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AST to Platelet Ratio Index (APRI) 
is an easy‑to‑use predictor score 
for cardiovascular risk in metabolic 
subjects
Carlo De Matteis1, Marica Cariello1, Giusi Graziano1, Stefano Battaglia2,3, Patrizia Suppressa2, 
Giuseppina Piazzolla2, Carlo Sabbà2 & Antonio Moschetta1,2*

Visceral obesity is characterized by a low‑grade inflammatory systemic state that contributes to the 
genesis of non‑alcoholic fatty liver disease (NAFLD), frequently associated with liver fibrosis. Non‑
invasive serum markers have recently emerged as reliable, easy‑to‑use scores to predict liver fibrosis. 
NAFLD is often linked to metabolic and cardiovascular risk. Thus, in this cross‑sectional study, we 
investigated in a population of 1225 subjects if AST to Platelet Ratio Index (APRI), one of the non‑
invasive liver fibrosis serum markers, can predict cardiovascular risk (CVR). APRI has been previously 
validated as an efficient score to predict liver fibrosis in viral hepatitis patients with a cut‑off of 0.5 
for fibrosis and 1.5 for cirrhosis. Our study showed that APRI significantly correlates with CVR and 
determines, when elevated, a significant increase in CVR for both genders, especially females. This 
spike in CVR, observed when APRI is elevated, is relatively high in patients in the age of 51–65 years, 
but it is significantly higher in younger and premenopausal women, approaching risk values usually 
typical of men at the same age. Taken together, our data highlighted the role of APRI as a reliable 
predictor easy‑to‑use score for CVR in metabolic patients.

Abbreviations
ALP  Alkaline phosphatase
ALT  Alanine transaminase
AST  Aspartate transaminase
BMI  Body Mass Index
cIMT  Carotid intima media thickness
DBP  Diastolic blood pressure
ESR  Erythrocyte sedimentation rate
GGT   Gamma-glutamyltransferase
HbA1c  Glycosylated hemoglobin
HDL-C  High-density lipoprotein cholesterol
LDL-C  Low-density lipoprotein cholesterol
SBP  Systolic blood pressure
TC  Total cholesterol
TG  Triglyceride
Hs-CRP  High-sensitivity C reactive protein
WC  Waist circumference

Metabolic Syndrome (MetS) is a systemic condition characterized by a complex spectrum of clinical factors 
such as visceral obesity, hypertension, and impaired glucose as well as lipid  homeostasis1. Since 2000, the MetS 
definition has seen several upgrades and changes, the last being in 2006, when the International Diabetes Federa-
tion (IDF) established the following criteria to define the MetS: i.e. waist circumference (WC) > 94 cm in males 
or > 80 cm in females; Systolic Arterial Pressure (SAP) ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg (or 
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drug treatment for hypertension); fasting plasma glucose (FPG) ≥ 100 mg/dL (or drug treatment for elevated 
glucose); triglycerides (TG) ≥ 150 mg/dL (or drug treatment for elevated triglycerides); high density lipoprotein 
(HDL) concentration < 40 mg/dL in males or < 50 mg/dL in females (or drug treatment for dyslipidaemia).

Increased values of WC and the contemporary presence of two or more other criteria leads, according to the 
aforementioned definition, to the diagnosis of  MetS2. Above all, the EPIC  study3 highlighted the role of WC as a 
non-invasive method to predict the presence of excessive visceral adipose tissue and anticipate the risk of death 
due to cardiovascular events. Indeed, the excess of visceral fat is considered crucial for MetS complications, as 
it is to determine a major increment in cardiovascular  risk4,5. Moreover, MetS is characterized by a low-grade 
inflammatory condition determined by an increased production of adipokines, chemokines and cytokines, as well 
as an atypical activation of immune cells. Sub-clinical inflammation, along with increased insulin resistance and 
an array of additional health problems, contributes to the genesis of major complications of MetS: atherosclerotic 
plaque formation, Non-Alcoholic Fatty Liver Disease (NAFLD) and Non-alcoholic Steato-hepatitis (NASH)6.

Although liver biopsy is the gold standard for the NASH diagnosis, non-invasive markers of fibrosis are being 
incorporated into the routine clinical care of patients with liver disease. The availability of accurate non-invasive 
tests has allowed to screen large cohorts for significant liver diseases, allowing the assessment of the real burden 
of the liver disease in the general population.

As of late, non-invasive liver fibrosis scores have been used as systemic inflammation  markers7 besides dif-
ferent ratios and scores such as neutrophil-to-lymphocyte ratio (NLR)8,9, platelet-to-lymphocyte ratio (PLR)10,11, 
lymphocyte-to-monocyte ratio (LMR)12,13 and monocyte-to-HDL ratio (MHR)14 indexes. Indeed, several studies 
investigated the role of NAFLD score (NFS), AST to Platelet Ratio Index (APRI score) and FIB-415 in predicting 
the role of MetS in non-hepatitis patients, investigating why liver failure is linked to cardiovascular diseases, even 
though the association between all the scores and MetS is still not well  established16,17.

The AST to Platelet Ratio Index (APRI score) is an easy-to-use score to predict liver  fibrosis18, such as other 
noninvasive serum markers (FIB-4 index, FLI, NFS, BARD, Forns  index19). APRI and FIB-4 can easily be calcu-
lated as fast, low cost and practice alternative to other tests, especially compared to liver biopsy and further inva-
sive tests. APRI is still often used to evaluate the level of liver fibrosis in patients affected by hepatitis B or C and 
combines commonly obtained laboratory tests, whereas FIB-4 integrates other factors such as age to its formula.

Given the relevance of systemic inflammation in NAFLD, often associated with MetS, in the present study 
we analysed the potential role of APRI score in predicting the cardiovascular risk (CVR) using the Framingham 
Heart  Study20 in metabolic subjects.

Results
Clinical characterization of the study population. The baseline characteristics of the study popula-
tion are shown in Table 1 and Supplementary Table 1. We enrolled 540 MetS patients (MetS YES) and 685 non-
metabolic subjects (MetS NO). Compared to non-metabolic subjects, MetS patients exhibited increased waist 
circumferences (WC), blood pressure, BMI, glycemia, HbA1c, triglycerides (TG), decreased HDL and increased 
levels of inflammation markers (WBC, neutrophils, Hs-CRP, ESR). Platelet count was not significantly differ-
ent between the two groups. Liver markers such as aspartate transaminase (AST), alanine transaminase (ALT), 
alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) were found significantly higher in MetS 
patients. Compared to non-metabolic subjects, levels of ferritin were higher in MetS patients, while iron and 
creatinine concentration was lower in this group. Considering non-invasive indexes, MetS patients presented 
increased values of CVR, APRI and FIB-4 score (Table 1 and Supplementary Table 1).

Association of APRI score with MetS criteria. To evaluate the link between APRI score and metabolic 
conditions, we compared APRI levels in non-metabolic and MetS patients, showing that MetS patients have sig-
nificantly higher APRI, when compared to non-metabolic subjects (Fig. 1b). To further characterise our study 
population, we considered MetS criteria observing that APRI score significantly increased with the number of 
MetS parameters, especially in MetS patients (Fig. 1c).

Given the role of MetS in defining CVR, we analysed the relation between BMI, MetS and APRI, comparing 
APRI levels in normal, overweight and obese patients (according to the BMI  definition21), showing that APRI 
increased in overweight patients as well as in obese subjects compared to healthy subjects (Fig. 2a). Further-
more, we observed a significant up-regulation of APRI levels in patients with elevated WC, low HDL levels, 
high glycemia and trygliceride levels (MetS criteria) (Fig. 2b,d–f). No differences in APRI levels were found in 
patients with increased blood pressure (Fig. 2c). Interestingly, considering all criteria, glycemia stands as the 
major determinant of elevated APRI levels. These data confirm the relation between APRI and MetS, showing 
that each criteria, if positive for MetS, determines an increment of APRI score.

To characterize the link between APRI and CVR, we further divided our population between non-metabolic 
subjects and MetS according to cut-off value for APRI (see material and method section). Both non-metabolic 
subjects and MetS groups with APRI > 0.5 did not present significant age difference compared to non-metabolic 
and MetS groups with APRI < 0.5, respectively. Furthermore, liver markers (AST, ALT, ALP, GGT) were signifi-
cantly higher in non-metabolic subjects and MetS patients with APRI > 0.5 compared to non-metabolic and MetS 
groups with APRI < 0.5. The statistical comparison of CVR confirmed that there is a significant difference when 
APRI > 0.5 in the non-metabolic and MetS groups, yet especially in non-metabolic subjects with APRI > 0.5, it 
is particularly important to note that the CVR reaches the same level as in MetS with APRI < 0.5 (Table 2 and 
Supplementary Table 2). These data highlight the role of elevated APRI as a non-invasive predictor for metabolic 
disorders. Both non-metabolic and MetS subjects with APRI > 0.5 showed major increase in CVR compared to 
reciprocal cohort with APRI < 0.5, as well as elevated values for MetS risk factors.



3

Vol.:(0123456789)

Scientific Reports |        (2021) 11:14834  | https://doi.org/10.1038/s41598-021-94277-3

www.nature.com/scientificreports/

Overall, these data highlighted the role of elevated APRI to predict a significant increment in CVR in both 
non-metabolic and metabolic subjects.

Correlation between APRI score and CVR. To analyse the relation between APRI and CVR, we calcu-
lated the correlation of the two variables in the entire study population of 1142 patients, including the ones who 
took drugs and other medications that might affect the platelet count and APRI itself. We found a significant and 
positive correlation of APRI with CVR (Fig. 3a).

Furthermore, we divided our study population to identify four different age ranges. This was necessary 
to identify if an age increase could determine the relation between APRI and CVR: results showed that in all 

Table 1.  Clinical characterization of the study population. Data are age-adjusted and presented as 
mean ± SEM (standard error of the mean). BMI Body Mass Index, WC waist circumference, SBP systolic 
blood pressure, DBP diastolic blood pressure, HbA1c glycosylated hemoglobin, TC total cholesterol, HDL-C 
high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, TG triglyceride, AST aspartate 
transaminase, ALT alanine transaminase, ALP alkaline phosphatase, GGT  gamma-glutamyltransferase, ESR 
erythrocyte sedimentation rate, Hs-CRP high-sensitivity C reactive protein.

Clinical variable MetS NO MetS YES p-value

n (M:F) 685 (336:349) 540 (287:263) –

Weight (kg) 76.89 ± 0.71 83.21 ± 1.32  < 0.05

Waist circumference (cm) 95.9 ± 0.91 105.9 ± 1.21  < 0.05

BMI (kg/m2) 26.9 ± 0.39 30 ± 0.39  < 0.05

Sistolic blood pressure (mmHg) 124.0 ± 0.28 134 ± 0.99  < 0.05

Diastolic blood pressure (mmHg) 76.9 ± 0.27 81.4 ± 0.73  < 0.05

Platelet count  (106/μL) 228.21 ± 3.46 193.7 ± 3.48 NS

Hemoglobin (g/dl) 13.99 ± 0.02 14.15 ± 0.02 NS

WBC  (103/µl) 5.99 ± 0.04 6.99 ± 0.03  < 0.05

Monocytes (%) 6.54 ± 0.02 6.51 ± 0.04 NS

Lymphocytes (%) 32.38 ± 0.60 32.02 ± 0.43 NS

Neutrophils (%) 57.01 ± 0.22 58.26 ± 0.03 NS

Basophils (%) 0.53 ± 0.01 0.55 ± 0.02 NS

Eosinophils (%) 2.79 ± 0.07 2.79 ± 0.07 NS

Glucose (mg/dl) 91.94 ± 1.29 121.4 ± 2.02  < 0.05

HbA1c (mmol/mol) 37.5 ± 0.43 43.23 ± 0.83  < 0.05

Total cholesterol (mg/dl) 173 ± 3.23 172.29 ± 2.93 NS

HDL-c (mg/dl) 58.42 ± 1.23 44.32 ± 0.73  < 0.05

LDL-c (mg/dl) 102.43 ± 1.32 101.23 ± 1.32 NS

TG (mg/dl) 95.43 ± 1.32 158.32 ± 3.21  < 0.05

AST (U/I) 27.32 ± 0.39 29.32 ± 0.22 NS

ALT (U/I) 32.2 ± 0.51 38.32 ± 1.49  < 0.05

ALP (U/I) 70.21 ± 1.32 72.12 ± 1.32  < 0.05

GGT (U/I) 34.32 ± 1.83 51.22 ± 3.22  < 0.05

Ferritin (ng/ml) 121.32 ± 8.32 134.32 ± 11.48 NS

Iron (µg/dl) 83.21 ± 3.42 78.32 ± 3.22 NS

Creatinine (mg/dl) 0.84 ± 0.02 0.86 ± 0.01 NS

Uric acid (mg/dl) 48.67 ± 0.19 58.08 ± 0.35 NS

Total protein (g/dl) 7.24 ± 0.03 7.32 ± 0.03 NS

Albumin (g/dl) 4.52 ± 0.21 4.99 ± 0.22 NS

ESR (mm/h) 14 ± 1.7 21.21 ± 1.24  < 0.05

Hs-CRP (mg/l) 3.71 ± 0.34 4.43 ± 0.86 NS

TSH (mUI/L) 1.83 ± 0.35 2.09 ± 0.21 NS

FT3 (pg/ml) 2.80 ± 0.12 2.54 ± 0.02 NS

FT4 (ng/dl) 1 ± 0.21 1.02 ± 0.12 NS

Ab anti TG (UI/ml) 42.32 ± 15.03 65.23 ± 32.93 NS

Ab anti TPO (UI/ml) 301.12 ± 133.32 183 ± 132.74  < 0.05

Cardiovascular risk (Framingham) 13.43 ± 1.43 32.91 ± 1.91  < 0.05

FIB-4 score 1.3 ± 0.09 1.84 ± 0.02  < 0.01

APRI score 0.3 ± 0.01 0.62 ± 0.02  < 0.01
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ranges a pathologic APRI relates to an increased CVR, especially in younger patients, between the age of 18 and 
50 years old. (Fig. 3b).

To better characterize our study population, we then excluded from the same analysis patients who took 
anticoagulant or antiplatelet drugs, which may alter the APRI value, decreasing the study population to 846 
patients between non-metabolic subjects and MetS patients (439 and 407 respectively). Results of the correla-
tion showed high statistical relevance (p < 0.01) in MetS patients compared to non-metabolic subjects (Fig. 3c).

Furthermore, to evaluate the link between APRI and CVR, we divided our cohort in non-metabolic and MetS 
subjects with APRI > 0.5 (77 non-metabolic and 125 MetS subjects). We observed a strong correlation (r = 0.8) 
between APRI and CVR in both non-metabolic and MetS subjects with APRI > 0.5 (Fig. 4a,b), demonstrating 
that high levels of APRI determine a major increase in CVR in both groups.

Figure 1.  Flowchart of study population and graphic representation of APRI score values. (a) Flowchart of the 
study population. (b) T-Test comparison of entire study population. Subjects categorized based on Metabolic 
Syndrome (MetS) diagnosis; non-metabolic (MetS NO) subjects = n.685, MetS (MetS YES) patients = n.540. 
Data is presented as mean ± SEM; **p < 0.01. (c) Comparison of APRI levels. Subjects were categorized based 
on positivity for MetS criteria. 0 criteria = n.186, 1 criterion = n.240, 2 criteria = n.259, 3 criteria = n.283, 4 
criteria = n.171, 5 criteria = n.86. Data is presented as mean ± SEM. Comparison of groups was performed using 
one-way ANOVA test followed by Bonferroni’s post-hoc test. Data from groups sharing the same lowercase 
letter were not significantly different, whereas data from groups with different case letter were significantly 
different (p < 0.05).
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Furthermore, to analyse the correlation between APRI > 0.5 and MetS we divided our cohort using the same 
age ranges previously defined (Fig. 3). We found that APRI > 0.5 determines an increment in CVR in all age 
ranges (Fig. 4c). This is particularly evident when comparing CVR in MetS with APRI > 0.5 in 18–30 years old 
group, who have shown a five-fold CVR to MetS with APRI < 0.5, as well as in the range between age 31 and 
50 years old, in which there is a more than double risk (Fig. 4c). To further investigate if APRI determines the 
same increment in CVR even in different cohorts, we compared the level of CVR in healthy and diabetic (DM) 
patients: data showed that even in the diabetic group, APRI > 0.5 strongly influenced the outcome of the analysis, 
affecting the CVR which is found to be higher in subjects with elevated APRI than in diabetic patients (Fig. 4d). 
Therefore, to better comprehend the role of APRI > 0.5, we compared the level of CVR in prediabetes subjects 
(preDM), DM and MetS patients: data showed that in each group, APRI > 0.5 constantly determines a major 
increase in CVR (Fig. 4e).

Figure 2.  APRI score levels analyzed by single MetS criterion and BMI cut-offs. (a) Comparison of APRI 
values according to BMI definition. Subjects were divided in three different categories. Healthy = n. 412, 
Overweight = n. 421, Obese = n.305. Data is presented as mean ± SEM. Comparison of groups was performed 
using one-way ANOVA test followed by Bonferroni’s post-hoc test. Data from groups sharing the same 
lowercase letters were not significantly different, whereas data from groups with different case letters were 
significantly different (p < 0.05). (b–f) T-Test comparison of APRI values in subjects divided by positivity for 
each MetS criterion according to IDF definition. Data is presented as mean ± SEM. *p < 0.05, **p < 0.01.
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Taken together, our data showed that APRI correlates with MetS criteria and is significantly related with CVR 
in preDM subjects, as well as in MetS and DM patients.

Gender difference in APRI and CVR correlation. To further characterize the role of APRI in defin-
ing CVR in our study population, we proceeded to divide our cohort of patients by gender. We broke down 
the same groups studied before (non-metabolic, MetS, non-metabolic and MetS subjects with APRI > 0.5). Our 

Table 2.  Clinical comparison between non-metabolic and MetS subjects with normal and elevated APRI score 
in the study population. Data are age-adjusted and presented as mean ± SEM (standard error of the mean). 
BMI Body Mass Index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, TC 
total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein 
cholesterol, HbA1c glycosylated hemoglobin, Hs-CRP high-sensitivity C reactive protein, ESR erythrocyte 
sedimentation rate, GGT  gamma-glutamyltransferase, AST aspartate transaminase, ALT alanine transaminase, 
ALP alkaline phosphatase. a Indicates statistical significance compared to MetS NO with APRI < 0.5 group. 
b Indicates statistical significance compared to MetS NO with APRI > 0.5 group. c Indicates statistical 
significance to MetS YES with APRI < 0.5 group.

Clinical variable

MetS NO MetS YES

p-valueAPRI < 0.5 APRI > 0.5 APRI < 0.5 APRI > 0.5

n (M:F) 587 (283:304) 98 (53:45) 406 (216:200) 134 (71:63) –

Weight (kg) 73.43 ± 0.70 78.93 ± 2.44 84.04 ± 0.81a 87.21 ± 2.01  < 0.05

Waist circumference (cm) 91.99 ± 0.61 95.24 ± 1.68 106.66 ± 0.61a,b 106.54 ± 1.32a  < 0.01

BMI (kg/m2) 25.62 ± 0.39 26.95 ± 1.23 30.62 ± 0.31 30.59 ± 1.43 NS

Sistolic blood pressure (mmHg) 120.94 ± 0.74 124.71 ± 2.09 134.61 ± 0.90a 134.41 ± 1.51a  < 0.05

Diastolic blood pressure (mmHg) 76.15 ± 0.32 76.13 ± 1.10 80.77 ± 0.31 81.55 ± 1.04 NS

Platelet count  (106/μL) 245.11 ± 2.76 172.74 ± 4.99a,c 243.31 ± 2.31 179.94 ± 4.93a,c  < 0.05

Hemoglobin (g/dl) 13.91 ± 0.12 14.10 ± 0.31 13.81 ± 1.31 14.10 ± 0.13 NS

WBC (103/µl) 6.03 ± 0.08 5.60 ± 0.28 7.04 ± 1.83 6.30 ± 0.16 NS

Monocytes (%) 6.24 ± 0.07 6.81 ± 0.34 6.21 ± 0.04 6.78 ± 0.19 NS

Lymphocytes (%) 33.01 ± 0.38 32.89 ± 1 30.37 ± 0.38 32.98 ± 0.94 NS

Neutrophils (%) 57.51 ± 0.31 56.54 ± 1.21 59.42 ± 0.29 57.07 ± 0.94 NS

Basophils (%) 0.53 ± 0.03 0.6 ± 0.04 0.53 ± 0.02 0.56 ± 0.03 NS

Eosinophils (%) 2.73 ± 0.11 2.82 ± 0.32 2.71 ± 0.99 2.78 ± 0.21 NS

Glucose (mg/dl) 88.27 ± 0.81 92.30 ± 2.89 116 ± 2.82a,b 120.61 ± 3.94a,b  < 0.05

HbA1c (mmol/mol) 37.47 ± 0.30 37.89 ± 1.51 47.82 ± 0.94a,b 46.83 ± 1.41a,b  < 0.05

Total cholesterol (mg/dl) 189.04 ± 1.09 174.38 ± 4.31 175.12 ± 1.40 181.15 ± 3.99 NS

HDL-c (mg/dl) 60.65 ± 0.51 54.69 ± 2.31 47.01 ± 0.71a,b 44.44 ± 1.32a,b  < 0.01

LDL-c (mg/dl) 110.42 ± 1.21 99.5 ± 4.40 99.31 ± 1.14 99.32 ± 3.42 NS

TG (mg/dl) 91.54 ± 1.32 95.64 ± 3.84 158.13 ± 4.31a,b 165 ± 7.99a,b  < 0.05

AST (U/I) 20.06 ± 0.21 34.73 ± 1.03a 20.54 ± 0.31 41.88 ± 1.52a,c  < 0.01

ALT (U/I) 26.35 ± 0.37 43.86 ± 2.96a,c 29.79 ± 1.02 58.34 ± 3.25a,c  < 0.05

ALP (U/I) 66.47 ± 1.42 75.19 ± 2.98 72.12 ± 1.42 73.36 ± 2.52 NS

GGT (U/I) 27.11 ± 0.88 47 ± 4.93a 37.32 ± 1.32 62.17 ± 5.31a,c  < 0.01

Ferritin (ng/ml) 96.32 ± 3.98 159.29 ± 13.99a,c 114.32 ± 9.48a 180.73 ± 18.33a,c  < 0.05

Iron (µg/dl) 84.21 ± 2.50 93.98 ± 7.12 86.32 ± 3.29 75.53 ± 4.23b NS

Creatinine (mg/dl) 0.80 ± 1.49 0.86 ± 0.02 0.91 ± 1.99 0.87 ± 2.01 NS

Uric acid (mg/dl) 53.83 ± 0.18 57.99 ± 0.40 58.02 ± 0.31 60.33 ± 0.91a NS

Total protein (g/dl) 7.24 ± 1.40 7.22 ± 4.81 7.30 ± 4.32 7.41 ± 5.01 NS

Albumin (g/dl) 4.63 ± 0.84 4.43 ± 2.85 5.13 ± 0.59 4.37 ± 0.15 NS

ESR (mm/h) 14.02 ± 0.48 14.24 ± 1.73 21.32 ± 1.11a,b 18.91 ± 1.94 NS

Hs-CRP (mg/l) 3.68 ± 0.17 3.76 ± 0.32 4.93 ± 0.42 4.50 ± 0.36 NS

TSH (mUI/L) 1.84 ± 0.10 2.02 ± 0.17 2.09 ± 0.63 1.96 ± 0.23 NS

FT3 (pg/ml) 2.82 ± 1.83 2.82 ± 6.01 2.76 ± 2.96 2.80 ± 5.83 NS

FT4 (ng/dl) 1.01 ± 1.12 0.99 ± 0.84 1.06 ± 1.45 1.07 ± 2.99 NS

Ab anti TG (UI/ml) 42.73 ± 12.01 42.69 ± 27.31 96 ± 47.86 15.36 ± 2.44 NS

Ab anti TPO (UI/ml) 441.71 ± 160.54 38.83 ± 13.93 259.96 ± 214.93 19.10 ± 2.86 NS

Cardiovascular risk (Framingham) 9.93 ± 0.83 21.95 ± 1.54a 24.51 ± 0.91a 39.97 ± 2.01a,b,c  < 0.01

FIB-4 score 1.13 ± 0.14 1.58 ± 0.16 1.04 ± 0.03 2.05 ± 0.21a,c  < 0.05

APRI score 0.28 ± 0.06 0.67 ± 0.04a,c 0.28 ± 0.02 0.84 ± 0.09a,c  < 0.01
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data showed that, in non-metabolic subjects, men presented more than double the CVR compared to women, 
but this difference attenuated in MetS patients (Fig. 5a,b). Furthermore, we analysed non-metabolic and MetS 
subjects with APRI > 0.5, observing that the gap in CVR between men and women narrows as the level of APRI 
increases, especially, in patients with a diagnosis of MetS (Fig. 5c,d). Interestingly, we showed that CVR in MetS 
women with APRI > 0.5 substantially reaches the same value in the group of MetS men with APRI > 0.5. (Fig. 5d).

Indeed, to better characterize the correlation between APRI and CVR in gender-based population we ana-
lysed in the above-mentioned groups the gender difference between patients with normal and pathologic APRI 
in the four different age ranges. In non-metabolic subjects, CVR is higher in men, especially in the age ranges 
18–30 and 31–50, where it is more than double compared to women of the same age (Fig. 6a). In MetS group, 
we detected a larger gap between the two genders in the age range 18–30 (Fig. 6b). In the non-metabolic group 
with APRI > 0.5 we did not observe significant gender-differences at 18–30, 51–65 and 65 + ranges but in 31–50 
range we found a significant up-regulation of CVR in men compared to women (Fig. 6c). Interestingly, MetS 
patients with APRI > 0.5 showed significantly higher CVR in both genders, (CVR = 30.75 ± 3.09 for women and 
35.28 ± 4.05 for men) compared to non-metabolic subjects with APRI > 0.5 (CVR = 18.90 ± 3.35 for women and 
24.55 ± 5.51 for men) and MetS patients with APRI < 0.5 (CVR = 14.45 ± 1.27 for women and 24.98 ± 1.84 for 
men). Both genders exhibited increased CVR compared to groups with APRI < 0.5, MetS patients included, but 
this is particularly evident for women, who reached the same level of CVR of men (Fig. 6d).

To further evaluate the capacity of pathologic APRI to determine an increase in CVR, especially in young and 
under 50 years old patients, we specifically analysed the age range between 18 and 50 years old, also dividing our 
groups by gender. Results showed that when APRI > 0.5 there is a significant increment in CVR in both genders 

Figure 3.  Correlation between APRI score and cardiovascular risk in general population and classification 
by age. (a) Correlation analysis of APRI and cardiovascular risk (CVR) in the entire study population. (b) 
Classification of entire study population in age ranges; subjects were divided by APRI levels with a cut-off of 
0.5 to identify elevated APRI. Data is presented as mean ± SEM. Statistical significance was assessed by Student 
T-test (*p < 0.05, **p < 0.01). Multipliers are shown to identify difference in CVR in subjects with APRI > 0.5 
compared to subjects with APRI < 0.5 of the same age. (c) Correlation of APRI and CVR after removal of 
patients ongoing anticoagulant or antiplatelet treatment.
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Figure 4.  Correlation between APRI > 0.5 and cardiovascular risk in non-metabolic and metabolic subjects, classification by age 
and comparison in prediabetes and Diabetes Mellitus subjects. (a,b) Correlation analysis of APRI and cardiovascular risk (CVR) in 
non-metabolical (MetS NO) and MetS (MetS YES) subjects with APRI > 0.5. (c) Classification of MetS subjects in age ranges; subjects 
were divided by APRI levels with a cut-off of 0.5 to identify elevated APRI. Data is presented as mean ± SEM. Statistical significance 
was assessed by Student T-test (**p < 0.01). Multipliers are shown to identify difference in CVR in subjects with APRI > 0.5 compared 
to subjects with APRI < 0.5 of the same age. (d) Comparison of CVR in healthy and Diabetes Mellitus (DM) subjects divided by APRI 
levels. Data is presented as mean ± SEM. Statistical significance was assessed by Student T-test (*p < 0.05, **p < 0.01). Multipliers are 
shown to identify difference in CVR in subjects with APRI > 0.5 compared to subjects with APRI < 0.5 of the same age. (e) Comparison 
of CVR in PreDiabetes (preDM), Diabetes Mellitus (DM) and Metabolic (MetS) subjects divided by APRI levels. Data is presented as 
mean ± SEM. Statistical significance was assessed by Student T-test (*p < 0.05, **p < 0.01). Multipliers are shown to identify difference in 
CVR in subjects with APRI > 0.5 compared to subjects with APRI < 0.5 of the same group.
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and both conditions (non-metabolic and MetS subjects) (Fig. 7). Furthermore, a major growth is found in MetS 
with elevated APRI without gender-difference, but that is particularly evident in women affected by MetS, whom 
have almost the same CVR as men of the same age and condition (24.01 ± 3.39 in women, versus 30.81 ± 5.95 in 
men). It is also notable that even in the non-metabolic group, APRI > 0.5 determines a higher CVR if compared 
to MetS patients with APRI < 0.5 (Fig. 7).

Overall, these data demonstrated that elevated APRI can predict an increase in CVR in both genders, espe-
cially in young and premenopausal females.

Discussion
MetS is a clinical condition characterized by several risk factors for heart disease, diabetes, visceral obesity and 
low-grade chronic inflammatory status. MetS is part of a multisystem condition with multiple associations and 
each condition contributes to increment CVR: diastolic  dysfunction22,23, increased carotid intima media thickness 
(cIMT)24, increased oxidative  stress25,26, altered lipid  profile27,28 and systemic inflammation are among the most 
important pathophysiological mechanisms responsible for increase CVR and cardiovascular disease (CVD) in 
MetS patients. Currently, the link in MetS patients and CVD development is still not completely understood. 
Numerous studies have underlined the role of chronic inflammation in  MetS29, as well as its consequences on 
cardiovascular health. Nonetheless, the chronic inflammatory state plays a key role in the development of organ 
fibrosis, with clinical conditions such as NASH and NAFLD as primary consequences. Still, the role of NAFLD 
as an independent factor for CVD is widely debated. While several studies observed an increased mortality for 
CVD in NAFLD  patients30,31, others did not confirm this  connection32,33, especially with long-term follow up. The 
most recent EASL-EASD-EASO guidelines regarding  NAFLD34 have included a comprehensive lifestyle approach, 
whilst it must be pointed that no specific drugs have been indicated as gold standard for treatment of NASH or 

Figure 5.  Gender-based comparison of cardiovascular risk in different groups. (a–d) T-Test comparison of 
CVR in non-metabolic (MetS NO) (a), MetS (MetS YES) (b), non-metabolic (MetS NO) with APRI > 0.5 (c) 
and MetS (MetS YES) subjects with APRI > 0.5 (d). Subjects were divided based on gender. Data is presented as 
mean ± SEM. Statistical significance was assessed by Student T-test (**p < 0.01). Multipliers are shown to identify 
difference in CVR in males compared to females.
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NAFLD. Moreover, Tripodi et al.  demonstrated35 that CVR, as well as procoagulant factors, were increased in 
NAFLD patients compared to  controls36,37. In this scenario, to test a large group of patients within the global 
population to identify potential NAFLD patients, non-invasive serum markers emerge as a low-cost38 and ready 
to use alternative to more invasive, operator-dependant procedures such as liver biopsy, which is recognized as 
the gold  standard39 for liver fibrosis staging. Non-invasive serum markers are as well optimal to predict  CVR40 
considering the crucial role played by the liver in lipid and glucose  homeostasis41. The relation network between 
the visceral and subcutaneous adipose tissue, gut, muscle tissues, cardiovascular system and the  liver42 make 
it consequently pivotal to define cardiometabolic disease. Importantly, CVD is to this date the main cause of 
death in NAFLD patients (38% of all  mortality43) with fibrosis being identified as its most powerful predictor.

Among non-invasive serum markers, AST to Platelet Ratio Index (APRI) has been proposed as a useful score 
to predict the grade of fibrosis or cirrhosis especially in chronic hepatitis C (CHC)44. In this study, we aimed 
to validate, in a cohort of non-metabolic subjects and MetS patients without a previous CHC diagnosis, the 
correlation between APRI and CVR and the role of elevated APRI as a marker to predict severe CVR in MetS 
patients. To define CVR, we used the Framingham Heart  Study45. Having considered the average age of our 
study population, as well as the risk factors associated with MetS (diabetes, hypertension, HDL cholesterol), we 
used the coronary heart disease calculator adjusted for lipids to predict the risk in our cohort to be facing a first 
cardiovascular event in the coming ten years after first evaluation.

Several studies have clarified the role of WC as predictor for steatohepatitis, fibrosis and insulin  resistance46–48. 
To remove any potential biases, we eliminated from our study patients that took antiplatelet or anticoagulant 

Figure 6.  Cardiovascular risk analysis by gender and age. (a–d) T-Test comparison of CVR in non-metabolic 
(MetS NO) subjects (a), MetS (MetS YES) subjects (b), non-metabolic (MetS NO) subjects with APRI > 0.5 
(c) and MetS (MetS YES) subjects with APRI > 0.5 (d). Subjects were divided based on gender and age. Data 
is presented as mean ± SEM. Statistical significance was assessed by Student T-test (*p < 0.05, **p < 0.01).. 
Multipliers are shown to identify difference in CVR in males compared to females.
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drugs. Combined use of very low-dose antiplatelet plus common anticoagulant has been demonstrated as ben-
eficial in atherosclerotic diseases, including coronary and peripheral artery  disease49. Antiplatelet could as well 
alter the APRI result by regulating the platelet count.

For both genders, coronary heart disease (CHD) is the main condition related to CVD morbidity and 
 mortality50. It has been demonstrated that the prevalence of CHD is higher in older men, however recent data 
demonstrated a significant increase of CHD mortality among women in premenopausal  age51. Lifestyle risk 
factors play a pivotal role and may vary by race, gender, and  ethnicity52. Though it started in the Western world, 
MetS has become rapidly the main lifestyle-related disease across the globe to determine a spike in CVD in both 
 genders53. Despite having a higher risk at postmenopausal age, women are naturally protected against cardio-
vascular disease during reproductive  age54 compared to age-matched males. This protection is in part attributed 
to estrogen (E2), even though there are several controversies about the clinical use of exogenous E2 as therapy 
for CVD due to possible arrhythmia, thrombotic events and, eventually,  cancer55. Both sexes exhibited common 
conditions: obesity was frequent among older patients compared to younger  subjects56.

For the first time, we observed that the role of fibrosis is crucial to alter the estrogen protection in younger 
females especially with simultaneous diagnosis of MetS: women with elevated APRI reached the same CVR 
as men even when analyzing the 18–50 years of age range. In this scenario, APRI > 0.5 determines an increase 
in CVR that is 3 × in MetS patients compared to non-metabolic subjects in both genders, while still causing a 
significant increase in non-metabolic patients with APRI > 0.5 matched with subjects in similar condition with 
APRI < 0.5

In conclusion, in the present study we demonstrated the role of APRI score as a valuable predictor for CVR. 
In a mixed cohort of non-metabolic and MetS subjects, APRI significantly correlates with CVR and determines 
when > 0.5 a significant increase in CVR in both genders, especially females. This spike in CVR is relatively high 
in older patients but is significantly higher in younger and premenopausal women, approaching risk values that 
are usually typical of men. Elevated APRI in patients with MetS diagnosis is related to the highest level of CVR, 
validating the role of liver fibrosis as a crucial factor to predict CVD in patients that present both conditions. 
Taken together, our data highlighted the role of APRI as a reliable predictor easy-to-use score for CVR in meta-
bolic patients. Further studies are needed to debate APRI score and CVR in metabolic subjects during dietary 
and pharmacological treatment.

Methods
Study population. Patient recruitments, clinical and biochemical assessment have been consecutively reg-
istered from January 2016 to December 2019 in the electronic health register of Metabolic Diseases of Depart-
ment of Interdisciplinary Medicine, Internal Medicine Division, “Aldo Moro” University of Bari, Italy. This 
register included 1653 patients affected by metabolic diseases like MetS, diabetes mellitus, hypertension, and 
dyslipidemias. Among the 1653 patients, 1325 were first evaluations whereas 328 were follow-up observations 
that were excluded from the study. Then, 43 patients who admitted having abused alcohol in the recent years 
were excluded from the study, bringing the total population to 1282 patients. Next, we noticed that 30 out of 
these 1282 patients lacked the value of waist circumference, so they were not included in the evaluation. Then, 
we detected that blood count was not available for 21 out of the total 1252 patients, thence we removed them 
from the study population reaching the number of 1231 patients. The diagnosis of Inflammatory Bowel Disease 
and/or Coeliac disease allowed us to rule out 6 patients more. Indeed, the population under study reached the 
number of 1225, whose data were free from any analysis restriction (Fig. 1a). The following were considered 
exclusion criteria: acute heart diseases (cardiac failure, coronary arterial disease, acute arrhythmias), renal and 
hepatic failure, infections. The subsequent chronic conditions were also considered as exclusion criteria: second-
ary hypertension, chronic systemic inflammatory diseases, and neoplastic diseases with recent onset (less than 
10 years) and/or under chemotherapy. The population included patients with chronic hypertension (also with a 

Figure 7.  Characterization of cardiovascular risk in adults age 18–50 based on gender and APRI score levels. 
T-Test analysis of CVR in females and males age 18–50. Subjects were divided based on MetS diagnosis and 
APRI levels. Data is presented as mean ± SEM. Statistical significance was assessed by Student T-test (*p < 0.05, 
**p < 0.01). Multipliers are shown to identify difference in CVR in males compared to females.
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chronic condition of hypertensive cardiopathy), chronic diabetes, chronic renal failure, obesity and chronic gas-
trointestinal diseases (gastroesophageal reflux, chronic gastritis, irritable bowel syndrome). The study protocol 
was approved by the Ethics Committee of the Azienda Ospedaliero-Universitaria Policlinico di Bari, Italy. The 
study was conducted in accordance with the ethical principles of the Helsinki Declaration. All patients author-
ized the present study giving their written informed consent for the use of clinical data.

Clinical evaluation and anthropometric measurements. Anthropometric parameters (height, body 
weight, waist circumference) were measured using standardized procedures. Systolic and diastolic blood pres-
sure were determined following three consecutive evaluations. Waist circumference (WC) was measured at the 
midpoint between the inferior part of the 12th costa and the anterior–superior iliac crests. BMI (body mass 
index) was calculated as body weight (expressed in kg) divided by squared height expressed in meters  (m2); 
conditions of normal weight, overweight and obesity were identified according to BMI values of respectively 
20.0–24.9, 25.0–29.9 and 30.0 kg/m2. Liver blood tests such as AST (SGOT) and ALT (SGPT) were determined 
using cut-off values of 37 U/L and 78 U/L,  respectively57.

Non- invasive liver fibrosis scores (APRI, FIB-4) were determined according to published formulas. APRI 
score was calculated as AST (IU/l)/platelet count (× 109/l) × 100. The cut-off  adopted58 in the cited studies were 
as follows: APRI < 0.5 to identify a fibrosis—free liver, APRI > 0.5 for liver fibrosis and APRI > 1.5 for probable 
cirrhosis. FIB-4 index was  calculated59 as age × AST (IU/l)/platelet count (× 109/l) × √ ALT (IU/l). The cut-offs 
adopted were as followed: FIB-4 < 1.45 for no or moderate fibrosis 1.45 < FIB-4 < 3.25 for moderate fibrosis, 
FIB-4 > 3.25 for extensive fibrosis or cirrhosis.

The CVR was calculated according to the official FHS calculator for cardiovascular  disease20,45 in the upcom-
ing 10-years adjusted for lipids and extended to include patients with 18 or more years according to the approved 
Ethics Committee.

Prediabetes (preDM), Diabetes Mellitus (DM) and Hypertension were defined according to the cri-
teria approved by the International  community60. For preDM, the criteria were: fasting plasma glucose 
(FPG) ≥ 100 ≤ 125 mg/dL and HbA1c (percentage of glycosylated hemoglobin) ≥ 5.7% ≤ 6.4%. For DM, the cri-
teria were: HbA1c (percentage of glycosylated haemoglobin) ≥ 6.5%, fasting plasma glucose (FPG) ≥ 126 mg/dL 
and/or treatment for diabetes. Hypertension was defined as systolic arterial blood pressure (SAP) ≥ 140 mmHg, 
diastolic arterial blood pressure (DAP) ≥ 90 mmHg and/or treatment with antihypertensive agents. To define 
dyslipidaemia, HDL cut-off was < 40 mg/dL in men and < 50 mg/dL in women. In addition, the reference value 
of TG was 150 mg/dL for both genders, whereas a total cholesterol level of ≥ 200 mg/dl was used for the diag-
nosis of hypercholesterolemia. The diagnosis of MetS was made according to 2006 IDF  definition61. Thence, the 
population was classified also considering the presence/absence of each criterion of MetS.

Biochemical measurements. After overnight fasting, serum was collected for the measurement of stand-
ard biochemical markers of glucose and lipid metabolism, liver, renal, thyroid function, and inflammation by 
standard biochemical methods.

The homeostatic model assessment for insulin resistance (HOMA-IR62) was calculated by the following 
formula (fasting plasma glucose (FPG) × fasting plasma insulin/405).

Statistical analysis. Descriptive statistical analyses of study sample were performed, and their results were 
expressed as mean ± standard error of the mean (SEM) and frequencies (%), depending on the nature of vari-
ables. Comparisons of socio-demographic and clinical parameters between two groups of interest were carried 
out with the t-test (for continuous variables) and the Pearson χ2 test (for categorical variables). Comparisons 
between more than two groups were studied through one-way analysis of variance (ANOVA) followed by Bon-
ferroni post-hoc test, where necessary. The correlation between continuous variables was also considered and 
calculated using Pearson’s Correlation Coefficient (r). P-values lower than 0.05 were regarded as significant. All 
the analyses were performed using the R statistical environment, version 3.5.2 (The R Foundation for Statistical 
Computing; Vienna, Austria), NCSS 2007 Statistical Software, version 0.7.10 (NCSS, LLC Company) and Graph-
Pad Prism, version 7.04 (GraphPad Software; San Diego, USA).
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