation is that fructose absorption was measured indirectly, from breath hydrogen tests, as 

has been done in other NAFLD studies. In addition, only half of the subjects provided urine 

for fructose analyses. These limitations are tempered by the complimentary use of both 

breath tests and measurement of fructose levels coupled with metabolic parameters in 

thoroughly matched subjects.

In conclusion, our pilot study provides evidence that children with NAFLD may be both 

absorbing and metabolizing fructose more effectively than lean subjects, which could 

contribute to the pathophysiology of NAFLD. Whether this may be related to up-regulation 

of Glut-5 and fructokinase by previous fructose exposure or whether this is due to genetic/

ethnic differences has yet to be determined. Further studies investigating the mechanisms 

responsible for differences in fructose absorption in NAFLD and lean subjects are therefore 

indicated.
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Refer to Web version on PubMed Central for supplementary material.
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NAFLD non-alcoholic fatty liver disease

NASH non-alcoholic steatohepatitis

ATP adenosine triphosphate

BMI body mass index

ALT alanine aminotransferase

SD standard deviation

ANOVA analysis of variance
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AUC area under the curve

FFA free fatty acids

AMP adenosine monophosphate

IMP inosine monophosphate
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What is already known about this subject

• NAFLD is associated with fructose intake and hyperuricemia.

• Fructose malabsorption is associated with a decreased risk of NAFLD 

in African- American adults.

What this study adds

• NAFLD subjects are both absorbing and metabolizing more fructose 

compared to lean subjects following a similar oral fructose load

• Absorption of fructose in NAFLD subjects is associated with an 

exacerbated metabolic profile following fructose ingestion.
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Figure 1. 
Figure 1a. Glucose Levels Over 6 Hours Post-Oral Fructose Ingestion.

Mean serum glucose levels were significantly higher in NAFLD vs. Lean Control groups* at 

baseline and 30, 60, 90, 120, and 360 minutes post-oral fructose ingestion (1 gm/kg ideal 

body weight) (p<0.05). Glucose levels were significantly higher in NAFLD vs. Obese 

Control groups # at 120 minutes post-oral fructose ingestion (p<0.05). The area under the 

curve (360 min-AUC) was similar among the three groups.

Figure 1b. Insulin Levels Over 2 Hours Post-Oral Fructose Ingestion.

Mean serum insulin levels were higher in NAFLD vs. Lean Control groups* at 60, 90, and 

120 minutes post-oral fructose ingestion (p<0.04). NAFLD subjects (#) had higher serum 

insulin levels AUC compared to lean controls (120 min-AUC, 1883 ± 1675 vs. 565 ± 360 

μU/mL*2hr, p=0.03).

Figure 1c. Triglyceride Levels Over 6 Hours Post-Oral Fructose Ingestion.

Mean serum triglyceride levels were not significantly different at baseline amongst the three 

groups. Triglyceride levels were higher in NAFLD vs. Lean Control (#) subjects at 30, 60, 

120, 180, 270, and 360 minutes post-oral fructose ingestion (p<0.03). Triglyceride levels 

were higher in Obese Control* vs. Lean Control subjects at 120, 180, and 270 minutes post-

oral fructose ingestion. The area under the curve (360 min-AUC) was similar among the 

three groups.

Figure 1d. Free Fatty Acid Levels 6 Hours Post-Oral Fructose Ingestion.

Mean serum total free fatty acid levels were similar at baseline among the three groups. 

Obese Control subjects had higher free fatty acid levels compared with Lean Control* 

subjects at 30 and 270 minutes post-oral fructose ingestion (p=0.03). There were no 

differences in 360 min-AUC amongst the three groups.
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Figure 2. 
Figure 2a. Serum Uric Acid Levels 6 Hours Post-Oral Fructose Ingestion.

NAFLD subjects had higher baseline mean serum uric acid levels compared with both Obese 

Control and Lean Control subjects (p<0.05). NAFLD subjects had higher uric acid levels at 

120 and 270 minutes post-oral fructose ingestion compared with Obese Control* subjects 

(p<0.05) and at all time points compared with Lean Control subjects # (p<0.05). NAFLD 
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patients (¥) had lower AUC compared with Lean Control subjects (360 min-AUC, −15 ± 83 

vs. 104 ± 73 mg/dL*6 hr, p=0.01).

Figure 2b. Serum Fructose Levels 6 Hours Post-Oral Fructose Ingestion.

There were no differences in baseline mean serum fructose levels amongst the three groups. 

At 30 and 60 minutes post-oral fructose ingestion, NAFLD subjects had a lower serum 

fructose level compared with Lean Control subjects* (p<0.02). There were no differences 

amongst the three groups in 360-min AUC.

Figure 2c. Breath Hydrogen Levels 3 Hours Post-Oral Fructose Ingestion.

Obese Controls* had increased baseline breath hydrogen levels compared with Lean 

Controls (p=0.03). NAFLD subjects had a lower breath hydrogen concentration at 120 

minutes post-oral fructose ingestion compared with Lean Control subjects # (p=0.01). Lean 

Control subjects (¥) had higher 180-min AUC compared with both NAFLD (7135 ± 7425 

vs. 1598 ± 4203 ppm*3hr, p =0.04) and Obese Control subjects (7135 ± 7425 vs. 995 

± 2802 ppm*3hr, p=0.04).
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Table 1

Baseline demographic, anthropometric and laboratory data.

NAFLD (n=9) Obese Control (n=6) Lean Control (n=9)

Age (yr) 14.3 12.7 14.3

Male (%) 5 (56%) 3 (50%) 4 (44%)

Hispanic (%) 8 (89%) 4 (67%) 4 (44%)

BMI (kg/m2) 35.3* 31* 19.4

BMI z score 2.3* 2.1* −0.2

Waist Circumference (cm) 112.9# 96.2# 70#

Waist:Hip Circumference ratio 0.97 0.94 0.94

Systolic BP (mmHg) 122 § 116 106

Diastolic BP (mmHg) 70 66 64

Glucose (mg/dL) 87.0 ± 5.5 86.7 ± 13.0 79.8 ± 7.0

Insulin (μU/mL) 26.5 ± 35.5 14.2 ± 5.4 9.7 ± 16.2

Triglycerides (mg/dL) 121.4 ± 29.2 132.0 ± 59.3 89.3 ± 38.8

Free Fatty Acids (μEq/L) 519.4 ± 103.4 591.2 ± 146.5 570.7 ± 242.8

Uric Acid (mg/dL) 7.5 ± 1.4+ 6.1 ± 1.6+ 4.5 ± 1.6+

Fructose (μM) 40.6 ± 26.6 45.1 ± 26.8 42.3 ± 18.2

Breath Hydrogen (ppm) 12.8 ± 10.0 23.0 ± 19.3¥ 8.1 ± 8.5¥

All values are means (± SD) or number of patients (%)

*
NAFLD and Obese Control groups were significantly more obese than the lean group (p<0.0004)

#
NAFLD group had larger waist circumference compared with both the Obese and Lean Control groups (p<0.01)

#
Obese Control group had larger waist circumference compared with Lean Control group (p=0.005)

§
NAFLD group had higher systolic blood pressure compared with Lean Control Group (p=0.005)

+
NAFLD had higher baseline uric acid compared with Obese (p=0.04) and Lean Controls (p=0.0007)

¥
Obese Controls had higher baseline breath hydrogen compared with Lean Control (p=0.03)

Normal Values: Glucose: 60–105 mg/dl, Insulin: 0–29.1 μU/mL, Triglycerides: <90 mg/dL, Free fatty acids- 100–600 uEq/L, Uric acid: 3.0–5.9 
mg/dL, Breath Hydrogen: <20 ppm

Pediatr Obes. Author manuscript; available in PMC 2016 July 18.


	Abstract
	Introduction
	Methods
	Subjects
	Oral Fructose Challenge

	Results
	Clinical Characteristics of the Study Population
	Serum glucose and insulin
	Serum triglycerides and free fatty acids
	Serum and urine uric acid
	Serum and urine fructose
	Breath hydrogen

	Discussion
	References
	Figure 1
	Figure 2
	Table 1

