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You’re the flight surgeon consulted to assess a search and 
rescue (SAR) technician applicant. SAR technicians are 
highly trained pararescue specialists, extensively screened 

and trained to respond to land and sea rescue and distress situa-
tions and render life-sustaining medical care in otherwise inac-
cessible areas. Individuals are required to be as fit as aircrew and 
divers. The medical selection process involves an initial medical 
screening prior to a physically demanding remote wilderness 
survival exercise. Those successful following the initial selection 
then require subsequent detailed medical evaluation.

The applicant is a 25-yr-old man with no significant past 
medical history and no prescribed or over-the-counter med-
ications. A social history reveals alcohol use on only a few 
occasions per year. Of note, there is no personal or family 
history of gastrointestinal disease. A physical exam is unre-
markable. Prior to the selection exercise, a full battery of  
laboratory tests, including liver chemistries, are within normal  
limits.

The applicant returns to your office 2 wk after the selec-
tion exercise for an additional detailed exam. He describes 
the selection process as intensively rigorous, involving activi-
ties such as carrying heavy loads in freezing temperatures 
and long strenuous hiking with limited food intake. He 
endorses up to 12 lb of recent weight loss but is feeling other-
wise well.

You fill a lab requisition to repeat bloodwork, which 
returns as follows (Table I): you note that the alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) are 
above normal limits. You review your records for bloodwork 
performed several months ago and note that previous values 
were within normal range.

1. What is the next best step in investigating this lab result?
A. Abdominal ultrasound.
B. Evaluate serum creatine kinase and lactate 

dehydrogenase.
C. Assess liver synthetic function: albumin, international 

normalized ratio, and platelets.
D. Check serum ceruplasmin and evaluate for Kayser- 

Fleischer rings.

E. Conservative management; repeat abnormal values 
in 1–2 wk.

ANSWER/DISCUSSION

1. E. In the absence of risk factors, stigmata, or known history 
of liver disease, mild-moderate elevations in ALT and AST, in 
most situations, can be followed conservatively and managed 
expectantly. In this case, an extensive work-up was initiated for 
this patient, including imaging, which was normal. Serum liver 
enzymes were repeated and a significant, expected decrease was 
confirmed, as noted in Table II.

2. What is the most likely cause for this individual’s abnormal 
liver chemistry values?
A. Nonalcoholic fatty liver disease given the AST:ALT < 1 

pattern.
B. Viral hepatitis.
C. Wilson’s disease.
D. Strenuous exercise-induced liver chemistry elevation.
E. Drug-induced liver injury.

ANSWER/DISCUSSION

2. D. The history and clinical context suggest a subacute pro-
cess to explain the rise in liver chemistries. The patient previ-
ously presented with a normal liver profile prior to a period of 
strenuous exercise. Exercise-induced liver chemistry elevation 
is a common phenomenon that has been reported in the litera-
ture among otherwise healthy patients. In a study of 14 young, 
healthy men following a 1-h intensive weight-lifting exercise, all 
but one subject had elevations in both AST and ALT greater 
than the upper limit of normal. Other liver chemistries, includ-
ing gamma-glutamyl transferase (GGT), alkaline phosphatase 
(ALP), and total bilirubin remained unchanged for the study 
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period of 12 d.11 In a similar study of 20 young male subjects, 
elevations in AST and ALT were apparent 12-h following inten-
sive boxing exercise.14 Similar increases were noted in two sep-
arate studies involving a more rigorous and sustained period of 
exercise. In a study of 87 military cadets undergoing a 30-km 
march, AST and ALT levels increased by 418% and 256%, 
respectively, 12–24 h after completion of the march.5 Nagel et 
al. studied 55 subjects during a long-distance 1000-km race 
spanning 20 d. Subjects were noted to have a fivefold increase in 
AST levels from days 0–3 and a threefold increase in ALT up to 
day 6. Unlike other studies, concomitant rises in other liver 
chemistries such as GGT and ALP were also noted, likely owing 
to the longer study duration.9

The cause for such elevations in liver chemistries is thought 
to be multifactorial, as both AST and ALT are found in sources 
outside of the liver, such as in skeletal muscle. In the setting of 
strenuous muscle activity, a significant proportion of AST and 
ALT elevation is likely accounted for by damage to skeletal 
muscle. Other biochemical markers that are more specific to 
liver injury, such as GGT, can be key to understanding the 
extent of concurrent damage to hepatocytes. Elevations in GGT 
raise greater concern for a liver specific cause. In the case of the 
SAR applicant, the GGT was 26 (normal range 8–61) at 2 wk 
postactivity and 22 after 4 wk. Elevations in GGT have been 
reported in the literature following exhaustive exercise, and 

though these elevations are usually mild, they have been 
reported to increase up to sixfold.2,9 However, the frequency 
and time course of these elevations remain unclear. As such, it 
is possible that our patient’s GGT would have been elevated if 
measured earlier, immediately following his selection exercise.

It is important to note that this patient’s ratio of ALT:AST is 
< 1, conflicting with the aforementioned studies demonstrating 
a ratio of AST:ALT > 1 following physical activity. However, this 
can be explained by the time which they are measured. AST 
levels have been noted to rise and decrease at a faster rate than 
ALT owing to a shorter half-life. Had the flight surgeon mea-
sured the patient’s liver chemistries within 72 h after the train-
ing exercise, an AST:ALT > 1 pattern would have likely been 
present (Fig. 1). Beyond 7 d, the ratio of these two values 
approaches 1 and reverses thereafter, with ALT remaining ele-
vated for a sustained period of time.5,9,14 The causes of liver 
chemistry elevation have been conventionally grouped into 
ALT or AST dominant; as such, it is important to note that this 
pattern of elevation is dependent on the time of measurement. 
After 14 d when the patient’s AST and ALT levels were mea-
sured, AST levels had likely already peaked and a greater pro-
portion of the AST was cleared.

Elevated liver chemistries in previously healthy individuals 
are commonly seen among SAR tech applicants following selec-
tion exercises. Some flight surgeons have opted to delay repeat 
bloodwork if liver chemistries are previously normal, as this 
may impart a misrepresentative picture of liver disease, leading 
to unnecessary and costly investigations. Furthermore, it may 
lead to unnecessary patient anxiety in a population that is 
undergoing competitive selection and screening processes for 
limited training positions.

3. Which process(es) is/are involved in the pathophysiology of 
exercise induced liver injury?
A. Reduced hepatic blood flow.
B. Ischemia-reperfusion phenomenon.
C. Production of reactive oxygen species (ROS).
D. Increased hepatocyte permeability.
E. All of the above.

Table I. Liver Chemistries Before and After the Selection Process.

CHEMISTRY NORMAL RANGE 10/2019 1/2020 2/2020
ALT 5-35 IU/L 33 2 wk training 

exercise
376

AST 7-40 IU/L 28 182
ALP 35-100 IU/L 81 71
CK 5-130 IU/L – 111
T-bilirubin <26 nmol · L−1 3 4
GGT 8-61 U · L−1 15 26

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline 
phosphatase; CK: creatine kinase; GGT: gamma-glutamyl transferase.

Fig. 1. Increases in serum AST may be detectable within 24 h of strenuous 
muscular activity, followed by ALT. AST is cleared more rapidly than ALT; as 
such, the measured serum AST:ALT ratio varies depending on the time of 
measurement.

Table II. Repeated Liver Chemistries Demonstrating a Trend Toward 
Normalization with Conservative Management.

PARAMETER RANGE (MALE) DAY 0 DAY 3 DAY 14 DAY 28
ALT 5–35 IU/L Final day  

of 2 wk 
training 
exercise

412 376 129
AST 7–40 IU/L 489 182 46
ALP 35–100 IU/L 71 66
Total bilirubin <26 nmol · L−1 4 4
GGT 8–61 U · L−1 26 22
Albumin 35–50 g · L−1 46
INR 1.0 1.0
Ferritin 12–30 μg · L−1 142
TSH 0.4–4 μU · L−1 1.20
Hemoglobin 140–180 g · L−1 155
Platelets 150–400 × 109/L 301
White blood cells 4–10 × 109/L 5.7
HBsAg Negative
Anti-HBs Positive
Hep A IgM Negative
Anti-HCV Negative

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phospha-
tase; CK: creatine kinase; GGT: gamma-glutamyl transferase; INR: international normalized 
ratio; TSH: thyroid-stimulating hormone; HBsAg: hepatitis B surface antigen; HBs: hepatitis 
B surface; Hep A IgM: hepatitis A immunoglobulin M; HCV: hepatitis C virus.
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ANSWER/DISCUSSION

3. E. Intensive exercise is associated with a physiological shift in 
blood circulation toward skeletal muscle and away from other 
organs, such as the liver.12 There are several theorized mecha-
nisms by which a reduction in hepatic circulation may be respon-
sible for the elevation in liver chemistries noted. The 
ischemia-reperfusion phenomenon is a process by which a 
return of circulation to cells previously in a state of ischemia pro-
motes the production of ROS. An imbalance in the production 
and clearance of ROS leads to a state of oxidative stress, which 
can lead to cellular damage. ROS can impart direct damage onto 
hepatocytes and result in the release of biochemical markers of 
liver injury, such as AST, ALT, and GGT, among others.4,12

Anatomically, the liver is divided into lobules that are subdi-
vided further into various zones. Certain zones receive less oxy-
genation from the oxygen-carrying hepatic arterioles than 
others, particularly the pericentral hepatocytes closest to the 
central vein. Exhaustive exercise has been noted to induce the 
swelling of these pericentral hepatocytes and the subsequent 
transient ischemia is thought to increase the permeability of the 
cellular membrane, thus facilitating the release of biomarkers 
from these pericentral hepatocytes.12

The SAR tech applicant in our case described a sever-
al-day history of minimal caloric intake during the exercise 
training. Studies examining the effect of energy intake on 
exercise induced liver injury in rats found that the hepato-
cytes of fasting rats are more prone to ischemic injury than 
those in the feeding state. This is likely related to reduced 
levels of glutathione and glycogen in liver cells when exposed 
to lower energy intake, which are important in counteracting 
the effects of ROS and preventing oxidative stress.4 Taken 
together, exercise-induced liver injury to hepatocytes may 
explain your patient’s elevated enzyme levels in addition to 
skeletal muscle damage.

4. If the applicant presented to you prior to the selection exer-
cise with elevated serum aminotransferases (AST and ALT) 
that remain persistently elevated on repeat bloodwork, and 
with no recorded history of normal values, what would be 
the next step in management?
A. Advise against participation in the training exercise.
B. Hepatitis B and C serology.
C. Perform a more detailed medication review, including 

herbal and over-the-counter medications.
D. Check an iron and total-iron binding capacity level.
E. Right-upper quadrant ultrasonography.
F. All of the above.

ANSWER/DISCUSSION

4. F. All of the above. Evaluation of elevated aminotransferases 
must first begin with consideration of a general approach to 
abnormal liver chemistries. There have been a variety of 
approaches to describe abnormal liver chemistries, with the most 

common classification being: 1) hepatocellular (disproportionate 
elevations of AST and ALT); 2) cholestatic (disproportionate ele-
vation of ALP); 3) mixed; and 4) isolated hyperbilirubinemia. 
These classifications highlight the most notable enzyme eleva-
tion. The R ratio can be used to categorize a liver enzyme eleva-
tion into these categories, where an R ratio of > 5 represents a 
hepatocellular pattern, 2–5 mixed, and < 2 cholestatic.7

R =
ALT value/ALT upper limit of normal (ULN)

ALP value / ALP ULN  
Eq. 1

The differential diagnosis for mild-moderately elevated 
transaminases is broad and the evaluation should be guided by 
the risk factors. Referring back to question 4, the evaluation of 
mild and moderately elevated transaminases (AST and/or 
ALT)—defined as AST/ALT being elevated 2–5× and 5–15× 
the ULN, respectively—must first begin with clinical assess-
ment, which includes comprehensive history and physical 
examination to assess pretest probability of underlying liver 
disease and evidence suggesting a specific etiology. History 
must include careful medication review and screening for alco-
hol use; hepatotoxic medications should be discontinued and 
alcohol cessation should be advised. Next, investigations should 
include routine bloodwork, general work-up for underlying 
liver disease, and those guided by pretest probability of various 
etiologies. Practically, in addition to routine bloodwork (com-
plete blood count with differential, AST/ALT, ALP, albumin, 
prothrombin time/international normalized ratio), a general 
liver disease work-up should assess for important underlying 
pathologies, including viral hepatitis (hepatis B surface antigen, 
antibody to surface antigen, and core antibody; antibody to 
hepatitis C virus with PCR if positive), hereditary hemochro-
matosis (iron panel), and imaging (right upper quadrant ultra-
sound) for nonalcoholic fatty liver disease.7,13

If this work-up is negative, observation is a reasonable next 
step, with repeat liver panel and consideration of thorough inves-
tigation of other underlying causes. Persistently elevated liver 
chemistries may warrant further investigation for rarer causes 
such as autoimmune liver disease (antinuclear antibody, anti-
smooth muscle antibody, gamma-globulin), Wilson’s Disease 
(ceruloplasmin), alpha-1 antitrypsin deficiency, Mycobacterium  
tuberculosis, celiac sprue, tick-borne disease, thyroid disease, 
and myopathies. Liver biopsy is the definitive test that can be 
pursued if these investigations are nondiagnostic.13 In a study 
of almost 20,000 military recruits who voluntarily donated 
blood over a 1-yr period, 99 were found to have an asymptom-
atic elevation in aminotransferases during routine serological 
screen of donated blood. Of those, only 12 received a confirma-
tory diagnosis, which included hepatitis B, hepatitis C, autoim-
mune hepatitis, and gallbladder disease.6

5. Patients may present with an isolated, asymptomatic eleva-
tion in ALP. Which of the following is the best method for 
determining whether the elevation in ALP represents a 
hepatic process?
A. Measure serum GGT.
B. Perform a liver biopsy.
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C. Ask the laboratory to fractionate the ALP into iso- 
enzymes.

D. Right upper quadrant ultrasonography.
E. Observe and investigate only if symptoms or stigmata 

of liver disease manifest.

ANSWER/DISCUSSION

5. A. ALP is an enzyme that is commonly measured in associa-
tion with other liver chemistries in the work-up of liver disease 
and is useful in diagnosing hepatobiliary disease such as 
cholestasis. However, ALP is present within the biliary ducts 
and in other sources, such as in bone, intestine, and placenta. 
As such, ALP can also be mildly elevated as part of a normal 
physiological response to pregnancy and after meals. An effi-
cient way to determine whether an elevation in ALP is of 
hepatic origin is to check GGT, which should also be elevated in 
the setting of liver disease.8

When ALP is confirmed to be of hepatic origin, an ultra-
sound should be performed to assess for biliary duct dilation, 
and a positive finding could require further investigation with 
magnetic resonance cholangiopancreatography, intervention 
with endoscopic retrograde cholangiopancreatography, or 
both. The absence of radiological findings would require fur-
ther investigation for primary biliary cholangitis through serum 
antimitochondrial antibody levels, and expert consultation 
from a gastroenterologist or hepatologist should be sought.3

Common practice previously involved ‘fractionating’ ALP 
into its unique iso-enzyme components (i.e., placental, intesti-
nal, and hepatocytic) to determine the site of origin; however, 
this is no longer commonly practiced and may not be offered by 
commercial or hospital laboratories.10 If GGT is normal and 
physiological causes have been ruled out, a persistently elevated 
isolated ALP should prompt investigation for bone disorders 
such as Paget’s disease.1

AEROMEDICAL DISPOSITION

In conclusion, the differential diagnosis for elevated liver chemis-
tries is broad and requires an organized approach with an under-
standing of the patient’s risk factors. The severity and temporality 
(acute or chronic) of each elevation must be considered. In this 
case, a 25-yr-old otherwise healthy SAR tech applicant presented 
with a moderate, acute transaminase elevation in the context of 

recently returning from a 14-d wilderness exercise. Bloodwork 
and physical exam revealed no other abnormalities or cause for 
the elevation and repeat liver chemistries demonstrated a trend 
toward normalization. The applicant’s presentation was in keep-
ing with strenuous exercise-induced liver chemistry elevation. 
No further follow-up was required.

Danho S, Partridge ACR, Saary J. Aerospace medicine clinic: evaluation of 
abnormal liver chemistries in the setting of strenuous physical activity. Aerosp 
Med Hum Perform. 2022; 93(2):129–132.
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