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Introduction

The liver is the largest organ in the body and has key roles in 
metabolism, protein production, and detoxification. So‑called 
“liver function tests (LFTs),” used in medicine since at least 
the 1950s, measure proteins and enzymes released by liver 
cells into the blood. A standard liver panel comprises alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), and 
alkaline phosphatases (APs) to assess liver “injury,” albumin to 
assess excretory function, bilirubin to assess metabolic function, 
and sometimes γ‑glutamyltransferase (GGT) to assess cholestatic 
injury or bile duct dysfunction.[1,2]

Despite the widespread importance and utility of  LFTs in 
primary care (and beyond), reservations about the nomenclature 

extend as far back as the 1940s. Klatskin noted that the term 
LFT is misleading because most of  the measured variables are 
not restricted to the liver (e.g., AST originates in the liver, skeletal 
muscle, cardiac muscle, red blood cells, brain, pancreas, and 
lungs) and are not a direct measure of  its function.[3] This case 
study describes a healthy adult male who presented with LFTs 
more than double the normal range. Although this abnormal 
finding was eventually deemed to be the result of  intense 
exercise training, the patient’s diagnostic pathway included no 
assessment of  muscle biomarkers and no exploration of  his 
physical activity regimen. This report therefore highlights a 
potential knowledge gap in primary care and draws attention 
to the “LFT misnomer” that, according to Klatskin, “may be 
the basis for misunderstanding and misinterpretation.”[3]

Case History

While abroad in October 2021, a 39‑year‑old physically active 
male underwent a routine clinical assessment for an issue 
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unrelated to liver function. Blood tests revealed modestly 
elevated AP and GGT. The patient was advised to follow up 
with his primary care provider upon returning to the United 
States. In March 2022, he submitted to a full liver panel which 
revealed values that were further elevated, with AP, ALT, and 
AST above the reference ranges. When repeated a week later, 
the liver panel was “elevated and worsening” with values at 
1.4–2.3 times the normal upper limit [see Table 1]. Liver function 
tests in this patient have been historically elevated, but values for 
aminotransferases as of  March 2022 were considerably higher 
than those previously noted.

The patient was asymptomatic, had no personal or family history 
of  liver disease, did not drink, smoke, or use recreational drugs, 
and had not suffered any recent viral infections. He was in good 
physical condition and engaged in regular running exercise 
(30–40 km/week) and resistance training characterized by 
standard progressive overload.

The working diagnosis was chronic transaminitis. Further 
negative workup included tests for hepatitis A, B, and C, 
M‑proteins, and antimitochondrial antibodies. Abdominal 
ultrasound was also unremarkable. The patient was referred 
to the gastroenterologist’s office, who suggested a repeat liver 
panel in six weeks, followed by a liver biopsy if  values remained 
elevated. Before his follow‑up assessment the patient took it 
upon himself  to abstain from exercise training for seven days. 
On re‑evaluation, all LFTs—including previously elevated 
ALT, AST, AP, and GGT—had essentially normalized. He 
was discharged by the specialist and primary care provider and 
instructed to repeat liver panels periodically. The patient returned 
to regular training, remained asymptomatic, and monitored his 
LFTs through his primary care provider twice yearly following 
a seven‑day rest period.

Discussion

Hepatic injury is a primary cause of  deranged LFTs and can be 
due to a wide range of  issues, including alcohol consumption, 
nonalcoholic fatty liver disease, hemochromatosis, hepatitis 
B, hepatitis C, and use of  performance‑enhancing drugs 
(e.g., anabolic/androgenic steroids).[4] Investigations by the 
primary care provider excluded these as causal factors in the 
patient’s elevated LFTs. At the time of  his assessment, the 
patient was taking a dietary supplement (creatine monohydrate) 
that was not considered a prominent risk for liver damage.[5] 

Intense exercise is an extrahepatic cause of  elevated LFTs that 
should be considered in clinical practice.[6] Because the patient’s 
liver markers had essentially normalized following one week’s 
training cessation, exercise‑induced changes in muscle and/or 
liver function were deemed the most probable cause.

Despite several case reports[7‑9] and one controlled study[6] 
showing acute transaminitis following intense exercise training 
in otherwise healthy adults, this clinical case makes at least 
three unique observations. First, transaminitis following intense 
exercise has not been observed alongside elevated GGT. Yet, 
we present evidence of  exercise‑associated increases in ALT, 
ASP, AP, and GGT—all of  which normalized following seven 
days of  rest. Second, mild increases in transaminases are often 
transient, with around one‑third of  cases resolving on repeat 
testing,[10] whereas this patient presents with a 12‑year history 
of  mild, likely fluctuating elevations in liver enzymes [Table 1]. 
Lastly, muscle damage‑induced transaminitis has generally been 
reported in untrained individuals engaged in strenuous exercise 
to which they are were unaccustomed. The case study presented 
here shows transaminitis in a lifelong athlete, fully accustomed to 
prolonged bouts of  running and intense resistance training. This 
report, therefore, makes unique observations that may inform 
primary care by extending our understanding of  the causes of  
elevated LFTs in active individuals.

Both AST and ALT are included in the standard liver panel 
because they are highly concentrated in the liver, even though 
the net quantities are higher in skeletal muscle.[11] These enzymes 
also play an important role in amino acid metabolism, catalyzing 
the conversion of  L‑alanine and α‑ketoglutarate into L‑glutamate 
and pyruvate via the TCA cycle [Figure 1]. Hence, unlike GGT, 
which can effectively distinguish the liver from skeletal muscle 
damage,[12] AST and ALT are not specific to the liver nor a 
sensitive measure of  its function. The most likely cause for the 
elevated AST and ALT observed presently is exercise‑induced 
muscle damage/inflammation.

Exercise can also influence liver function directly. For instance, 
decreases in hepatic blood flow and oxygen saturation 
during strenuous exercise can increase hepatocyte membrane 
permeability and subsequently raise liver enzymes. In fact, 
GGT has been observed to increase acutely from baseline 
following half‑marathon running, despite values not exceeding 
the upper limit of  normal.[13] Epidemiological studies have also 
shown that GGT may be an early and sensitive indicator of  

Table 1: Chronological trend in liver function tests
Marker Normal range Jun 2010 Jun 2013 Oct 2021 Mar 2022 Mar 2022 May 2022
Alanine transaminase (IU/L) 0‑44 44* 42 22 96* 101* 47*
Aspartate transaminase (IU/L) 0‑40 45* 30 17 49* 59* 28
Alkaline phosphatase (IU/L) 44‑121 95 151* 131* 128* 130* 113
Albumin (g/L) 40‑50 41 42 49.7 47 47 51*
Total Bilirubin (µmol/L) 0.0‑20.5 20 21* 19.3 13.7 8.6 18.8
γ‑glutamyltransferase (IU/L) 0‑65 53 104* 68* ‑ 90* 60
*Outside normal range
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oxidative stress[14]—a phenomenon that is widely known to be 
influenced by exercise. More research is needed to elucidate 
the complex interplay between intense exercise and GGT 
responses.

Traditional biomarkers of  “liver injury” have been shown to 
correlate with biomarkers of  muscle damage (e.g., creatine kinase) 
following prolonged exercise.[15] Yet, muscle biomarkers and 
patient exercise habits are not routinely assessed alongside liver 
panels in primary care. Such omissions in the diagnostic pathway 
can result in the misdiagnosis of  liver problems and unnecessary 
follow‑up tests and referrals.[6] We thus concur with Pavletic and 
Pao that markers of  muscle damage, and a full workup of  the 
patient’s exercise training regimen, should be incorporated into 
standard screening and clinical investigations (in primary care 
and beyond), particularly those pertaining to the liver.[8] Presently, 
these assessments could have spared the patient a diagnostic 
pathway that included several expensive, time‑consuming, and 
potentially invasive follow‑up tests, as well as the associated 
anxiety. Based on the present findings, we further advocate 
exercise abstinence for at least seven days before an LFT. Revising 
current practices to align with these recommendations may be 
particularly important, given that muscle‑strengthening exercises 
are included in physical activity guidelines disseminated by the 
Department for Health and Human Services, the American 
Medical Association, and the World Health Organization.

In conclusion, our understanding of  the myriad causes of  
elevated liver enzymes remains incomplete. Still, in this case 
report, we present novel data that challenge our understanding of  
the paradigm and that to expose a potential gap in primary care 

regarding the ways that exercise affects liver enzymes, including 
GGT. We advocate for better education on the diverse causes 
of  elevated LFTs in young, active people.
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