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Abstract

Objectives—Nonalcoholic fatty liver disease (NAFLD), the most common cause of liver disease 

among American children, may be associated with cardiovascular disease (CVD) risk. This study 

sought to determine the prevalence of dyslipidemia in children with NAFLD, assess dyslipidemia 

by liver histology and histologic changes.

Methods—Individuals in the Treatment of NAFLD in Children (TONIC) trial were included 

(N=173). In the TONIC trial children with NAFLD were randomized to vitamin E, metformin or 

placebo for 96 weeks. Nonalcoholic steatohepatitis (NASH) improved in 56 individuals. Change 

in lipid levels from baseline and 96 weeks was compared between subjects with and without 

histologic improvement and with and without NASH.

Results—Dyslipidemia was frequent, with low high-density lipoprotein (HDL) (<40 mg/dL) in 

61.8%, hypertriglyceridemia (≥130 mg/dL) in 50.3%, hypercholesterolemia (≥200 mg/dL) in 

23.7%, elevated low-density lipoprotein (LDL) (≥130 mg/dL) in 21.5%, elevated non-HDL 
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cholesterol (non-HDL-C) (≥145 mg/dL) in 35.2%, and triglycerides/HDL>3.0 in 57.2% of 

subjects.

Histologic improvement was associated with significant decreases in cholesterol (−11.4 mg/dL vs. 

−1.9 mg/dL, p=0.04), LDL (−11.2 mg/dL vs. −2.1 mg/dL, p=0.04) and non-HDL-C (−8.8 mg/dL 

vs. 0.5 mg/dL, p=0.03) compared to those without improvement. Children with NASH resolution 

had significant decreases in cholesterol (−10.0 mg/dL vs. −0.9 mg/dL, p=0.02) and non-HDL-C 

(−7.3 mg/dL vs. 1.1 mg/dL, p=0.01) compared to those without NASH resolution. Neither 

triglycerides, HDL level nor triglycerides/HDL ratio improved in either group.

Conclusions—Dyslipidemia is frequent in children with NAFLD. NASH resolution and 

histologic improvement are associated with improvements in some forms of dyslipidemia.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver 

disease among children, affecting 10% of American youth.2,3 Nonalcoholic steatohepatitis 

(NASH), the progressive form of NAFLD, is well-described in children and can result in 

cirrhosis.4 In addition, NAFLD confers an independent risk for cardiovascular disease 

(CVD) in adults.5–9 Children with NAFLD have an increased prevalence of risk factors for 

CVD including elevated low-density lipoprotein (LDL), increased total cholesterol, and 

decreased high-density lipoprotein (HDL), when compared to matched controls.10–12 The 

severity of NASH, as assessed by the NAFLD activity score (NAS) is associated with 

increased triglyceride/HDL, total cholesterol/HDL, and LDL/HDL ratios.13 Furthermore, 

children with NAFLD have greater carotid arterial intima-media thickness (CIMT), a risk 

factor for CVD development, as compared to obese children without NAFLD.14–16 Studies 

of dietary and pharmacologic interventions in children with NAFLD have shown conflicting 

effects on CVD risk factors.17–20 Thus, the impact of NAFLD and NASH regression on 

CVD risk factors in children remains uncertain.

The development of NASH is associated with dyslipidemia and alterations in hepatic lipid 

metabolism. The liver secretes triglyceride rich lipoproteins in the form of very low-density 

lipoproteins (VLDL) and, less frequently, intermediate-density lipoproteins (IDL). Increased 

levels of VLDL and IDL have been described in NAFLD and are also associated with 

increased CVD risk.

Non high-density lipoprotein cholesterol (non-HDL-C) is a composite measure that 

encompasses VLDL, LDL, IDL and lipoprotein (a).21 Non-HDL-C is easily calculated from 

a commonly available lipid profile by subtracting HDL cholesterol from the total cholesterol 

level (Non-HDL-C = total cholesterol – HDL) and can be performed with no additional cost. 

We have recently shown that non-HDL-C is significantly higher in adults with NASH 

compared to those with steatosis alone.22 Further, non-HDL-C is a risk factor for CVD 

development, and is a superior predictor of CVD in adults when compared to the widely 
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used LDL.23 Non-HDL-C is now considered an important secondary target of lipid lowering 

therapy.2425

Non-HDL-C levels in childhood also predict cardiovascular disease risk factors in adults. 

The Bogalusa Heart Study followed 1163 children age 5–14 years over a 27-year period. 

Childhood non-HDL-C was not only a predictor of adult non-HDL-C but adult dyslipidemia, 

hyperinsulinemia and hyperglycemia, all important CVD risk factors.26 Further, increased 

non-HDL-C levels correlate with the extent of coronary and aortic atherosclerotic disease in 

youth found on autopsy.27

Similar to non-HDL-C, Triglycerides(TG)/HDL ratio correlates with small, dense, LDL 

particles in children and adolescents and a ratio ≥ 3 predicts increased concentrations of 

small dense LDL.28,29 TG/HDL is strongly associated with insulin resistance and 

independently predicts arterial stiffness in obese youth.30, 31, 32 TG/HDL ratio is also 

significantly associated with increased carotid arterial intima-media thickness in youth with 

type II diabetes, although HDL cholesterol was the only lipid to independently contribute to 

the prediction of CIMT.33 Both high triglycerides and non-HDL cholesterol that persist into 

adulthood are a strong predictive risk factor for cardiovascular disease and development of 

type II diabetes in adulthood.34

While studied in adults with NAFLD, non-HDL-C as a CVD risk factor has not been 

assessed in children with NAFLD. Furthermore, the impact of histologic improvement in 

NASH and regression of NASH on lipid profiles including non-HDL-C and TG/HDL ratio 

has not been evaluated.

The Treatment for Nonalcoholic Fatty Liver Disease in Children (TONIC) trial was a 

randomized, double blinded, placebo-controlled trial to evaluate the efficacy of vitamin E 

and metformin for 96 weeks in children with biopsy-proven NAFLD and elevated alanine 

aminotransferase (ALT) levels. Neither metformin nor vitamin E was found to be superior to 

placebo in improving ALT levels, the primary endpoint, although vitamin E was associated 

with an improvement in NAFLD activity score (NAS) and resolution of NASH. The TONIC 

trial, with its use of serial liver biopsies, allows for the evaluation of the impact NASH 

resolution on lipid levels including non-HDL-C and TG/HDL.

The present study is based on post-hoc analyses of children who participated in the TONIC 

trial and aims to examine the frequency of dyslipidemia in children and adolescents with 

NASH, evaluate the relationship between baseline liver histology and lipid levels including 

non-HDL-C and TG/HDL in children with NAFLD, and assess the impact of the resolution 

of NASH and histologic improvement on lipids levels including non-HDL-C and TG/HDL.

Materials and Methods

Study Design

Data for this study were obtained from participants in the TONIC Trial.35 TONIC was a 

pediatric treatment trial of NAFLD conducted by the Nonalcoholic Steatohepatitis Clinical 

Research Network (NASH CRN). The TONIC trial study design has been previously 
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described and the ClinicalTrials.gov identifier is NCT00063635.36 Briefly, children aged 8 

to 17 years with biopsy-confirmed NAFLD within 6 months of randomization and 

persistently elevated ALT levels were eligible for study inclusion. NAFLD was defined as 

liver histology with >5% of hepatocytes exhibiting macrovesicular steatosis. Children with 

diabetes mellitus, monogenic inborn errors of metabolism, viral hepatitis, alcohol use, 

pregnancy, cirrhosis or other causes of chronic liver disease were excluded. Children with 

biopsy-proven NAFLD were randomized at a 1:1:1 ratio to vitamin E 400 units twice daily, 

metformin 500 mg twice daily or double-dummy placebo for 96 weeks. The primary 

endpoint was significant and sustained reduction in ALT level compared to placebo. 

Secondary endpoints included the resolution of NASH in individuals with NASH on 

baseline biopsy and histologic improvement.

Liver Histology

Participants underwent biopsies within 6 months prior to study randomization and 96 weeks 

later. Biopsies were centrally evaluated by a panel of NASH CRN pathologists. Liver 

biopsies were assessed using the NAFLD Activity Score (NAS). The NAS is a composite 

score ranging from 0 to 8 points composed of steatosis (0–3), hepatocyte ballooning (0–2) 

and lobular inflammation scores (0–3).37 Fibrosis stage was scored on a scale of 0–4. The 

presence of NASH was assessed independently of the NAS score based on the pattern of 

injury and was categorized as definite, borderline, or no NASH.

Laboratory Analyses

Fasting serum total cholesterol, HDL, triglyceride and LDL levels were measured locally at 

baseline and week 96. From these measurements, non-HDL-C was calculated (Non-HDL-

C=total cholesterol – HDL). Definitions for high, borderline-high, acceptable and low lipid 

levels were derived from the National Heart, Lung and Blood Institute (NHLBI) Expert 

Panel Guidelines for Cardiovascular Health and Risk Reduction in Children and 

Adolescents.1

Statistical Analysis

Histologic improvement was defined by a decrease in the NAS of ≥2 with no worsening of 

fibrosis. Resolution of NASH was defined as a diagnosis of no steatohepatitis at 96 weeks 

among children with borderline or definite NASH at baseline. An example of the histology 

of NASH and subsequent NASH resolution are presented in Figure 1.

Mean lipid levels and lipid level elevations were compared between children with NASH 

and children with borderline or no NASH at baseline using t-tests and Fisher’s exact test. 

Linear regression was used to assess the association between histologic improvement and 

resolution of NASH and mean baseline and 96 week lipid levels Treatment group 

(Metformin of Vitamin E) versus placebo, baseline body mass index (BMI), and ethnicity 

were included in the multivariable model. For the comparison of the mean change in lipid 

levels between groups, P values were derived in the same manner with the addition of 

baseline value of the lipid measure to the multivariable model. All analyses were carried out 

using SAS 9.3 (SAS Institute, Cary, NC) and Stata 12 (Stata Corp., College Station, TX). 
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Nominal, two-sided P values were used and were considered statistically significant if 

P<0.05.

Results

Baseline Characteristics

All children included in this study have been described in a previous publication.35 Baseline 

demographics, anthropometrics, laboratory data and liver histologic characteristics were 

evenly distributed across treatment groups. In the TONIC trial, no significant difference in 

sustained reduction of ALT was seen among the vitamin E, metformin and placebo groups. 

Significant differences were found in the vitamin E–treated group compared to placebo in 

significant histologic measures such as resolution of NASH and decrease in NAS score. 

Altogether, 56 of 146 subjects (38%) who underwent repeat liver biopsy had histologic 

improvement in NASH (defined as a decrease of ≥2 points on NAS and without worsening 

fibrosis). Fifty-two of 121 subjects (43%) with NASH at baseline experienced resolution of 

NASH.

Baseline Lipid Levels

Dyslipidemia was frequent in this cohort at baseline. (Table 1) Definitions for high and low 

lipid levels were derived from the NHLBI Expert Panel Guidelines for Cardiovascular 

Health and Risk Reduction in Children and Adolescents.1 Hypertriglyceridemia and low 

HDL levels were the most common abnormalities. High triglyceride levels (triglycerides 

≥130 mg/dL) were present in 50.3% of subjects. The mean triglyceride level was 153 mg/dL 

(acceptable <90 mg/dL). Low HDL levels (<40 mg/dL) were found in 61.8% of individuals 

with a mean HDL of 38 mg/dL. Elevated total cholesterol (total cholesterol ≥200 mg/dL) 

was present in 23.7% of subjects and mean total cholesterol was 176 mg/dl (acceptable <170 

mg/dL). Elevated LDL (LDL≥130 mg/dL) was present in 21.5% although the mean LDL 

was within the acceptable range at 109 mg/dL (acceptable<110 mg/dL). Elevated non-HDL-

C (non-HDL≥145 mg/dL) was found in 35.2% of subjects. Mean non-HDL-C was 

138.5mg/dL (acceptable <120mg/dL). Triglycerides/HDL>3.0 was present in 57.2% of 

subjects. Baseline lipid levels did not differ by three treatment groups at baseline or at 96 

weeks. One hundred forty-four individuals (83%) had some form of lipid abnormality. 

During the course of the mean total cholesterol, LDL and HDL decreased significantly while 

triglyceride levels increased significantly.

Lipid Levels in Relation to Liver Histology

There was no difference in the proportion of children with definite NASH and those with 

borderline or no NASH with elevated LDL (LDL ≥ 110mg/dL or LDL ≥ 130 mg/dL), total 

cholesterol (total cholesterol ≥ 170 mg/dL) or elevated non-HDL-C (non-HDL-C ≥ 

120mg/dL or non-HDL-C ≥ 145 mg/dL) at baseline.(Table 2) There was a non-significant 

increase in the proportion of individuals with NASH who had triglyceride levels ≥ 

130mg/dL compared to those with borderline or no NASH (58.9 % vs. 44.0%, p=0.06). 

There was a significant increase in the proportion of individuals with NASH with HDL ≤ 40 

mg/dL compared to those with borderline or no NASH (75.3% vs. 52.0%, p=0.003). In 

Corey et al. Page 5

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



addition, TG/HDL > 3 was more frequent in individuals with NASH than those without 

NASH (65.8% vs. 51.0%, p=0.05).

Lipid Levels and Resolution of NASH

While baseline lipid levels did not differ significantly by histology, subjects whose NASH 

resolved experienced an improvement in multiple lipid parameters compared to those 

without resolution of NASH (Table 3, Figure 2). Resolution of NASH was associated with a 

significant decrease in total cholesterol levels from baseline compared to those who did not 

experience a resolution of NASH (mean change [95% CI] −10.0 mg/dL [−18.0, −2.0] vs. 

−0.9 mg/dL [−8.0, 6.3], p=0.02). Furthermore, individuals whose NASH resolved had a 

significant decrease in non-HDL-C levels compared to subjects without resolution of NASH 

who had no change in non-HDL-C from baseline (mean [95% CI] change −7.3 mg/dL 

[−14.9, 0.2] vs. 1.1 [−5.7, 7.9], p=0.01). These results remained significant when controlled 

for baseline lipid level, BMI, ethnicity and treatment group. Resolution of NASH was 

associated with a non-significant decrease in LDL when compared to subjects whose NASH 

did not resolve (mean change [95% CI] −11.2mg/dL [−19.1, −3.3] vs. −2.1mg/dL [−7.6, 

3.4], p=0.06). Triglyceride levels increased in subjects with and without resolution of NASH 

but the increase did not differ between the two groups (mean change [95% CI] 21.7 mg/dL 

[−2.2, 45.6] vs. 18.9mg/dL [−1.7, 39.5]. p=0.28). There was no significant change in HDL 

or TG/HDL over the study period or difference in HDL or TG/HDL change by histologic 

response (p=0.42 and p=0.35, respectively).

Lipid Levels and Histologic Improvement

Histologic improvement was also associated with an improvement in multiple lipid 

parameters (Table 4, Figure 3). Individuals who experienced histologic improvement had a 

significant decrease in total cholesterol levels from baseline compared to those who did not 

experience histologic improvement (mean change [95% CI] −11.4 mg/dL [−18.9, −3.9] vs. 

−1.9 mg/dL [−7.7, 3.9], p=0.04). In addition, LDL significantly decreased in those with 

histologic improvement compared to those without improvement (mean change [95% CI] 

−11.2 mg/dL [−19.1, −3.3] vs. −2.1 mg/dL [−7.6, 3.4], p=0.04). Non-HDL-C levels also 

decreased significantly in children with histologic improvement in NASH when compared to 

children without histologic improvement (mean [95% CI] change −8.8 mg/dL [−15.5, −2.0] 

vs. 0.5 [−5.1, 6.2], p=0.03). There was no significant change in triglyceride, HDL or 

TG/HDL levels by histologic improvement.

Change in BMI and Change in Lipid Levels

Change in BMI over the study duration was positively correlated with changes in non-HDL-

C (p=0.02). There was no correlation between change in BMI and change in LDL and total 

cholesterol levels (p=0.13, p=0.09, respectively). Thus, while change in non-HDL-C may be 

driven by change in BMI, change in total cholesterol and LDL were independent of change 

in BMI. No difference was seen in change in BMI by treatment group.
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Discussion

The results of this study demonstrate that dyslipidemia, characterized by 

hypertriglyceridemia, hypercholesterolemia, elevated non-HDL-C and low HDL levels, is 

frequent in children and adolescents with NAFLD. Further, this study demonstrates that 

non-HDL-C, a powerful cardiovascular risk marker, is elevated in children and adolescents 

with NAFLD. Finally, our study establishes that both resolution of NASH and histologic 

improvement in NASH are associated with improvements in non-HDL-C, LDL and total 

cholesterol. Interestingly, while multiple lipid parameters improved in the setting of 

histologic improvement and NASH resolution, no change was seen in HDL, triglycerides or 

TG/HDL. Thus, while histologic improvement and NASH resolution improves some 

measures of CVD risk, other important risk factors persist.

Limited data has suggested that NAFLD in children is associated with dyslipidemia. 

Schwimmer et al evaluated 150 adolescents with biopsy-proven NAFLD and 150 

overweight control individuals for cardiovascular risk factors.10 Children with NAFLD had 

higher total cholesterol, LDL and triglyceride levels compared with BMI-matched controls. 

Nobili et al evaluated 118 children with biopsy-proven NAFLD. This group found that NAS 

and fibrosis stage were positively correlated with triglyceride/HDL, total cholesterol/HDL, 

and LDL/HDL ratio and were predictors of an atherogenic lipid profile. Our study confirms 

these findings, demonstrating a high prevalence of dyslipidemia in children with biopsy-

proven NAFLD and NASH. Our study also provides longitudinal data on children with 

NAFLD and NASH that adds to these cross-sectional studies and demonstrates the impact of 

NASH resolution and histologic improvement on CVD risk factors. While several studies 

have assessed the impact of weight loss interventions in children with NAFLD none have 

been performed with serial liver biopsies and thus, could not assess the relationship between 

histologic changes and lipid parameters.17,18 Our study addresses these limitations by 

assessing biopsy-proven NASH serially, allowing for assessment of the relationship between 

histologic changes in NASH and improvement in lipid parameters. We were able to show 

that resolution of NASH and histologic improvement in NASH are associated with parallel 

improvements in LDL and total cholesterol with persistence of low HDL levels and 

hypertriglyceridemia.

We also demonstrate that elevated non-HDL-C is frequent in NAFLD and declines with 

histologic improvement. Non-HDL-C is an accepted risk factor for the development of CVD 

in adults and a target of lipid lowering therapy.24,25 Childhood non-HDL-C predicts 

dyslipidemia, hyperglycemia and hyperinsulinemia in adulthood and correlates with 

atherosclerosis on autopsy. 27 Thus, improvement in liver histology in children with NASH 

is not only associated with an improvement in traditional lipid parameters but also with an 

improvement in non-HDL-C, a powerful predictor of future CVD.

Interestingly, the triglyceride levels increased in all groups over the study duration and no 

improvement was seen in TG/HDL. The methods used for triglyceride measurement vary 

and the final triglyceride value can exclude or include free glycerol level, altering the final 

value.3839 Following NAFLD and NASH resolution there may be a decrease in triglyceride 

formation due to alterations in available free fatty acids. This would result in increased 
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levels of free glycerol and using a one step method, falsely elevate TG measurements. 

Further evaluation of triglyceride levels using both methods is needed to clarify this issue.

This study has several important limitations. While dyslipidemia and elevated non-HDL-C 

are validated markers of CVD risk, they remain surrogate markers of CVD. Long term 

follow-up is needed in children with NAFLD and NASH to determine whether resolution of 

NAFLD and/or NASH decreases CVD events and CVD-related mortality in adulthood. 

Further, our study demonstrates only an association between liver histology and lipid levels 

and cannot demonstrate causality. Improvements in dyslipidemia may be the result of 

improvements in insulin resistance and the metabolic syndrome in addition to alterations in 

hepatic lipid metabolism. In addition, the change in dyslipidemia may be impacted by 

vitamin E use. While data exists to suggest that vitamin E supplementation may make LDL 

particles more resistant to oxidative stress, clinical trials of vitamin E supplementation in 

adults at risk for or with CVD have shown no impact on circulating lipid levels.32–34 

Further, evaluation of the impact of vitamin E on lipid levels in children is needed. Finally, 

while the present study demonstrated an improvement in non-HDL-C, LDL and total 

cholesterol, triglyceride and HDL levels did not improve. Adolescents with NAFLD tend to 

have delayed clearance of plasma TG, likely from intestinal chylomicrons.40 In the groups 

with improvement and/or resolution of NASH, one would expect the kinetics of 

chylomicron TG to have been normalized. This, however, was not the finding in the present 

study. The fact that TG remain high in the responders would suggest that the kinetics of 

intestinal TG may not have been normalized (or affected) by the intervention or that 

production of TG from the liver remains elevated despite the improvement in the liver 

disease.

In summary, we have demonstrated that dyslipidemia including elevated non-HDL-C levels 

and increased TG/HDL are frequent in children with NAFLD and NASH. We have also 

shown that resolution of NASH and histologic improvement are independently associated 

with improvement in non-HDL-C, total cholesterol and LDL levels suggesting that 

improvement in NASH and NASH resolution may improve CVD risk in children with 

NAFLD. While improvement was shown in non-HDL-C a similar improvement in TG and 

TG/HDL was not seen and the data remain inconclusive for long term atherosclerotic risk. 

Further studies will be needed utilizing direct measurement of lipoprotein particle size and 

characteristics. While the improvement in non-HDL cholesterol is promising, the lack of 

improvement in TG/HDL demonstrates complexity in the relationship between peripheral 

lipids and NAFLD. Larger sample sizes would allow improved comparison between 

improvements in steatosis vs. inflammation in the liver and the relationship with peripheral 

lipids.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Corey et al. Page 8

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Acknowledgments

Funding Sources: KEC receives support from the NIH K23DK099422-0. TONIC trial is supported by the National 
Institute of Diabetes and Digestive and Kidney Disease and the Eunice Kennedy Shriver National Institute of Child 
Health and Human Development.

The Nonalcoholic Steatohepatitis Clinical Research Network (NASH CRN) is supported by the National Institute of 
Diabetes and Digestive and Kidney Diseases grants U01DK061718, U01DK061728, U01DK061731, 
U01DK061732, U01DK061734, U01DK061737, U01DK061738, U01DK061730, U01DK061713. This study is 
supported in part by the Intramural Research Program of the National Cancer Institute and the Eunice Kennedy 
Shriver National Institute of Child Health and Human Development. Other grant support includes the following 
National Institutes of Health General Clinical Research Centers or Clinical and Translational Science Awards: 
UL1RR024989, UL1RR024128, M01RR000750, UL1RR024131, M01RR000827, UL1RR02501401, 
M01RR000065, M01RR00188, M01RR020359

References

1. Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children 
and Adolescents NH, Lung, and Blood Institute. Expert panel on integrated guidelines for 
cardiovascular health and risk reduction in children and adolescents: summary report. Pediatrics. 
2011; 128(Suppl 5):S213–S256. [PubMed: 22084329] 

2. Mencin AA, Lavine JE. Nonalcoholic fatty liver disease in children. Curr Opin Clin Nutr Metab 
Care. 2011; 14(2):151–157. [PubMed: 21178608] 

3. Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C, Behling C. Prevalence of fatty liver in 
children and adolescents. Pediatrics. 2006; 118(4):1388–1393. [PubMed: 17015527] 

4. Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S, Benson JT, Enders FB, Angulo P. The 
natural history of non-alcoholic fatty liver disease in children: a follow-up study for up to 20 years. 
Gut. 2009; 58(11):1538–1544. [PubMed: 19625277] 

5. Hamaguchi M, Kojima T, Takeda N, et al. The metabolic syndrome as a predictor of nonalcoholic 
fatty liver disease. Ann Intern Med. 2005; 143(10):722–728. [PubMed: 16287793] 

6. Adams LA, Lymp JF, St Sauver J, et al. The natural history of nonalcoholic fatty liver disease: a 
population-based cohort study. Gastroenterology. 2005; 129(1):113–121. [PubMed: 16012941] 

7. Targher G, Marra F, Marchesini G. Increased risk of cardiovascular disease in non-alcoholic fatty 
liver disease: causal effect or epiphenomenon? Diabetologia. 2008; 51(11):1947–1953. [PubMed: 
18762907] 

8. Soderberg C, Stal P, Askling J, et al. Decreased survival of subjects with elevated liver function 
tests during a 28-year follow-up. Hepatology. 2010; 51(2):595–602. [PubMed: 20014114] 

9. Ekstedt M, Franzen LE, Mathiesen UL, et al. Long-term follow-up of patients with NAFLD and 
elevated liver enzymes. Hepatology. 2006; 44(4):865–873. [PubMed: 17006923] 

10. Schwimmer JB, Pardee PE, Lavine JE, Blumkin AK, Cook S. Cardiovascular risk factors and the 
metabolic syndrome in pediatric nonalcoholic fatty liver disease. Circulation. 2008; 118(3):277–
283. [PubMed: 18591439] 

11. Alkhouri N, Carter-Kent C, Elias M, Feldstein AE. Atherogenic dyslipidemia and cardiovascular 
risk in children with nonalcoholic fatty liver disease. Clin Lipidol. 2011; 6(3):305–314. [PubMed: 
22162978] 

12. Cali AM, Zern TL, Taksali SE, et al. Intrahepatic fat accumulation and alterations in lipoprotein 
composition in obese adolescents: a perfect proatherogenic state. Diabetes Care. 2007; 30(12):
3093–3098. [PubMed: 17717283] 

13. Nobili V, Alkhouri N, Bartuli A, et al. Severity of liver injury and atherogenic lipid profile in 
children with nonalcoholic fatty liver disease. Pediatr Res. 2010; 67(6):665–670. [PubMed: 
20496475] 

14. Demircioglu F, Kocyigit A, Arslan N, Cakmakci H, Hizli S, Sedat AT. Intima-media thickness of 
carotid artery and susceptibility to atherosclerosis in obese children with nonalcoholic fatty liver 
disease. J Pediatr Gastroenterol Nutr. 2008; 47(1):68–75. [PubMed: 18607271] 

15. Pacifico L, Cantisani V, Ricci P, et al. Nonalcoholic fatty liver disease and carotid atherosclerosis 
in children. Pediatr Res. 2008; 63(4):423–427. [PubMed: 18356751] 

Corey et al. Page 9

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



16. Gokce S, Atbinici Z, Aycan Z, Cinar HG, Zorlu P. The relationship between pediatric nonalcoholic 
fatty liver disease and cardiovascular risk factors and increased risk of atherosclerosis in obese 
children. Pediatr Cardiol. 2013; 34(2):308–315. [PubMed: 22875138] 

17. Cho TKY, Paik SS. The Efficacy of Pharmacological Treatment in Pediatric Nonalcoholic Fatty 
Liver Disease. Pediatric Gastroenterology, Hepatology & Nutrition. 2012; 15:256–265.

18. de Piano A, Prado WL, Caranti DA, et al. Metabolic and nutritional profile of obese adolescents 
with nonalcoholic fatty liver disease. J Pediatr Gastroenterol Nutr. 2007; 44(4):446–452. 
[PubMed: 17414142] 

19. de Piano A, de Mello MT, Sanches Pde L, et al. Long-term effects of aerobic plus resistance 
training on the adipokines and neuropeptides in nonalcoholic fatty liver disease obese adolescents. 
Eur J Gastroenterol Hepatol. 24(11):1313–1324. [PubMed: 22932160] 

20. Nobili V, Manco M, Devito R, et al. Lifestyle intervention and antioxidant therapy in children with 
nonalcoholic fatty liver disease: a randomized, controlled trial. Hepatology. 2008; 48(1):119–128. 
[PubMed: 18537181] 

21. Arsenault BJ, Rana JS, Stroes ES, et al. Beyond low-density lipoprotein cholesterol: respective 
contributions of non-high-density lipoprotein cholesterol levels, triglycerides, and the total 
cholesterol/high-density lipoprotein cholesterol ratio to coronary heart disease risk in apparently 
healthy men and women. J Am Coll Cardiol. 2009; 55(1):35–41. [PubMed: 20117361] 

22. Corey KE, Lai M, Gelrud L, et al. Non-High Density Lipoprotein Cholesterol as a Biomarker for 
Non-Alcoholic Steatohepatitis. Clin Gastroenterol Hepatol. 2012

23. Robinson JG. Are you targeting non-high-density lipoprotein cholesterol? J Am Coll Cardiol. 
2009; 55(1):42–44. [PubMed: 20117362] 

24. Robinson JG, Wang S, Smith BJ, Jacobson TA. Meta-analysis of the relationship between non-
high-density lipoprotein cholesterol reduction and coronary heart disease risk. J Am Coll Cardiol. 
2009; 53(4):316–322. [PubMed: 19161879] 

25. Third Report of the National Cholesterol Education Program (NCEP). Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final 
report. Circulation. 2002; 106(25):3143–3421. [PubMed: 12485966] 

26. Srinivasan SR, Frontini MG, Xu J, Berenson GS. Utility of childhood non-high-density lipoprotein 
cholesterol levels in predicting adult dyslipidemia and other cardiovascular risks: the Bogalusa 
Heart Study. Pediatrics. 2006; 118(1):201–206. [PubMed: 16818566] 

27. McGill HC Jr, McMahan CA, Zieske AW, et al. Associations of coronary heart disease risk factors 
with the intermediate lesion of atherosclerosis in youth. The Pathobiological Determinants of 
Atherosclerosis in Youth (PDAY) Research Group. Arterioscler Thromb Vasc Biol. 2000; 20(8):
1998–2004. [PubMed: 10938023] 

28. Stan S, Levy E, Delvin EE, et al. Distribution of LDL particle size in a population-based sample of 
children and adolescents and relationship with other cardiovascular risk factors. Clin Chem. 2005; 
51(7):1192–1200. [PubMed: 15890892] 

29. Burns SF, Lee SJ, Arslanian SA. Surrogate lipid markers for small dense low-density lipoprotein 
particles in overweight youth. The Journal of pediatrics. 2012; 161(6):991–996. [PubMed: 
22809659] 

30. Hannon TS, Bacha F, Lee SJ, Janosky J, Arslanian SA. Use of markers of dyslipidemia to identify 
overweight youth with insulin resistance. Pediatr Diabetes. 2006; 7(5):260–266. [PubMed: 
17054447] 

31. Giannini C, Santoro N, Caprio S, et al. The triglyceride-to-HDL cholesterol ratio: association with 
insulin resistance in obese youths of different ethnic backgrounds. Diabetes Care. 2011; 34(8):
1869–1874. [PubMed: 21730284] 

32. Urbina EM, Khoury PR, McCoy CE, Dolan LM, Daniels SR, Kimball TR. Triglyceride to HDL-C 
ratio and increased arterial stiffness in children, adolescents, and young adults. Pediatrics. 2013; 
131(4):e1082–e1090. [PubMed: 23460684] 

33. Shah AS, Urbina EM, Khoury PR, Kimball TR, Dolan LM. Lipids and lipoprotein ratios: 
contribution to carotid intima media thickness in adolescents and young adults with type 2 diabetes 
mellitus. Journal of clinical lipidology. 2013; 7(5):441–445. [PubMed: 24079285] 

Corey et al. Page 10

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



34. Morrison JA, Glueck CJ, Woo JG, Wang P. Risk factors for cardiovascular disease and type 2 
diabetes retained from childhood to adulthood predict adult outcomes: the Princeton LRC Follow-
up Study. International journal of pediatric endocrinology. 2012; 2012(1):6. [PubMed: 22507454] 

35. Lavine JE, Schwimmer JB, Van Natta ML, et al. Effect of vitamin E or metformin for treatment of 
nonalcoholic fatty liver disease in children and adolescents: the TONIC randomized controlled 
trial. Jama. 2011; 305(16):1659–1668. [PubMed: 21521847] 

36. Lavine JE, Schwimmer JB, Molleston JP, et al. Treatment of nonalcoholic fatty liver disease in 
children: TONIC trial design. Contemp Clin Trials. 2010; 31(1):62–70. [PubMed: 19761871] 

37. Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a histological scoring system 
for nonalcoholic fatty liver disease. Hepatology. 2005; 41(6):1313–1321. [PubMed: 15915461] 

38. Klotzsch SG, McNamara JR. Triglyceride measurements: a review of methods and interferences. 
Clin Chem. 1990; 36(9):1605–1613. [PubMed: 2208701] 

39. Jessen RH, Dass CJ, Eckfeldt JH. Do enzymatic analyses of serum triglycerides really need 
blanking for free glycerol? Clin Chem. 1990; 36(7):1372–1375. [PubMed: 2164900] 

40. Jin R, Le NA, Liu S, et al. Children with NAFLD Are More Sensitive to the Adverse Metabolic 
Effects of Fructose Beverages than Children without NAFLD. J Clin Endocrinol Metab. 2012

Corey et al. Page 11

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Corey et al. Page 12

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. 
A. Screening biopsy showing grade 3 large droplet, pan-acinar fat. There is peri-portal and 

peri-sinusoidal fibrosis and moderate lobular inflammation. B. Follow up biopsy of the same 

patient at the same magnification. The large droplet fat has cleared. The inflammation and 

fibrosis have also improved.
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Figure 2. 
Change in Lipid Level from Baseline to Week 96 by Resolution of NASH
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Figure 3. 
Change in Lipid Levels by Improvement in Histology
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Table 2

Baseline Lipid Levels Stratified by Presence or Absence of NASH

NASH diagnosis
at baseline

Definite
NASH
(N=73)

Borderline/
Not NASH

(N=100) P*

Lipids at Baseline – N(%)

LDL Cholesterol

  Mean(95% CI) 108.6 (101.7, 115.5) 109.0 (102.8, 115.2) 0.93

  ≥ 110 mg/dL 29(39.7%) 46(46.5%) 0.44

  ≥ 130 mg/dL 18(24.7%) 19(19.2%) 0.45

Total Cholesterol

  Mean(95% CI) 175.8(167.1, 184.6) 176.1(168.2, 185,2) 0.89

  ≥170 mg/dL 39(53.4%) 54(54.0%) 1.0

  ≥200 mg/dL 20(27.4%) 21(21.0%) 0.37

Non-HDL Cholesterol

  Mean(95% CI) 140.4(132.0, 148.9) 137.0(128.9, 145.2) 0.57

  ≥ 120 mg/dL 54(74.0%) 63(63.0%) 0.14

  ≥ 145 mg/dL 26(35.6%) 35(35.0%) 1.0

Triglycerides

  Mean(95% CI) 164.6(143.9, 185.4) 143.7(122.4, 165.0) 0.18

  ≥ 90 mg/dL 61(83.6%) 71(71.0%) 0.07

  ≥ 130 mg/dL 43(58.9%) 44(44.0%) 0.06

HDL Cholesterol

  Mean(95% CI) 35.4(33.8, 37.0) 39.7(37.8, 41.6) 0.0008

  < 45 mg/dL 65(89.0%) 77(77.0%) 0.04

  < 40 mg/dL 55(75.3%) 52(52.0%) 0.003

Triglycerides/HDL-C

  Mean(95% CI) 4.8(4.2, 5.5) 4.0(3.3, 4.7) 0.07

  ≥3.0 48(65.8%) 51(51.0%) 0.05

PP-values derived from t tests or Fisher’s Exact Test.
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Table 3

Lipid measures by resolution of NASH at 96 weeks

Resolution of NASH at 96 weeks

Mean(95% CI)
Resolved
(N=52)

Not resolved
(N=69) P*

Adjusted
P†

Non HDL-C(mg/dL)

  Baseline 137.3(127.4,147.2) 140.1(130.9,149.2) 0.69 0.71

  96 weeks 130.0(120.1,139.9) 141.2(131.7,150.7) 0.11 0.05

  Change from baseline −7.3(−14.9,0.2) 1.1(−5.7,7.9) 0.1 0.01

Triglycerides(mg/dL)

  Baseline 139.7(113.7, 165.7) 152.5(127.4, 177.5) 0.49 0.72

  96 weeks 161.4(132.3,190.6) 171.4(148.0,194.7) 0.59 0.3

  Change from baseline 21.7(−2.2,45.6) 18.9(−1.7,39.5) 0.86 0.28

HDL(mg/dL)

  Baseline 39.1(36.7,41.6) 36.5(34.3,38.7) 0.12 0.09

  96 weeks 36.4(34.5,38.4) 34.5(32.8,36.2) 0.14 0.07

  Change from baseline −2.7(−4.5,−0.8) −2.0(−3.6,−0.4) 0.56 0.42

LDL(mg/dL)

  Baseline 110.8(101.5,120.2) 109.0(102.5,115.4) 0.73 0.97

  96 weeks 99.8(90.6,109.1) 107.7(99.5,115.8) 0.21 0.16

  Change from baseline −11.2(−19.1,−3.3) −2.1(−7.6,3.4) 0.05 0.06

Total cholesterol(mg/dL)

  Baseline 176.4(166.0, 186.9) 176.6(166.8, 186.3) 0.99 0.96

  96 weeks 166.4(156.5, 176.3) 175.7(165.8, 185.6) 0.2 0.11

  Change from baseline −10.0(−18.0,−2.0) −0.9(−8.0,6.3) 0.09 0.02

Triglycerides/HDL

  Baseline 4.0(3.0,5.0) 4.4(3.7,5.1) 0.48 0.62

  96 weeks 4.8(3.8,5.9) 5.1(4.4,5.7) 0.69 0.31

  Change from baseline 0.9(0.2,1.5) 0.7(0.04,1.3) 0.72 0.35

*
P-values derived from univariable linear regression models.

†
Adjusted p-values derived from linear regression models and included treatment group, baseline BMI, ethnicity, and for change measures, the 

baseline value of the lipid measure
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Table 4

Lipid measures by histological improvement at 96 weeks

Improvement in histology at 96 weeks

Mean(95% CI)
Improved

(N=56)
Not improved

(N=90) P*
Adjusted

P†

Non HDL-C(mg/dL)

  Baseline 137.4(129.0, 145.8) 137.0(128.5, 145.4) 0.94 0.78

  96 weeks 128.7(119.5, 137.8) 137.5(129.1, 145.9) 0.17 0.23

  Change from baseline −8.8(−15.5, −2.0) 0.5(−5.1, 6.2) 0.04 0.03

Triglycerides(mg/dL)

  Baseline 128.8(112.5, 145.0) 154.6(131.4, 177.7) 0.07 0.17

  96 weeks 146.9(125.2, 168.6) 175.6(152.7, 198.5) 0.07 0.08

  Change from baseline 18.2(−3.1, 39.4) 21.0(3.4, 38.6) 0.84 0.26

HDL(mg/dL)

  Baseline 38.5(36.3, 40.7) 37.3(35.4, 39.1) 0.41 0.34

  96 weeks 35.9(34.0, 37.7) 34.8(33.2, 36.4) 0.41 0.48

  Change from baseline −2.6(−4.6, −0.7) −2.4(−3.7, −1.2) 0.86 0.95

LDL(mg/dL)

  Baseline 111.9(103.8, 120.0) 106.5(100.4, 112.6) 0.28 0.25

  96 weeks 99.9(91.6, 108.3) 104.8(97.8, 111.9) 0.38 0.53

  Change from baseline −11.2(−19.1, −3.3) −2.1(−7.6, 3.4) 0.01 0.04

Total cholesterol(mg/dL)

  Baseline 175.9(166.9, 185.0) 174.2(165.5, 183.0) 0.8 0.64

  96 weeks 164.5(155.2, 173.8) 172.3(163.9, 180.8) 0.23 0.3

  Change from baseline −11.4(−18.9, −3.9) −1.9(−7.7, 3.9) 0.05 0.04

Triglycerides/HDL

  Baseline 3.6(3.0, 4.2) 4.4(3.7, 5.2) 0.07 0.16

  96 weeks 4.3(3.6, 5.0) 5.3(4.6, 6.1) 0.04 0.06

  Change from baseline 0.7(0.05, 1.4) 0.9(0.3, 1.4) 0.68 0.21

*
P-values derived from univariable linear regression models.

†
Adjusted p-values derived from linear regression models and included treatment group, baseline BMI, ethnicity, and for change measures, the 

baseline value of the lipid measure
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