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In 2 recent American clinical guidelines dealing with lab-
oratory tests for evaluation of liver disease, key recom-
mendations relate to alanine aminotransferase (ALT)6

upper reference limits (URLs) to be used as action limits
in interpreting abnormal results of this enzyme (1, 2 ). In
adults, the American College of Gastroenterology (ACG)
recommends ALT URLs of 33 U/L for males and 25 U/L
for females, respectively, and that individuals with en-
zyme catalytic activity concentrations above these URLs
should be further investigated (1 ). In children, experts of
the North American Society of Pediatric Gastroenterol-
ogy, Hepatology and Nutrition (NASPGHAN) state
that the interpretation of ALT should be based upon
gender-specific URLs (26 U/L for boys and 22 U/L for
girls).

We have some reservations about the universal ap-
plication of these ALT cutoffs and we are concerned that
the implementation of these recommendations may lead
to overdiagnosis and unnecessary further testing. The
contentious issues and our opinion about those are sum-
marized below.

The first problem is the analytical variation among
commercial assays measuring ALT. The mentioned
guidelines recommend the use of universal cutoffs for
ALT without considering any differences between labo-
ratory assays. Reassuring statements are rather reported as
follows: “interlaboratory differences for ALT levels have not

been reported to differ significantly” (1 ) or “the [ALT] assay
is standardized between facilities” (2 ). In principle, fixed
limits, be they medical decision thresholds or URLs, can
be used only if the laboratory test in question is standard-
ized and if this standardization is implemented in labo-
ratories using the same limits. Despite the availability of a
reference measurement system (RMS) for standardizing
ALT results in clinical samples, the current evidence is,
however, that ALT is still measured by methods that give
quite differing values (3 ). Assay performance also varies
considerably within users of instruments from the same
manufacturer (4 ). This is mainly due to the use on the
same platforms of various reagents with different analyt-
ical selectivity for ALT. For measuring aminotrans-
ferases, almost all manufacturers still market assays with
or without the addition of pyridoxal-5-phosphate (P-5�-
P), and declare that both are traceable to the RMS. How-
ever, it is impossible to calibrate procedures for amino-
transferases that do not incorporate P-5�-P using a
procedure that does, such as the reference measurement
procedure (RMP), because the ratio of preformed ho-
loenzyme to apoenzyme differs among specimens (5 ). A
recent study confirmed that assays without P-5�-P acti-
vation give different results compared to assays with
P-5�-P activation and are often unable to fulfill quality
specifications when ALT results are compared to the
RMP (6 ). This is immediately evident when looking at
the Canadian Laboratory Initiative on Pediatric Refer-
ence Intervals (CALIPER) data (7 ): in the age range 13 to
19 years, ALT URLs were 22 U/L and 24 U/L for females
and males, respectively, becoming 24 U/L and 33 U/L
when reagents including P-5�-P were used. Therefore,
the still significant differences in measuring ALT carry
the risk that many individuals might be misclassified
when clinicians start using these universally recommended
cutoffs.

Unfortunately a majority, if not all, of the studies
reporting reference values for ALT fail to demonstrate the
traceability of their assays to the RMS. In addition, very
different or even inappropriate criteria have been used for
the selection of a reference population and the statistical
procedures used to define the reference intervals also have
been variable. These methodological issues were raised in
one of the international hepatology journals over 10 years
ago (8 ), but clinical journals have continued publishing

1 Research Centre for Metrological Traceability in Laboratory Medicine (CIRME), University
of Milan, Milan, Italy; 2 CALIPER program, The Hospital for Sick Children, University of
Toronto, Toronto, ON, Canada; 3 Central Laboratory, Fondazione IRCCS Ca’ Granda, Os-
pedale Maggiore Policlinico, Milan, Italy; 4 Norwegian Quality Improvement of Labora-
tory Examinations (Noklus), Haraldsplass Deaconess Hospital, Bergen, Norway; 5 De-
partment of Clinical Chemistry and Endocrinology, Prince of Wales Hospital and School
of Medical Sciences, University of New South Wales, Sydney, and Screening and Test
Evaluation Program, School of Public Health, University of Sydney, Australia.

* Address correspondence to this author at: UOC Patologia Clinica, Ospedale
Luigi Sacco, Via GB Grassi 74, 20157 Milan, Italy. Fax +39-02-3564018; e-mail
mauro.panteghini@unimi.it.

Received April 5, 2017; accepted April 18, 2017.
Previously published online at DOI: 10.1373/clinchem.2017.274977
© 2017 American Association for Clinical Chemistry
6 Nonstandard abbreviations: ALT, alanine aminotransferase; URL, upper reference limit;

ACG, American College of Gastroenterology; NASPGHAN, North American Society of Pe-
diatric Gastroenterology, Hepatology and Nutrition; RMS, reference measurement sys-
tem; RMP, reference measurement procedure; CALIPER, Canadian Laboratory Initiative
on Pediatric Reference Intervals; NAFLD, nonalcoholic fatty liver disease; NICE National
Institute for Health and Care Excellence.

Clinical Chemistry 63:7
1196–1198 (2017) Opinion

1196



papers without special attention being paid to these im-
portant aspects (9, 10 ). In a multicenter study fulfilling
the rigorous design required to produce accurate refer-
ence intervals (11 ) and using ALT assays traceable to the
RMS, we obtained ALT URLs in adults clearly higher
than those reported in the mentioned American liver
guidelines (12 ). By enrolling healthy individuals from 4
different ethnic groups (Nordic countries, Italy, Turkey
and China), we confirmed a significant difference in ALT
activities between adult males and females. Correspond-
ing ALT URLs were 59 U/L and 41 U/L, respectively
(12 ). One could observe that the URLs in this study may
have suffered from some bias in selecting the population
because individuals with a body mass index (BMI) of up
to 30 kg/m2 were included. However, by excluding all
individuals with BMI �25 kg/m2, the resulting URLs
were 49 U/L for men and 33 U/L for women, which are
still higher than those proposed by ACG (33 U/L and 25
U/L). Applying the latter recommended cutoffs to our
population with BMI �25 kg/m2, 13.7% of males and
10.9% of females would have been classified as “abnor-
mal,” consequently deserving further studies by the
clinicians.

As a result of the inappropriate application of the
above laboratory-related concepts, there is a danger that
universally recommended URLs for ALT will lead to the
“overdiagnosis” of many individuals, potentially generat-
ing unnecessary further investigations and healthcare
costs. In the mentioned guidelines, ALT values above the
URLs are used to trigger further clinical and laboratory
investigations. For instance, the NASPGHAN panel rec-
ommends follow-up tests to explore reasons for increased
ALT, including laboratory tests for excluding viral infec-
tions, endocrine disorders, autoimmune and genetic
causes. Incorrect setting of the ALT URLs can result in
costly and possibly invasive (e.g., liver biopsy) confirma-
tory evaluations. Although ALT screening seems to be a
cheap intervention, subsequent costs and burdens to the
healthcare system and to patients might be substantial.

A further concern is summarized by the question:
what is the “normal” catalytic activity concentration for
ALT? Apart from the above-mentioned problems related
to the different assays for ALT measurement, there is also
confusion in reported studies regarding when the con-
cept of URL, as defined in the CLSI EP28-A3 standard
(11 ), should be applied and when decision limits or
outcome-based thresholds should be recommended, for

example, to exclude hepatitis C virus or other viral infec-
tions or nonalcoholic fatty liver disease (NAFLD) (13 ).
We advise that guideline developers do not use URLs and
decision limits interchangeably and that they synthesize
the evidence behind these values while considering the
clear distinction of these terminologies and their clinical
meaning.

Although we understand that the guideline panels’
priority of lowering the ALT cutoffs is to avoid missing
cases with disease present, we have not yet seen any out-
come data on patients screened vs. not screened by ALT
for NAFLD. In such cases, obesity is the underlying
pathophysiology needing intervention, but ALT screen-
ing is not essential for guiding the management of pa-
tients in losing weight. A recent guideline by the National
Institute for Health and Care Excellence (NICE) in the
UK does not include a similar screening scenario for
NAFLD, and its evidence summary is helpful in demon-
strating that there is only very weak evidence to support
the use of ALT as a screening tool for this clinical condi-
tion (14 ).

We note in both American guideline panels that no
laboratory professionals were involved to offer specialist
advice on the critical appraisal of the evidence on ALT
URLs published in the literature. The NICE guideline,
however, did include a laboratory expert in its panel
and that panel’s conclusions and recommendations re-
lated to the clinical utility of ALT differed substantially
from those of the American guidelines. We strongly be-
lieve that only a multidisciplinary approach can help to
focus guideline panels on important laboratory-related
items that can influence the implementation of recom-
mendations and subsequent healthcare outcomes (15 ).
The issues we have raised highlight the critical need for
laboratory expertise when drafting clinical guidelines in-
volving the use of laboratory tests.
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