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Background and Objective: The following article is part of a special series to aid the reader in 
diagnosing unexpected abnormal test values. The panel of liver tests can vary in content but usually contains 
a transaminase activity, however, transaminases can be found in many other tissues and affected by a wide 
range of non-liver processes. The objective is to review the causes of low or high transaminase activity in 
human serum so that the reader will be able to order and interpret appropriate investigations when faced 
with a patient with unexpected abnormal transaminases. A detailed discussion of neonatal causes will be 
excluded.
Methods: A narrative, focused literature review was performed using PubMed/MEDLINE, OMIM and 
Google Scholar during September 2022 to September 2023 to identify references published from database 
inception to September 2023; reference lists from these articles were also used. Language was restricted to 
English.
Key Content and Findings: Transaminases are found in highest concentration in striated muscle but 
the commonest cause of raised transaminase activity is liver pathology. The presentation of liver pathology 
is varied with many patterns of liver tests. Good guidelines exist in the literature on how to manage 
transaminitis. Low transaminase activity is rare and may be benign. A laboratory approach to investigate the 
cause of transaminitis is presented but it should be recognised that the order of testing will depend on patient 
presentation, frequency of conditions in each population and diagnostic and specialist resources available 
locally. National guidelines should be used if available. 
Conclusions: A diagnostic flow chart is presented and the limitations of laboratory tests discussed. The 
algorithm, by focusing on the approach to the investigation of transaminitis, should support healthcare 
professionals to efficiently and rapidly diagnose most causes of transaminitis if the management plan is 
unclear.
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Introduction

Transaminases may be requested in isolation but more 
commonly as part of ‘liver function tests’ (LFTs) which 
include a range of tests, some of which are discussed in 
companion articles in this series. Local LFT profiles may 
vary and contain either aspartate transaminase (AST) or 
alanine transaminase (ALT), or both, but are likely to 
contain at least one other enzyme released from hepatocytes 
and also biliary epithelium, either alkaline phosphatase 
(ALP), or gamma-glutamyl transferase (GGT) (Figure 1). 
Therefore, if transaminitis is identified ALP or GGT 
activity may immediately be available to help evaluate 
the pattern.

The aim of this review is to provide a diagnostic 
strategy, focussing on laboratory tests, for transaminitis 
in humans. Detailed discussion of liver function scores, 
investigation of neonatal jaundice and other not directly 
related conditions are outside of the scope. It is important 
to modify recommendations according to local disease 
prevalence and health care resource although it is hoped 
the general approach will be useful for all developing local 
pathways. These pathways are not meant to replace national 
or international guidelines but provide support to clinicians 
with an inexplicable result and need suggestions for the 
next step. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
jlpm.amegroups.org/article/view/10.21037/jlpm-23-64/rc).

Methods

The narrative literature review was created by searching 
PubMed/MEDLINE, Google Scholar, OMIM and 
seminal texts. The diagnostic algorithms were then created 
using the information gathered for the literature review. 
The literature was searched over the period September 
2022 to September 2023. The language was restricted to 
English. For further information please see supplementary 
information (Table 1).

Transaminases

Transaminases, or aminotransferases, catalyse the transfer 
of an amine for a keto group with the coenzyme pyridoxal 
phosphate (active form of vitamin B6), and are hence 
important in the synthesis of amino acids and in protein 
and carbohydrate metabolism. The commonest measured 
protein enzymes of this family in human sera are AST 

and ALT and in this review, “transaminase” will refer to 
these two enzymes. The term “transaminitis” will refer 
to elevated activity in one or both enzymes. AST is also 
called glutamic oxalo-acetic transaminase (GOT) and ALT 
glutamic pyruvic transaminase (GPT) in the literature. 

In health the serum transaminase activity is relatively 
constant representing the balance of release from cell 
turnover and clearance. The utility of transaminase activity to 
demonstrate organ pathology depends on the activity of the 
transaminase in the relevant tissue of the body (see Figure 2) 
(1-3). As can be seen in Figure 2 the activity of ALT is highest 
in the cells of the liver (hepatocytes), and AST in both the 
heart and hepatocytes, therefore hepatocellular disruption 
can be detected by an increase in either transaminase activity. 
However, there is more striated muscle by weight in the body 
so the majority of transaminase activity is actually located 
in muscle. Renal sources are less likely in the differential 
diagnosis for a transaminitis as even complete organ 
infarction will release relatively little enzyme, in comparison 
with minor liver insults, as organ mass is influential on the 
actual circulating activity. 

Haematocrit is correlated with transaminase activity, 
for example situations such as smoking or living at altitude 
will lead to an increase (4,5). Figure 2 demonstrates the 
organs with the highest tissue transaminase activity but is 
an incomplete list, for example AST activity (U/g organ) of 
other tissue includes (note Figure 2 uses kg not g) (6):
 15 in brain.
 3 in pancreas.
 1 in lung.
 0.8 in erythrocytes.
As can be seen in Figure 2 the AST:ALT ratio in liver 

is 2.5:1 but often the reference intervals for both enzymes 
are similar, if not identical, e.g., <40 IU/L. This is due to 
two main reasons, firstly the much more rapid clearance 
of AST by the liver, with a half-life of 18 hours compared 
with 36 hours for ALT (7). Secondly ALT is limited to 
the cytoplasm of hepatocytes but AST is mostly located 
in the mitochondria (80%) (Figure 1). Normal enzyme 
loss is mainly from cytoplasm leakage and it is not until 
hepatocellular death occurs before the mitochondrial AST 
is released into the serum (3,7).

Laboratory measurement

The most common form of analysis involves enzymatic 
assays [see Figure 3 (8,9)], meaning the activity of the 
enzyme is measured in the specimen, not the concentration, 

https://jlpm.amegroups.org/article/view/10.21037/jlpm-23-64/rc
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and therefore cofactor deficiency (pyridoxal phosphate) 
can affect measured activity resulting in a spuriously lower 
activity (1). Manufacturers provide enzymatic assays with or 
without pyridoxal phosphate supplementation. The addition 
of pyridoxal phosphate can increase enzyme activity in the 

serum specimen (and the cost of the assay) as it theoretically 
maximises transaminase measurement in malnourished 
populations, but data is conflicting, so the cheaper cofactor 
absent assay formulations are commonly used (1,10-12). 
Reference intervals therefore depend on assay design as well 

Figure 1 Enzymes commonly measured in serum released from a human hepatocyte (created with BioRender.com).

Table 1 The search strategy summary

Items Specification

Date of search September 2022 to September 2023

Databases and other sources searched PubMed/MEDLINE, Google Scholar, OMIM

Search terms used Transaminitis, ALT, AST, rhabdomyolysis, diagnosis, investigation, 
causes, aetiology, human

Timeframe From database inception to September 2023

Inclusion criteria All papers and reviews included were restricted to English

Selection process Both authors conducted initial searches, with refinement by both 
authors to obtain consensus and agreement

Additional considerations Seminal texts were also searched and the references of important 
articles and texts were obtained and checked for relevance

Lactate 
dehydrogenase, 

in cytosol Aspartate 
transaminase 

80% is in 
mitochondria, 
the rest in the 

cytoplasm

Alkaline 
phosphatase, 

membrane 
bound, exterior 

of hepatocyte on 
bile canaliculi, 

and biliary 
epithelium

Cell lysis 
leads to rise 
in enzyme 

concentration 
in serum, 
quantities 
depend on 
cell type 
involved

Hepatocyte

Alanine 
transaminase 

in cytosol

Gamma glutamyl transferase 
in membrane of cell and in 

microsomes and biliary epithelia
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as the local population and the rate of occult liver disease, 
e.g., obesity and infection incidence.

Specimen collection

Pneumatic tube systems, for delivery of phlebotomy samples 

to laboratories, have been shown to cause elevation of 
lactate dehydrogenases (LDH) but not transaminases (13). 
Time to analysis, storage temperature and tube type can 
affect transaminase activity, therefore it is important to 
follow local laboratory guidelines and to record the time of 
venesection accurately (14).

Figure 3 Some examples of laboratory techniques for transaminase measurement (8,9) (created with BioRender.com).

Thicker arrows for the most 
commonly deployed laboratory 
techniques H2O2 + acetyl phosphate + CO2 (***)

O2 + H2O + pyruvate + phosphoric acid

Pyruvate+ CO2 + H+

NADH + H+ + pyruvate Lactate + NAD (**)
Lactate 

dehydrogenase
L-malate + NAD (**)

Pyruvate 
oxidase

Malate 
dehydrogenase

Wet method

Wet method

Pyridoxine 
5'-phosphate*

Pyridoxine 
5'-phosphate*

Aspartate 
aminotransferase

Alanine 
aminotransferase

Add 
α-ketoglutarate 

reagent

Add 
α-ketoglutarate 

reagent

Dry slide 
method

Dry slide 
method

Oxaloacetate 
decarboxylase

Oxaloacetate

Oxaloacetate + NADH + H+

+ L-aspartate+ L-alanine Oxaloacetate + L-glutamatePyruvate + L-glutamate

Both reactions start with preincubation step to remove oxoacids

*a cofactor required to activate the enzyme

**rate of NADH oxidation monitored  

spectrophotometrically at 340 nm 

***hydrogen peroxide used to oxidise a dye, 

catalysed by peroxidase, monitored 

spectrophotometrically at 650 nm

Figure 2 Pie charts to demonstrate the transaminase sources in human serum (1-3) (created with BioRender.com).

Alanine transaminase relative 
activity compared with serum*  

total activity given organ weight** 
serum half life =36 hours

Muscle 300
Total 9000

Liver 1850
Total 4275

Heart 450
Total 135

Kidney 1200
Total 300

Kidney 4500
Total 1125

Liver 7100
Total 10650

*Serum activity is assigned as 1 U/L for relative activities
**Weight of organ (kg): liver 1.5, kidney 0.25, heart 0.3, muscle 30
Pie charts are approximation to exact percentages

Heart 7800
Total 2340

Muscle 5000
Total 150000

Aspartate transaminase activity 
relative activity compared with serum* 

total activity given organ weight** 
serum half life =18 hours
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Spurious causes

Haemolysis can cause spurious elevation of transaminase 
activity, particularly AST, if caused by in vitro haemolysis upon 
venesection which is of no physiological relevance in comparison 
to in vivo haemolysis (5). The pattern of other measurements 
may give a clue to in vitro haemolysis for example bilirubin is 
produced by in vivo metabolism of the haemoglobin (however 
the bilirubin assay is also affected by the colour change caused 
by haemolysis so is an imperfect marker) (15).

Macro enzymes are likely under recognised and represent 
spuriously increased enzyme activity due to reduced 
clearance of the enzyme rather than increased production 
(16-18). Serum components adhere to the transaminases 
e.g., immunoglobulin, and therefore macrotransaminases 
can be seen in the context of previous organ damage or 
autoimmune disease (17,18).

Calculations using transaminases

First identified by De Ritis, the ratio of AST to ALT, 
also known as the De Ritis ratio, may help identify 
the cause or severity of liver disease (1,7). An isolated 
elevation of AST indicates a non-liver source, reduced 
clearance e.g., macroAST, or increased production from 
red cells (in vivo or in vitro haemolysis) or another organ 
rich in mitochondria e.g., striated muscle pathology (7). 
Rhabdomyolysis will result in release of muscle AST and, 
to a lesser extent, ALT however creatine kinase (CK) is 
released far in excess of either. It is also worth noting that 
AST (and CK) may be elevated before ALT and that AST and 
ALT will persist for longer once the CK has resolved, ALT 
often remaining elevated once CK and AST normalise (19).  
The ratio of CK to ALT has been studied e.g., median 
CK/ALT was 37 in rhabdomyolysis group versus 5 in 
paracetamol (acetaminophen) overdose (20). 

The R ratio, the degree of elevation of one transaminase 
versus the degree of elevation of ALP activity, has been 
used to indicate the possible drug causes of hepatitis versus 
cholestatic liver injury (21). These ratios would have to be 
validated with local assays and population prior to use but 
illustrate some of the expected differences in enzyme activity 
based upon the organ affected and type of pathology. It may 
also be appropriate to limit the use of both transaminases as 
first line tests and restrict the less specific AST for example 
to situations where the ALT activity has already been 
demonstrated to be abnormal (22). 

An isolated elevation of ALT can be indicative of the 

time course of liver disease as ALT half-life is longer than 
AST (36 versus 18 h) (7). When the De Ritis ratio was first 
developed other diagnostic tests were considerably less 
advanced and other tests, including viral screens and fibrosis 
markers, have replaced some of the ratio’s functions (1,7). A 
ratio <1 for example can indicate a viral or obesity-related 
cause of hepatitis but a raised ratio (>2) can suggest fibrosis 
or alcohol induced hepatitis (7,23).

Fibrosis scores

Liver biopsies were traditionally used to determine how 
much a liver has been affected by an underlying pathology 
but sampling error, complications, and lack of resource has 
led to the development of many other methods (involved 
demographic details, blood tests and imaging) (24,25). One 
of the better known is the FIB4 index developed in those 
with hepatitis C (HCV) and human immunodeficiency 
virus (HIV) coinfection to stage the liver disease and avoid 
liver biopsy (25). FIB4 has since been validated in other 
populations including those with fatty liver and chronic 
hepatitis B infection, where it performs better than other 
scores and is cost efficient (24,26).

Low transaminases

The reference intervals of transaminases can vary between 
laboratories, but low concentrations can be entirely normal 
so in the fit and healthy rarely any further investigations 
need considering. Indeed, regular exercise seems to lower 
the transaminases (27) as does the oral contraceptive pill 
and hormone replacement therapy (28). Smoking has been 
shown to be inversely correlated with transaminase activity 
in one small study (29) but the opposite was demonstrated 
in a much larger data set (30). In those who are unwell B6 
(pyridoxine) deficiency is associated with low transaminase 
activity although this is an uncommon vitamin deficiency 
occurring in those with problem drinking for example (31-33). 
Chronic kidney disease is associated with low transaminase 
activity, partly due to low pyridoxine concentration, higher 
homocysteine concentration and haemodilution (34).

Rare causes

No genetic diseases have yet been associated with an 
isolated ALT metabolism. There is a rare genetic variation 
in the Amish population resulting in reduced AST activity, 
but with no apparent clinical sequalae, due to mutations in 
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the GOT1 gene (gene that produces AST) (35).

High transaminases

Due to the variety of tissues in which the transaminases are 
expressed, there are many possible causes of a transaminitis 
(Figure 2). Investigation will depend on a good history and 
clinical examination even if apparently asymptomatic (36). 
Liver pathology is the commonest cause of a transaminitis. 
One study demonstrated, that after liver causes are excluded 

from a population of patients with a high transaminase 
activity, then the next commonest tissue sources are: skeletal 
muscle (54%), cardiac muscle (39%) and haematological 
(7%) (37). Liver therefore predominates this and other 
diagnostic algorithms but the other systems will be touched 
on and included in a presented algorithm (Figure 4). 

Liver

Any disease process that causes liver damage will cause a 

in vitro haemolysis 
or malignant e.g., 
leukaemia, non-
malignant e.g., 

paroxysmal nocturnal 
haemoglobinuria, 

thrombotic 
thrombocytopenic 
purpura, idiopathic 
myelofibrosis etc.

Liver e.g. alcohol, drugs, 
fatty liver, infectious, 

traumatic, infiltrative, liver 
metastases, cholestasis, 
autoimmune, metabolic

Skeletal muscle e.g., 
post strenuous exercise, 

fitting, trauma, heat 
stroke, hypothermia, 

myositis, toxic. 
Other tests include 

autoantibodies

Consider as indicated: GGT, viral screen, iron 
studies, lipids, liver ultrasound autoantibodies 

(e.g., mitochondrial, smooth and nuclear) 
immunoglobulins, A1AT, caeruloplasmin

Consider macro-AST, or idiopathic and transient. lf indicated consider 
repeating transaminases in 3 months

Consider restarting 
assessment

Cardiac muscle e.g., 
acute coronary syndrome, 
carditis, traumatic. Tests 

include ECG, BNP, ECHO, 
CTPA, pericardial centesis. 
Note may be mixed e.g., 
heart and skeletal muscle 

pathology

Thyroid disturbance 
or the drugs e.g., 
carbimazole and 
propylthiouracil

Haematological
Bilirubin raised

Troponin Raised Normal

Normal

Normal

Normal LDH

Elevated

Abnormal

AbnormalIs patient well?

TFTs Renal infarct or 
DKA

Renal 
function

Relatively 
normal

Abnormal

Evidence of 
haemolysis e.g., 

FBC, film?

Haemolysis- 
likelier to be in vivo 
if bilirubin elevated

Yes

Yes

Yes

No

No

No

CK

Raised aspartate aminotransferase and/or alanine aminotransferase

Figure 4 Investigative algorithm for transaminitis of unknown cause in humans (created with Biorender.com). A1AT, alpha-1 antitrypsin;  
AST, aspartate transaminase; BNP, brain natriuretic peptide; CTPA, computed tomography pulmonary angiogram; CK, creatine kinase; 
DKA, diabetic ketoacidosis; ECG, electrocardiogram; ECHO, echocardiography; FBC, full blood count; GGT, gamma-glutamyl 
transferase; LDH, lactate dehydrogenases; TFT, thyroid function test.
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transaminitis. Common causes include central adiposity, 
steatotic liver disease (SLD) or metabolic dysfunction 
associated steatotic liver disease (MASLD) and alcohol, 
including in children (38,39). Liver fibrosis is a slow process 
but transient transaminitis is relatively common, therefore 
in asymptomatic low risk individuals it is suggested to wait 
3 months to see if persistent before proceeding with further 
investigations (23,40). It is important to use this guidance 
based on local resources, disease incidence and selected 
reference intervals (which may be set higher to avoid a high 
incidence of abnormal results) (40,41).

It is recommended that all persistent abnormal LFTs 
are followed up and investigated and Figure 4 provides a 
guide on how to approach this (40). It is also important to 
note that many people may have multiple causes of the liver 
disease, particularly if progression is unexpectedly rapid, such 
as obesity, alcohol and chronic infections (42). Although 
transaminase elevations less than fivefold the upper 
reference limit are considered mild and above this more 
likely to represent significant liver injury, very significant 
liver pathology can exist in those with normal or mildly 
elevated transaminase activity (23,43).

Cytopenia can be a  s ign of  l iver  damage.  The 
spleen becomes enlarged secondary to liver disease but 
hypersplenism (cytopenia and large spleen, the former 
reversible after splenectomy) can be due to a variety of 
causes including: (23,44):
 Alcohol;
 Autoimmune;  systemic lupus erythematosus, 

rheumatoid arthritis, sarcoidosis;
 Chronic haemolysis; autoimmune haemolytic anaemia, 

hereditary spherocytosis, thalassaemia;
 Infection; viral, chronic syphilis or tuberculosis, 

brucellosis, malaria;
 Malignant; myeloproliferative, involving spleen e.g., 

leukaemia or metastases;
 Metabolic; Gaucher, Niemann-Pick;
 Portal hypertension.
Liver damage can result in a decrease in its synthetic ability. 

Albumin is synthesised in the liver but is also a negative acute 
phase protein and so is unreliable as a marker of liver disease 
(see companion article in same series) (40). Clotting factors 
are also synthesised in the liver so prolonged prothrombin 
times can indicate liver disease. However measurable 
coagulopathies are a late finding, requiring loss of more 
than 70% of liver synthetic function before occurring, and 
could indicate vitamin K deficiency (or medication effects 
e.g., coumarins) instead (40). 

Although both (gamma glutamyl transferase) GGT 
and ALP are elevated in liver diseases, particularly 
those affecting the biliary tree, ALP is not such a useful 
discriminatory test (see companion article in the same 
series) in children where GGT is a better indicator of 
involvement of the biliary tree (40). GGT is in fact the 
more sensitive marker of biliary tract disease compared to 
ALP (45). However, GGT can be induced by various drugs, 
e.g., phenytoin, barbiturates and alcohol (45,46).

Excess weight storage as fat in the liver, exacerbated by 
risk factors, causes SLD which can lead to inflammation, 
MASLD, fibrosis and cirrhosis (47,48). This common 
chronic liver disease can be associated with normal 
or elevated ALT activity (47). The gold standard for 
diagnosis is a liver biopsy however ultrasound can detect 
steatosis with exclusion of any other cause of liver disease via 
assorted biomarkers, alcohol history (alcohol initially causes 
fatty changes in the liver), plus scores, such as FIB4 mentioned 
above, or transient elastography used to predict severity (49). 
The cost effectiveness of identifying cases remains to be 
proven given the current lack of definitive treatments (40). 
Obstructive sleep apnoea in patient with the metabolic 
syndrome cause an elevation of the transaminase activity 
which is worse in the more hypoxic (50).

Alcohol related liver disease (ALD) is a common cause of 
liver disease, second only to HCV in the USA, and should 
require only an alcohol history if patient is forthcoming 
(42,51). ALD is related to quantity and duration of alcohol 
intake as well as various risk factors such as female sex, 
smoking, genes, haemochromatosis and HCV (51). Excess 
alcohol intake for approximately 5 years or more is usually 
required for liver disease to develop, but risk factors may 
precipitate significant disease earlier or at lower intake 
(42,51). Other features that may indicate alcohol excess 
when history is contentious include mean cell volume 
(MCV) and GGT, which may both be elevated (23).

A multitude of drugs have been associated with liver 
disease, however many associations lack robust evidence 
and due to the frequency of transient transaminitis, obesity, 
and alcohol use for example it may be that many drugs are 
only a co-factor at best. For example, there is increasing 
evidence that methotrexate does not commonly cause liver 
fibrosis (instead causes a transient and self-resolving acute 
hepatitis and transaminitis) and hence resulting in calls to 
change practice in regard to monitoring liver health (48). 
Therefore the practice to measure amino terminal type 
III procollagen peptide (P3NP) has become historic and 
replaced by the more sensitive and specific test for the cause 



Journal of Laboratory and Precision Medicine, 2024Page 8 of 16

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2024;9:14 | https://dx.doi.org/10.21037/jlpm-23-64

of liver disease in people with psoriasis (MASLD or alcohol) 
such as FIB4 or enhanced liver fibrosis (ELF) test which 
have considerably higher areas under the receiver operator 
curve (AUROC) (48).

A transmembrane copper ATPase expressed in the liver, 
ATP7b, transports copper into the bile for excretion or 
for synthesis of caeruloplasmin (52). Most serum copper 
is contained within caeruloplasmin (holocaeruloplasmin, 6 
atoms of copper per molecule; Figure 5) and copper is also 
a vital cofactor for many other enzymes (52). A rare cause 
of transaminitis is accumulation of copper in organs due 
to mutations in the ATP7b gene, Wilson disease, which 
affects approximately 1 in 30,000 (52). Presentation is non-
specific, with a wide range of symptoms, possible multi-
organ involvement (52) and the classical clinical finding of 
Kayser-Fleischer rings, which are only visible on slit lamp 
investigation (and only present in 50% of those with a liver 
presentation) (53). Most people will present between the 
ages of 5–35, not as neonates, however first presentations 
of Wilson disease have been very rarely reported up to the 
eighth decade (40,53). Copper is transported primarily 
in caeruloplasmin therefore despite being a condition 
of copper overload serum total copper and caeruloplasmin 
concentrations are low, but serum free, liver, and urine copper 
concentrations are high (Figure 5). Wilson disease can cause a 
Coomb test negative haemolytic anaemia, rhabdomyolysis and 

renal failure, as well as encephalopathy and coagulopathy (52). 
The biochemical pattern can show a markedly raised bilirubin 
concentration but only marginally raised transaminase activity 
with a normal or low ALP activity (52).

The Leipzig criteria were developed in 2001 as a score 
combining clinical and laboratory criteria in order to help 
identify and diagnose Wilson (see Table 2) (54). There are 
however many limitations of the biochemical tests (53). 
Immunoassay quantification of caeruloplasmin does not 
distinguish between apo- and holo-caeruloplasmin (no 
copper bound and copper bound respectively) and therefore 
can overestimate caeruloplasmin whereas enzymatic assays 
only detect holocaeruloplasmin (55). There is also non-
commutability and lack of a single pure reference standard 
for caeruloplasmin (56). The acute phase, including acute 
liver presentations, causes an increase in caeruloplasmin 
concentration which can mean the caeruloplasmin 
may be spuriously normal, also low caeruloplasmin 
can occur in other conditions such as malnutrition and 
acaeruloplasminaemia (53). Ranges need to be validated for 
specific populations and assay methods (57). Urinary copper 
ranges need to be specific for age and are at risk of false 
negative (asymptomatic cases) and false positive (cholestasis 
and nephrotic syndrome) results and diagnostic thresholds 
are only validated in children (53,57).

Non-caeruloplasmin bound copper has been suggested 

Normal function of ATP7b

Wilson disease = loss of function of ATP7b

Holocaeruloplasmin

Note total caeruloplasmin 
(immunoassay) is usually 

measured in the laboratory 
not holocaeruloplasmin 

(enzymatic assay)

Bile for 
excretion

Copper atoms

Apocaeruloplasmin

1. Low serum (total) copper
2. Low serum holocaeruloplasmin
3. High free serum copper

1. Loss of copper excretion in bile
2. Copper overload in liver
3. Increased urine copper excretion

ATP7bATP7b

Liver

+

Figure 5 Diagram to show normal copper metabolism and how it is affected by Wilson disease (created with Biorender.com).
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as an alternative test for Wilson diagnosis (high in Wilson 
disease), also known as the free copper index (55). However 
the majority of laboratories do not have analytical methods 
robust enough to be able to interpret the results or even 
calculate it (if caeruloplasmin is below the lower limit of 
detection), nor is there good agreement on the threshold to 
indicate Wilson disease presence (55). Direct measurement 
of free copper may be preferred but is not routinely 
available (58). Standard LFTs have been shown to be better 
than copper and caeruloplasmin at identifying Wilson 
disease in acute liver failure in a small study with no detail 
on how the LFTs were measured (59). An ALP (IU/L):total 
bilirubin (mg/dL) ratio <4 with an AST:ALT ratio >2.2 has 
a near perfect sensitivity and sensitivity (100%) for Wilson 
disease in those with acute liver disease (59). In summary, 
testing should be reserved until suspicion is high as there 
are multiple causes of false negative and positive results 
and reserved for those older than three years of age (40). At 
point of testing no single screening test is diagnostic and 
results should be combined (57). 

Alpha-1-antitrypsin (AAT) is a protein synthesised 
and released by the liver, deficiency of which results in 
emphysema, liver disease and rarely panniculitis (60). The 
two common deficiency alleles of this protease inhibitor are 
PI S and PI Z, mutations in the SERPINA1 gene encoding 
AAT, causing the rare autosomal recessive condition alpha-
1-antitrypsin deficiency (AATD) (60). Primarily the PIZZ 
homozygous state is associated with the liver sequelae as 
not only is plasma AAT deficient but the mutation results in 
accumulation of AAT in the liver, which is pathogenic (60). 

The liver disease is much rarer than the lung complications 
presenting either in neonates or in those >50 years old, 
therefore it is recommended as part of prolonged jaundice 
or abnormal bleeding screens in neonates or in unexpected 
cirrhosis in older adults rather than in all patients (40,60-63).

AAT is an acute phase protein which makes isolated 
concentrations prone to spuriously normal results (64). 
Once AAT deficiency has been detected, or is suspected 
despite borderline AAT concentration, then isoelectic 
focussing to identify the phenotype or genetic testing is 
warranted (60). The Z allele appears to have originated 
from southern Scandinavia therefore the highest prevalence 
occurs in those of northwestern European descent (65). 
There is low penetrance at birth meaning asymptomatic 
neonates do not require screening who have parents with 
known PI Z status (60). Due to the age of presentation of 
disease, and risk of spurious results, A1ATD should not be 
screened for as part of first line testing outside of infancy 
but reserved for specialist testing and it may be less relevant 
in populations with low disease frequency (40).

Haemochromatosis is a genetic disorder of iron overload 
(particularly in Northern European populations), and 
the excess storage in the liver can cause pathology and 
transaminitis. Ferritin, an iron storage protein, can be used 
as an indicator of iron metabolism problems (along with 
transferrin and saturation studies) but note that ferritin is an 
acute phase protein so can be elevated in a great many different 
situations (23,40). Guidelines exist for those who need genetic 
testing for haemochromotosis but could be considered in 
situations such as either a high ferritin >1,000 µg/L (or in 

Table 2 Leipzig criteria (54)

Test Criteria for awarding the points

Caeruloplasmin from serum 1 point <0.2 g/L

2 points <0.1 g/L

Liver copper from liver biopsy (cholestasis absent) −1 point <50 µg/g dry weight (<0.8 µmol/g)

1 point 50–249 µg/g dry weight (0.8–4 µmol/g)

2 points >250 µg/g dry weight (>4 µmol/g)

Urine copper (acute hepatitis absent) 1 point 1–2 times the upper limit of normal

2 points >2 times the upper limit of normal

2 points normal but >5 times the upper limit of normal after d-penicillamine

Mutations detected 1 point heterozygote

4 points homozygote/compound heterozygote

3 points indicates Wilson disease is possible; 4 or more consider Wilson disease as confirmed.
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a male with ferritin >300 µg/L, >200 µg/L in a female) 
or a transferrin saturation >45%; or in a and transferrin 
saturation >30% (66,67).

When screening, in the UK, antinuclear (ANA), anti-
smooth muscle, and mitochondrial, with or without liver-
kidney microsomal-1 antibodies and immunoglobulins are 
recommended when screening for autoimmune hepatitis 
as infectious diseases are less common (23,40). These 
immunological investigations should also be considered in 
those with elevated transaminases in the setting of a pre-
existing autoimmune disease, particularly inflammatory 
disease, as risk of autoimmune hepatitis is higher in these 
groups. Table 3 shows a simplified diagnostic criteria for the 
diagnosis of autoimmune hepatitis which has a sensitivity 
>80% and specificity >95% (68,69). Coeliac disease is 
recommended to be excluded in paediatric populations, 
as well as liver kidney microsomal antibodies, but remain 
important tests to also consider in adults (40). In the 
presence of cholestatic picture of liver tests ANCA can 
also be added into the immunology screen (40). A general 
approach to distinguish autoimmune liver diagnoses are:
 Primary biliary cholangitis has a more cholestatic 

picture of liver tests plus elevated antimitochondrial 
antibodies (70);

 whilst autoimmune hepatitis has a hepatitic picture of 
liver tests and the presence of anti-smooth, liver and 
kidney antibodies (71);

and primary sclerosing cholangitis has a cholestatic 
picture and an elevated IgM and ANCA positivity (72). 
When screening for a viral cause then HIV, hepatitis 
B surface antigen and hepatitis C antibody, with reflex 

polymerase chain reaction (PCR) confirmation, are 
recommended for the UK population (23,40). Table 4 
includes some of the many other infections that can affect 
the liver and the Centre for Disease Control has good 
resources for working out which infectious agents need 
to be considered depending on where you practice, but of 
course local expertise and guidelines will be good starting 
places. Infection should always be high on the list for 
patients who are immunosuppressed or compromised.

Other causes of liver pathology include vascular disease. 
Cardiac causes of liver disease include heart failure, 
ischaemia and cardiac valve disease. Investigations required 
might include imaging [ultrasound scans (USS), Dopplers, 
echocardiography] or brain natriuretic peptide (BNP) 
bearing in mind that the cardiac muscle damage itself might 
also be the source of any transaminitis (see later). Infiltrative 
processes in the liver will also cause a transaminitis e.g., 
sarcoid or amyloid whilst traumatic damage to the liver 
should be diagnosed from history plus or minus examination 
findings.

Malignancy is a common cause of liver pathology—either 
primary liver tumour or metastases from a different primary 
source. Ideally history and examination might provide the 
clues, but diagnosis often relies on imaging techniques e.g., 
USS and then biopsy. Biochemical tests are less useful in 
this situation, with tumour markers more appropriate as 
disease activity markers rather than diagnostic aids.

Skeletal muscle

A clinical history might elicit symptoms of muscle pain or 

Table 3 Simplified diagnostic criteria for autoimmune hepatitis in humans

Variable Cut off Points

Anti-nuclear antibodies or smooth muscle antibodies ≥1:40 1*

Anti-nuclear antibodies or smooth muscle antibodies ≥1:80 2*

Or liver-kidney microsomal antibodies ≥1:40 2*

Or soluble liver antibodies Positive 2*

IgG > upper normal limit 1

>1.1 times upper normal limit 2

Liver histology (evidence of hepatitis is a necessary condition) Compatible with AIH 1

Typical AIH 2

Absence of viral hepatitis Yes 2

Score of 6 is probably autoimmune hepatitis; a score of ≥7 is definite. *, a maximum of 2 only for any of the antibody results. AIH, autoimmune 
hepatitis.

https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep.22322#fn3_15
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weakness and dark urine, pointing towards skeletal muscle 
pathology but diseases such as muscular dystrophy can be 
pain free. Therefore, there is a rationale for considering 
CK in children with mild transaminitis. It would be more 
unusual to find asymptomatic disease in adults. One study 
showed that 20% of children admitted to hospital with a 
transaminitis had raised CK indicated a muscle cause (75). 
Of note CK is a clear and reliable biomarker pointing 
towards muscle breakdown but does not distinguish between 
cardiac or skeletal muscle damage, however skeletal muscle 
has a much higher tissue mass and so rhabdomyolysis leads 
to much higher CK concentrations compared to myocardial 
tissue destruction. AST and ALT elevations are part of 
diagnostic criteria for inflammatory myositis (juvenile 
or adult) (76,77). Any type of rhabdomyolysis, including 
infarct, will cause a transaminitis (78-80). Up to 24 hours 
after a marathon AST can rise up to 4 times its normal 
value (81). Rhabdomyolysis causes include the list below 
and there are various guidelines on diagnosis (82-85):
 Excessive muscle contractions e.g., extreme exercise (86) 

or seizures including neuroleptic malignant syndrome 
or epilepsy.

 Trauma e.g., crush or burns.
 Ischaemia including compartment syndrome.
 Temperature extremes e.g., heat stroke or hypothermia.
 Toxic e.g., drugs, toxins and venoms (alcohol, 

benzodiazepines, statins very rarely and associated 
with SCLO1B1 mutations and snake bites) (87).

 Metabolic and endocrine e.g., hypothyroid, hypokalaemia, 
hyponatraemia, and diabetic ketoacidosis.

 Infectious e.g., virus, bacteria, parasites (88).
 Autoimmune e.g., polymyositis, dermatomyositis (37).

Myocardium

A predominantly high AST may represent myocardial 
pathology such as ischaemia, infarction and heart failure, 
hypertension, myocarditis and Kawasaki (44,89-95) etc. 
A higher ratio of AST:ALT may therefore lead one to 
investigate possible cardiac causes of a transaminitis. 
Further tests like BNP, electrocardiogram (ECG) and 
echocardiography may all help to identify cardiac causes 
of a transaminitis (96). One study demonstrated that after 
an ST elevation myocardial infarction 86% of patients had 
an elevated AST and 48% had an elevated ALT (97). A list 
to consider when diagnosing possible cardiac sources of a 
transaminitis is:
 Acute coronary syndrome including angina.
 Inflammatory e.g., endocarditis, pericarditis, myocarditis.
 Post-operative injury e.g., after coronary artery bypass (37).

Haematological

Haemolysis can cause an elevation in AST, although LDH 
is elevated to a much greater degree, with LDH:AST ratio 
of 30 typical in an episode of haemolysis (98). Tumour lysis 
syndrome is much more associated with other biochemical 
markers and the transaminases do not form part of the 
typical biomarkers used in the diagnosis of this condition. 
Haematological problems may affect the liver and so 
distinguishing the exact tissue source of a transaminitis 

Table 4 Infectious diseases to be considered in transaminitis cases in humans

Infection Test

Human immunodeficiency virus Antibody, antibody/antigen tests, nucleic acid test 

Malaria Blood smears, antigens, serology, and PCR

Mycobacter: tuberculosis Skin antigen tests, interferon gamma release assay, culture of tissue/fluid 
samples

Herpe family e.g., Epstein Barr Antigen, antibody, PCR

Fungus Tissue samples for microscopy and culture

Parasites Usually radiologically e.g., ultrasound, CT or MRI scans, or microscopy/PCR of 
tissue samples (73)

Bacteria e.g., abscesses, acute hepatitis or granulomas, 
including Neisseria sp, Brucella, Treponema and enteric 
bacteria

Serology, tissue samples, ultrasound or other radiological techniques, blood 
cultures, antigens, PCR (74)

PCR, polymerase chain reaction; CT, computed tomography; MRI, magnetic resonance imaging.
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might be difficult but a list to consider is:
 Malignant e.g., leukaemia, lymphoma, myeloma.
 Non-mal ignant  e .g . ,  paroxysma l  noc turna l 

haemoglobinuria, thrombotic thrombocytopenic 
purpura, idiopathic myelofibrosis, myelodysplastic 
syndrome, haemophagocytic lymphohistiocytosis (37).

Endocrine 

Thyroid disturbances might lead to a transaminitis, but it 
is usually through exacerbating liver pathology or affecting 
skeletal muscle (99-101). Drugs used in the treatment of 
hyperthyroidism, e.g., propylthiouracil and carbimazole, 
can cause a transaminitis due to liver side effects (102). 
Diabetic comas and ketoacidosis are also situations where 
transaminitis is a common finding, and higher elevations are 
associated with a worse prognosis perhaps reflecting tissue 
ischaemia in multiple organs (103).

Kidneys

Despites kidney tissue containing transaminases renal 
pathology is rarely a cause of a transaminitis. Indeed 
patients with renal failure have low transaminase activity 
as discussed earlier (104). However renal infarction can 
elevate transaminases (105,106). Acute inflammatory or 
toxic renal diseases can often overlap with liver diseases 
and so the tissue source of the transaminases is difficult to 
separate, and perhaps unnecessary to distinguish as other 
markers can be used to assess organ damage and treatment 
response. 

Conclusions

Transaminitis is common but may be mild and transient. 
Presented in this article is a diagnostic algorithm to help 
steer clinical staff through investigations to help identify the 
cause of a persistent transaminitis without obvious clues from 
history and examination. It is important to bear in mind that 
there might not be a single cause, partly because, for example, 
multiple liver pathologies are common and processes that 
damage the liver can also damage other organs too. These 
algorithms cannot replace specialist knowledge, experience 
and local guidelines. Instead, they should act as a diagnostic 
aid when assessing patients with transaminitis or help guide 
investigations when a cause is not obvious. Low transaminase 
is rarely encountered clinically.
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