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Abstract

Background and aims: Patients with nonalcoholic fatty liver disease (NAFLD) and normal 

aminotransferase levels may have advanced liver histology. We conducted a study to characterize 

the prevalence of and factors associated with advanced liver histology in patients with 

histologically characterized NAFLD and normal aminotransferase levels.

Methods: We evaluated 534 adults with biopsy-proven NAFLD and ALT and AST < 40 U/L 

within 3 months of their liver biopsy. Histological phenotypes of primary interest were NASH 

with stage 2-3 fibrosis (NASH F2-3) and cirrhosis. Using multiple logistic regression models with 

Akaike’s Information Criteria (AIC), we identified variables associated with these histological 

phenotypes. We developed and internally validated their clinical prediction models.

Results: The prevalence of NASH F2-F3 and cirrhosis were 19% and 7%, respectively. The best 

multiple regression AIC model for NASH F2-3 consisted of type 2 diabetes, White race, lower 
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LDL, lower platelet count, higher AST/ALT ratio, higher serum triglycerides, and hypertension. 

The best AIC model for cirrhosis consisted of lower platelet count, lower AST/ALT ratio, higher 

BMI, and female sex. The area under the receiver operator curves of the prediction models were 

0.70 (95% CI: 0.65-0.76) for detecting NASH-F2-3 and 0.85 (95% CI: 0.77-0.92) for detecting 

cirrhosis. When models were fixed at maximum Youden’s index, their positive and negative 

predictive values were 35% and 88% for NASH F2-F3 and 30% and 98% for cirrhosis, 

respectively.

Conclusion: Clinically significant histological phenotypes are observed in patients with NAFLD 

and normal aminotransferase levels. Our models can assist the clinicians in excluding advanced 

liver histology in NAFLD patients with normal aminotransferase levels.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a global health problem. It is estimated to affect 

nearly a quarter of the world population1. A significant number of patients with NAFLD 

have normal aminotransferase levels. Depending on the upper limits of the reference range 

used (“normal value”) and the population studied, the percent of patients with NAFLD and 

normal alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels vary 

widely. It ranges from 14% in Italian patients with NAFLD selected for liver biopsies2, to 

23% in NAFLD patients retrospectively identified through pathology database at a U.S. 

academic center3, and exceeding 65% of morbidly obese patients undergoing bariatric 

surgery4–7. In large scale epidemiological studies, normal aminotransferase levels were 

noted in 79% of patients with NAFLD in the Dallas Heart study and 55% of patients with 

NAFLD in the Dionysis study8.

These studies have consistently shown that when patients with NAFLD and normal 

aminotransferase levels underwent liver biopsy, clinically significant histological findings 

and levels of fibrosis were commonly observed and not significantly different than those in 

NAFLD patients with elevated aminotransferase levels . In 103 consecutive patients with 

type 2 diabetes and normal aminotransferase levels 9, NAFLD was diagnosed in 50% of the 

patients by magnetic resonance spectroscopy criteria. Nonalcoholic steatohepatitis (NASH) 

was diagnosed in 56% of NAFLD patients who underwent liver biopsy in that study. The 

largest prior non-bariatric study with liver histology data evaluated 80 obese Italian patients 

with normal liver tests referred to abdominal surgery for uncomplicated gall stones, gastric 

or large bowel cancer10. Patients underwent intraoperative core liver biopsy in the first part 

of the operative procedure if they met the diagnostic criteria for the metabolic syndrome, had 

a body mass index (BMI) ≥35 kg/ m2, chronically normal aminotransferase levels, and no 

evidence of alcohol abuse or other liver diseases. That study reported NAFLD was observed 

in 97.5%, NASH in 72.5%, any fibrosis in 62.5%, and advanced fibrosis in 22.5% of these 

patients.
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Previous studies to characterize NAFLD with normal aminotransferase levels originated 

mostly from single centers3,4,9–11, and were limited by retrospective design3,11, selected 

patient population9,10, and relatively small study size2–4,9–11. Furthermore, they have not 

systematically characterized the variables associated with important histological phenotypes, 

especially NASH with stages 2 and 3 fibrosis, which recently has emerged as the primary 

target for clinical trials.

In this study, we characterized the spectrum of liver histology in a large cohort of individuals 

with NAFLD and normal aminotransferase levels prospectively enrolled in the NASH 

Clinical Research Network (CRN) studies. We identified demographic, clinical, and 

laboratory variables associated with key histological phenotypes and subsequently 

developed and validated their clinical prediction models.

Methods

Study participants’ identification

Individuals 18 years or older with biopsy proven NAFLD and enrolled into studies 

undertaken by the NASH CRN (Database 1, Database 2, PIVENS, and FLINT) were eligible 

for inclusion in this study if they met the following criteria: 1) ALT and AST < 40 U/L, 2) 

liver biopsy within 3 months of aminotransferase levels measurement, and 3) central 

pathology review of the liver biopsy by the NASH CRN Pathology Committee.

NASH CRN Database 1 observational study enrolled patients with suspected or biopsy 

proven NAFLD between 2004 and 2009 from 8 U.S. medical centers12. NASH CRN 

Database 2 observational study is an extension of the NASH CRN Database 1 study and uses 

similar inclusion and exclusion criteria, except for requiring histological proof of NAFLD as 

an inclusion criterion13. The study enrolled patients with biopsy proven NAFLD between 

2009 and 2018 from 8 U.S. medical centers. The PIVENS study was a randomized placebo-

controlled trial that evaluated the efficacy of vitamin E and pioglitazone for biopsy proven 

NASH14. Individuals with cirrhosis or diabetes were excluded. The FLINT study was a 

randomized placebo-controlled trial that evaluated the efficacy of obeticholic acid for biopsy 

proven NASH15. In the FLINT trial, patients with diabetes were included whereas those 

with cirrhosis were excluded. For individuals enrolled in the clinical trials (PIVENS and 

FLINT), baseline pre-treatment variables and liver biopsies were used for this analysis. All 

studies were approved by the institutional review boards of participating institutions. All 

participants provided written informed consent prior to enrollment. The data for these NASH 

CRN studies were stored, monitored, and analyzed at the Data Coordinating Center at the 

Johns Hopkins Bloomberg School of Public Health.

Justification for using 40 U/L as a cutoff for normal aminotransferase levels

Although the upper limits of normal (ULN) for aminotransferase levels vary by local 

laboratories, 40 U/L is a common upper reference range value used by clinical laboratories. 

Laboratories establish their reference ranges for transaminases using local populations. The 

characteristics of local population but not laboratory or analyzer variability has a major 

influence on the ALT ULN in different laboratories, which prompted investigators to suggest 
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that laboratories should rely on healthy individuals without metabolic risk factors to derive 

local “healthy” ALT ULN16. An earlier study of Italian blood donors by Prati et al observed 

a relationship between ALT level, BMI, and metabolic indices17. After excluding donors 

with obesity and other risks for metabolic disease, they calculated the upper limits for 

“healthy” normal ALT at 30 U/L for men and 19 U/L in women and this increased the 

sensitivity of ALT for detecting NAFLD or hepatitis C. However, this has not been widely 

accepted, even in Italian studies2,10. A cutoff of 43 U/L for ALT level, which was the ULN 

of the National Health and Nutrition Examination Survey (NHANES) reference laboratory, 

was used for NHANES based studies18–20. A cutoff of 40 U/L for the ULN of 

aminotransferase levels has been used previously in research studies2,6,9,10, and therefore it 

was used for the primary analysis in this study. To address the question of how the Prati 

based cutoffs for ULN for ALT level affect the study findings, we also conducted a 

secondary analysis using the Prati suggested ALT ULN cutoffs for men and women.

Characterization of study participants

Extensive demographic, anthropometric, clinical, and laboratory data were systematically 

collected on all participants as part of the individual study protocol. Routine laboratory tests 

were performed on fresh samples in Clinical Laboratory Improvement Amendments-

certified laboratories at each participating clinical site according to standard clinical 

protocols. The fibrosis-4 (FIB-4) score was calculated using on age, AST, ALT and 

platelets21. Liver biopsies were evaluated and scored by the NASH CRN Pathology 

Committee using the NASH CRN scoring system22. A diagnosis of definite NASH is made 

by the Pathology Committee based on a pattern recognition, which requires the presence of 

classic hepatocyte ballooning. Borderline NASH largely fell into two broad categories: a 

majority with steatosis, lobular inflammation and fibrosis, but no ballooning and a minority 

with steatosis, lobular inflammation and borderline quality ballooning but no fibrosis.

Statistical Methods

Characteristics of patients with NAFLD and ALT<40 U/L and AST<40 U/L were described 

using means (SD) or N (%). Demographic, anthropometric, medical comorbidities, and 

laboratory data collected within three months of the biopsy were compared for four 

histologic phenotypes: definite steatohepatitis, definite steatohepatitis and fibrosis stage 2-3 

(NASH F2-3) (patients with cirrhosis were excluded from this analysis), advanced fibrosis 

(stage 3 or 4), and cirrhosis. In this paper we focus on the characteristics of and factors 

associated with NASH F2-3 and cirrhosis as these two NAFLD phenotypes are immediately 

actionable: patients with NASH F2-3 are the primary focus for phase 2 and phase 3 clinical 

trials, and NAFLD patients with cirrhosis receive variceal and hepatocellular carcinoma 

screening surveillance23. We also include in the supplementary material the characteristics 

of and factors associated with definite NASH and advanced fibrosis.

To determine the statistical significance of the comparisons, p-values were derived from 

Fisher’s exact test for categorical measures and t tests for continuous measures. Clinical 

prediction models were developed for the histological phenotypes using multiple logistic 

regression models with Akaike’s Information Criteria (AIC), a penalized likelihood method 
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that is a trade-off between goodness of fit vs. model size, with smaller AICs corresponding 

to models with more information about the outcome24,25. This approach is not based on p-

values and avoids the need to adjust p-values for the multiplicity of candidate models. The 

candidate set of variables for the clinical prediction models were: age, sex, race, Hispanic/

Latino ethnicity, BMI, waist circumference, type 2 diabetes, hypertension, hypothyroidism, 

metabolic syndrome, AST/ALT ratio, platelets, triglycerides, HDL-cholesterol, and LDL-

cholesterol. The model selection method does not include highly co-linear variables. Rather, 

it picks one or more members of a co-linear set of variables that give the most information 

(best AIC) about the outcome. There may be some residual collinearity among the selected 

variables, but the combination selected gives the best model for the outcome based on 

information contained in the variables selected. The odds ratios, 95% confidence intervals, 

and p-values are presented, as well as the clinical prediction equations.

Performance characteristics for the prediction models, including sensitivity, specificity, 

positive predictive value (PPV), and negative predictive value (NPV), were estimated for 

sensitivity fixed at 90%, specificity fixed at 90%, and Youden’s Index (sensitivity

+specificity-1) fixed at the maximum value. We then validated the models using cross-

validation, split-sample validation (in which the prediction model was applied to 80% of the 

sample selected on calendar time, and the performance characteristics were calculated in the 

20% validation sample using the predicted probabilities from the 80% training sample), and 

a random split-sample validation, in which the split-sample validation was repeated with a 

randomly selected 20% of the sample. Area under the receiver operating curves (AUROCs) 

and 95% confidence intervals were compared for each model. We then compared the 

performance of our models [named, Low ALT Clinically Significant NAFLD (LACSNA)] to 

that of FIB-421 and NAFLD fibrosis score (NFS)26. We created an online LACSNA 

calculator, which is publicly available on the website http://gihep.com.

Nominal, 2-sided p-values were considered significant if P<0.05. Analyses were performed 

using SAS software (version 9.4, SAS Institute, Cary, NC) and Stata (Release 15.1, Stata 

Corporation, College Station, TX).

Results

Characteristics of study participants

There were a total of 1,235 unique adult patients with a liver biopsy and liver enzymes 

within 3 months of enrollment into NASH CRN Database 1, Database 2, PIVENS, and 

FLINT. Of those, 534 (43%) patients had normal aminotransferase levels and represented 

this study cohort: 90% were recruited through the NASH CRN Database 1 and 2 studies and 

10% through the PIVENS and FLINT trials. Their mean (SD) for ALT and AST levels were 

27.9 (7.3) U/L and 24.7 (5.9) U/L, respectively. The median (IQR) time between liver panel 

and biopsy was 30 days (14-56 days).

The distribution of NAFLD histological lesions and phenotypes for the entire cohort and per 

ALT ranges is shown in Table 1. Remarkably, 99% of the patients in the entire cohort had 

some degree of lobular inflammation, 47% had hepatocyte ballooning and 61% had fibrosis. 

Further, 35% of the patients had definite NASH, 19% had NASH F2-F3, 20% had advanced 
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fibrosis, and 7% had cirrhosis. The frequency and severity of NAFLD histological features, 

advanced fibrosis and definite NASH increased with rising ALT value (Table 1). Nearly a 

quarter of the patients with ALT<20 U/L had definite NASH and 20% of them had advanced 

fibrosis.

Factors associated with NASH F2-3 in NAFLD patients with normal aminotransferase 
levels

Definite NASH with stage 2-3 fibrosis was present in 19% of the patients. Compared to 

other NAFLD patients in the cohort excluding those with cirrhosis (Table 2), individuals 

with NASH F2-3 and normal aminotransferase levels were older, more commonly White, 

and more frequently had type 2 diabetes, hypertension, and the metabolic syndrome. They 

were more insulin resistant with higher insulin, HOMA-IR, HgA1c, and triglycerides than 

other NAFLD patients in the cohort excluding those with cirrhosis. Further, these individuals 

had lower LDL and platelets and higher AST/ALT ratio and FIB-4 score than other NAFLD 

patients in the cohort excluding those with cirrhosis. In a multiple logistic regression model 

using AIC to select the best model (Table 3), type 2 diabetes (OR 2.1, 95% CI 1.3 – 3.4, 

p=0.004), lower LDL (OR 1.1 per 10 mg/dL decrement, 95% CI 1.0 – 1.2, p=0.02), White 

race (OR 2.1, 95% CI 1.1 – 4.2, p=0.03), higher AST/ALT (OR 2.5, 95% CI 1.0 – 6.6, 

p=0.06), lower platelets (OR=1.0 per 10 unit (109/L) decrement, 95% CI 1.0 – 1.2, p=0.07), 

lower triglycerides (OR=1.0 per 10 mg/dL decrement, 95% CI 1.0 – 1.1, p=0.09), and 

history of hypertension (OR 1.5, 95% CI 0.9 – 2.5, p=0.13) were associated with higher 

probability of NASH F2-3. Of these factors, type 2 diabetes and lower platelets were also 

associated with higher probability of definite NASH and any fibrosis.

Factors associated with cirrhosis in NAFLD patients with normal aminotransferase levels

Compared to other NAFLD patients in the cohort (Table 4), NAFLD patients with cirrhosis 

and normal aminotransferase levels were less commonly Hispanic, and more frequently had 

type 2 diabetes. They were more insulin resistant with higher insulin, HOMA-IR, and 

HgA1c than other NAFLD patients in the cohort. Further, these patients had lower platelets 

and higher AST/ALT ratio and FIB-4 score than other NAFLD patients in the cohort.

In a multiple logistic regression model (Table 5), lower platelets (OR=1.2 per 10 unit (109/L) 

decrement, 95% CI 1.2 – 1.3, p<0.001), higher AST/ALT ratio (OR 5.3, 95% CI 1.7 – 16.5, 

p=0.004), higher BMI (OR=1.1 per 2 kg/m2 increment, 95% CI 1.0 – 1.2, p=0.06), and 

female sex (OR 2.1, 95% CI 0.8 – 5.5, p=0.12) were associated with the highest probability 

of cirrhosis.

Clinical and laboratory factors associated with definite NASH and with advanced fibrosis 

and their multiple logistic regression AIC models are shown in Supplementary Tables 1–4.

LACSNA Clinical prediction models for detecting selected histological phenotypes in 
patients with NAFLD and normal aminotransferase levels

The AUROCs (95% CI) for definite NASH was 0.70 (0.65-0.74), for NASH-F2-3 fibrosis 

0.70 (0.65-0.76), for NAFLD with advanced fibrosis 0.79 (0.74-0.84), and for NAFLD 0.85 

(0.77-0.92) (Table 6). The performance of these models remained stable after three internal 
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validation methods with cross-validation, split-sample validation and random split-sample 

validations (Table 6).

The diagnostic statistics of the LACSNA clinical prediction models for identifying 

histological phenotypes of interest are shown in Table 7. In general, their positive predictive 

values (PPV) were low, but negative predictive values (NPV) were very high to excellent. 

For example, when the models were fixed at the maximum Youden’s index, their PPV and 

NPV were 35% and 88% for NASH F2-F3 and 30% and 98% for cirrhosis, respectively 

(Table 7). The LACSNA models have better AUROC than that of FIB-4 or NFS for 

predicting the NAFLD phenotypes of interest (Table 7).

Characterization of the cohort and performance of simple clinical prediction models based 
on the Prati criteria for normal ALT

When we evaluated the cohort using the more stringent values for normal ALT (<30 U/L for 

men and <19 U/L for women) identified in a study of Italian blood donors by Prati et al17, 

the number of patients meeting these criteria dropped to 143 individuals (11.5%) out of the 

1,235 unique adult patients with a liver biopsy and liver enzymes within 3 months of 

enrolment into NASH CRN studies. Still, a significant number of patients in this group had 

definite NASH (24%), NASH F2-F3 (28%), advanced fibrosis (20%) or cirrhosis (10%) 

(Supplementary Table 5).

The diagnostic statistics and the AUROCs of the models for identifying various histological 

phenotypes of interest are shown in Supplementary Tables 6 and 7. Their performance 

worsened with the 3 methods we used for internal validation, likely due to the smaller cohort 

size (Supplementary Table 7).

Discussion

This study shows that normal serum aminotransferase levels are common in the patients with 

the spectrum of NAFLD and observed in 43% of patients with NAFLD enrolled in the 

NASH CRN studies. The full spectrum of NAFLD histological lesions and phenotypes is 

seen in these patients. Normal aminotransferase levels provide no assurance of absence of 

clinically significant NAFLD as NASH, advanced fibrosis, and cirrhosis were observed in 

35%, 20%, and 7% of these individuals. To facilitate identifying patients with normal 

aminotransferase levels but clinically significant NAFLD, we created clinical predication 

models (which we named LACSNA), based on readily available clinical and laboratory data 

that can be used to reliably exclude NASH-F2-3, advanced fibrosis and cirrhosis in these 

patients.

This study confirms the findings of prior studies reporting a high prevalence of NASH and 

advanced fibrosis as well as an increased risk of NASH with insulin resistance and diabetes 

in NAFLD patients with normal aminotransferase levels2–4,9–11. It further shows that even 

individuals with NAFLD and ALT<20 U/L can have clinically significant liver disease, as 

almost a quarter of these patients had definite NASH and 20% of them had advanced 

fibrosis. Further, this study shows that the frequency and severity of NAFLD histological 

features, advanced fibrosis and definite NASH increased with increasing ALT value from 

Gawrieh et al. Page 7

Am J Gastroenterol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



<20 U/L to the 20-39 U/L range (Table 1). This highlights the importance of closer follow 

up of patient with low ALT values who are classified by clinical prediction models.as high 

risk for having clinically significant NAFLD.

In this study, White race and lower LDL-cholesterol levels were also associated with 

increased risk of fibrosing NASH. The AST/ALT ratio and lower platelets counts are risk 

factors for advanced fibrosis and cirrhosis in all patients with NAFLD, including those with 

elevated aminotransferase levels 26–28; findings this study confirms to be applicable to 

patients with NAFLD and normal aminotransferase levels. Lower platelets count is possibly 

a correlate with early portal hypertension and indicator of more advanced liver disease, as it 

was a risk factor for all the major phenotypes we evaluated in this study, whereas type 2 

diabetes, higher AST/ALT ratio, and female sex were associated with increased risk of the 

majority of these phenotypes.

Clinicians are commonly faced with the challenge of determining whether a patient with 

NAFLD has a clinically significant phenotype or not. A common approach is to consider a 

patient’s comorbidities and routinely available laboratory tests such as aminotransferase 

levels to stratify risk and determine the need for further evaluation. Patients suspected of 

having a clinically significant NAFLD phenotype may be referred to specialty care for 

further definition of their phenotype, implementation of interventions to slow or reverse 

disease progression, and when available, enrollment in therapeutic clinical trials. NAFLD 

patients with cirrhosis are enrolled into surveillance programs for gastroesophageal varices 

and hepatocellular carcinoma23. Despite the advent of a plethora of serum based non-

invasive markers and magnetic resonance- or ultrasound-based elastography to identify 

clinically significant NAFLD29–40, these useful clinical tools are not readily or widely 

available. The LACSNA clinical prediction tools we developed have fair to good 

performance for detection of NASH, NASH-F2-3, advanced fibrosis and cirrhosis. The 

LACSNA models have better AUROC than that of FIB-4 or NFS for predicting the NAFLD 

phenotypes of interest. However, to be useful in identifying patients with clinically 

significant NAFLD, clinical prediction models have to have high positive predictive value 

(PPV), to reduce the likelihood of misclassification and unnecessary subsequent 

confirmatory testing (e.g., abdominal imaging, elastography or liver biopsies). Our models, 

similar to other reported models, have poor PPV and thus are poorly suited for this 

task12,27,29,41,42.

Alternatively, clinical predictions models could be used to reassure the patient and clinician 

of absence of clinically significant NAFLD phenotype. This could obviate the need for 

additional testing and specialty care referral at the time of evaluation. For this use, our 

models and similar other models do well. With our model fixed at 90% sensitivity, the 

highest NPV is for cirrhosis (98%), followed by advanced fibrosis (94%), and NASH-F2-3 

(91%). Therefore, the best utilization of these clinical predication models in practice may be 

to exclude these phenotypes.

This study has several limitations. Patients in this study were recruited from NASH CRN 

sites, and had histologically confirmed NAFLD as an entry criterion into these studies. This 

implies that clinically significant NAFLD was suspected by managing clinicians at the time 
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of ordering a clinically indicated liver biopsy, thus creating a selection bias. No external 

validation of the findings was done. However, external validation in a similar cohort with 

ALT<40 U/L with liver biopsy data is not practically feasible. Taking advantage of the large 

sample size, we used three methods to internally validate the clinical prediction models we 

developed. The utility of liver stiffness measurement or controlled attenuation parameter 

measurements in risk stratifying these patients was not evaluated in this study as these 

results were available only on a small subset of included patients. The clinical prediction 

models were developed on patients with NAFLD in this study, so they should only be 

applied to those with known NAFLD. It would be interesting to test these models in the 

general population suspected to have NAFLD. It would, however, be extremely difficult do 

large liver histology-based studies in the general population. Finally, given the known 

variability in ALT and AST levels, one measurement of normal ALT and AST within 3 

months of the liver biopsy (our study entry criterion) may not reflect persistently normal 

transaminases values.

This study also has several strengths. It is the largest systematic study of non-bariatric 

patients with NAFLD and normal aminotransferase levels as defined by stringent criteria to 

date. Patients were prospectively enrolled and thus complete clinical and laboratory data 

were available on all participants. Additionally, liver histology was centrally evaluated by 

the NASH CRN Pathology Committee using a standardized protocol.

In conclusion, there is high prevalence of NASH with clinically significant fibrosis, 

advanced fibrosis, and cirrhosis among NAFLD patients with normal aminotransferase 

levels enrolled in NASH CRN studies. The variables we observed to be associated with these 

clinically important histological phenotypes and their clinical prediction models can be 

useful for clinicians to exclude advanced histological phenotypes when they encounter 

NAFLD patients with normal aminotransferase levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:

Histological spectrum of NAFLD in patients with normal aminotransferase levels (ALT and AST <40 U/L)

Phenotype Total (N=534) ALT<20 U/L (N=89) ALT 20-39 U/L (N=445) *p-value

Steatosis grade (%) 0.004

0 3 6 2

1 55 65 53

2 30 16 33

3 12 13 12

Lobular inflammation (%) 0.003

0 1 4 1

1 78 84 77

2 19 9 20

3 2 2 2

Hepatocyte ballooning (%) 0.03

0 53 65 50

1 32 26 34

2 15 9 16

NAS (%) <0.001

1 1 3 1

2 30 47 27

3 27 17 29

4 23 22 23

5 12 9 12

6 4 1 5

7 2 0 2

Mean (SD) 3.4 (1.3) 2.9 (1.1) 3.5 (1.3) <0.001

Median (IQR) 3 (2, 4) 2 (2, 4) 3 (2, 4) <0.001

Fibrosis Stage (%) <0.001

0 39 52 37

1a 14 7 15

1b 6 3 7

1c 5 10 4

2 15 8 16

3 13 8 15

4 7 12 6

Steatohepatitis diagnosis (%) <0.001

NAFLD only 37 58 33

Borderline 27 18 29

Definite 35 24 38
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Phenotype Total (N=534) ALT<20 U/L (N=89) ALT 20-39 U/L (N=445) *p-value

Definite steatohepatitis with stage2-3 fibrosis (%) 19 13 22 0.09

Abbreviations: NAFLD: Nonalcoholic Fatty Liver Disease; NAS: NAFLD Activity Score; SD: Standard deviation; IQR: Interquartile range.

*
comparison is between ALT<20 U/L and ALT 20–39 U/L.
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Table 2:

Characteristics of NAFLD patients with normal aminotransferase levels (ALT and AST <40 U/L) separated by 

presence of NASH with fibrosis stage 2-3
¶

Definite steatohepatitis and fibrosis stage 2-3

P-valueYes (N=101) No (N=395)

Demographic

 Age at enrollment (years) 55 (10) 51 (12) 0.002

 Sex (%) 0.26

  Male 23 28

  Female 77 72

 Race (%) 0.01

  White 88 77

  Black 0 6

  Asian 2 6

  Other/Refused 10 11

 Hispanic/Latino (%) 11 13 0.62

Anthropometric

 BMI (kg/m2) 35.6 (6.1) 34.5 (7.1) 0.16

 Weight (kg) 99 (19) 95 (22) 0.17

 Waist (cm) 112 (13) 108 (15) 0.01

Comorbidities (%)

 Type 2 diabetes 59 35 <0.0001

 Hypertension 72 57 0.006

 Dyslipidemia 61 60 0.91

 Hypothyroidism 21 21 0.92

 Metabolic syndrome 69 56 0.02

Laboratory measures

 Platelet count (109/L) 233 (72) 254 (69) 0.01

 AST/ALT ratio 0.96 (0.27) 0.90 (0.22) 0.03

 FIB-4 1.4 (0.8) 1.0 (0.5) <0.0001

 Hemoglobin A1c (%) 6.4 (1.0) 6.2 (1.2) 0.02
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Definite steatohepatitis and fibrosis stage 2-3

P-valueYes (N=101) No (N=395)

 Insulin (μU/mL) 28.5 (29.4) 20.2 (17.7) 0.008

 HOMA-IR 8.4 (9.8) 5.6 (6.0) 0.007

 Total cholesterol (mg/dL) 179 (36) 186 (42) 0.13

 Triglycerides (mg/dL) 200 (178) 161 (87) 0.04

 HDL-cholesterol (mg/dL) 44 (11) 45 (12) 0.27

 LDL-cholesterol (mg/dL) 100 (32) 111 (36) 0.004

¶
Patients with cirrhosis excluded from this analysis

Data are presented as number (percent) or means with standard deviation.

Abbreviations: BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HOMA-IR: Homeostatic model 
assessment for insulin resistance; HDL: high density lipoprotein; LDL: Low density lipoprotein
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Table 3:

Multiple logistic regression analysis for definite steatohepatitis with fibrosis stage 2–3 in NAFLD patients 

with normal aminotransferase levels (ALT and AST <40 U/L)

Odds ratio Definite steatohepatitis 
and fibrosis stage 2-3 vs. not 95% CI P-val

Characteristics (N=480)*

 Type 2 diabetes 2.1 1.3 – 3.4 0.004

 LDL – per 10 mg/dL decrement 1.1 1.0 – 1.2 0.02

 White race vs. non-white 2.1 1.1 – 4.2 0.03

 AST/ALT 2.5 1.0 – 6.6 0.06

 Platelets – per 10 unit (109/L) decrement 1.0 1.0 – 1.2 0.07

 Triglycerides – per 10 mg/dL increment 1.0 1.0 – 1.1 0.09

 History of hypertension 1.5 0.9 – 2.5 0.13

Clinical model for P, probability of definite steatohepatitis and fibrosis stage 2–3.

Coefficients and SEs shown as b(SE): log(P/1-P) = −2.181(0.865) + 0.722(0.250) if type 2 diabetes – 0.008(0.004) X LDL (mg/dL) 
+ 0.762(0.346) if white + 0.931(0.489) X AST/ALT – 0.003(0.002) X platelet count (109/L) + 0.003(0.002) X triglycerides (mg/dL) 
+ 0.400(0.263) if hypertension

*
Factors were selected using AIC criteria from a multiple logistic regression model regressing definite steatohepatitis with fibrosis stage 2–3 on a 

candidate set of variables: age, sex, race, Hispanic/Latino ethnicity, BMI, waist circumference, type 2 diabetes, hypertension, hypothyroidism, 
metabolic syndrome, AST/ALT, platelets, triglycerides, HDL, and LDL.
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Table 4:

Characteristics of NAFLD patients with normal aminotransferase levels (ALT and AST <40 U/L) categorized 

by the presence of cirrhosis

Cirrhosis

P-valueYes (N=38) No (N=496)

Demographic

 Age at enrollment (years) 55 (11) 52 (11) 0.13

 Sex (%)

  Male 24 27 0.71

  Female 76 73

 Race (%)

  White 92 80 0.29

  Black 0 4

  Asian 0 5

  Other/Refused 8 11

 Hispanic/Latino (%) 0 13 0.01

Anthropometric

  BMI (kg/m2) 36.5 (7.1) 34.7 (6.9) 0.13

  Weight (kg) 103 (26) 96 (21) 0.08

  Waist (cm) 112 (16) 109 (15) 0.24

Comorbidities (%)

 Type 2 diabetes 63 40 0.006

 Hypertension 76 60 0.06

 Dyslipidemia 50 61 0.23

 Hypothyroidism 24 21 0.68

 Metabolic syndrome 73 59 0.12

Laboratory measures

 Platelet count (109/L) 170 (58) 250 (70) <0.0001

 AST/ALT ratio 1.21 (0.54) 0.91 (0.24) 0.002

 FIB-4 2.2 (1.5) 1.1 (0.6) <0.0001

 HgA1c (%) 7.0 (1.5) 6.2 (1.2) 0.002

 Insulin (μU/mL) 37.0 (28.6) 21.9 (20.9) 0.003
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Cirrhosis

P-valueYes (N=38) No (N=496)

 HOMA-IR

  Mean (SD) 13.3 (10.9) 6.2 (7.1) <0.001

  Median (IQR) 10.2 (5.7, 17.9) 4.0 (2.6, 6.7)

 Total cholesterol (mg/dL) 174 (39) 184 (41) 0.13

 Triglycerides (mg/dL) 150 (73) 169 (113) 0.13

 HDL-cholesterol (mg/dL) 44 (13) 45 (12) 0.79

 LDL-cholesterol (mg/dL) 100 (30) 109 (36) 0.14

¶
Data are presented as number (percent) or means with standard deviation.

Abbreviations: BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HOMA-IR: Homeostatic model 
assessment for insulin resistance; HDL: high density lipoprotein; LDL: Low density lipoprotein
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Table 5:

Multiple logistic regression analysis for cirrhosis in NAFLD patients with normal aminotransferase levels 

(ALT and AST <40 U/L)

Odds ratio cirrhosis vs. not 
cirrhosis 95% CI P-val

Characteristics (N=530)*

 Platelets – per 10 unit (109/L) decrement 1.2 1.2 – 1.3 <0.001

 AST/ALT ratio 5.3 1.7 – 16.5 0.004

 BMI - per 2 kg/m2 increment 1.1 1.0 – 1.2 0.06

 Female vs. male 2.1 0.8 – 5.5 0.12

Clinical model for P, probability of cirrhosis. Coefficients and SEs shown as b(SE): log(P/1-P) = −2.284(1.341) – 0.021(0.004) X platelet 
count (109/L) + 1.668(0.578) X AST/ALT + 0.054(0.029) X BMI (kg/m2) + 0.760(0.485) if female

*
Factors were selected using AIC criteria from a multiple logistic regression model regressing cirrhosis on a candidate set of 15 variables: age, sex, 

race, Hispanic/Latino ethnicity, BMI, waist circumference, type 2 diabetes, hypertension, hypothyroidism, metabolic syndrome, AST/ALT, 
platelets, triglycerides, HDL, and LDL.
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Table 6:

Comparison of the LACSNA clinical prediction model performance
¶
 in prediction and validation samples

Prediction Model

Validation Models

Cross-validated Split-sample Validation* Repeat Random Split-sample 
Validation†

Definite steatohepatitis 0.70 (0.65-0.74) 0.67 (0.63-0.72) 0.65 (0.54-0.75) 0.71 (0.61-0.82)

Definite steatohepatitis with 
stage 2-3 fibrosis

0.70 (0.65-0.76) 0.67 (0.61-0.73) 0.69 (0.57-0.80) 0.72 (0.60-0.84)

Advanced fibrosis 0.79 (0.74-0.84) 0.77 (0.72-0.82) 0.76 (0.64-0.88) 0.72 (0.60-0.83)

Cirrhosis 0.85 (0.77-0.92) 0.83 (0.75-0.91) 0.98 (0.95-1.00) 0.80 (0.62-0.99)

LACSNA: Low ALT Clinically Significant NAFLD.

¶
AUROCs with 95% Confidence intervals

N’s for the prediction models ranged from 480 - 530 due to missing values in the outcome (definite steatohepatitis with fibrosis 2-3 & excluding 
patients with cirrhosis) and covariates. N’s for the 20% split-sample validation ranged from 100-107 due to missing values in the outcome (definite 
steatohepatitis with fibrosis 2-3 & excluding patients with cirrhosis) and covariates.

*
Split-sample validation, where the prediction model was applied to 80% of the sample selected on calendar time, and the performance 

characteristics were then calculated in the 20% validation sample using the predicted probabilities from the 80% training sample.

†
Split-sample validation was repeated with a randomly selected 20% of the sample.
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