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Abstract
Background: Obesity, prediabetes, and type 2 diabetes are risk factors for nonalcoholic 
fatty liver disease. Inflammation and hepatocellular damage associated with nonalcoholic 
fatty liver disease lead to progressive non-alcoholic steatohepatitis, fibrosis and cirrhosis. 
Current tests to identify fibrosis (liver biopsy) are invasive and not conducive to serial 
examination. For that reason, we used the newer technique of shear wave elastogrophy 
(SWE) to detect fibrosis in overweight or obese Hispanic youth and sought to determine 
if carbohydrate tolerance or insulin resistance were associated with fibrosis in this high 
risk population. Methods: A total of 67 Hispanic youth (8–18 years of age) with overweight 
or obesity who were referred for multidisciplinary evaluation were included. SWE was 
used to identify those with suspected fibrosis. Results of SWE were then compared with 
glycohemoglobin (A1c), insulin resistance (homeostatic model of insulin resistance), and 
biochemical parameters. Results: The prevalence of suspected fibrosis (SWE >5.10 kPa) 
in overweight or obese Hispanic youth was 62.7% (42/67). Patients with suspected fibrosis 
(SWE ≥5.10 kPa) had significantly higher levels of serum aspartate aminotransferase, ala-
nine aminotransferase and the aminotransferase to platelet ratio index when compared to 
patients without significant fibrosis (SWE <5.01 kPa). However, there were no significant 
differences between the groups in body mass index, A1c, or homeostatic model of insulin 
resistance. Conclusions: SWE detected a high prevalence (62.7%) of suspected hepatic 
fibrosis in a group of high risk, overweight or obese Hispanic youth suggesting that SWE 
is a useful tool for surveillance and longitudinal studies.
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injury then develop as NAFLD progresses into non-alco-
holic steatohepatitis (NASH). Up to 40% of patients (adults 
and children) with NASH will develop liver fibrosis and 
eventually cirrhosis(3). 

The prevalence of NALFD among obese adolescents is as 
high as 70–80% depending on the diagnostic tool used for 
detection(4). A more granular analysis of these data reveals 
that the prevalence and course of NAFLD and NASH vary 
among ethnic and racial groups. Population-based studies 

Introduction

Childhood obesity is a worldwide epidemic now affecting 
more than 20% of children and adolescents in the United 
States(1). As the prevalence of obesity has increased, obe-
sity-related nonalcoholic fatty liver disease (NAFLD) has 
emerged as a common comorbidity in the pediatric popu-
lation(2,3). Defined as simple steatosis, NAFLD is the lead-
ing cause of chronic liver disease in adolescents and young 
adults. Chronic inflammation and resultant hepatocellular 
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of adults indicate that males and Hispanics are at highest 
risk(5). In addition, Hispanics with NAFLD progress into 
NASH at a younger age and have a worse prognosis when 
compared to non-Hispanic whites(6–8). 

Type 2 Diabetes (T2DM) is another major risk factor for 
NAFLD and NASH(9–11), and the leading cause of liver dis-
ease in the United States. Approximately 50% of adults 
with T2DM have NAFLD and the prevalence of T2DM 
among adults with cirrhosis is as high as 57%(9). Current 
evidence suggests that insulin resistance may be an impor-
tant pathogenic factor linking the progression from NAFLD 
into NASH(11,12).

While the obesity epidemic has prompted increased screen-
ing for prediabetes and T2DM in the pediatric population, 
current screening guidelines fail to screen for NAFLD(13–15). 
Furthermore, current criteria used to detect NAFLD fail to 
distinguish patients who are at risk to progress to NASH. 
Pediatric screening guidelines to evaluate obesity in youth 
with high BMI include testing for serum alanine amino-
transferase (ALT) (a marker for liver inflammation) which 
is not adequate for assessment of existing NAFLD nor pre-
dictive of the risk for NAFLD progression into NASH and 
cirrhosis(15). Multiple pediatric studies have shown that ALT 
levels can be normal, even in advanced cirrhosis, leading 
to missed/delayed opportunities for early intervention(16). 
Proven adult scoring systems such as aspartate amino-
transferase (AST)/ALT ratio, AST/platelet (PLT) ratio index 
(APRI), NAFLD fibrosis score, and Fibrosis-4 (FIB-4) index 
also have poor performance in detecting significant fibrosis 
in children with NAFLD(17). This calls into question the abil-
ity of current screening guidelines to identify youth at risk 
for NAFLD. This is a major public health issue since, left 
untreated, undiagnosed NAFLD/NASH may eventually prog-
ress to cirrhosis with increased morbidity and mortality(2,14).

Liver biopsy is currently the gold standard to identify liver 
fibrosis, but this procedure is invasive and associated with 
major complications, which limit the utility of liver biopsy 
for surveillance and natural history studies. For that reason, 
many adolescents with liver fibrosis remain undiagnosed 
and are at increased risk for liver failure(2). The newer and 
non-invasive imaging techniques of transient elastogra-
phy (TE) and shear-wave elastography (SWE) provide the 
opportunity to detect hepatic fibrosis and are a safe and 
reliable alternative to liver biopsy(18). Furthermore, TE and 
SWE are reproducible and quantifiable measures of liver 
stiffness. Using an acoustic pulse, elastography measures 
liver stiffness (an indirect surrogate measure of fibrosis) 
in a rapid, reproducible manner that is more reliable than 
serum biomarkers(19). TE and SWE give an accurate estima-
tion of liver stiffness that correlates with fibrosis staging in 
pediatric and adolescent patients(13,19,20). Furthermore, the 
degree of fibrosis directly correlates with long-term prog-
nosis in patients with NAFLD(16). 

Although population studies have shown that NASH begins 
earlier and has a worse prognosis for Hispanics,(6–8) pre-
vious studies of adolescent Hispanic cohorts with biopsy 
proven active fibrosis showed that serum ALT was normal 

at the time of biopsy, punctuating the need for improved 
techniques to identify fibrosis in high risk youth(3,7,17). In 
addition, there are limited data that have examined poten-
tial relationships between hepatic fibrosis and glycated 
hemoglobin (A1c) in children and adolescents. There is also 
a paucity of SWE data for high-risk minorities, especially 
Hispanics, and no consensus as to the optimal SWE score 
that should be used to distinguish those with suspected 
fibrosis from those without. A previous study of Italian 
patients by Nobili et. al. used elastography ≥5.10 kPa to 
suggest the presence of hepatic fibrosis(7). In contrast, 
a recent study in Korean youth used an SWE cutoff value 
of 5.50 kPa to identify suspected fibrosis(18). 

For these many reasons, we assessed the prevalence of 
liver fibrosis using SWE in high-risk, overweight and obese 
Hispanic youth. We then examined potential relationships 
between SWE, carbohydrate tolerance (glycohemoglobin, 
A1c), insulin resistance (homeostatic model of insulin resis-
tance, HOMA-IR) and a variety of biochemical biomarkers, 
including serum ALT, AST, and APRI.

Methods

This was a retrospective review of medical records from over-
weight or obese Hispanic youth referred for multidisciplinary 
evaluations in the pediatric endocrinology or gastroenterol-
ogy clinics at the University of Texas Health and Science 
Center at San Antonio (UTHSCSA) between 2017 and 2019. 
The study was approved by the Institutional Review Board at 
UTHSCSA prior to subject enrollment. De-identified patient 
data were stored securely in a RedCap database.

Patients were eligible for chart review if they were between 
the ages of 8–18 years, had a body mass index (BMI) >85% 
for age, and self-identified as being of Hispanic descent.

Patients were excluded from chart review if the serum AST 
or ALT was >200 U/L, based on previous studies showing 
that levels above 200 U/L and associated inflammation can 
confound the findings of elastography(21). Patients were 
also excluded if they were being treated with subcutaneous 
insulin, glucocorticoids, or angiotensin-converting-enzyme 
(ACE) inhibitors. Additionally, patients with other causes for 
chronic liver, renal, or cardiac disease were also excluded. 

We reviewed data from 112 potential subjects and identi-
fied 67 patients whose records contained both SWE and A1c 
levels. These 67 subjects comprise the entire cohort of at-
risk subjects. Subjects were first separated into two groups 
based on SWE score. Group A had no evidence for fibrosis 
based on SWE <5.10 kPa. Group B had evidence for fibro-
sis based on SWE ≥5.10 kPa. Subjects were then separated 
into two groups based on A1c using the definition of predia-
betes and diabetes from the American Diabetes Association 
(pre-DM or DM as A1c ≥5.7%)(22). Group C had evidence 
for pre-DM or DM as shown by A1c ≥5.7%. Group D had 
normal carbohydrate tolerance as shown by A1c <5.7%. 
Additional laboratory and imaging studies were not avail-
able for all subjects, but variably included liver ultrasound 
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Results

This study cohort of 67 overweight and obese Hispanic youth 
had a mean age of 13.59 ± 3.0 years (range 8–18 years). 
Table 1 shows data for the entire cohort, along with sep-
arate data for those with and without suspected fibrosis. 
As shown in Tab. 1, slightly more than half (52.2%) of the 
entire cohort were male. Based on SWE scores ≥5.10 kPa, 
the prevalence of suspected fibrosis in these obese 
Hispanic youth was 62.7% (42/67). There were 25 patients 
(37.3%) with no suspected fibrosis (SWE <5.10 kPa,  
Group A). Group A had a mean age (13.12 ± 2.80 years, 
range 8–18 years), mean BMI-SDS (2.42 ± 0.40, range 
1.45–3.37) and mean serum A1c level (5.71 ± 074, range 
5.0–7.0) similar to those of the entire cohort. There were 
42 patients with suspected fibrosis (SWE >5.10 kPa, 
Group B). The mean age (13.88 ± 3.10 years, range 8–18), 
mean BMI-SDS (2.48 ± 0.38, range 1.66–3.22), and mean 
A1c (5.80 ± 0.74, range 4.5–7.9) for group B were also simi-
lar to those of the entire group as well as the sub-group 
without suspected fibrosis (Group A). However, mean ALT 
in the group without suspected fibrosis (60.04 U/L ± 41.01, 
range 19–181) was significantly lower (p = 0.01) than that 
in the group with suspected fibrosis (89.27 U/L ± 43.75, 
23–189). Furthermore, there was a tendency for serum 
ALT to positively associate with SWE score (R = 0.23), but 
the trend was not significant (p = 0.070). Similarly, mean 
serum AST level in the group without suspected fibrosis 

(US), fasting glucose, insulin level, liver enzymes, lipid 
profile, complete blood count, complete metabolic panel, 
25-hydroxy-vitamin D (25OH-D), thyrotropin (TSH), and 
free-thyroxine (FT4).

Fasting SWE was performed within 6 months of laboratory 
studies using a Philips brand 2-D shear wave transducer 
with the C5-1 abdominal convex probe. All measurements 
were performed in the supine position. Each patient had 
ten 2D-SWE measurements of the right liver lobe with 
acceptable interquartile range (IQR) of 30%. The mean of 
the 10 acceptable measurements and standard deviation 
within the region of interest were recorded and used to 
generate the SWE score. The SWE score was expressed 
in kPa and a score ≥5.10 kPa (based on previous data from 
Nobili et al.)(7) was used to suggest fibrosis. Suggested 
fibrosis is the preferred terminology used to identify this 
group as the definitive procedure of liver biopsy was not 
performed in all subjects.

Statistical analysis was performed using R Core Team 
Statistical Software with a p-value <0.05 considered sta-
tistically significant. The prevalence of suspected fibrosis 
(SWE ≥5.10 kPa) was then compared between groups using 
chi-square and non-parametric Wilcoxon rank-sum tests 
for categorical and numeric variables, respectively. Tests 
of association were done using Pearson correlations R and 
linear regression.

  Entire cohort N = 67

Group A  
No suspected fibrosis 
(SWE score <5.10 kPa)  

N = 25  
Mean ± SD (range)

Group B  
Suspected fibrosis  

(SWE score ≥5.10 kPa)  
N = 42  

Mean ± SD (range)

P = for Group A  
vs. Group B

Age (yr) 13.59 
(8–18)

13.12 ± 2.80 
(8–18)

13.88 ± 3.10 
(8–18) 0.328

Gender Male = 35 
Female = 32

Male = 15 
Female = 10

Male = 20 
Female = 22 0.326

BMI SDS 2.49 ± 0.39 
(1.45–3.37)

2.42 ± 0.40 
(1.45–3.37)

2.48 ± 0.38 
(1.66–3.22) 0.603

Serum ALT (U/L) 78.48 ± 44.75 
(19–189)

60.04 U/L ± 41.01 
(19–181)

89.27 U/L ± 43.75 
(23–189) 0.010

Serum AST (U/L) 40.1 ± 22.1 
(11–110)

31.12 U/L ± 14.92 
(14–75)

45.37 U/L ± 23.99 
(11–110) 0.011

A1c (%) 5.77 ± 0.64 
(4.5–7.9)

5.71 ± 074 
(5.0–7.0)

5.80 ± 0.74 
(4.5–7.9) 0.557

SWE Score (kPa) 5.61 ±1.43 
(1.47–10.45)

4.47 ±0.83 
(1.47–5.06)

6.28 ± 1.28 
(5.2–10.45) <0.001

HOMA-IR 10.62 ± 10.19 
(2.84–49.24)

14.25 ± 14.85 
(3.38–49.24)

8.55 ± 4.36 
(2.84–17.40) 0.215

Vitamin D, 25OH (ng/mL) 14.23 ± 5.44 
(6–28)

14.60 ± 5.42 
(7–28)

14.00 ± 5.55 
(6–25) 0.742

Platelets (× 109 per liter) 310 ± 75.50 
(187–490)

325.67 ± 45.40 
(276–452)

301.70 ± 81.79 
(187–490) 0.360

APRI 0.40 ± 0.25 
(0.12–1.19)

0.25± 0.13 
(0.12–0.38)

0.49 ± 0.27 
(0.16–1.19) 0.011

Metformin users 8 2 patients 6 patients 0.442
BMI SDS – body mass index standard deviation score for age; ALT – alanine aminotransferase; AST – aspartate aminotransferase; A1c – glycohemo-
globin; SWE score – liver stiffness measured in kilopascals (kPa); HOMA-IR – homeostatic model of insulin resistance; APRI – AST/platelet ratio index

Tab. 1.  Demographic and laboratory features of patients with (SWE Score >5.10 kPa) and without (SWE Score <5.1 kPa) suspected hepatic 
fibrosis
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(Group A, 31.12 U/L ± 14.92, range 14–75) was signifi-
cantly lower than that of the group with suspected fibrosis 
(Group B, 45.37 U/L ± 23.99, range 11–110, p = 0.011). 
There was also a tendency for serum AST to positively asso-
ciate with SWE score (R = 0.22), but the trend was not 

significant (p = 0.078). Finally, the mean APRI was signifi-
cantly (p = 0.011) lower in the group without suspected 
fibrosis (Group A, 0.25 ± 0.13, range 0.12–0.38) compared 
to the group with suspected fibrosis (Group B, 0.49 ± 0.27, 
range 0.16–1.19), but there was no significant association 
between SWE score and APRI (R = 0.25, p = 0.16). 

As shown in Tab. 2, five patients (all from Group B with sus-
pected fibrosis) underwent liver biopsy for definitive histo-
pathological diagnosis. Fibrosis was staged as follows: Stage 
0 = none; Stage 1 = peri-sinusoidal or peri-portal fibrosis; 
Stage 2 = peri-sinusoidal and portal/peri-portal fibrosis; 
Stage 3 = bridging fibrosis; and Stage 4 = cirrhosis. All five 
were proven to have hepatic fibrosis ranging from stage 1 – 
stage 2 and their SWE scores included some of the highest in 
the study (mean = 7.45 ± 1.43, range 6.05–10.45).

A recent study in Korean youth used an SWE cutoff value 
of 5.50 kPa to identify suspected fibrosis and found a 50.1% 
prevalence of suspected hepatic fibrosis among an obese 
adolescent population(18). For that reason, we then re-ana-
lyzed our data using ≥5.50 kPa to indicate fibrosis, and 
found that the prevalence of suspected fibrosis remained 
similar to that found using a cutoff value of ≥5.10 kPa 
(53.7%, 36/67 vs. 62.7%, 42/67 patients, p = 0.29). All other 
data analyses using 5.50 kPa remained similar when com-
pared to our original analyses using 5.10 kPa, including 
mean APRI, which was significantly (p = 0.038) lower in 
the group without suspected fibrosis (Group A, 0.29 ± 0.17, 

  Entire cohort N = 67

Group C  
Normal A1c

(<5.7%)
N = 35

Mean ± SD (range)

Group D
Abnormal A1c

(≥5.7%)
N = 32

Mean ± SD (range)

P = for Group C  
vs. Group D

Age (yr) 13.59 
(8–18)

12.97 
(8–18)

14.25 
(8–18) 0.087

Gender Male = 35 
Female = 32

Males = 18
Female = 14

Males = 17
Female = 18  0.529

BMI SDS 2.49 ± 0.39 
(1.45–3.37)

2.39 ± 0.38
(1.45–3.11)

2.53 ± 0.40
(1.94–3.37) 0.169

Serum ALT (U/L) 78.48 ± 44.75 
(19–189)

82.41 ± 45.63
(19–185)

74.16 ± 44.10
(23–189) 0.462

Serum AST (U/L) 40.1 ± 22.1 
(11–110)

40.09 ± 18.54
(19–110)

40.13 ± 25.74
(11–106) 0.994

A1c (%) 5.77 ± 0.64 
(4.5–7.9)

5.36 ± 0.23
(4.5–5.6)

6.19 ± 0.66
(5.7–7.9) <0.001

SWE Score (kPa) 5.61 ± 1.43 
(1.47–10.45)

5.82 ± 1.48 
(2.69–10.45)

5.39 ± 1.36 
(1.47–9.85) 0.233

HOMA-IR 10.62 ± 10.19 
(2.84–49.24)

10.49 ± 12.04
(2.84–49.24)

10.84 ± 6.47
(4.61–25.25) 0.940

Vitamin D, 25OH (ng/mL) 14.23 ± 5.44
(6–28)

11.80 ± 4.18
(6–20)

15.75 ± 5.65
(7–28) 0.025

Platelets (× 109 per liter) 310 ± 75.50
(187–490)

299.89 ± 66.38
(217–455)

326.46 ± 76.01
(187–490) 0.303

APRI 0.40 ± 0.25
(0.12–1.19)

0.42 ± 0.24
(0.16–1.19)

0.36 ± (0.28)
(0.12–1.01) 0.494

Metformin users 8 1 patient 7 patients  0.016
BMI SDS – body mass index standard deviation score for age; ALT – alanine aminotransferase; AST – aspartate aminotransferase; A1c – glycohemo-
globin; SWE Score – liver stiffness measured in kilopascals (kPa); HOMA-IR – homeostatic model of insulin resistance; APRI – AST/platelet ratio index

Tab. 3.  Demographic and laboratory features of patients stratified by A1c

Subjects with liver biopsy N = 5 
Age (yr) 14.00 (8–17)

Fibrosis stage Stage 1= 4 patients 
Stage 2 = 1 patient

Gender Male = 3 
Female = 2

BMI SDS 2.44 ± 0.55 (1.66–3.11)
Serum ALT (U/L) 133.20 ± 49.70 (86–189)
Serum AST (U/l) 76.40 ± 33.20 (34–110)
A1c (%) 6.15 ± 0.93 (5.4–7.4)
SWE score (kPa) 7.45 ± 1.43 (6.05–10.45)
Vitamin D 25OH (ng/mL) 9.75 ± 2.22 (9–13)
Platelets (× 109 per liter) 277.10 ± 76.07 (187–431)
AST/PLT ratio 0.64 ± 0.41 (0.33–1.52)
Metformin users N = 2
BMI SDS – body mass index standard deviation score for age; ALT 
– alanine aminotransferase; AST – aspartate aminotransferase; A1c – 
glycohemoglobin; SWE score – liver stiffness measured in kilopascals 
(kPa); HOMA-IR – homeostatic model of insulin resistance; APRI – AST/
platelet ratio index. NOTE: None of the 5 patients had a HOMA-IR

Tab. 2.  Demographic and laboratory features of patients who under-
went liver biopsy
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0.12–0.38) compared to the group with suspected fibrosis 
(Group B, 0.48 ± 0.28, 0.16–1.19).

Next, we compared demographic and laboratory findings 
between patients with normal A1c (A1c <5.7%, Group C) and 
those with elevated A1c >5.7% (Group D). The latter included 
both those with pre-DM (A1c 5.7–6.4%) and DM (A1c >6.5%). 
As shown in Tab. 3, there were 35 patients with A1c <5.7% 
(Group C). Group D included 32 patients with A1c ≥5.7%. 
The mean SWE score for Group D (5.39 ± 1.36 kPa, range 
1.47–9.85) was similar to that of Group C (5.82 ± 1.48 kPa, 
range 2.69–10.45, p = 0.233). The mean serum ALT (Group 
C = 82.41 ± 45.63 U/L, range = 19–185; Group D = 74.16 ± 
44.10 U/L, range = 23–189, p = 0.462) and mean serum AST 
(Group C = 40.09 ± 18.54 U/L, range = 19–110; Group D = 
40.13 ± 25.74 U/L, range = 11–106 were also similar (p = 
0.994) between the two groups. There was also no difference 
between the two groups in the HOMA-IR or APRI. Serum 
25-hydroxy vitamin D3 levels were significantly higher in 
Group D (15.75 ± 5.65 ng/ml, range 7–28) when compared 

Fig. 1.  The association between serum AST (U/L) and SWE score as 
measured using SWE in kPa. The overall association was not 
significant (p = 0.08) and there were several patients with 
elevation in SWE score, but normal AST, while others had 
marked elevations in AST, but no elevation in SWE score. 
AST – aspartate aminotransferase; SWE Score – liver stiff-
ness measured in kilopascals (kPa)

Fig. 2.  The association between serum ALT (U/L) and SWE score as 
measured using SWE in kPa. The overall association was not 
significant (p = 0.07) and there were several patients with 
elevation in SWE score, but normal ALT, while others had 
marked elevations in ALT, but no elevation in SWE score. 
ALT – alanine aminotransferase; SWE Score – liver stiffness 
measured in kilopascals (kPa)

Fig. 3.  The association between A1c (%) and SWE score as measured 
using SWE in kPa. The overall association was not signifi-
cant (p = 0.44) and there were several patients with elevation 
in SWE score, but normal A1c, while others had marked ele-
vations in A1c, but no elevation in SWE score. A1c – glycohe-
moglobin; SWE Score – liver stiffness measured in kilopas-
cals (kPa)

Fig. 4.  The association between BMI SD and SWE score as me-
asured using SWE in kPa. The overall association was not 
significant (p = 0.43) and there were several patients with 
elevation in SWE score, but only modest elevation in BMI 
SD (1.5–2.0), while others had marked elevations in BMI-SD 
(2.0–3.5), but no elevation in SWE score. BMI SD – body 
mass index standard deviation score for age; SWE Score – 
liver stiffness measured in kilopascals (kPa)

Fig. 5.  The association between APRI and SWE score as measured 
using SWE in kPa. The overall association was not signifi-
cant (p = 0.16) and there were several patients with elevation 
in SWE score, but normal APRI, while others had marked 
elevations in APRI, but no elevation in SWE score. SWE 
Score – liver stiffness measured in kilopascals (kPa); APRI – 
aspartate aminotransferase (AST)/platelet ratio index
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to Group C (11.80 ± 4.18 ng/ml, range 6–20, p = 0.025) 
but this was no longer significant when patients receiving 
vitamin D supplementation were excluded. As expected, 
a greater proportion of patients in Group D (7/32, 22%) were 
taking Metformin when compared to those in Group C (1/35, 
2.9%, p = 0.016).

We then analyzed the data for any significant associations 
between SWE score, A1c, BMI-SDS, serum AST or serum 
ALT across the entire cohort. As shown in Fig. 1 and Fig. 2, 
there were no significant associations between serum AST 
or ALT values and SWE score. As shown in Fig. 3 and Fig. 4, 
there were no significant associations between SWE score 
and A1c or BMI-SDS. Finally, as shown in Fig. 5, there was 
no significant association between SWE score and APRI 
across the entire cohort.

Discussion

In this cohort of overweight or obese Hispanic youth, the 
prevalence of suspected hepatic fibrosis as determined 
by SWE was 62.7%. Both TE and SWE are non-invasive 
measures of hepatic stiffness, a surrogate for liver fibrosis. 
However, we chose to use the technique of point SWE for 
several reasons. First, point SWE has a higher rate of reli-
able liver stiffness measurement than TE(23). Second, SWE 
also has a lower failure rate than TE in obese patients. This 
has been attributed to the ability of SWE to use B-Mode 
(2-Dimensional) visualization, which allows the operator 
to select the proper site for reading, away from areas of 
obesity(23). In contrast, TE relies on the operator to blindly 
place the probe at the patient’s mid-axillary plane.

Based on our current data, we believe the true preva-
lence of hepatic fibrosis in this high-risk population may 
be much greater than previously recognized. Several 
studies have documented that serum ALT and AST levels 
(markers for inflammation) fail to detect many patients 
with hepatic fibrosis or even cirrhosis and for that rea-
son, serum ALT or AST levels are a specific but not sen-
sitive assessment. We found a significant difference in 
serum AST and ALT when comparing patients with nor-
mal SWE score (Group A) and those with an elevated 
SWE score (Group B). The specificity of AST and ALT 
levels for identifying those at risk for hepatic fibrosis 
support our use of SWE ≥5.10 kPa as a cutoff to iden-
tify patients at high risk for hepatic fibrosis. However, 
we found no association between SWE and serum AST 
or ALT across the entire cohort, supporting previous 
observations that serum AST and ALT are not sensitive 
indicators of those who develop hepatic fibrosis and fur-
ther suggest that SWE may be a more sensitive screen-
ing tool. We also found a significantly greater APRI in 
patients with suspected fibrosis (Group B), but failed to 
find a significant association between SWE score and 
APRI across the entire cohort. APRI has been used in 
adult patients to stage hepatic fibrosis in chronic liver 
conditions(24) and is believed by some to be a more sensi-
tive test than serum AST alone. However, our data sug-
gest that APRI might not be as sensitive an indicator in 

adolescents as it is for adults. Elevated APRI may also, 
however, be a specific indicator of hepatic fibrosis in this 
population.

Although obesity is a well-recognized adult risk factor for 
NAFLD, we did not find a significant association between 
BMI-SDS and suspected hepatic fibrosis detected by SWE. 
It remains highly likely that obesity is a major risk factor 
and that we failed to detect an association because all of 
our subjects were overweight or obese. Additional study of 
SWE in youth across a wider spectrum of BMI-SDS and 
abdominal circumference measurement will be required to 
address this question more directly.

T2DM is another known risk factor for hepatic fibrosis and 
some authors suggest that insulin resistance, a cardinal fea-
ture of T2DM, may be causative(11). We found no significant 
association between SWE score and either A1c as a measure 
of average glycemia or HOMA-IR as a measure of insulin 
resistance. It is important to note in this regard, that the 
number of subjects in our study is small and that HOMA-IR 
was not available for all subjects. Furthermore, given the 
degree of overweight and obesity, it is highly likely that all 
of our subjects may have had some degree of insulin resis-
tance clouding this relationship. 

Early identification of NAFLD is important in an attempt 
to identify youth at risk to develop NASH. Current adult 
guidelines recommend screening with an elastography 
method if NAFLD is suspected in order to stage the degree 
of suspected fibrosis and intervene appropriately. Adult 
scoring systems are unreliable for staging the degree of 
fibrosis in children with NAFLD and no staging guidelines 
currently exist for the pediatric population(17). Given the 
high prevalence of NAFLD, improved methods for detec-
tion and staging are necessary. Despite the fact that serum 
AST, ALT, and APRI are not independent sensitive indica-
tors of hepatic fibrosis, our data suggest that, when com-
bined with SWE, they could be used to monitor youth at 
risk for NAFLD and NASH, allowing for early intervention.

Our study has several limitations. First and most impor-
tantly, we did not have histological confirmation of fibrosis 
in all of our patients. However, we did have liver biopsy 
in five patients from Group B, all of whom had fibrosis 
ranging from stage 1 to stage 2. Second, there is a pau-
city of SWE data in youth. This limits the ability to select 
an SWE value (kPa) which will optimize the positive and 
negative predictive value of this procedure. We chose 
<5.10 kPa to distinguish lack of fibrosis from suspected 
fibrosis (≥5.10 kPa) based on a previous study(7). This study 
was limited to an investigation of Italian youth and may or 
may not be applicable to a more diverse racial and ethnic 
population. However, we had similar findings when we re-
analyzed our data using 5.50 kPa, which was suggested in 
a Korean study(18). Third, ours is a pilot cohort limited to 67 
Hispanic youth referred to our obesity clinic and HOMA-IR 
was not available for all subjects. Finally, this study is lim-
ited to youth who underwent SWE at our academic institu-
tion, which might have introduced selection bias into our 
population. 
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method to identify youth with suspected hepatic fibrosis 
and broadens the ethnic groups that have been studied.
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Conclusion

In conclusion, using SWE, we found a high prevalence 
(62.7%) of suspected hepatic fibrosis in a group of high-
risk, overweight or obese Hispanic youth. We also found 
significant elevations in serum AST, ALT, and APRI in 
patients with suspected fibrosis (≥5.10 kPa). However, we 
found no significant association between SWE score and 
serum AST, ALT or APRI across the entire cohort. Our 
study confirms the feasibility of SWE as a non-invasive 
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