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Objectives: In 2017, the North American Society of Pediatric Gastroenterol-
ogy, Hepatology and Nutrition published clinical practice guidelines for the 
assessment and diagnosis of nonalcoholic fatty liver disease (NAFLD). We 
determined how frequently these investigations suggest an alternate etiol-
ogy for chronic hepatitis in 8- to 17-year-old patients with body mass index 
>85%, elevated alanine aminotransferase and radiographic steatosis, and rates 
of adherence to 2017 guidelines.
Methods: We conducted a retrospective chart review of patients presenting 
to McMaster Children’s Hospital from 2017–2020 for evaluation of suspected 
NAFLD. Bloodwork was reviewed.
Results: Ninety-five patients met inclusion criteria. Abnormal bloodwork 
that required further testing was found in 28.4%; a different chronic liver dis-
ease was ultimately diagnosed in 11.6%. Only 9.5% received comprehensive, 
additional bloodwork for other causes of liver disease.
Conclusion: A high proportion of patients evaluated for suspected NAFLD 
had bloodwork possibly suggesting an alternate diagnosis. Comprehensive 
testing was infrequently performed. These results reinforce the importance of 
maintaining a differential diagnosis among children presumed to have NAFLD.
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Nonalcoholic fatty liver disease (NAFLD) is a chronic liver con-
dition resulting from excessive fat accumulation in the liver. 

The prevalence of pediatric NAFLD has increased in parallel with 
the global rise in obesity over the past 30 years.1 NAFLD is now the 
most common cause for liver transplantation among young adults.2 
Thirty-four percent of overweight and obese children and adoles-
cents are estimated to have NAFLD, and these global rates are shared 
across Canada.1,3–5 In 2017, the North American Society of Pediatric 
Gastroenterology, Hepatology and Nutrition (NASPGHAN) pub-
lished clinical practice guidelines on the assessment and manage-
ment of NAFLD.6 While children with a body mass index >85% for 
age may be suspected of having NAFLD with elevated alanine ami-
notransferase (ALT) and radiographic features of hepatic steatosis, 
these features are also common across other chronic liver diseases. A 
diagnosis of NAFLD may only be made after the exclusion of other 
underlying diagnoses including infectious hepatitis, autoimmune 
hepatitis (AIH), celiac disease, and others.

The prevalence of these liver diseases varies widely in chil-
dren. Hepatitis A infection has an estimated prevalence of 0.4 cases 
per 100 000,7 chronic Hepatitis B virus infection <1%,8 and Hepa-
titis C between 0.3% and 9.0%.9 The most common form of child-
hood-onset hypothyroidism, autoimmune thyroiditis, is estimated 
in 6.3%;10 AIH in 2.4 to 9.9 per 100 000;11 Wilson’s disease, 1 per 
30,000; celiac disease, 300 to 1300 per 100 000;12 alpha-1-antitrypsin 
(A1AT) deficiency, 1 per 5000 to 7000;13 and lysosomal acid lipase 
(LAL) deficiency, 1 per 40 000.14

Few studies have assessed the prevalence of these chronic 
liver diseases in patients who have had suggested testing for 
NAFLD. A single-center retrospective study from 2013 evaluated 
347 overweight or obese children referred to a pediatric gastroen-
terology clinic with ALT greater than 2× the upper limit of normal 
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What Is Known

• Nonalcoholic fatty liver disease (NAFLD) is one of the 
most common pediatric liver diseases.

• In 2017, the North American Society of Pediatric Gas-
troenterology, Hepatology and Nutrition published 
clinical practice guidelines on the assessment and 
management of NAFLD.

What Is New

• Our retrospective chart review found 28.4% of 
patients with clinical, laboratory, and radiographic 
signs of NAFLD had abnormal results from additional 
testing.

• 11.6% were diagnosed with a chronic liver disease 
resulting from this testing.

• Only 9.5% of patients had comprehensive, additional 
testing performed per the 2017 North American Soci-
ety of Pediatric Gastroenterology, Hepatology and 
Nutrition guidelines.
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(ULN).15 17.6% of patients were found to have a liver disease other 
than NAFLD, of which AIH was most common.6 A more recent 
multicenter, retrospective cohort study by Yodoshi et al from 2021 
assessed 900 children with obesity. Only 2% were found to have 
another cause of liver disease.16 While both studies reported com-
prehensive institutional testing protocols, data were collected before 
the publication of the 2017 NASPGHAN guidelines. A predefined 
algorithm to guide recommended testing may have further improved 
the diagnostic workup of these patients. While liver biopsy remains 
the gold standard for diagnosing, staging, and excluding causes 
of hepatitis, invasiveness and potential for side effects have lim-
ited its clinical utility.6 While noninvasive bloodwork is endorsed, 
testing costs, patient and parent compliance, and perceived lack 
of clinical yield of ancillary testing may affect adherence to these 
recommendations.6,17

OBJECTIVES
The overall aim was to assess the value of providing a compre-

hensive workup for conditions that could lead to chronic hepatitis in 
children suspected of having NAFLD.

Our primary objectives were to determine (1) how frequently 
patients had abnormal bloodwork suggestive of an alternative condi-
tion causing chronic hepatitis based on investigations recommended 
in the 2017 NASPGHAN guidelines6 and (2) how frequently these 
recommended investigations were performed.

Our secondary objectives were to determine the associated 
costs of conducting the recommended investigations.

METHODOLOGY
We conducted a single-center, retrospective chart review of 

patients who presented to the McMaster Children’s Hospital (Ham-
ilton, Canada) from 2017 to 2020. Included patients were 8 to 17 
years old at the time of data collection, body mass index for age 
>85th percentile, persistently (>3 months) elevated ALT more than 
twice the ULN (<12 years, ULN = 45 U/L; males, 13–18 years, 
ULN = 49 U/L; females, 13–18 years, ULN = 38 U/L), and had 
radiographic (ultrasound, computed tomography, and MRI) fea-
tures of hepatic steatosis. Patients with a preexisting diagnosis 
of chronic liver disease or actively taking medications associated 
with liver toxicity were excluded. Patients were identified through 
electronic medical records (Epic Systems Corporation), using an 
electronic reporting application designed with study inclusion and 
exclusion criteria.18 Study investigators additionally reviewed indi-
vidual patient clinic lists to further verify that eligible patients were 
not omitted.

We reviewed bloodwork results recommended by the 2017 
NASPGHAN Clinical Practice Guidelines: infectious hepatitis 
serologies (Hepatitis A virus IgM, Hepatitis B surface antigen, anti–
Hepatitis C virus), thyroid studies (thyroid-stimulating hormone 
[TSH]), ceruloplasmin, A1AT, liver autoantibodies (antinuclear anti-
body; anti-smooth muscle antibody; liver kidney microsome type 1 
antibody), tissue transglutaminase IgA (TTG-IgA), total IgA, total 
IgG, and LAL blood spot.6 We included bloodwork that had been 
measured at any point after the ALT became elevated >2× ULN. We 
assessed whether these recommended investigations were sent and 
estimated costs of performing investigations using data on laboratory 
testing costs through the Hamilton Regional Laboratory Medicine 
Program.19

Descriptive analyses were performed on all data. Frequencies 
were expressed as counts and percentages for all categorical vari-
ables. Ninety-five percent confidence intervals were reported for 
estimated percentages. Ethics approval was granted by the Hamilton 
Integrated Research Ethics Board (project number 5885-C).

RESULTS
One hundred forty-four patients met initial screening criteria. 

Forty-nine patients were excluded on manual review by investigators 
(F.A.-H. and N.P.) due to: transient ALT elevation with successive 
ALTs within normal range or ALT <2× ULN (n = 6), concomitant 
medications associated with liver toxicity (n = 4), or preexisting 
conditions associated with liver disease (n = 39; Fig. 1). Ninety-five 
patients were included. All patients had a preliminary diagnosis of 
NAFLD and were followed in pediatric outpatient clinics.

Twenty-seven (28.4%) patients had abnormal bloodwork: 
TSH (6, 10.3%), infectious hepatitis serologies (4, 11.7%), AIH anti-
bodies (7, 4.2%), celiac serologies (6, 11.5%), A1AT (2, 4.0%), and 
quantitative immunoglobulins (2, 3.0%; Table 1).

Eleven (11.6%) patients were ultimately diagnosed with a 
condition resulting from their abnormal bloodwork: infectious hepa-
titis (3, 9.8%), thyroid disease (2, 3.4%), celiac disease (4, 7.7%), 
AIH (1, 1.7%; diagnosis based on liver biopsy), and A1AT deficiency 
(1, 2.0%).

Nine (9.5%) patients had >90% of recommended additional 
testing performed. Antinuclear antibody was measured most fre-
quently (60, 63.2%), followed by TSH (58, 61.1%) and anti-smooth 
muscle antibody (54, 56.8%). LAL testing was performed least fre-
quently (2, 2.1%), followed by Hepatitis A virus IgM (18, 18.9%; 
Table 1).

Seventy-three (76.8%) patients had suggested testing per-
formed in our Pediatric Gastroenterology and Hepatology clinic, 14 
(14.7%) were assessed through the Children’s Exercise and Nutrition 
Clinic, and 8 (8.4%) by other pediatric subspecialty services.

Unit testing cost of performing all recommended bloodwork 
was: $397.30 CAD (Table 1).6,20 Charges for phlebotomist and labo-
ratory technician time were not included.

DISCUSSION
The clinical and public health costs of NAFLD are significant, 

and its increasing prevalence in pediatric populations has long-term 
implications.2,4,21,22 Primary care clinicians and pediatric subspecial-
ists are recognizing this by screening for NAFLD in overweight and 
obese patients; however, we need to remain focused on the differential 
diagnosis for chronic hepatitis. Our study identified low rates (9.5%) 
of comprehensive, additional testing for other causes of chronic liver 
disease. The consequences of false attribution of hepatitis to NAFLD 
can have important implications, particularly in children who may 
carry diagnostic labels unchecked through the life span.23,24 LAL 
testing was performed least frequently (2.1%). This may be particu-
larly noteworthy, as recent literature has suggested reduced levels of 
LAL may be a modulator of susceptibility to NAFLD.25

We found high rates (27, 28.4%) of abnormal bloodwork that 
required further assessment for associated causes of chronic liver dis-
ease. Forty percent of these patients were ultimately diagnosed with 
a non-NAFLD, chronic liver disease consistent with their abnormal 
bloodwork. Our data emphasize the importance of conducting rec-
ommended testing. Notably, these figures were only based on test-
ing that was performed. Many patients in our sample (86, 90.5%) 
had incomplete testing, and 20 (21.0%) had no additional investiga-
tions beyond basic liver enzymes. We estimated rates of abnormal 
bloodwork if comprehensive testing for associated causes of chronic 
liver disease had been performed across the total study population 
(Table 1).

In our study, we assessed the completion of investigations as 
per the 2017 guideline recommendations for children suspected of 
having NAFLD.6 Numerous factors may affect the uptake of guide-
lines in clinical practice, including reliance on outdated order sets, 
individual clinician judgment, and lack of guideline dissemination 
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particularly to non-gastroenterologists.26,27 Our study only extended 
to 2020, 3 years after publication. All patients in this study were 
assessed by hospital-affiliated pediatric subspecialists, and 76.8% 
of included patients were last seen by the pediatric gastroenterology 
service (14.7%, Children’s Exercise and Nutrition Clinic; 8.4%, other 
pediatric subspecialty services). Our data show that despite this, 
patients suspected to have NAFLD continue to not receive recom-
mended, guideline-based testing. In real-world practice, patients are 
also being diagnosed with NAFLD by family physicians and commu-
nity pediatricians. Assuming the uptake of evidence-based guidelines 
is even more inconsistent in community practice, and patients hav-
ing bloodwork at community laboratories have to pay out-of-pocket 

expenses for certain investigations, our figures likely underestimate 
the gaps in pediatric NAFLD diagnosis and management.28–30 Further 
supports are needed to improve timely, evidence-based practice in the 
diagnosis of pediatric NAFLD across all pediatric subspecialty and 
primary care settings.

Two previous studies assessed the results of chronic hepati-
tis testing in children suspected of having NAFLD. A 2013 study 
by Schwimmer et al found 17.6% (61/347) referred to a pediatric 
gastroenterology clinic for evaluation of NAFLD were ultimately 
diagnosed with non-NAFLD conditions.15 A 2021 multicentre, ret-
rospective cohort study by Yodoshi et al found only 2.1% (19/900) 
had another cause of liver disease.16 Neither study specified what 

TOTAL PATIENTS SCREENED
(n=144)

PATIENTS INCLUDED
(n=95)

PATIENTS EXCLUDED 
(n=49)

ALT <2x ULN or 
Transient Elevation 

(n=6)

Pre-Existing Condition 
Associated with Liver 

Disease
(n=39)

Medications Associated 
with Liver Toxicity

(n=4)

FIGURE 1. Results of patient flow and reasons for study exclusion. ALT = alanine aminotransferase; ULN = upper limit of normal.

TABLE 1. Adherence to testing among total population, results of recommended bloodwork for nonalcoholic fatty liver disease, 
and associated costs of assays

Test
Total* N = 95,  

n (%)
Abnormal  

Bloodwork,† n (%)
Abnormal Bloodwork  

Resulting in Diagnoses,‡ n (%)
Estimated Abnormal  
Results, n (95% CI)§

Cost  
(CAD$)∥

HepC Ab 44 (46.3) 1 (2.3) 1 (2.3) 2.2 (2.1–2.3) 15.00

HepA IgM 18 (18.9) 1 (5.6) 1 (5.6) 5.3 (5.2–5.5) 15.00

HepBS Ag 51 (53.7) 2 (3.9) 1 (2.0) 3.7 (3.6–3.8) 15.00

LAL 2 (2.1) 0 (0) 0 0 75.00

A1AT 50 (52.6) 2 (4.0) 1 (2.0) 3.8 (3.7–4.0) 150.00

ANA 60 (63.2) 7 (11.7) 1 (1.7) 11.1 (11.0–11.2) 22.75

ASMA 54 (56.8) 0 (0) 0 0 25.00

anti–LKM-1 53 (55.8) 0 (0) 0 0 27.75

Ceruloplasmin 52 (54.7) 0 (0) 0 0 6.30

IgG 65 (68.4) 1 (1.5)¶ 0 1.5 (1.4–1.6) 2.50

IgA 65 (68.4) 1 (1.5)# 0 1.5 (1.4–1.6) 2.50

TTG-IgA 52 (54.7) 6 (11.5) 4 (7.7) 11.0 (10.9–11.2) 31.50

TSH 58 (61.1) 6 (10.3) 2 (3.4) 9.8 (9.7–10.0) 9.00

A1AT = alpha 1 antitrypsin; AMA = anti-mitochondrial antibody; ANA = antinuclear antibody; anti-LKM-1 = liver kidney microsome type 1 antibody; ASMA = anti-smooth 
muscle antibody; CAD = Canadian dollar; CI, confidence interval; HepA IgM = hepatitis A immunoglobulin M; HepBS Ag = hepatitis B surface antigen; HepC Ab = hepatitis C 
antibody; LAL = lysosomal acid lipase; TSH = thyroid-stimulating hormone; TTG-IgA = tissue transglutaminase immunoglobulin A.

*Patients who had testing performed across total study population.
†Patients with positive results among those who were tested.
‡Patients with diagnoses pending not included.
§Number of patients estimated to have positive results if testing was performed across the total study population.
∥Charges for phlebotomist and laboratory technician time not included.
¶IgG greater than the upper limit of normal for age.
#IgA less than the lower limit of normal for age.
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percentage of patients received comprehensive testing for these con-
ditions. In our study, 11.6% (11/95) received a diagnosis other than 
NAFLD. There are several important differences in our methodology 
that may explain our results. Our study only included patients after 
2017, following the publication of NASPGHAN guidelines.6 This 
may have increased rates of broad diagnostic testing compared with 
these other studies that involved cohorts collected earlier. Our study 
was conducted in Ontario, Canada, where universal health insurance 
eliminates many socioeconomic barriers to care and diagnostic test-
ing. The prevalence of celiac disease in our study (11.5% with ele-
vated TTG-IgA; 7.7% ultimately diagnosed with celiac disease) was 
significantly higher than the rates reported by Yodoshi et al (0.4%)16 
and Schwimmer et al (1.2%).15 Only half (54.7%) of our cohort had 
celiac testing even performed. We estimated 11.6% (11; 95% con-
fidence interval, 10.9-11.2) would have had an abnormal TTG-IgA 
if screening had been performed across our total study population 
(Table  1). As a modifiable condition (gluten-free diet), TTG-IgA 
remains an important test to perform in all patients with chronic hep-
atitis. Rates of thyroid disease requiring treatment by an endocrinolo-
gist (2.1%), A1AT deficiency (1.1%), and liver biopsy-proven AIH 
(1.1%) were similar to Yodoshi et al, who reported thyroid disease 
in 1.7%, A1AT deficiency in 0.4%, and no cases of AIH.16 This is 
in contrast to Schwimmer et al, who found 4.3% of cases with AIH. 
These discrepancies have been suggested to potentially reflect differ-
ences in race and ethnicity. This warrants further investigation, given 
the importance of early identification and treatment of this condition. 
Across all 3 cohorts (n = 1342), none identified a patient with Wil-
son’s disease.

We estimated the costs of performing the recommended test-
ing as $397.30 CAD. These were derived from regional laboratory 
billing estimates and may not be consistent with other laboratories, 
particularly where universal health insurance is not offered. Nev-
ertheless, these costs were modest and contrast with higher costs 
of testing for other conditions with similar long-term morbidity.31,32

Limitations of this study include its retrospective, single-
center design. Variation in physician resources and practice styles 
may have affected uptake of testing guidelines. Other centers may 
have different practice patterns, referral criteria, criteria to perform 
liver biopsy, or different performance characteristics of diagnostic 
assays. We did not assess results of liver biopsy in our cohort, which 
prevented us from describing patients who may have concomi-
tant features of NAFLD and thyroid dysfunction, celiac disease, 
or A1AT deficiency, as found by Yodoshi et al.16 Patients referred 
for presumptive NAFLD to pediatric gastroenterology clinics may 
have had more comprehensive testing performed compared to those 
patients who were not referred, although in our cohort, 76.8% of 
patients were assessed by a pediatric gastroenterologist. One patient 
in our study had positive HepA IgM. We were unable to determine 
vaccination status in our patient.33 Finally, while we included cost 
data as a relative measure of costs associated with testing, our study 
was restricted to patients in Ontario, Canada. There is significant 
geographic variation in testing costs, health insurance subsidization, 
and socioeconomic factors that affect patients’ abilities to obtain 
proper diagnostic workup. Thus, our data reflect only part of the 
many financial implications that must be considered to extrapolate 
these data to other practice locations.

There are several opportunities for future work. A broader, pro-
spective multicenter study would help determine whether our findings 
are representative of other centers’ experiences. An assessment of fac-
tors that influence uptake of clinical practice guidelines would be valu-
able, particularly among pediatric gastroenterologists. Finally, there 
is value in performing further qualitative assessments to complement 
these data. Multiple factors affect providers’ willingness to offer testing 
including patients’ socioeconomic circumstances and concerns about 

timeliness of obtaining results. There may also be fears of increasing 
nonadherence to lifestyle-based treatments by encouraging families to 
seek other reasons for their liver disease.6,34 Qualitative follow-up stud-
ies of both patients and providers would help discern these barriers.

Our study demonstrates the importance of performing broad 
diagnostic testing in pediatric patients suspected to have NAFLD. 
We must continue to be comprehensive in our approach to assessing 
other causes of chronic hepatitis in this patient population.
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