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Abstract: This narrative review summarized the existing knowledge on the association between aspartate
aminotransferase (AST) and cardiovascular disease (CVD). AST plays a key role in the metabolism of amino
acids, maintenance of NAD+/NADH ratio in cells, Krebs cycle activity, synthesis of purine/pyrimidine
bases, urea and protein synthesis and gluconeogenesis. In humans, AST exists as two genetically and
immunologically distinct isoenzymes: cytoplasmic AST and mitochondrial AST and both forms are found
in circulation. AST activity is widely distributed across human tissues with the highest activity found in
heart, liver, skeletal muscle, kidney and brain. An elevated AST activity may reflect tissue damage (plasma
membrane disruption or apoptosis), plasma membrane bleb formation, increased tissue expression and
macroenzymes (complexes of AST with plasma proteins). Serum AST activity is increased in patients with
acute myocardial infarction in proportion with the extent of myocardial necrosis. Epidemiological evidence
suggests the existence of an association between AST activity and CVD or mortality with positive, inverse
or U (or J)-shaped association patterns. An elevated AST level not occurring in the setting of inflammatory
liver disease may signify an increased cardiovascular risk related to nonalcoholic fatty liver disease (NAFLD),
cardiometabolic risk factors (metabolic syndrome, abdominal obesity, insulin resistance and diabetes),
chronic alcoholism and structural heart disease (myocardial infarction or congestive heart failure). A positive
association between AST and CVD is more common in epidemiological studies in Asian population. Low
AST levels may reflect increased cardiovascular risk related to vitamin B6 deficiency, advanced chronic
kidney or liver diseases and inflammatory diseases. High and low AST levels have clinical meaning and both
of them should be analyzed.
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Historic perspective

Aminotransferases (also called transaminases) are ubiquitous
pyridoxal-5’-phosphate-dependent enzymes that catalyze
reversible transfer of amino group from amino acids to a-keto
acids. These enzymes play a key role in the metabolism
of amino acids in all species. Transamination reaction was
discovered in muscle tissue in 1937 by Braunstein and
Kritzmann (1). Subsequent studies by Braunstein and
Kritzmann (2), Cohen (3,4) and Green et al. (5) characterized

the transaminase reaction and identified 2 aminotransferases
as most metabolically active - aspartate aminotransferase
[AST; EC 2.6.1.1; also known as serum glutamic oxaloacetic
transaminase (SGOT or GOT)] and alanine aminotransferase
[ALT; EC 2.6.1.2; also known as serum glutamic pyruvic
transaminase (SGPT or GPT)]. In early 1950s various
methods for aminotransferase measurements were developed
and indications for diagnostic testing (mostly for liver disease)
were introduced (6,7). In 1951 Cammarata and Cohen (8)
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introduced a spectrophotometric method for studying the
kinetics of aminotransferase reactions. In 1954, Karmen
et al. (9) demonstrated the presence of AST and ALT in
serum and blood using paper chromatography. However, the
method was impractical and extremely time-consuming (10).
In the same year, Karmen (11) developed an accurate
and simple spectrophotometric method that was used by
Ladue er al. to demonstrate for the first time an increase
in AST activity in the serum of patients with acute
myocardial infarction (12). Historically, this represents
the first biochemical test used for the diagnosis of acute
myocardial infarction. The coupled enzyme reaction for AST
measurement developed by Karmen was further improved
by Henry et al. (13) and standardized and adapted for use on
many automatic analyzers (14). The method served as a basis
for many modern assays. The AST measurement was used
for decades for the diagnosis of acute myocardial infarction
until it was substituted by more sensitive diagnostic tests such
as enzymes [lactate dehydrogenase, creatine kinase (total
and myocardial band isoenzyme)] and more recently cardiac
troponins. Although ALT and AST are commonly assayed
together, the enzymes differ with respect to protein structure
and gene location, kinetic characteristics and substrate
specificity, tissue distribution and specificity. It is believed
that AL'T is more specific for liver disease whereas AST is
more specific for myocardium. AST and ALT may also differ
with respect to the pattern of association with cardiovascular
disease (CVD). In this narrative review, we aimed to
summarize the existing knowledge on the association between
AST and CVD. The AST to ALT ratio and the association of
AST with other diseases (inflammatory liver disease) are not
covered. We present the following article in accordance with
the Narrative Review Checklist (available at http://dx.doi.
org/10.21037/jlpm-20-93).

AST structure, function and circulating levels

AST structure is similar across various species. In humans,
AST exists as two genetically and immunologically
distinct isoenzymes: cytoplasmic AST (cAST or GOT1)
and mitochondrial AST (mAST or GOT?2) (15). Both
isoenzymes catalyze the same reaction albeit with different
kinetics, share a sequence homology of ~45% and are
thought to have evolved from a common ancestral gene (via
gene duplication) (16). The enzyme consists of two identical
dimers where each dimer consists of a large and a small
domain (17). Each monomer of cytoplasmic AST represents
a polypeptide chain of 413 amino acid residues with a
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secondary structure consisting of a-helices and B-strands
and a molecular weight of approximately 45 kD (18,19).
Each dimer has an identical binding site for pyridoxal-
5'-phosphate which is located in the dimer interface
(Figure 1). Pyridoxal-5"-phosphate is stabilized by a
number of surrounding amino acid residues. The human
mitochondrial preAST contains 430 amino acid residues
(deduced from nucleotide sequence analysis of cDNAs)
including N-terminal 29-amino acid sequence which
is required for enzyme entry in mitochondria (20-22).
Cytoplasmic AST is more acidic (isoelectric point ~5.5)
compared with mitochondrial AST (isoelectric point >8)
(23,24). While mitochondrial AST exists as a single form,
cytoplasmic AST exists in 3 to 5 isoforms detected by
isoelectric focusing (15). In the liver, 80% of AST activity
is found in mitochondria and 20% in cytoplasm (6).
Mitochondrial AST accounts for about 65% of the total
AST activity in human cardiac tissue (25). AST protein
is cleared from the circulation predominantly by sinusoid
cells in the liver (26) The mean plasma half-life is 17 hours
for total AST and 87 hours for mitochondrial AST (27).
AST activity was detected across almost all human tissues.
Distribution of AST activity in human tissues expressed as
a ratio [in parentheses] to the activity found in serum is as
follows: heart [7,700], liver [7,000], skeletal muscle [4,800],
kidney [4,500], brain [2,500], pancreas [1,400], spleen [700],
lung [500] and erythrocytes [40] (6).

Studies in tweens have suggested that serum AST activity
is influenced by both genetic and environmental factors
(28,29). A study in tweens by Whitfield ez 4/. (28). showed
that after adjusting for the effect of age and sex, AST activity
was heritable with additive genetic effects accounting for
32% variation in the AST activity. Another study in tweens
showed that additive genetic effects accounted for 40% in
the variation of AST activity (29). It was also suggested that
28% of the AST variance could be explained by additive
genetic factors, 15% by non-additive genetic factors and
57% by non-shared environmental factors (for both men
and women) (30). The cytosolic AST gene is localized on
chromosome 10 at the interface of bands q241-q251 and
it has 9 exons. Mitochondrial AST is characterized by a
multigene family located on chromosomes 12 (p131-p132),
16 (q21), and 1 (p32-p33 and q25-q31) (31). However, only
gene located on chromosome 16 is functional whereas genes
found in other locations are pseudogenes with unknown
functions (31). The gene located on chromosome 16 has
10 exons. Messenger RNA for mitochondrial AST is
translated on free ribosomes and the pre-protein product is
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Figure 1 Structure of human cytoplasmic aspartate aminotransferase. Catalytically important amino acid residues are shown with one

letter symbol and number. E, glutamic acid; K, lysine; R, arginine; PLP, pyridoxal-5'-phosphate. Obtained from Lee et /. (19). PLoS One

13(9):€0203889. https://doi.org/10.1371/journal.pone.0203889.

transported in mitochondria via N-terminal leader sequence
(and other regions), which is thereafter cleaved by a specific
endopeptidase in mitochondrial matrix to produce mature
enzyme (32). Although, regulation of expression of AST genes
remains largely unknown, expression of hepatic cytoplasmic
AST is under hormonal control. Glucocorticoid hormones
induce AST gene expression at transcriptional level and the
effect is potentiated by cAMP and inhibited by insulin (33).
However, the expression of AST gene is tissue specific.

AST has multiple metabolic functions (Figure 2).
First, the most important metabolic function of AST is
maintenance of the nicotinamide adenine dinucleotide/
reduced nicotinamide adenine dinucleotide (NAD"/
NADH) ratio in cells. This function is realized by AST
participation in the malate-aspartate shuttle—a closed cyclic
pathway that enables transfer of NADH from cytoplasm
to mitochondria which is oxidized by mitochondrial
respiratory chain. Since the inner mitochondrial membrane
is impermeable to NADH (34), reducing energy of
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this agent is transferred in mitochondria via substrates
(shuttle) (35). In the malate-aspartate shuttle, cytoplasmic
and mitochondrial AST cooperate with cytoplasmic
and mitochondrial malate dehydrogenase mediating net
transport of NADH from cytoplasm to mitochondria
(Figure 2). Second, the AST reaction product—aspartate—
is a highly active amino acid participating in numerous
metabolic functions including synthesis of purine and
pyrimidine bases, urea synthesis, protein synthesis and
gluconeogenesis. Third, a-keto acids produced by AST
reaction—alpha-ketoglutarate and oxaloacetate increase the
amount of Krebs cycle intermediates (anaplerotic action)
contributing to maintenance of oxidative capacity of the
cells and participate in gluconeogenesis depending on the
metabolic needs of the cells. AST has also other less well-
known physiological functions including participation
in the glyceroneogenesis (synthesis of glycerol) (36) and
serving as a translocase for trans-membrane fatty acid
transport (37). Mitochondrial AST was found in plasma
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Figure 2 Metabolic functions of aspartate aminotransferase. 0-KG, alpha-ketoglutarate; Asp, aspartate; AST, aspartate aminotransferase;

Cys, cysteine; Glu, glutamate; H2S, hydrogen sulfide; Mal, malate; NAD, nicotinamide adenine dinucleotide; OA, oxaloacetate. Cytoplasmic

aspartate aminotransferase participates in hydrogen sulfide production as well (not shown in the figure).

membranes and suggested to participate in the trans-
membrane transport of fatty acids (38,39). It has been
suggested that cytoplasmic AST and the vesicular glutamate
transporters (VGLUT) play a role in the B-cell glutamate
signaling for incretin-induced insulin secretion (40). Since
cysteine aminotransferase (CAT) is identical with cytosolic
AST (41), AST may contribute to production of hydrogen
sulfide (H,S) via CAT/3-mercaptopyruvate sulfurtransferase
pathway (42). CAT has been found in vascular endothelium
of the thoracic aorta and lysates of vascular endothelial cells
produced H2S from cysteine and a-ketoglutarate (43). The
CATY/3-mercaptopyruvate sulfurtransferase pathway exists
in cytoplasm and mitochondria (44). H,S is a signaling
molecule with an important role in vascular biology exerting
a vascular protection action.

Circulating levels of AST are influenced by multiple
factors. Four different mechanisms have been postulated to
explain the elevation of AST (and ALT) in circulation (7).
First, direct tissue damage (plasma membrane damage
with protein leakage or cell necrosis caused by various
noxious agents or stimuli) or apoptosis (in conditions
of physiological cellular renewal or increased apoptotic
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stimuli) is the most common cause of increased activity
of aminotransferases (including AST) in circulation.
Reasonably, large organs with highest AST activity
contribute mostly to AST elevation in circulation. Elevated
AST levels are commonly related to inflammatory liver
disease (viral hepatitis), alcoholic liver disease, cirrhosis,
cholestatic syndromes, drug toxicity, acute myocardial
infarction, septic shock and skeletal muscle injury/trauma.
Severe myocardial ischemia or myocardial cell necrosis
occurring in the setting of acute myocardial infarction is a
common cause of increased serum AST activity. However, a
poor correlation between liver cell damage and plasma amino
transferases has been shown (45). Moreover, mild cell damage
releases the enzymes in the soluble (cytoplasmic) fraction
only whereas severe necrotic lesions release enzymes from
cytoplasm and mitochondria (46). Second, plasma membrane
blebs (following decoupling of plasma membrane from the
cytoskeleton) that bud off from the cell membranes releasing
confined cytoplasmic content (including AST) are formed
in conditions of increased stress on cells. Membrane blebs
have been demonstrated during ischemia-reperfusion injury
in liver (47) and myocardium (48). Third, increased AST
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gene expression may contribute to increased AST activity
levels in circulation. Experiments in mice treated with
carbon tetrachloride suggested that increased AST gene
expression leads to increased AST levels in circulation (49).
Furthermore, peroxisome-proliferator-activated receptor-a
(PPAR0) agonists like fenofibrate in mice (50), antidiabetic
drug and PPARY agonist rosiglitazone in adipocytes (36) and
up-regulation of the IRElo/c-Jun signaling pathway (51)
contribute to increased synthesis and release of cytoplasmic
AST (and ALT). Although microsomal enzyme-inducing
drugs, including alcohol increase circulating levels of
aminotransferases (including AST), whether this occurs as
a result of increased expression remains unclear. Exposure
of cultured HepG2 hepatoma cells to 24-exposure to 0, 20,
40, or 80 mmol/L ethanol was associated with a 13-fold
increase of messenger RNA for mitochondrial AST without
any significant change in the cellular AST content (37).
Moreover, an increase in messenger RNA for mitochondrial
AST without change in cellular content of the enzyme
has been reported in liver biopsies from patients with
alcohol-related liver disease (52). Fourth, macroenzymes
(macroAST)—high-molecular-weight compounds that are
formed by polymerization or association of enzymes with
other serum proteins (typically with immunoglobulins)—
represent another mechanism of asymptomatic enzyme
elevation linked with prolonged clearance of AST from
the serum (53). Macroenzyme formation may involve
autoimmunity with immunoglobulins targeting enzymes as
antigens via molecular mimicry (54). Macro-AST is a type
I macroenzyme with a molecular weight of ~250 kDa that
is produced by association of AST with immunoglobulins A
or G (or both) (55). One study has suggested that ~13% of
cases with isolated AST elevation (i.e., without concomitant
ALT elevation) are due to macro-AST (56).

The frequency and metabolic consequences of hereditary
deficiency of AST are largely unknown. A genome-wide
association study of AST activity in 866 Amish participants
showed a significant association of AST activity with a cluster
of single nucleotide polymorphisms located on chromosome
10q24.1. Sequencing of GOT1 gene revealed an in-frame
deletion of three nucleotides encoding asparagine at position
389 in the GOTI gene. Only heterozygote carriers of this
deletion were found. The deletion carriers had serum AST
activity levels that were approximately one-half that of normal
homozygotes (10.0+2.8 versus 18.8+5.2 U/L) suggesting that
the deletion resulted in a complete loss of enzymatic function
of cytoplasmic AST. However, no association between the
deletion and metabolic traits such as serum fasting glucose or
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insulin, fasting and post-meal lipids, inflammatory markers,
or sub-clinical markers of CVD were observed (57). The
authors commented that AST is not a rate-limiting step in
intermediary metabolism and that a single functional allele
is sufficient for normal metabolic function. Acquired low
AST levels are relatively rare and may be related to vitamin
B6 deficiency occurring in elderly, alcoholics or people with
liver, kidney or inflammatory conditions (58). Low serum
AST activity is seen in patients with uremia (59,60). and is
attributed to various factors (discussed later in this review).
Hormone replacement therapy decreases AST levels (61).

Epidemiological evidence for an association
between AST and CVD and mortality

Following the first report of increased AST activity in
patients with acute myocardial infarction (12), measurement
of serum AST was routinely used for the diagnosis of this
disease. Numerous studies over the subsequent 2 decades
investigated the AST value for the diagnosis, quantification
of ischemic damage (necrosis) and risk stratification
of patients with acute myocardial infarction. In acute
myocardial infarction, AST start raising 6 to 8 hours after
the symptom onset, reaches the peak level at 24 to 36
hours and returns to normal in 3 to 7 days. Reperfusion by
thrombolysis or balloon angioplasty shortens the time to
AST peak value. The widespread distribution of AST across
human tissues (particularly in liver and skeletal muscle) and
relatively late increase in serum activity following coronary
occlusion are disadvantages of this test with respect to the
diagnosis of myocardial infarction. Since more sensitive
biomarkers of myocardial ischemia/necrosis became
available, AST is no longer used for the diagnosis of acute
myocardial infarction. Although AST activity is higher
in myocardium compared with ALT or gamma-glutamyl
transferase (GGT), AST has drawn less epidemiological
interest with respect to the association with CVD compared
with other enzymes. In this narrative review, the existing
epidemiological evidence will be assessed without time or
type of the study restriction. AST was mostly investigated
in the setting of the association of liver enzymes with CVD.
As a consequence, evidence on the association between AST
and CVD remains limited (Table 1).

In 1998, Arndt et al. (62) investigated the association
between liver enzymes (GGT, ALT and AST) and all-
cause mortality or vocational disability in male construction
workers undergoing occupational health examinations in
southern Germany from 1986 to 1988. Over approximately
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6 years of follow-up, subjects with an AST level >18 U/L
(11.9% of the participants) had a two-fold risk of early
retirement and a 2.6-fold higher risk of mortality compared
with subjects with lower AST values after adjustment for
age, nationality, occupational group, smoking, body mass
index and alcohol consumption. A large prospective cohort
Korean study comprising 94,533 men and 47,522 women
aged 35-59 years showed a strong association between
AST activity and mortality from all-causes, CVD, cancer,
liver and digestive system. In men, for AST values 20-29,
30-39, 40-49, 50-99 and >100 U/L, the risk ratios for the
association between AST and all-cause (CVD-related)
mortality were: 1.3 (1.4), 1.7 (1.4), 2.7 (1.8), 5.4 (2.6) and
8.6 (3.3), respectively, compared with AST values <20 U/
L. The risk ratios were adjusted for age, body mass index,
smoking status, alcohol consumption, plasma glucose,
total cholesterol, blood pressure and family history of liver
disease. In women, the association was less evident. Only
AST wvalues exceeding 50 U/L were associated with all-
cause mortality [adjusted risk ratio =2.9 (1.4 to 5.8)] whereas
no association was found with CVD-related mortality (due
to limited CVD-related deaths in women) (63). Another
study in Korean population investigated the association
between aminotransferases and the risk for ischemic
stroke, hemorrhagic stroke, subarachnoid hemorrhage and
intracerebral hemorrhage in men over 10 years of follow-
up. After adjustment for age, body mass index, blood
pressure, fasting glucose, total cholesterol, smoking and
alcohol consumption AST remained associated with the risk
for hemorrhagic stroke but not with the risk for ischemic
stroke or subarachnoid hemorrhage (64). A small study in
ambulatory subjects >70 years did not find an association
between AST and all-cause mortality over 12 years of
follow-up (65).

A number of studies published in 2008 assessed the
association between AST and mortality or other outcomes.
The Framingham Offspring Heart Study did not show an
association between AST and all-cause or CVD-related
mortality over 20 years of follow-up in the overall sample or
subjects with AST within normal range after adjustment for
age, sex, systolic blood pressure, antihypertensive and lipid-
lowering drug therapy, smoking, body mass index, diabetes
mellitus, total and high-density lipoprotein cholesterol and
alcohol use. However, AST correlated with the risk for
developing diabetes in overall sample [adjusted OR =1.33
(1.17-1.53)] and subjects with AST within normal range
[adjusted OR =1.24 (1.04-1.48), both calculated for one sex-
specific standard deviation (SD) increase in the log AST
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value] (66). The Firenze Bagno a Ripoli (FIBAR) study
assessed the association between liver enzymes (GGT, ALT
and AST) in subjects free of diabetes or CVD and without
liver disease except for nonalcoholic fatty liver disease
(NAFLD). After adjustment for age, sex, alcohol, smoking
and fasting plasma glucose, AST remained associated
with the risk for incident CVD but not diabetes [adjusted
HR =0.990 (0.722-1.356)]. An AST value exceeding the
40 U/L cutoff was associated with the risk of CVD with
an age and sex-adjusted HR of 6.52 (1.51-28.12) (67).
A population-based epidemiological study conducted in
Olmsted County, Minnesota showed that abnormal values
of AST were associated with reduced survival (significantly
increased standardized mortality ratio) with a dose response
relationship. Subjects in whom AST was not assayed and
those with normal AST values had a better survival than
expected [standardized mortality ratio of 0.79 (0.75-0.83)
and 0.95 (0.91-0.98), respectively] (68). The association
between liver enzymes and the risk of mortality was assessed
also in a study of >1.9 million insurance applicants between
1993 and 1997. There were 50,174 deaths over a median
follow-up of 12 years. Using the risk of the middle 50%
of the population by distribution as a reference, relative
mortality was increased at lower and higher AST levels
demonstrating a U-shaped relationship between AST and
mortality (69).

A 2013 study assessed the association between liver
enzymes and mortality (from all-causes, CVD, cancer and
hepatocellular carcinoma) in survivors (3,961 subjects)
and nonsurvivors (n=1,864 subjects) selected from 54,751
Taiwanese males 40-80 years of age free of cancer at
entry over 5.8+2.5 years of follow-up. Continuous AST
(entered as natural logarithm of AST values) was not
associated with all-cause or CVD mortality. However, an
AST level >37 U/L was associated with the risk of all-cause
and CVD mortality in the hepatitis B surface antigen-
negative subjects after adjustment for age, body mass index,
smoking, alcohol consumption, education, physical activity,
diabetes, total cholesterol, high-density lipoprotein, systolic
and diastolic blood pressure and C-reactive protein (70).
A 2014 study embedded in the Rotterdam Study—a
large prospective population-based cohort—assessed the
association of liver enzymes with all-cause and cause-
specific mortality in subjects >55 years of age up to 19.5
years of follow-up. Subjects with an AST between >25th
percentile and <95th percentile had a lower all-cause
mortality risk [adjusted HR =0.85 (0.77-0.95), adjusted
HR =0.76 (0.69-0.85) and adjusted HR =0.81 (0.72-0.90)
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for AST >25th to 50th percentile, AST >50th to 75th
percentile and AST >75th to 95th percentile, respectively]
compared with ASP <25th percentile. The association of
AST with CVD mortality was not significant for any of the
comparisons. In this study the association between AST
and all-cause mortality was U-shaped. The risk estimates
were adjusted for age, sex, education, smoking status,
alcohol intake, hypertension, diabetes mellitus, body mass
index and total cholesterol (71). In one study of 12,000
hypertensive patients who were followed up for 35 years,
AST was not associated independently with mortality from
all causes, CVD (or non-CVD) or stroke after adjustment
for age, sex, body mass index, smoking, alcohol use, baseline
and final achieved values of systolic and diastolic blood
pressure, year of first visit, cholesterol, diabetes and liver
tests (except for ALT) (72). Of interest was the finding that
AST showed a U-shaped relationship with mortality in
distinction from ALT, which showed a linear relationship.
Finally, adding AST in a multivariable model alongside
baseline demographic and clinical variables did not improve
discrimination power of the model for mortality at 35
or 20 years of follow-up. However, AST improved risk
discrimination for mortality at 10 years of follow-up (72).
The PREVEND prospective cohort study that included
6,899 participants 28-75 year of age without pre-existing
CVD reported 729 CVD events during 10.5 years of
follow-up. AST was approximately log-linearly associated
with CVD risk. However, adding AST to the CVD risk
prediction model containing established risk factors did
not improve the C-index or net reclassification regarding
mortality (73). A cohort study of 2,529 outpatients with
diabetes mellitus followed up for 6 years did not show an
association between AST and all-cause or CVD mortality,
either unadjusted or after adjustment for age, sex and body
mass index. However, the AST to ALT ratio was strongly
associated with both outcomes (74). A large cohort study of
patients studied in dialysis clinics in the US showed a linear
association between serum AST and mortality. For AST
levels exceeding 20 U/L, AST was incrementally and almost
linearly associated with the risk of mortality at all levels of
adjustment. In fully adjusted models, an AST >40 IU/L was
associated with 46% higher adjusted hazard for mortality.
Patients with AST level between 15 and 20 U/L had the
best survival (75). A recent registry of patients with acute
myocardial infarction showed an association between AST
and CVD mortality which was attenuated to the level of
borderline statistical significance after adjustment and a
strong association between the AST to ALT ratio with this
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outcome (CVD mortality) (76). The largest study to date—
a population-based, nationwide cohort database of >16
million Korean adults—showed a significant association
between AST and the risk of myocardial infarction,
ischemic stroke or mortality over a median follow-up of
9.1 years. Thus calculated for AST quartile 4 versus quartile
1, the risk for myocardial infarction, ischemic stroke or
mortality increased by 5%, 4% and 30%, respectively, after
adjusting for age, sex, body mass index, smoking, alcohol,
exercise, diabetes, hypertension, and dyslipidemia (77).
AST showed a U-shaped relationship with mortality. In
the Reasons for Geographic and Racial Differences in
Stroke (REGARDS) cohort of 30,239 American adults,
AST was not associated with the risk of ischemic stroke in
either sex (78). Finally, our group assessed the association
between AST and all-cause and CVD mortality in patients
with confirmed ischemic heart disease over a 3-year
follow-up. In univariable analysis AST was associated
with all-cause and CVD mortality. After adjustment,
the association was attenuated for both CVD and all-
cause mortality. The association with CVD mortality was
U-shaped with lowest mortality observed for AST value
between 21.1 and 23.1 U/L. In this study, body mass index,
hypercholesterolemia, acute coronary syndrome, extent of
coronary atherosclerosis, glomerular filtration rate, fasting
glucose and high-density lipoprotein correlated positively
with the AST levels. Conversely, diabetes mellitus, history
of myocardial infarction, C-reactive protein, low-density
lipoprotein and left ventricular ejection fraction correlated
significantly but inversely with AST level (79).

Sustainability of the AST elevation seems also to affect
mortality. A recent study of subjects without cancer, CVD,
CVD risk factors or liver disease participating in the national
health screening in Korea who had 2 measurements of
aminotransferases (n=68,431 men) showed that only subjects
having persistently high AST levels had higher mortality over
8 to 9 years of follow-up. Thus, only men who had sustained
AST elevation [adjusted HR =1.95 (1.07-3.56)] but not those
with AST normalization [adjusted HR =1.52 (0.82-2.81)]
or new elevation [adjusted HR =1.27 (0.66-2.44)] had
significantly higher CVD mortality compared with subjects
with sustained normal AST levels (80).

Meta-analyses of epidemiological studies assessing the
association between AST and mortality or CVD have been
inconclusive. One meta-analysis of four epidemiological
studies reported an insignificant 23% increase [RR =1.23
(0.80-1.88)] in the risk for all-cause mortality in subjects
with AST in the top compared with the bottom third of
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levels (81). The cubic spline model that included two studies
indicated a non-linear (J-shaped) association between AST
and all-cause mortality. Another more recent meta-analysis
including four studies showed that AST (highest versus
lowest categories) was not significantly associated with the
increased risk of CVD mortality [HR =1.20 (0.83-1.73)].
However, heterogeneity across the studies was significant (P
for heterogeneity =0.024) (82).

In aggregate, evidence on the association between
AST and CVD or mortality remains controversial with
positive, neutral, inverse or U (or J)-shaped relationships
between AST and CVD or mortality having been
reported. Although, a positive association between AST
and CVD was more common in epidemiological studies
in Asian population whether there are geographic or racial
differences in the association between AST and CVD
remains unknown.

Mechanisms of association of AST with CVD

The underlying mechanisms of the association between
AST and the risk for CVD or mortality are mostly
hypothetical. It is important to note that there is no
conclusive evidence that AST activity in serum parallels
AST activity within the cells. Although, transamination
is a fundamental reaction in the metabolism, a direct link
between metabolic derangement associated with high or
low AST levels and CVD remains largely unexplored.
Furthermore, there are no known specific physiological
function of AST in circulation outside the function as
constituent of plasma proteins. Thus in order to explain
the risk associated with AST, attention should be focused
on underlying morbid conditions that are associated with
high or low AST levels. For ease of presentation, putative
mechanisms linking high and low AST levels with CVD or
mortality are analyzed separately.

An association between elevated AST level and
the risk for CVD may be explained by at least four
mechanisms. First, the most common cause of AST
elevation in circulation is liver disease. The most relevant
liver disease with respect to the association with CVD is
NAFLD. NAFLD is a progressive liver disease occurring
in the absence of excessive alcohol consumption that is
characterized by intrahepatic triglyceride accumulation
and inflammation and hepatocyte injury progressing
gradually to liver fibrosis, cirrhosis and hepatocellular
carcinoma (83). NAFLD is the most common chronic
liver diseases, affecting approximately 25% of adult
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European population (84,85). CVD is the most common
cause of death in patients with NAFLD (86). Large
epidemiological studies have demonstrated that NAFLD
is associated with prevalent CVD even after adjustment
for most important demographic, clinical and metabolic
confounders (87,88). Numerous studies have reported an
association between NAFLD and various aspects of CVD
including coronary artery disease, carotid artery intima-
media thickness, carotid artery atherosclerotic plaques,
increased arterial wall stiffness, impaired endothelium-
dependent flow-mediated vasodilatation and coronary artery
calcium, left ventricular diastolic dysfunction, impaired
coronary blood flow, impaired myocardial energetics, left
ventricular hypertrophy, increased oxidative stress, valvular
heart disease (aortic valve sclerosis and mitral annulus
calcification), excessive epicardial fat deposition, accelerated
atherosclerosis and cardiac arrhythmia (83,86,89). However,
the association of NAFLD with atherosclerosis and its
manifestations is clinically most relevant. Mechanistically,
the association of NAFLD with CVD may be explained
by close association between NAFLD and traditional
(metabolic syndrome, abdominal obesity, hypertension,
dyslipidemia and insulin resistance/dysglycemia syndrome)
and nontraditional (hyperuricaemia, hypoadiponectinemia
and hypovitaminosis D) cardiovascular risk factors.
Moreover, NAFLD is associated with pro-inflammatory
and procoagulant states related to increased synthesis of
various pro-inflammatory and procoagulant factors, likely
promoted by non-alcoholic steatohepatitis component
of NAFLD (83,86,89). Reasonably, this proatherogenic
and dysfunctional milieu offers a pathophysiological basis
for an association between NAFLD and increased risk
for CVD. A recent study by Sookoian ez a/l. (90) reported
a significant correlation between systolic blood pressure
and GOT2 messenger RNA in liver cells and a significant
association between the rs6993 polymorphism located in
the 3’ untranslated region of the GOT2 locus and features
of metabolic syndrome. The authors suggested that fatty
liver is associated with a deregulated liver expression of
aminotransferases and that serum aminotransferase levels
are a signature of liver metabolic perturbations, particularly
at the level of amino acid metabolism and Krebs cycle. They
advanced the hypothesis that increased levels of circulating
aminotransferases reflect an increase in hepatic expression
of aminotransferases and rates of transamination reactions
to compensate for liver metabolic derangement associated
with greater gluconeogenesis and insulin resistance (90). A
recent Genome-Wide Association Study (GWAS) of liver
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enzymes provided evidence that PNPLA3 gene is associated
with liver enzymes (ALT and AST) and NAFLD. The
PNPLA3 gene is located on chromosome 22. It is expressed
in adipocytes and hepatocytes and its protein product is
involved in triacylglycerol hydrolysis in adipocytes (91).

Second, an elevated AST level is associated with
cardiovascular risk factors, particularly, metabolic syndrome,
abdominal obesity, insulin resistance and diabetes. In the
Framingham Heart Study, elevated liver enzymes (ALT
and AST) were associated with increased risk for arterial
hypertension, diabetes, metabolic syndrome, impaired
fasting glucose and insulin resistance estimated by HOMA-
IR. The associations between liver enzymes and metabolic
disorders persisted after adjustment for visceral fat and
insulin resistance. However, the association was stronger for
ALT than AST (92). In the Framingham Offspring Heart
Study, AST was associated with the risk for developing
incident diabetes, but not metabolic syndrome, over >20
years of follow-up (66). Conversely, in the FIBAR study
AST was not associated with the risk of diabetes over
nearly 40 months of follow-up (67). A recent study in
adult Koreans reported a significant association between
AST and metabolic syndrome and its components. Thus,
subjects with an elevated AST level had a significantly
higher prevalence of metabolic syndrome [adjusted OR =3.81
(3.10-4.74)] and its components (abdominal obesity, high
blood pressure, triglyceride and glucose levels) (93). Another
recent study in obese adolescents showed a strong association
between increased body mass index, adolescent age, male
sex, liver echogenicity and liver enzymes (AST and ALT).
There was a significant correlation between AST (or ALT)
>50 U/L and impaired glucose metabolism and between
AST (or ALT) >25 U/L and arterial hypertension (94). In
summary, ample evidence suggests an association between
elevated liver enzymes (including AST) and cardiometabolic
risk. However, whether this association is independent of
NAFLD remains unknown. In general, studies in Asian
population reported positive associations between AST and
metabolic syndrome more often compared with studies in
other populations.

Third, elevated AST may reflect chronic alcoholism.
A thorough discussion of cardiovascular effects of alcohol
is outside the scope of this review. Although it has been
repeatedly reported that moderate alcohol consumption
may have salutary effects on coronary arteries (and
consequently on the risk for coronary artery disease) any
amount of alcohol is toxic to myocardium. Chronic alcohol
consumption is associated with increased oxidative stress,
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lipid peroxidation, acetaldehyde toxicity and increased
local (hepatic and myocardial) and systemic inflammation
(particularly increased expression of tumor-necrosis factor
alpha, and inflammatory cytokines) (95,96). Via these and
other mechanisms chronic alcohol consumption promotes
apoptosis and hepatic or myocardial cellular damage
leading to increased AST levels in circulation. While
moderate alcohol consumption may reduce the risk for
coronary artery disease and related mortality (97) chronic
alcohol consumption (particularly chronic heavy drinking
in subjects with alcohol use disorder) is associated with
increased risk for acute myocardial infarction (98) and
coronary artery disease (99). Thus, an elevated AST level
may serve as a marker of risk induced by myocardial or
hepatic cellular damage occurring in the setting of chronic
alcoholism.

Fourth, elevated AST level may be a marker of structural
CVD. Release of AST from myocardium in conditions of
increased stress (such as stress imposed by cardiovascular
risk factors) or acute ischemia/necrosis (acute coronary
syndromes) or reperfusion-related injury may also explain
the increased cardiovascular risk associated with higher
AST levels. Historically, AST was the first biochemical
test used for diagnosis of acute myocardial infarction (12)
and the biomarker was used in clinical setting for diagnosis
of this condition until substituted by more sensitive
tests. Since AST has the highest activity in myocardium,
myocardial necrosis leads to considerable increase in AST
in serum. In patients with acute myocardial infarction peak
AST correlates closely with creatine kinase myocardial
band (CK-MB) area under the curve (100), congestive heart
failure assessed by Killip’s classification (101) and acute
hypoxic liver injury (102). The Atherosclerosis Risk in
the Communities (ARIC) study showed that higher levels
of AST, even within the normal range, were significantly
and independently associated with detectable (>3 ng/L)
or elevated (>14 ng/L) concentrations of high-sensitivity
cardiac troponin T (103). AST is also increased in patients
with congestive heart failure, likely due to liver injury
caused by reduced forward blood flow to liver or passive
backward congestion occurring in the setting of reduced
cardiac output (104). However nonhemodynamic factors
may play a role. As elegantly demonstrated by Killip
et al. (105) very high AST activity found in patients with
congestive heart failure or cardiogenic shock may be caused
by acute hepatic central necrosis secondary to a drop in
cardiac output and reduced hepatic blood flow. Thus,
cardiovascular risk associated with elevated AST in these
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conditions reflects underlying structural CVD.

In aggregate, an elevated AST level not occurring
in the setting of inflammatory liver disease may signify
an increased cardiovascular risk related to NAFLD,
cardiometabolic risk factors, chronic alcoholism or
structural heart disease.

The association between low AST and increased risk
of CVD or mortality has been demonstrated but is hardly
explainable. Considering how the reference range for AST
is defined, a small proportion of healthy population may
have AST levels lower than the lower limit of reference
range meaning that low AST levels are uncommon in the
general population. Low AST levels may be due to vitamin
B6 deficiency (58). Low plasma pyridoxal 5’-phosphate
(active vitamin B6) is associated with the risk of CVD (106).
In addition, low plasma pyridoxal 5’-phosphate is associated
with elevated alkaline phosphatase (58) which correlates
with cardiovascular risk (107). In clinical setting, vitamin
B6 deficiency is more likely to be found in elderly subjects
and patients with advanced kidney, liver and inflammatory
diseases (58). Lower AST levels have been reported in
patients with chronic kidney disease which became lower
with the increase in disease severity even before reaching
the end stage renal disease (59). In one study of patients
with predialysis chronic kidney disease AST levels decreased
in proportion to the progression of the disease and
correlated negatively with serum creatinine and positively
with glomerular filtration rate (60). Low AST levels in
patients with chronic kidney disease are explained by vitamin
B6 deficiency, hemodilution, and hyperhomocysteinemia
(108-110). Other factors such as a high level of uremic
toxins, decreased synthesis and inhibition of release of
AST from hepatic cells and accelerated clearance from the
serum (59) or presence of inhibitory substances which are
removable by dialysis (111) have been suggested. Since
chronic kidney disease is strongly associated with CVD,
accelerated atherosclerosis and CVD-related mortality, a
low AST level occurring in the setting of chronic kidney
disease may reflect metabolic disarrangements and increased
CVD risk associated with this syndrome. Finally, if AST and
ALT share common factors underlying their low activities
as recently suggested (112), then putative factors underlying
low ALT levels may also underlie low AST levels and
association with CVD.

Concluding remarks

This narrative review summarized the existing knowledge

© Journal of Laboratory and Precision Medicine. All rights reserved.

Journal of Laboratory and Precision Medicine, 2021

on the association between AST and CVD. AST activity
in serum is routinely assayed and used for the assessment
of liver disease. In addition, AST is a reliable marker of
general health and high and low levels of this biomarker
have clinical meaning. In this regard, abnormal values
of AST activity in serum not occurring in the setting
of clinically overt inflammatory liver disease may be a
harbinger of health problems that need to be investigated.
An elevated AST level (outside inflammatory liver disease)
may indicate an increased CVD risk. The increased risk for
CVD and related mortality may be explained by association
of elevated AST with an array of conditions such as,
NAFLD, cardiometabolic risk factors, chronic alcoholism
or structural heart disease. Although epidemiological
studies support an association between an elevated AST and
increased cardiovascular risk, the evidence remains limited
and not entirely assertive. Low AST levels may also indicate
an increased risk for CVD related to advanced liver disease,
vitamin B6 deficiency, kidney disease with chronic uremia
or inflammatory diseases. Future dedicated epidemiological,
clinical, experimental and genetic studies are needed to
better clarify the association of AST with CVD and explain
the underlying mechanisms.
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