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Introduction

Aspartate aminotransferase [AST; Enzyme Commission 
(EC) 2.6.1.1] to alanine aminotransferase (ALT; EC 2.6.1.2) 
ratio was proposed in 1957 by De Ritis, Coltorti and Giusti 
(thereafter as, De Ritis ratio) as an enzymatic test for acute 
viral hepatitis (1). In the following years, De Ritis ratio found 
limited clinical use mostly as an indicator of alcohol-related 
liver disease (2) and a noninvasive marker of liver fibrosis (3,4). 
Although De Ritis ratio is simple to compute from readily 

available components (aminotransferase measurements), it is 
a highly complex biochemical metric that incorporates large 
amounts of difficult-to-interpret information. The concept 
that circulating aminotransferases and De Ritis ratio are 
merely markers of liver disease (or injury) is partially correct. 
Since transaminase reactions play a key role in metabolism, 
changes in circulating levels of aminotransferases and 
consequently the De Ritis ratio may mirror metabolic 
alterations or morbid conditions not necessarily related to 
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liver disease. In recent years, the interest in the De Ritis 
ratio has resurrected and an array of studies have shown an 
association of De Ritis ratio with poor prognosis across a 
wide range of diseases including diabetes mellitus, cancer, 
diseases characterized by multiorgan failure, cardiovascular 
disease (CVD), stroke and corona virus disease (COVID)-19 
(5-18). The literature on the association of De Ritis ratio 
with CVD has not been reviewed before. In this review, we 
tried to summarize the current knowledge on the association 
between De Ritis ratio and cardiometabolic risk and CVD. 
The existing medical literature in English language was 
assessed without restriction with respect to time or type of 
the study. The association of De Ritis ratio with hepatic 
disease or cancer was not covered.

Biology of aminotransferases

Aminotransferases are omnipresent enzymes that catalyze 
reversible transfer of amino group (-NH2) from amino 
acids to alpha-keto acids playing a fundamental role in the 
metabolism. The transamination reaction was discovered 
in muscle tissue in 1937 by Braunstein and Kritzmann (19). 
Aminotransferases are pyridoxal-5’-phosphate-dependent 
enzymes. Pyridoxal-5’-phosphate is a vitamin B6 derivative 
that participates directly in catalysis. Although the majority 
of structural amino acids (except for lysine, threonine, 
proline and hydroxyproline) undergo transamination, two 
aminotransferases—AST and ALT—are mostly active and 
abundant in cells. The ALT and AST-catalyzed reactions 
represent important metabolic links between amino acid and 
carbohydrate metabolism (20). AST and ALT measurements 
are routinely used to diagnose liver disease/injury, monitor 
therapy and disease progression and assess the prognosis of 
patients with liver disease. In addition, abnormal activities 
of ALT and AST are found in many extrahepatic diseases. 
Aminotransferase elevations in metabolic diseases like 
nonalcoholic fatty liver disease (NAFLD) may signify basic 
metabolic abnormalities at the amino acid and Krebs cycle 
levels (21). The structure, tissue distribution and metabolic 
functions of aminotransferases have been recently reviewed 
(22,23). The most fundamental metabolic functions of 
aminotransferases include: creation of balanced amounts 
of amino acids according to metabolic needs by reversible 
transfer of amino group between amino acids and alpha-
keto acids; catabolism of amino acids providing substrates 
for citric acid cycle (and energy) or gluconeogenesis; 
maintenance of nicotinamide adenine dinucleotide (NAD+/
NADH) ratio in cells via AST participation in the malate/

aspartate shuttle across the inner mitochondrial membrane; 
ammonia transport and increased availability of glutamate 
and aspartate to cells (22,23).

AST is composed of two genetically and immunologically 
distinct isoenzymes: cytoplasmic AST (cAST or GOT1) 
and mitochondrial AST (mAST or GOT2) (24). The 
isoenzymes catalyze the same reaction, share a sequence 
homology of ~45% and appear to have evolved from 
a common ancestral gene (via gene duplication) (25). 
The gene for cytosolic AST is localized on chromosome 
10 at the interface of bands q241-q251. Mitochondrial 
AST is characterized by a multigene family located on 
chromosomes 12 (p131-p132), 16 (q21), and 1 (p32-p33 
and q25-q31) (26). However, only the gene located on 
chromosome 16 is functional whereas other genes are 
pseudogenes with unknown functions (26). Human ALT 
exists in two catalytically active isoforms: ALT1 and ALT2. 
There is also a third isoform (ALT2_2) with no enzymatic 
activity (27). The genes for human ALT (GPT1 and 
GPT2) are located on chromosomes 8 (band 8q24.3.) and 
16 (band 16q12.1.), respectively (28,29). Human GPT1 is 
expressed in liver, kidney, intestine, myocardium, skeletal 
muscle, colon, pancreas, spleen and lung (30). ALT2 gene 
is expressed in skeletal muscle, brain, heart and white 
adipose tissue (30). ALT1 and ALT2 contribute to ALT 
activity in circulation but ALT1 is mainly responsible for 
basal ALT activity in human plasma (31). Studies in isolated 
organelles have shown that ALT1 is located in cytosol 
and endoplasmatic reticulum of hepatocytes but not in 
mitochondria whereas ALT2 is located in mitochondria and 
endoplasmatic reticulum in skeletal muscle cells (27). ALT2 
contributes to circulating ALT levels, in conditions such 
as acute myocardial infarction or obesity (31) Regulation 
of ALT expression is unclear, but high protein intake, 
fasting, cortisol, glucagon, epinephrine and norepinephrine 
(mostly glyconeogenic stimuli) appear to induce ALT 
expression in rat liver (32,33). Some evidence suggests 
that ALT2 expression is regulated by androgens through 
activation of promoter androgen response element(s) (34). 
Regulation of expression of AST genes remains unknown, 
but expression of hepatic cytoplasmic AST appears to 
be under hormonal control. Glucocorticoid hormones 
induce AST gene expression at transcriptional level and 
the effect is potentiated by cyclic AMP and inhibited by 
insulin (35). Intracellular ALT expression is induced by 
peroxisome proliferator-activated receptor (PPAR) agonists 
(fenofibrate) and this mechanism might contribute to 
increased ALT activity in serum (36). The PPAR-alpha 
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agonist fenofibrate (in mice) (37) and PPARγ agonist 
rosiglitazone (in adipocytes) (38) increase synthesis and 
release of cytoplasmic ALT and AST. The PPAR-alpha 
agonist AZD4619 induced only the human, but not the rat 
ALT1 gene promoter in a dose-dependent relationship (39). 
ALT and AST are highly heritable (20) with a heritability 
of approximately 0.5 in twin studies (40,41). Furthermore, a 
recent genome-wide association study suggested that AST 
and ALT are coheritable with a coheritability of 0.67 (42). 
This means that gene combinations favor elevation (or 
decrease) of expression of both enzymes and variants with 
high expression of one enzyme and low expression of the 
other are very rare. 

The content and localization in cells and tissue 
distribution of aminotransferases are important factors 
underlying the levels of aminotransferases in serum. 
In the liver—the organ with highest levels of both 
aminotransferases—ALT is predominantly found in 
cytoplasm (80%) whereas AST is predominantly found 
in mitochondria. Depending on the degree of stress (and 
damage) on hepatocytes, the cytoplasmic fraction or 
mitochondrial fraction may be released from hepatocytes. 
Mild cell damage releases enzymes from the cytoplasm 
(soluble fraction) only, whereas severe necrotic lesions 
release enzymes from cytoplasm and mitochondria (43). 
This aspect is important for the understanding of the 
association between De Ritis ratio and liver diseases. Tissue 
distribution of ALT and AST differs widely. AST has a 
higher activity than ALT in all tissues. Expressed as a ratio 
to serum, AST/ALT activities are, 7,100/2,850 in liver, 
7,800/450 in myocardium, 4,500/1,200 in kidney, 5,000/300 
in skeletal muscle, 2,500/50 in brain, 1,400/100 in pancreas, 
700/60 in spleen, 500/35 in lungs, 300/60 in intestine 
and 40/7 in red blood cells (2,44,45). The main source 
of ALT is liver whereas AST has multiple sources. The 
tissue distribution of aminotransferases allows assuming 
that pathological processes involving liver increase both 
ALT and AST whereas pathological processes in extra-
hepatic tissue mostly increase AST. The level of tissue 
activity and the size of the organ may influence the level 
of aminotransferases in serum. Although ALT activity in 
skeletal muscle is approximately 10 times lower than in 
liver, skeletal muscle with a mass of 30 to 33 kg in adults 
is the main reservoir of AST in terms of quantity and a 
major source of enzyme release in skeletal muscle disease. 
AST activity and expression are higher in hepatocytes of 
periportal than perivenous zone of hepatic lobules (46,47). 
The periportal zone is nearest to blood supply, receives 

most oxygenated blood (48) and is the zone of hepatic 
lobules in which, gluconeogenesis, beta-oxidation of fatty 
acids and degradation of amino acids take place (49). Tissue 
distribution of AST and ALT is shown in Figure 1.

AST and ALT activity levels in serum are influenced 
by multiple factors. The underlying mechanisms of 
ALT release from the cells are unclear but may involve 
cellular leakage or cytoplasmic budding or blebbing into 
extracellular space and circulation. ALT1 accounts for most 
ALT in circulation (31). The current ALT assay measures 
combined ALT1 and ALT2 activity. ALT has a plasma half-
life of 47±10 h, which is longer than plasma half-life of AST 
(17±5 h) (50). Elevation of AST in serum is explained by 
at least five mechanisms: cellular apoptosis (in the setting 
of physiological cellular renewal or augmented apoptotic 
stimuli); direct tissue damage (plasma membrane damage 
with protein leakage or cell necrosis caused by various 
noxious agents); plasma membrane blebs budding off 
from the cell membranes releasing cytoplasmic content; 
increased AST gene expression and macroenzymes 
(macroAST)—high-molecular-weight compounds that 
are formed by polymerization or association of AST with 
other serum proteins (typically with immunoglobulins) (51).  
Chronic alcohol use is particularly responsible for 
elevation of mitochondrial AST in serum. Elevated level of 
mitochondrial fraction of AST in serum indicates chronic 
rather than acute alcohol intake (52) and advanced alcohol-
related liver disease rather than heavy drinking (53). 
Large organs with high AST and ALT activity contribute 
mostly to elevation of AST and ALT in serum (Figure 1). 
Aminotransferases are cleared from circulation mostly 
via hepatic uptake by sinusoidal liver cells (54,55). The 
kinetics of aminotransferase uptake is important because 
a decrease in hepatic function due to various diseases may 
prolong the hepatic clearance of aminotransferases leading 
to higher levels of these enzymes in serum. ALT in serum 
shows circadian variation being up to 45% higher in the 
afternoon hours than in morning hours and a 10–30% 
day-to-day variability (56,57). Muscular exercise (58), 
fast food-based hyper-alimentation combined with a 
sedentary lifestyle (59) sleep deprivation (60) or even eating  
quickly (61) and hospital admission (62) have been reported 
to influence (increase) aminotransferase levels. The hepatic 
and extrahepatic diseases associated with elevations of AST 
and ALT have recently been reviewed (63,64). ALT activity 
is higher in men than women possibly related to sex-specific 
hormonal differences (65). ALT activity is lower in patients 
on dialysis (66) and higher in overweight/obese subjects 
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and patients with diabetes mellitus (67). ALT activity 
declines with weight loss but weight change appears not 
to alter AST activity (68). ALT levels decline with age in 
men and women, independent of metabolic traits, alcohol 
use, and other markers of hepatic function, and ALT may 
be considered a biomarker of aging (69). Aminotransferase 
levels appear to differ according to ethnicity. AST levels 
appear to be 15% higher in African American males 
compared with Caucasians (70) and Mexican Americans have 
a higher prevalence of elevated ALT compared with other 
ethnicities (71). Some individuals may have asymptomatic 
higher levels of AST probably related to a defect in enzyme 
clearance (72). Smoking appears not to cause any change 
with clinical significance in aminotransferase activity in 
serum independent of drinking (73,74). Coffee and caffeine 
consumption appear to reduce ALT activity in serum (75). 
AST and ALT activity in serum is altered by a great number 
of pharmacological and herbal agents (63).

De Ritis ratio: basics and interpretation

De Ritis ratio is a complex parameter that depends on 
AST and ALT activity in serum and physiological and 
pathological factors that determine their level. Since 
aminotransferase levels in serum are genetically-determined, 
De Ritis ratio has a heritability component. Two opposing 
factors control aminotransferase activities in serum: the 
rate (and kinetics) of release of aminotransferases from 
the liver and other organs and the clearance of enzymes 
from the circulation mostly by sinusoid liver cells (76).  
Although the activity of AST is higher than activity of ALT 
in almost all organs (from 2.5 times in the liver to 50 times 
in the brain relative to activity in serum; Figure 1), the 
differences in clearance rates between aminotransferases 
with a plasma half-life of AST approximately twice shorter 
than plasma half-life of ALT (50) lead to balanced levels 
of aminotransferases in serum and a De Ritis ratio of 

Figure 1 Tissue distribution of AST and ALT and morbid conditions associated with lower or elevated De Ritis ratio. Some conditions, 
like NAFLD or metabolic syndrome may be associated with lower or elevated De Ritis ratio depending on the stage of disease. The 
opposing red arrows denote that the same disease depending on the stage may be associated with lower or elevated De Ritis ratio. AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; COVID, corona virus disease; NAFLD, nonalcoholic fatty liver disease; NASH, 
nonalcoholic steatohepatitis. 
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slightly less than 1 in healthy subjects (54). Elevation of 
De Ritis ratio may result from: (I) elevated AST activity 
(due to diseases leading to a greater release of AST than 
ALT); (II) reduced ALT activity alone or in combination 
with elevated AST (vitamin B6 deficiency; malnutrition, 
chronic renal failure, chronic alcoholism, liver aging); (III) 
a disproportionate elevation of AST activity when the 
activities of both enzymes are elevated (chronic alcohol 
consumption); (IV) a disproportional reduction of ALT 
activity when the activities of both enzymes are reduced 
(liver aging, uremia). The most common cause of a lower 
De Ritis ratio is elevated ALT activity in serum related to 
increased expression and/or release of the enzyme. Mild 
noxious stimuli may cause a mild hepatic cellular damage 
and release of cytoplasmic fraction (mostly ALT) which may 
decrease the De Ritis ratio whereas strong noxious stimuli 
may cause cellular destruction and release of cytoplasmic 
and mitochondrial fraction of aminotransferases (mostly 
AST) (43). In the latter scenario, an elevation of Re Ritis 
ratio is expected. De Ritis ratio may change in the course 
of disease. For instance, in early stages of NAFLD, the De 
Ritis ratio may be lower due to increased ALT activity (77)  
but at the fibrotic-cirrhotic stage, the De Ritis ratio tend 
to increase (78,79) due to hepatic cell destruction and 
AST release from mitochondria. In general, ALT is more 
specific (i.e., a negative test has a high probability to be 
truly negative) and AST is more sensitive (i.e., a positive 
test has a high probability to be truly positive) for mild liver 
damage. Muscular diseases and diseases with multi-organ 
failure are expected to lead to a higher De Ritis ratio due to 
AST release from large muscular mass or multiple sources. 
Diseases associated with lower or elevated De Ritis ratio are 
shown in Figure 1. The association of De Ritis ratio with 
CVD risk factors is discussed later in the review.

De Ritis ratio is easy to calculate from readily available 
components (aminotransferase measurements), yet it 
is a highly complex biochemical parameter and a non-
standardized laboratory metric. Interpretation of the 
De Ritis ratio should be made in the specific clinical 
setting. Notably, there is no consensus with respect 
to the reference range of the De Ritis ratio and values 
from <1 (80) up to 1.3 in men (1.7 in women) (2) were 
proposed as reference range. In European adolescents 
supposed to have an ideal cardiovascular health, De Ritis 
ratio was 1.038±0.03 (obtained from mean ALT and AST 
values of 21.4±0.4 and 21.7±0.3 U/L, respectively) (81). 
The wide reference range of AST and ALT activities in 
serum makes it difficult to derive the reference range for 

the De Ritis ratio. Considering the reference range of 
AST (typically 10 to 40 U/L) and ALT (typically 10 to  
50 U/L), theoretically a De Ritis ratio as low as 0.2 and as 
high as 4.0 may result from aminotransferase levels within 
the reference range. Although extreme low-high or high-low 
combinations of aminotransferases in serum are unlikely (42),  
the reference range of AST and ALT cannot exclude an 
abnormal De Ritis ratio. Abnormal aminotransferase 
levels and a De Ritis ratio >1 in patients with chronic viral 
hepatitis appear to predict poor outcomes and progression 
to cirrhosis (82,83). Studies using the receiver operating 
characteristic (ROC) curve analysis identified De Ritis ratio 
cu-offs >1.25 in patients with acute myocardial infarction (17),  
>1.40 in patients with stable coronary artery disease 
(CAD) (15) and >1.49 in patients with COVID-19 (18), 
as the best cut-offs regarding the prediction of mortality 
with the best tradeoff between sensitivity and specificity. 
Aminotransferase activity within the reference range does 
not necessarily reflect a healthy state. A true healthy ALT 
level ranging from 29 to 33 U/L for men and 19 to 25 U/L  
for women has recently been proposed (64) but it is too 
restrictive and needs confirmation. Recently, Valenti et al. (84)  
suggested ALT upper reference limits of 42/30 U/L in 
males/females, which were approximately 30% lower than 
International Federation of Clinical Chemistry (IFCC)-
endorsed values. Unfortunately, such proposals have not 
been made for AST, which could have allowed a reappraisal 
of reference range of the De Ritis ratio. However, a recent 
study showed that AST activity between 15 and 24 U/L was 
associated with best survival in adults (85). 

In the absence of a consensus with respect to reference 
values of the De Ritis ratio, 3 suggestions may be made 
regarding the interpretation of the De Ritis ratio. First, 
De Ritis ratio should be interpreted in conjunction with 
aminotransferase levels. A De Ritis ratio >1 in the presence 
of abnormal aminotransferase levels may indicate advanced 
liver damage (from various etiologies), prognosticate poor 
outcomes and it requires medical attention. Values >2.0 are 
highly indicative of alcohol-related liver disease (53,86). De 
Ritis ratio values >1 in patients with NAFLD or chronic 
viral hepatitis may indicate progression of the disease(s) to 
fibrosis or cirrhosis. A De Ritis ratio of ≤0.4 after severe 
hepato-toxicity from paracetamol poisoning appears to be 
highly predictive of recovery (87) potentially due to limited 
increase of AST release and consequently less severe hepatic 
damage. Even in patients with hepatitis A, a De Ritis ratio 
>1 was associated with higher risk of mortality with a dose-
effect relationship (88). Second, a De Ritis ratio >1 even 
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with AST and ALT activity within the reference range 
may indicate increased cardiometabolic risk and signify a 
poor prognosis (89). Whether De Ritis ratio values with 
aminotransferase levels within the healthy range provide 
prognostic risk is unclear and remains to be investigated. 
Third, if repeat aminotransferase measurements (with 
months to years in between) are available, changes over 
time in the De Ritis ratio may correlate with increasing 
metabolic risk (90) and thus they may need medical 
attention. One weakness of the De Ritis ratio is that in 
case of proportional elevations of AST and ALT, the De 
Ritis ratio may change little, and thus it cannot unmask the 
alterations (or the risk) associated with abnormal levels of 
aminotransferases. Moreover, there is a significant overlap 
between De Ritis ratio values in different diseases.

De Ritis ratio and CVD: epidemiological and 
clinical evidence

Evidence available strongly suggests a link between 
abnormal liver enzymes and cardiometabolic risk, CVD and 
mortality (22,23). The association between De Ritis ratio 
and CVD has been investigated to a lesser extent than the 
association of aminotransferases with CVD. Nevertheless, 
evidence available suggests an association between De Ritis 
ratio and CVD or CVD related mortality. 

Cohort or population-based studies have investigated 
the link between De Ritis ratio and CVD or mortality  
(Table 1). Weng et al. (91) analyzed a prospective cohort 
of 29,316 primary care patients (in United Kingdom),  
25–84 years of age with no history of CVD. Over a follow-
up of 120,462 person-years, 782 patients (461 men and 321 
women) experienced their first CVD event. The 10-year 
adjusted risk for the first CVD event was calculated based 
on 2 risk prediction tools (Framingham and QRISK2), 
with and without De Ritis ratio. The De Ritis ratio was 
significantly associated with the risk for the first CVD event 
in men [Framingham risk prediction: adjusted hazard ratios 
(HRs) =1.37, 95% confidence interval (CI): 1.05 to 1.79; 
QRISK2 risk prediction: adjusted HR =1.40 (1.04–1.89)] 
but not in women [Framingham risk prediction: adjusted 
HR =1.06 (0.78–1.43); QRISK2 risk prediction: adjusted 
HR =0.97 (0.70–1.35)] with all HRs calculated per unit 
higher log De Ritis ratio. The inclusion of De Ritis ratio 
in the model with Framingham risk factors [C-statistic: 
0.72 (0.71–0.74)] or QRISK2 risk factors [C-statistic: 0.73 
(0.71–0.74)] did not improve discrimination for CVD 
beyond the risk prediction tools. The authors concluded 

that elevated De Ritis ratio is associated with the increased 
risk of developing CVD in men but not in women and, 
that the De Ritis ratio did not offer improvement in the 
risk prediction over Framingham or QRISK2 risk tools. 
Nakajima et al. (92) performed an 8-year retrospective 
cohort study of 5,958 subjects aged 67–104 years. The 
link between De Ritis ratio and mortality was investigated 
using artificial intelligence and conventional analysis. 
Overall, 1,413 subjects (23.7%) died during the study. 
ALT, AST and De Ritis ratio were associated with the 
risk of mortality with adjusted HR =0.98 (0.97–0.99), 1.02 
(1.02–1.03), and 1.46 (1.32–1.62), respectively, calculated 
per unit increment of each parameter (P<0.0001, for all 3 
associations). The authors concluded that De Ritis ratio 
was strongly associated with mortality in elderly. Zoppini 
et al. (5) investigated the association between De Ritis ratio 
and all-cause and CVD mortality in 2,529 outpatients 
with diabetes mellitus over a 6-year follow-up. There were 
305 deaths (12.1%) of which, 145 (47.5%) were CVD 
deaths. After adjustment for multiple demographical and 
clinical variables, De Ritis ratio, but not AST or ALT 
remained independently associated with the risk of all cause 
[adjusted HR =1.83 (1.14–2.93)] and CVD [adjusted HR 
=2.60 (1.38–4.90)] mortality. Diabetic patients with De 
Ritis ratio <1 were younger, had higher body mass index, 
higher glycosylated hemoglobin A1c, shorter duration of 
diabetes, higher glomerular filtration rate and triglyceride 
level and lower high-density lipoprotein-cholesterol than 
patients with De Ritis ratio >1. The study suggested that 
De Ritis ratio is superior to its components (AST and 
ALT) as a correlate of increased risk of all-cause or CVD 
mortality in patients with diabetes mellitus. Yokoyama  
et al. (93) performed a longitudinal cohort study of 3 494 
Japanese subjects who participated in a community-based 
health check-up over a 10-year follow-up. The De Ritis ratio 
increased with increasing brain natriuretic peptide (BNP) 
levels and after adjustment it remained significantly associated 
with a high BNP level [defined as BNP ≥100 pg/mL;  
adjusted odds ratio (OR) =1.31 (1.13–1.53), per SD 
increase]. Overall, there were 250 deaths and 79 of them 
were CVD deaths. After adjustment, a high De Ritis ratio 
(>90 percentile) remained independently associated with the 
risk of all-cause mortality [adjusted HR =1.43 (1.04–1.96)] 
and CVD mortality [adjusted HR =2.51 (1.49–4.24)]. De 
Ritis ratio had an area under the ROC curve of 0.65 for 
CVD mortality. Subjects with a high De Ritis ratio were 
older, had a higher prevalence of CVD, lower prevalence 
of diabetes mellitus, lower body mass index, higher BNP 
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and heart type fatty acid binding protein (H-FABP) levels 
and lower diastolic blood pressure, fasting blood glucose, 
glycosylated hemoglobin A1c and glomerular filtration rate 
compared with subjects with low De Ritis ratio. The authors 
concluded that De Ritis ratio is associated with higher BNP 
levels and increased CVD-mortality in general population 
and, that measuring De Ritis ratio during routine health 
check-ups may be a simple and cost-effective marker for 
prediction of CVD mortality. Katzke et al. (94) investigated 
the link between liver enzymes and De Ritis ratio with the 
incidence and mortality from CVD and 4 most common 
cancers (breast, prostate, colorectal and lung cancers) using 
a case-cohort sample of EPIC-Heidelberg case cohort study 
over an average follow-up of 15.6 years. There were 1,070 
incident CVD events (555 incident myocardial infarctions 
and 515 incident strokes) and 381 CVD deaths over the 
follow-up. De Ritis ratio was not associated with incident 
CVD events including myocardial infarction [adjusted HR 
=0.90 (0.66–1.22)], stroke [adjusted HR =1.11 (0.82–1.50)] 
or CVD mortality (adjusted HR =1.07 (0.75–1.52)]. De 
Ritis ratio was independently associated with all-cause 
mortality [adjusted HR =1.40 (1.15–1.70)] and cancer-
related mortality [adjusted HR =1.44 (1.15–1.80]. The 
study did not support a relationship between elevated liver 
enzymes or De Ritis ratio and major cardiovascular events 
or CVD mortality.

Several studies have investigated the link of De Ritis 
ratio with prognosis in patients with CVD or at increased 
cardiovascular risk. Liu et al. (95) assessed the association 
between elevated De Ritis ratio and all-cause and CVD 
mortality in patients with arterial hypertension. The study 
included a cohort of 14,220 Chinese patients with arterial 
hypertension. There were 198 deaths (CVD deaths, 55.5%) 
over an average follow-up of 1.7 years. De Ritis ratio 
was associated with the increased risk of all-cause death 
[adjusted HR =1.37 (1.15–1.63)] and CVD death [adjusted 
HR =1.32 (1.03–1.68)], calculated per unit higher De 
Ritis ratio. The association between De Ritis ratio and all-
cause or CVD mortality showed a similar strength in men 
and women without a De Ritis ratio-by-sex interaction 
regarding prediction of all-cause (Pint=0.731) or CVD 
(Pint=0.873) mortality. A recent study by Ferrannini et al. (96)  
that included 10,142 patients with diabetes mellitus 
at high cardiovascular risk enrolled in the CANVAS 
program showed that De Ritis ratio paralleled gamma-
glutamyl transferase with respect to the association with 
the risk of heart failure [adjusted HR =2.01 (1.06–3.68)], 
composite of heart failure or CVD death [adjusted HR 

=1.99 (1.26–3.10)] or all-cause deaths [adjusted HR =1.87 
(1.11–3.07)] over a 2.4-year follow-up (with all HRs 
calculated per unit higher log De Ritis ratio). Liu et al. (97)  
assessed the predictive value of liver fibrosis scores 
(including De Ritis ratio) for recurrent CVD events in 
a multicenter prospective study of 6 527 consecutive 
patients with angiography-diagnosed CAD who had 
experienced a prior CVD event [acute coronary syndrome, 
stroke, percutaneous coronary intervention (PCI), 
or coronary artery bypass grafting]. There were 532 
recurrent CVD events (8.2%) over a mean follow-up of  
54.67±18.80 months. De Ritis ratio correlated with the 
increased risk of total events [adjusted HR =1.09 (1.00–
1.19)], CVD death [adjusted HR =1.13 (1.00–1.27)] but 
not the risk of nonfatal myocardial infarction [adjusted HR 
=0.98 (0.74–1.29)] or stroke [adjusted HR =1.08 (0.94–
1.25)]. However, De Ritis ratio was a weaker correlate of 
recurrent CVD events compared with established liver 
fibrosis scores. Ke et al. (8) investigated the link between 
serum aminotransferases (and De Ritis ratio) and all-
cause or cause specific mortality in 6,415 elderly subjects  
(≥65 years, without hepatic viral infection at baseline) 
obtained from the 1999–2014 National Health and 
Nutrition Examination Survey (NHANES) over a 
median follow-up of 89 months (range, 1–201 months). 
Al l -cause  and CVD morta l i ty  occurred in  2 ,167 
(33.8%) and 515 (23.8% of total deaths) participants. 
A high De Ritis ratio correlated significantly with all-
cause [adjusted HR =1.68 (1.47–1.91)]  and CVD 
[adjusted HR =1.67 (1.27–2.20)] mortality. De Ritis 
ratio showed the best utility for prediction of all-cause 
mortality in men and women. Alexander et al. (98)  
assessed the association between fatty liver index, liver 
enzymes and De Ritis ratio and the risk of stroke in the 
Reasons for Geographic and Racial Differences in Stroke 
(REGARDS) cohort study over 5.8 years using a case-
cohort of 572 cases of incident ischemic stroke and a stroke-
free cohort random sample of 1,017 participants. African 
Americans were more likely to have a De Ritis ratio >2. A 
De Ritis ratio >2 was significantly associated with the risk 
of stroke in whites [adjusted HR =2.74 (1.37–5.48)] but 
not in African Americans [adjusted HR =1.29 (0.70–2.40]. 
There was no De-Ritis ratio-by-sex interaction (Pint=0.3) 
but there was a De-Ritis ratio-by-race interaction (Pint=0.03) 
regarding prediction of stroke in fully adjusted model. The 
inclusion of Framingham stroke risk factors increased the 
risk estimate for whites [HR =3.64 (1.42–9.35)] but not for 
African Americans [HR =0.97 (0.47–1.99)].
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Liu et al. (99) performed a cross-sectional study to assess 
whether De Ritis ratio was associated with the prevalence 
of peripheral arterial disease (PAD) in 10,900 patients 
with arterial hypertension from the Chinese Hypertension 
Registry Study. The prevalence of PAD was 3.2% (n=350). 
After adjustment for demographical and clinical variables, 
De Ritis ratio was independently and positively associated 
with the prevalence of PAD [adjusted OR =1.31 (1.13–
1.59)]. Another cross-sectional study by Rief et al. (100) 
investigated the link between De Ritis ratio and critical 
limb ischemia in 1,782 patients with PAD. An optimal 
cutoff of De Ritis ratio of 1.67 (sensitivity 34.1%, specificity 
81%) was selected using the ROC curve analysis. Critical 
limb ischemia was more frequent among patients with De 
Ritis ratio >1.67 compared with patients with De Ritis 
ratio <1.67 (41.9% vs. 23.8%; P<0.001). After adjustment 
for well-established vascular risk factors, De Ritis ratio 
>1.67 remained independently associated with increased 
odds of critical limb ischemia [adjusted OR =2.0 (1.7–2.3)]. 
Patients with De Ritis ratio >1.67 were older, less often 
men, had lower body mass index, had more prevalent atrial 
fibrillation, congestive heart failure, CAD, renal failure 
and higher C-reactive protein and fibrinogen levels than 
patients with De Ritis ratio <1.67.

A number of studies have investigated the prognostic 
value of De Ritis ratio in patients with CAD. Liu et al. (15) 
assessed the association of De Ritis ratio with all-cause 
mortality in a retrospective cohort study of 203 patients with 
stable CAD over an average follow-up of 749 (435–1,122) 
days. Patients with a De Ritis ratio ≥1.40 (defined by ROC 
curve analysis) had significantly higher mortality [16.20% 
vs. 4.65%; adjusted HR =2.93 (1.08–7.91)]. A multicenter 
prospective study by Liu et al. (101) assessed the prognostic 
value of noninvasive liver fibrosis tests (including the De Ritis 
ratio) in 4,003 patients who underwent elective PCI over a 
mean follow-up of 5.0±1.6 years. There were 315 (7.87%) 
major cardiovascular events during the follow-up. De Ritis 
ratio was independently associated with the increased risk 
of cardiovascular events (cardiovascular death, nonfatal 
myocardial infarction or ischemic stroke) with an adjusted 
HR of 1.15 (1.04–1.27) per SD increase. Our group (102) 
assessed the association between De Ritis ratio and adverse 
events after PCI in 5,020 patients with stable CAD over a 
3-year follow-up. At 3 years, all-cause deaths occurred in 
5%, 7.5% and 14.5% of patients with the De Ritis ratio in 
the 1st (<0.75), 2nd (0.75 to 1.08) and 3rd (>1.08) tertile, 
respectively [adjusted HR =1.09 (1.06–1.12), P<0.001, per 
unit higher De Ritis ratio]. CVD deaths occurred in 3.0%, 

4.5% and 8.0% of the patients with the De Ritis ratio in 
the 1st, 2nd and 3rd tertile, respectively [adjusted HR =1.09 
(1.05–1.13), P<0.001, per unit higher De Ritis ratio]. The 
inclusion of De Ritis ratio in the multivariable models of 
mortality increased the C-statistic from 0.815 (0.794–0.836) 
to 0.818 (0.797–0.838) for all-cause mortality (P=0.005) 
and from 0.848 (0.822–0.874) to 0.855 (0.830–0.880) for 
CVD mortality (P=0.012). In addition, elevated De Ritis 
ratio correlated with increased risk of bleeding at 30 days 
and myocardial infarction and stroke at 3 years. The study 
suggested that De Ritis ratio improves discrimination for 
all-cause and CVD mortality and provides prognostic 
information on top of standard CVD risk factors. Steininger 
et al. (16) investigated whether aminotransferases and De 
Ritis ratio were associated with prognosis in 1,355 patients 
with acute myocardial infarction over a median follow-up of 
8.6 years. There were 554 deaths (40.9%) over the follow-
up including 414 CVD deaths. In unadjusted analysis, 
AST [unadjusted HR =1.19 (1.09–1.32)] and De Ritis 
ratio [unadjusted HR =1.31 (1.18–1.44)], both calculated 
per respective SDs, were associated with CVD mortality. 
ALT was not associated with the risk of mortality. After 
adjustment, the association between AST and mortality was 
attenuated whereas De Ritis ratio remained an independent 
correlate of CVD mortality [adjusted HR =1.23 (1.07–1.42), 
calculated per SD increment]. Similar findings were found 
for all-cause mortality. De Ritis ratio correlated positively 
with peak troponin and creatine kinase myocardial band, 
N-terminal probrain natriuretic peptide and C-reactive 
protein and negatively with glomerular filtration rate. The 
combination of De Ritis ratio with N-terminal probrain 
natriuretic peptide improved discrimination for mortality 
(net reclassification index and integrated discrimination 
improvement). Our group (17) investigated the association 
of De Ritis ratio with prognosis in 3,000 patients with acute 
myocardial infarction over a 3-year follow-up. At 3 years, 
all-cause deaths occurred in 13.2%, 17.8% and 21.9% of 
patients with De Ritis ratio in the 1st (<1.11), 2nd (1.11 to 
1.95) and 3rd (>1.95) tertile [adjusted HR =1.16 (1.02–1.31) 
calculated per unit higher log De Ritis ratio]; CVD deaths 
occurred in 8.2%, 12.0% and 15.4% of patients in the 
respective tertiles of the De Ritis ratio (adjusted HR =1.20 
[1.04–1.40] calculated per unit higher log De Ritis ratio). 
The inclusion of De Ritis ratio in the models of mortality 
did not increase significantly the C-statistic for all-cause 
(P=0.419) or CVD mortality (P=0.621). One study reported 
a significantly higher De Ritis ratio in patients presenting 
with ST-segment elevation acute myocardial infarction 
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than in patients presenting with non-ST-segment elevation 
myocardial infarction and a De Ritis ratio ≥2.0 was a strong 
correlate of total coronary artery occlusion (103). A strong 
correlation between De Ritis ratio and cardiac troponin I 
(R=0.7) has been reported in patients presenting with acute 
coronary syndromes (104).

Two studies have assessed the link between elevated De 
Ritis ratio and outcomes of patients with acute ischemic 
stroke. A retrospective study of 421 patients with acute 
ischemic stroke by Gao et al. (6) showed that elevated De 
Ritis ratio was associated with poor outcomes at 3 months. 
A ROC curve analysis defined cutoff of De Ritis ratio of 1.53 
was independently and positively associated with a poor 
outcome at 3 months [adjusted OR =1.89 (1.11–3.22)]. Xu  
et al. (105) assessed the link between De Ritis ratio and 
clinical outcome at 3 months and 1 year in 10,877 patients 
with acute ischemic stroke or transient ischemic attack 
enrolled in the Third China National Stroke Registry 
(CNSR-III). Patients with De Ritis ratio in the 4th quartile 
had higher risk of all-cause mortality within 3 months 
[adjusted HR =2.08 (1.25–3.47)] and 1 year [adjusted HR 
=2.26 (1.55–3.27)], and modified Rankin Score 3–6 and 2–6 
at 1 year [adjusted OR =1.29 (1.07–1.55) and 1.20 (1.02–
1.42), respectively], compared with patients with the De 
Ritis ratio in the first quartile. A multicenter retrospective 
study by Feng et al. (106) assessed the link between De Ritis 
ratio and CVD mortality in 1 579 patients on peritoneal 
dialysis who were followed up over 4,659.6 patient-
years. There were 316 deaths (193 CVD deaths) over the 
follow-up. The high De Ritis ratio group (>1.0, a cutoff 
defined using the ROC curve analysis) had significantly 
higher CVD and all-cause mortality (24.5% vs. 15.2% 
and 32.6% vs. 20.7%, respectively) at 5 years of follow-
up. After adjustment, the association of De Ritis ratio with 
CVD mortality [adjusted HR =1.43 (1.08–2.41)] and all-
cause mortality [adjusted HR =1.45 (1.13–2.37)] remained 
significant. Older age, female sex, statin use and lower 
bilirubin were independent correlates of higher De Ritis 
ratio. Nam et al. (107) investigated the relationship between 
preoperative aminotransferases and 90-day mortality in 
6,264 patients who underwent cardiovascular surgery. At  
90 days, 183 patients (2.9%) died. After adjustment, low  
(≤13 IU/L) ALT level [adjusted HR =1.58 (1.14–2.18)] and 
high (>1.62) De Ritis ratio [adjusted HR =1.59 (1.15–2.20)] 
were independently associated with mortality compared 
with respective middle values (13–30 U/L for ALT and 
0.85–1.62 for the De Ritis ratio). High [adjusted HR =1.39 
(0.96–2.01)] or low AST [adjusted HR =1.31 (0.91–1.89)] 

levels were not associated with mortality compared with 
middle values (17–30 U/L). The association of low ALT 
or high De Ritis ratio with 90-day mortality was more 
pronounced in patients older than 60 years (Pint <0.05 for 
both interactions).

Numerous recent studies have assessed the De Ritis 
ratio in morbid conditions associated with CVD or CVD 
related adverse events. De Ritis ratio has been shown to 
be associated with sarcopenia (108,109), frailty in older 
patients with heart failure (10), nutritional status and worse 
clinical outcomes in patients with acute heart failure (110), 
rhabdomyolysis (111), coronary lesions in Kawasaki disease 
(97,112), epicardial fat (113), contrast-induced acute kidney 
injury after elective PCI (114), acute kidney injury (115), 
hemolysis or devise thrombosis (116) and mortality (117) 
after implantation of left ventricular assist devices, acute 
kidney injury after cardiac surgery (118), functional severity 
of chronic heart failure with reduced left ventricular 
ejection fraction (119), unfavorable prognosis in patients 
in early stage of severe fever with thrombocytopenia  
syndrome (120), wider pulse pressure and increased 
odds of arterial hypertension (4), arterial stiffness (121), 
microvascular angina pectoris (122), coronary slow flow (123),  
mortality after cardiac arrest (9), in-hospital mortality in 
patients with pulmonary embolism (124), mortality in 
patients with pulmonary arterial hypertension (125) or 
thoracoabdominal trauma (126). The association of De 
Ritis ratio with these morbid conditions may show that 
an elevated De Ritis ratio is a correlate of severity of the 
condition and consequently of subsequent adverse events. 

In aggregate, the current status of knowledge with respect 
to the evidence linking De Ritis ratio with the CVD or 
mortality may be summarized as follows: (I) The evidence 
on the association between De Ritis ratio and incident CVD 
is strongly suggestive but not conclusive mostly due to 
limited longitudinal population-based studies in this field. 
(II) Epidemiological and clinical studies strongly support an 
association between elevated De Ritis ratio and the risk of 
all-cause and CVD mortality. (III) Whether the association 
between De Ritis ratio and CVD or mortality differs 
according to age, gender and ethnicity or whether the De Ritis 
ratio provides prognostic information on top of traditional 
cardiovascular risk factors requires further investigation.

De Ritis ratio and CVD: underlying mechanisms

Although, high and low De Ritis ratio may be associated 
with cardiometabolic risk and CVD, the majority of studies 
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have evidenced an association between elevated De Ritis 
ratio and these outcomes. The underlying mechanisms 
of the association of elevated De Ritis ratio with CVD or 
mortality are not entirely clear. However, based on the 
existing studies, a number of mechanisms may be offered. 

Elevated De Ritis ratio due to elevated AST level

Chronic liver disease affecting approximately 1.5 billion 
people worldwide in 2017 (127) is a common cause of 
the elevated AST level and De Ritis ratio. In fact, liver 
is the most important determinant of AST activity in 
health and disease and an elevated AST indicates an 
advanced stage of liver disease. Mechanisms of AST 
release from the cells (including hepatocytes) are discussed 
earlier in this review (see: Biology of aminotransferases). 
CVD is a leading cause of morbidity and mortality in 
patients in the end-stage of chronic liver disease (128). 
CAD is frequent in patients with end-stage chronic 
liver disease with a prevalence of up to 36.8% at the 
time of liver transplant (129). Chronic liver diseases like 
NAFLD (130) and nonalcoholic steatohepatitis (131)  
have increased cardiovascular risk for atherosclerosis and 
CAD even at the pre-cirrhotic stage and up to 11.6% of 
PCI procedures are performed in patients with a formal 
diagnosis of cirrhosis (132). Chronic liver disease is 
associated with higher odds of major adverse cardiovascular 
and cerebrovascular events, mortality and major bleeding, 
contrast-induced acute renal injury, longer hospitalization 
and increased costs after PCI (122,133,134). Patients with 
known advanced chronic liver disease are less likely to 
undergo invasive treatment due to fears of increased risk 
of complications (135). It should be recognized, however, 
that most patients with chronic liver disease remain 
asymptomatic up to advanced stages of the disease and 
are discovered incidentally during medical visits for other 
reasons (136). NAFLD is most common liver disease with 
an estimated prevalence of 32.4% worldwide (137). In early 
stages of disease liver enzymes may be mildly elevated, 
particularly ALT, which leads to a De Ritis ratio of less 
than one (78,138). However, with the disease progression 
towards fibrosis, reversal of De Ritis ratio may occur due 
to increased mitochondrial damage leading to release 
of mitochondrial fraction of AST and decreased hepatic 
clearance (139), which portends a poor prognosis (140). 
Reasonably, an elevated AST level and De Ritis ratio in 
the setting of liver disease is expected to be associated with 
higher odds of CVD and a poor prognosis.

Chronic alcohol consumption is a major cause of 
elevated AST activity in serum and De Ritis ratio. Alcohol 
damages liver via multiple mechanisms and liver bears the 
greatest degree of tissue injury by heavy drinking because it 
is the primary site of ethanol metabolism (141). As already 
mentioned in this review, De Ritis ratio values ≥2 indicate 
higher odds of alcohol-related liver disease (53,86) and 
Nyblom et al. (53) correctly pointed out that an elevated De 
Ritis ratio is a marker of alcohol-related liver damage rather 
than of heavy drinking. Increased AST activity by chronic 
alcohol consumption is expainable considering destructive 
actions of alcohol on hepatocytes (141). In addition, alcohol 
itself stimulates the synthesis and release of mitochondrial 
AST, thereby increasing the De Ritis ratio (142). Serum 
activity of the mitochondria1 AST is strikingly higher 
in alcoholic subjects than healthy controls and the mean 
mitochondrial AST to total AST ratio is 4 times higher 
in alcoholic subjects (52). One liver biopsy study showed 
increased amounts of mitochondrial AST messenger RNA 
indicating a possible increase in the total production of 
mitochondrial AST in the liver induced by alcohol (143). 
Although, alcohol has complex effects on cardiovascular 
health, heavy and prolonged drinking increases the risk for 
developing CVD and is associated with a poor prognosis 
(144,145). The alcohol-related deficiency pyridoxal-5’-
phosphate is discussed later in this review.

Elevation of AST activity in serum and De Ritis ratio 
occur in acute coronary syndromes due to AST release 
from ischemic or necrotic myocardium. Historically, 
measurement of AST activity in serum was the first 
biochemical test used to diagnose acute myocardial 
infarction (146).  Since AST activity is  highest in 
myocardium (Figure 1), the release of AST from ischemic/
necrotic myocardium is large enough to increase AST 
activity in serum and consequently the De Ritis ratio with 
values typically >1.3. AST activity—an enzymatic marker of 
myocardial necrosis (147,148)—increases within the first 6 
hours after AMI onset (104). In the setting of acute coronary 
syndromes or acute myocardial infarction, De Ritis ratio has 
been reported to correlate with peak troponin and creatine 
kinase myocardial band levels (16,104). In patients with 
acute myocardial infarction, De Ritis ratio has been shown 
to be a better prognostic marker than its components, AST 
and ALT (16,17). The strong correlation between elevated 
De Ritis ratio and established markers of myocardial 
necrosis may explain, the prognostic value of De Ritis ratio 
in patients with acute coronary syndromes.  Skeletal muscle 
disease of various etiologies and hematological disorders are  
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also  common causes of elevated AST activity and De Ritis 
ratio.

Elevated De Ritis ratio is common in morbid conditions 
characterized by multiorgan involvement or failure. Multi-
organ injury may lead to increased release of AST from 
multiple sources elevating AST activity in serum and De 
Ritis ratio (Figure 1). In conditions of prolonged circulatory 
insufficiency or increased metabolic or toxic stress in 
general, elevated De Ritis ratio indicates disease severity 
and end-organ damage that heralds a poor prognosis. A 
gradual increase in the frequency of cardiogenic shock from 
lower to upper tertiles of the De Ritis ratio was reported in 
patients with acute myocardial infarction (17) and explained 
by prolonged circulatory insufficiency leading to end-
organ damage (16). Elevated De Ritis ratio was reported 
in patients with out-of-hospital cardiac arrest (9), a morbid 
condition characterized by prolonged and generalized 
hypoperfusion and widespread end-organ damage. Ischemic 
hepatitis developing in the setting of prolonged circulatory 
insufficiency may be an important contributing factor to 
elevated De Ritis ratio and poor prognosis (149-151). Low 
cardiac output with reduction of hepatic blood flow may 
lead to ischemic hepatitis, even without shock (152,153). 
Ischemic hepatitis is characterized by a rapid rise-and-fall 
pattern of AST activity in serum (154). A high De Ritis ratio 
correlates with poor prognosis in other morbid conditions 
characterized with multiorgan involvement (or failure) 
like major burns (13), sepsis and septic shock (14,155), and 
polymyositis/dermatomyositis-associated interstitial lung 
disease (156).

Finally, the possibility that an elevated AST activity and 
De Ritis ratio may reflect a metabolic trait that predisposes 
to future metabolic derangements even in absence of 
overt clinical disease should be discussed. As suggested by 
Sookoian et al. (21), elevation of aminotransferase activity 
in metabolic diseases like NAFLD may indicate basic 
metabolic abnormalities at the amino acid and Krebs cycle 
levels. The most important cellular stimuli that control 
(induce) AST expression are those associated with increased 
gluconeogenesis (32,33). Notably, the localization of both 
AST and gluconeogenic enzymes in the same (periportal) 
zone of hepatic acinus further strengthened the evidence that 
AST and gluconeogenesis are closely linked. Cytoplasmic 
AST is also involved in glyceroneogenesis (38). Based on 
these lines of evidence, we hypothesize that an elevated AST 
and De Ritis ratio even in absence of clinical disease may 
indicate basic metabolic abnormalities or a metabolic trait 
that may serve as a cradle of future metabolic diseases.

Elevated De Ritis ratio due to reduced ALT level

Reduced ALT activity in serum may lead to elevated 
De Ritis ratio. In this scenario, prognostic information 
mediated by elevated De Ritis ratio may be different 
from the information conferred by elevated De Ritis ratio 
due to elevated AST. A reduction in ALT activity occurs 
with advancing age (157) and appears to be due to age-
related liver alterations characterized by reduced liver size 
and blood flow and histological alterations presumably 
due to prolonged oxidative stress (158,159). An inverted 
U-shaped relationship between age and ALT activity in 
serum with lower ALT activity at younger and older ages 
and a peak activity at 40–55 years has been reported (160).  
Liver diseases with extensive fibrosis involving large 
parts of liver parenchyma may lead to low ALT due to 
reduced production and release of the enzyme, commonly 
associated with indicators of reduced hepatic function 
such as low albumin and cholesterol. Frailty (157) and 
loss of independence (161) are associated with low ALT 
activity in serum, which may be explained by mechanisms 
similar to those explaining ALT lowering with aging as 
well as by diseases commonly associated with these morbid 
conditions, particularly in elderly. Lower ALT activity in 
serum is often found in patients with sarcopenia (162),  
which correlates with reduced survival. Lower ALT 
in individuals ≥65 years old who are free of chronic 
liver disease, cancer or excessive alcohol consumption 
is an indicator of frailty, disability, and sarcopenia and 
an independent correlate of reduced survival (163).  
Worse nutritional state and pyridoxal-5’-phosphate 
deficiency may contribute to low ALT activity levels and 
poor survival (158). Lower ALT activity may reflect a poor 
nutritional state (158). Pyridoxal-5’-phosphate deficiency, 
either isolated or in the context of poor nutritional state 
may lead to lower ALT activity and poor outcomes (163). If 
low ALT in serum reflects a low ALT activity in cells, then 
reduced rates of transamination may occur and lead to lower 
rates of gluconeogenesis and reduced oxidative capacity 
of the cells. Reduced testosterone level may lead to low 
ALT activity, either through androgen involvement in ALT 
expression (34) or in the setting of frailty syndrome (164)  
in men. Reduced testosterone levels are common in elderly 
and correlate with markers of atherosclerosis in patients 
with diabetes (165) and reduced survival in patients with 
CAD (166). Thus, elevated De Ritis ratio occurring in the 
setting of lower ALT activity reflects cardiometabolic risk 
conferred by conditions associated with low ALT, which 
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contribute to the understanding of the link of higher De 
Ritis ratio with poor prognosis and increased risk of CVD 
mortality.

Alcohol  consumption may lower pyridoxal-5’-
phosphate levels and alter the aminotransferase activity. 
Acetaldehyde—an intermediary product of alcohol 
metabolism (a product of alcohol dehydrogenase)—
accelerates pyridoxal-5’-phosphate decay by displacing 
it from binding proteins, which protects the coenzyme 
against hydrolysis (167). Free pyridoxal-5’-phosphate is 
dephosphorylated by alkaline phosphatase (or pyridoxal 
phosphatase) producing pyridoxal which is degraded 
further by aldehyde oxidase to pyridoxic acid—the main 
degradation product of vitamin B6 metabolism (168). It has 
been suggested that deficiency of pyridoxal 5’-phosphate 
decreases ALT synthesis to a greater extent than AST 
synthesis (142). A recent genome-wide association 
study showed that elevated De Ritis ratio in subjects 
with moderate-to-high drinking behavior and the rs671 
GA genotype was due to decreased levels of ALT not 
accompanied with significant change in the AST levels. 
Although there was an interaction effect in both men and 
women, the effect was larger in men (169). The rs671 is a 
non-synonymous G-to-A transition (leading to Glu504-to-
Lys substitution) in an aldehyde dehydrogenase 2 protein-
coding region of the aldehyde dehydrogenase 2 gene that is 
associated with almost a total loss of enzyme activity (158). 
If pyridoxal-5’-phosphate deficiency at cellular level leads 
to reduced rates of transamination reactions, then signaling 
pathways to increase the expression and production of 
aminotransferases may be activated. In the setting of 
coenzyme deficiency, this may lead to increased levels of 
hollow enzymes (afunctional apoenzyme without prosthetic 
group, i.e., pyridoxal-5’-phosphate) in sera of alcoholic 
subjects which may have implications for aminotransferase 
assays with pyridoxal-5’-phosphate activation. However, this 
hypothesis needs testing. One autopsy study of 20 patients 
showed that pyridoxal-5’-phosphate activation increased 
the activity of AST to a greater extent than activity of ALT 
(compared with values without pyridoxal-5’-phosphate 
activation) across various human tissues including liver, 
heart, skeletal muscle, lung, spleen, kidney, duodenum and 
brain (170).

De Ritis ratio and cardiovascular risk factors

The association between circulating aminotransferases 
and cardiometabolic risk factors is complex and has 

been recently reviewed (22,23).  Population-based 
studies have shown that elevated aminotransferase levels 
are associated with several cardiovascular risk factors 
including arterial hypertension, diabetes mellitus, 
metabolic syndrome, abdominal obesity, triglyceride level, 
impaired fasting glucose and insulin resistance (171-175).  
However,  De Rit i s  rat io  may behave di f ferent ly 
from aminotransferases in terms of association with 
cardiometabolic risk factors. 

Population-based studies (5,95,97) and studies in patients 
with CAD (16,17) have shown that an elevated De Ritis 
ratio is more likely to be associated with old age and female 
sex. The increase in the De Ritis ratio with advancing age 
may be due to progressive reduction of ALT activity with 
aging. Elevated De Ritis ratio correlates strongly with 
impaired renal function as assessed by estimated glomerular 
filtration rate (5,95,97). The lowering of aminotransferase 
activity in serum is proportional to the reduction of the 
glomerular filtration rate in patients with chronic kidney 
disease (176) and is explainable by vitamin B6 deficiency, 
hemodilution, uremic toxins and hyperhomocysteinemia 
that characterize chronic kidney disease (177-180). 
Although a lower De Ritis ratio is plausible in chronic 
kidney disease, consistent reports of an inverse association 
between De Ritis ratio and glomerular filtration rate 
suggest a greater likelihood of an elevated Re Ritis ratio 
associated with chronic kidney disease. In this scenario, 
elevation of De Ritis ratio may be explainable by reduced 
ALT activity or increased AST release due to increased 
stress (toxic, oxidative, inflammatory) on multiple organs 
and systemic alterations occurring in the setting of chronic 
kidney disease. Chronic kidney disease is well-known risk 
factor for CVD and CVD mortality. An elevated De Ritis 
ratio due to chronic kidney disease may reflect metabolic 
disarrangements and increased CVD risk. An inverse 
association between De Ritis ratio and obesity assessed by 
body mass index was consistently reported (5,16,17,95,97). 
This pattern of relationship is explainable considering 
increased De Ritis ratio in elderly, sarcopenic and frail 
subjects and subjects with malnutrition and vitamin B6 
deficiency, all of them known to be associated with lower 
body mass index. Increased ALT activity in conditions 
associated with obesity (diabetes, metabolic syndrome, 
hepatic steatosis and NAFLD) appears to further contribute 
to the inverse association between obesity and the De Ritis 
ratio. An elevated De Ritis ratio appears to be associated 
with systemic inflammation assessed by C-reactive protein 
in patients with PAD (100), acute myocardial infarction (16)  
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and peritoneal dialysis (106). Our group reported a 
U-shaped relationship between C-reactive protein and the 
De Ritis ratio, with higher values of C-reactive protein in 
lower and upper tertiles of De Ritis ratio compared with the 
middle tertile. This relationship may be due to liver disease 
and obesity being more frequent among patients with the 
lower De Ritis ratio and older age, reduced body mass index 
and reduced renal function being more frequent among 
patients with the higher De Ritis ratio (17).

Several studies have shown an inverse relationship 
between De Ritis ratio and the incidence of metabolic 
syndrome and diabetes mellitus. Of 633 subjects from the 
Insulin Resistance Atherosclerosis Study who were free 
of metabolic syndrome, 127 subjects developed metabolic 
syndrome after 5.2 years of follow-up. Subjects in the 
higher quartile of the De Ritis ratio had a lower risk of 
developing metabolic syndrome [adjusted HR =0.48 (0.25–
0.95)]. The association was not modified by ethnicity or sex 
and remained significant following exclusion of former and 
heavy drinkers (181). A population-based cohort study that 
included 2,276 adults (903 men and 1,373 women) aged 
40–70 years without metabolic syndrome showed that 395 
subjects (17.4%) developed metabolic syndrome over an 
average 2.6-year follow-up. After adjustment, subjects with 
De Ritis ratio in the 4th quartile had significantly lower risk 
of developing metabolic syndrome compared with subjects 
in the 1st quartile [adjusted HR =0.598 (0.422–0.853)]. 
In this study, De Ritis ratio had incremental predictive 
value for incident metabolic syndrome (182). A recent 
study in Chinese adolescents showed that De Ritis ratio 
was inversely associated with waist circumference, waist-
to-hip ratio, body mass index, diastolic blood pressure, 
triglyceride and low-density lipoprotein level, uric acid, 
fasting insulin and insulin resistance and directly with 
high-density lipoprotein level. In this study, the risk of 
metabolic syndrome was approximately 6 times higher 
among adolescents with lowest versus highest De Ritis ratio 
over 5 years of follow-up (183). A large population-based 
study (n=70,688 subjects) showed a significant association 
between low De Ritis ratio and incident diabetes over 
10 years of follow-up. The risk of diabetes was higher in 
subjects with De Ritis ratio ≤0.875, ALT ≥23 U/L and 
body mass index <25 kg/m2 compared with subjects with 
De Ritis ratio >0.875, ALT <23 U/L and body mass index  
≥25 kg/m2 (184). A retrospective cohort study of 15,464 
subjects in Japan, showed an inverse relationship between 
De Ritis ratio and the risk of diabetes mellitus up to a value 
of 0.93 [adjusted HR =0.14 (0.02–0.90)] whereas for De Ritis 

ratio values >0.93 the risk for developing diabetes was not 
significant [adjusted HR =0.67 (0.17–2.65)] over a median 
follow-up of 5.38 years (185). Similarly, a retrospective 
cohort study reported an inverse relationship between De 
Ritis ratio and the risk of diabetes mellitus for De Ritis ratio 
values up to 0.882 (186). In patients with diabetes mellitus, 
elevated De Ritis ratio was independently associated with 
the risk of progression of diabetic nephropathy (186). One 
study in patients with arterial hypertension has reported an 
inverse association between De Ritis ratio and low-density 
lipoprotein-cholesterol, triglycerides, albumin and uric acid 
and a positive correlation with high-density lipoprotein-
cholesterol and homocysteine (95). The association between 
De Ritis ratio and low-density lipoprotein-cholesterol 
remains controversial. De Ritis ratio appears to be inversely 
associated with gamma-glutamyl transferase (95). 

In aggregate ,  evidence avai lable  suggests  that 
the association between elevated De Ritis ratio and 
cardiovascular risk factors is diverse and not particularly 
strong. Elevated De Ritis ratio correlates positively with 
age, systemic inflammation and impaired renal function and 
inversely with obesity, metabolic syndrome and diabetes 
mellitus. The extent and direction of the association 
between De Ritis ratio and cardiovascular risk factors cannot 
explain the consistently reported strong association between 
elevated De Ritis ratio and CVD or CVD mortality. In an 
attempt to explain the link between elevated De Ritis ratio 
and CVD and CVD mortality, we hypothesize that De 
Ritis ratio absorbs and mediates cardiovascular risk that is 
not provided by standard cardiovascular risk factors. In this 
regard, De Ritis ratio may be considered as an emerging 
nonstandard cardiometabolic risk marker.

Low De Ritis ratio

The majority of studies summarized in this review showed 
an association between elevated De Ritis ratio and CVD or 
CVD mortality. However, a lower De Ritis ratio correlates 
with liver disease, obesity and dysmetabolic states in 
the setting of inverse association with these conditions 
(5,16,17,95,97,181-186) and may contain cardiometabolic 
risk. A low De Ritis ratio may result from low AST 
levels associated with vitamin B6 deficiency (187). Low 
concentration of vitamin B6 in plasma is more likely to be 
found in association with elevated alkaline phosphatase 
in elderly and patients with advanced renal, hepatic or 
inflammatory diseases (187). Lower AST levels are found 
in chronic kidney disease patients and AST levels decrease 
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further with progression of the disease (180). 
Elevated ALT levels and consequently a lower De 

Ritis ratio may occur in numerous morbid conditions 
including highly prevalent liver disease, particularly 
NAFLD considered to be a strong correlate or even an 
equivalent of metabolic syndrome. Elevated ALT level 
correlates positively with liver fat estimated by magnetic 
resonance spectroscopy (188,189). ALT correlates with 
insulin resistance in liver, insulin secretion, and glucagon 
level in healthy subjects of both sexes (190). Elevated ALT 
correlates positively with atherogenic lipids (apolipoprotein 
B, triglycerides and small dense low-density lipoprotein 
particles), plasma glucose, C-reactive protein, abdominal 
obesity and arterial hypertension and negatively with 
apolipoprotein A1 and high-density lipoprotein-cholesterol 
(191-195). Elevated ALT is associated with plasminogen 
activator inhibitor-1 antigen, coagulation factor XIII B 
subunit, and factor XII (suggesting a higher thrombotic 
risk) (194), Framingham risk score (196,197), endothelial 
dysfunction (198), coronary calcification (199), coronary 
atherosclerosis (200,201) and lower adiponectin levels (202).  
Morbid conditions associated with elevated ALT activity 
and association with cardiovascular risk have been recently 
reviewed (22). With this evidence in background, it 
remains puzzling why elevated but not lower De Ritis ratio 
correlates with CVD and CVD mortality in most studies. 
Although the underlying mechanisms remain unclear, a 
concomitant increase in the AST level in these conditions 
may counterbalance the impact of elevated ALT level on 
De Ritis ratio offsetting the association between conditions 
associated with elevated ALT level and CVD or CVD 
mortality. Likewise, concomitant elevation of AST levels (if 
occurs) may reflect a more severe condition (or stage of the 
disease) than elevated ALT level alone, and consequently 
has a higher impact on prognosis.

Conclusions

De Ritis ratio is an emerging cardiometabolic risk 
marker. Although easy to calculate from readily available 
components, the De Ritis ratio is a highly complex 
biochemical parameter that needs to be standardized. 
De Ritis  rat io absorbs a large amount of  cardio-
metabolic information that is not mediated by individual 
aminotransferases. Abnormal values of De Ritis ratio may 
indicate increased cardiometabolic risk associated with 
occult or overt hepatic or extrahepatic diseases and in 

absence of overt clinical disease, they (particularly elevated 
values) may represent a metabolic trait that foresees future 
metabolic disease(s). Although low and high De Ritis ratio 
may be associated with cardiometabolic risk, the majority 
of studies support an association between elevated De Ritis 
ratio and prognosis. Recent evidence suggests a consistent 
association of De Ritis ratio with prognosis across various 
diseases, including diabetes mellitus, cancer, diseases 
characterized by multiorgan failure, CVD, stroke and 
COVID-19. Evidence linking De Ritis ratio with the risk of 
incident CVD is suggestive but not definitive due to limited 
epidemiological evidence from high-quality longitudinal 
studies of sufficient duration. Epidemiological and clinical 
studies strongly support an association of elevated De 
Ritis ratio with the risk of total and CVD mortality. The 
majority of studies supporting an association between De 
Ritis ratio and CVD or CVD mortality came from Asian 
populations. The association between De Ritis ratio and 
traditional cardiovascular risk factors is diverse and not 
strong enough to explain the association of De Ritis ratio 
with CVD or CVD mortality. It is likely that De Ritis ratio 
absorbs and mediates cardiometabolic risk that is poorly 
incorporated in and mediated by traditional cardiovascular 
risk factors—an attribute that may explain its association 
with CVD and CVD mortality. In this regard, De Ritis 
ratio may be considered as a nonstandard cardiometabolic 
marker. Whether the strength of association between 
De Ritis ratio and CVD or mortality differs according to 
ethnicity, age and sex requires further investigation. The De 
Ritis ratio requires standardization by authoritative bodies 
with respect to reference range and interpretation. Future 
epidemiological, clinical and laboratory studies are required 
to further clarify the association between De Ritis ratio and 
CVD and related prognosis.
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