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Background/Aims: P2/MS is a noninvasive marker for detecting hepatic fibrosis in patients with viral 
hepatitis. However, the applicability of P2/MS in patients with nonalcoholic fatty liver disease (NAFLD) has 
not yet been validated. This study aimed to validate P2/MS and compare it to other noninvasive fibrosis 
scoring systems in Korean patients with NAFLD. 
Methods: Consecutive patients who underwent liver biopsy between January 2002 and December 2009 at 
Seoul National University Hospital, Seoul, Korea were enrolled in this study. Fibrosis stage was determined 
using the METAVIR scoring system.
Results: A total of 235 patients were included in the study: advanced fibrosis (METAVIR F3-F4) was present 
in 7 patients. No patient was over-staged among 162 patients with a P2/MS score above the high cut-off 
(95), resulting in a high negative predictive value (NPV) of 100% (95% confidence interval, 97.1-100). There 
was no significant difference between the area under the receiver-operating characteristic curve (AUROC) of 
the FIB-4 (0.964) and the AUROC of the NAFLD fibrosis score (0.964) or P2/MS (0.940) for detecting advanced 
fibrosis. If P2/MS was implemented in the Korean patients with NAFLD, 68.9% of liver biopsies might be 
avoided. 
Conclusions: P2/MS has a high NPV for excluding advanced fibrosis in Korean patients with NAFLD, and 
can reduce the burden of liver biopsy in the majority of cases. Since there were few patients with advanced 
fibrosis, further studies are warranted in a cohort including more patients with advanced fibrosis to validate 
the low cut-off value. (Korean J Gastroenterol 2011;57:19-27)

Key Words: Fatty liver; Nonalcoholic fatty liver disease; Liver fibrosis

Received November 25, 2010. Revised December 22, 2010. Accepted December 23, 2010.
CC  This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

교신저자: 김동희, 135-984, 서울시 강남구 역삼동 737, 강남파이낸스센터, 서울대학교병원 헬스케어시스템 강남센터 내과, 헬스케어연구소 
Correspondence to: Donghee Kim, Department of Internal Medicine and Healthcare Research Institute, Seoul National University Hospital, 
Healthcare System Gangnam Center, 39th FL Gangnam Finance Center, 737 Yeoksam-dong,  Gangnam-gu, Seoul 135-984, Korea. Tel: +82- 
2-2112-5574, Fax: +82-2-2112-5635, E-mail: messmd@chol.com

Financial support: None.  Conflicts of interest: None.



20  유수종 등. 비알코올성 지방간 환자에서 P2/MS의 유효성

The Korean Journal of Gastroenterology

INTRODUCTION

The prevalence of nonalcoholic fatty liver disease 

(NAFLD) is increasing and becoming one of the most 

common chronic liver diseases (CLD).1 NAFLD is known 

to be related to predictors of cardiovascular disease such 

as dyslipidemia, central obesity, insulin resistance, and 

metabolic syndrome.2 Several studies have suggested a 

possible role of NAFLD in the development of car-

diovascular disease and that NAFLD increases overall 

mortality.1,2 The spectrum of NAFLD ranges from simple 

steatosis through nonalcoholic steatohepatitis (NASH), 

to fibrosis and cirrhosis and hepatocellular carcinoma 

(HCC).3,4 Patients with simple steatosis on presentation 

usually have a benign prognosis, while patients with 

NASH may develop the progression of fibrosis leading 

to cirrhosis and cirrhosis-related complications including 

HCC.5 In NASH, cirrhosis development occurs at an old-

er age than in other liver diseases, even though once 

cirrhosis develops in patients with NASH, their clinical 

outcome is similar to patients with other causes of 

cirrhosis.5 Approximately 5% and 15% percent of pa-

tients with NAFLD and NASH will progress to cirrhosis, 

respectively.6,7 Thus, the identification of the patients 

with fibrosis among those with NAFLD is important for 

predicting prognosis.4

In the absence of decompensated cirrhosis, liver biop-

sy is the gold standard for determining the prognosis of 

NAFLD based on fibrosis severity.8 However, liver biopsy 

has several limitations such as invasiveness, cost, intra- 

and interobserver variability, sampling error, and the 

risk of complications.8-10 In addition, it is likely that most 

physicians are more reluctant to perform a liver biopsy 

in patients with NAFLD than in patients with viral-re-

lated CLD.11 These considerations underscore efforts to 

develop noninvasive methods for the assessment of liver 

fibrosis.

Several clinical noninvasive fibrosis scoring systems 

based on simple clinical or laboratory parameters have 

been developed to identify advanced fibrosis in patients 

with NAFLD and other liver diseases.12 These include 

the aspartate aminotransferase (AST)/alanine amino-

transferase (ALT) ratio (AAR),13 AST/platelet ratio 

(APR),14 the AST-to-platelet ratio index (APRI),15 the 

BARD score,16 the Goteburg University Cirrhosis Index 

(GUCI),17 cirrhosis determinant score (CDS),18 the simple 

panel,4 the NAFLD fibrosis score,8 and the FIB-4.19 

However, many of these tests were derived and vali-

dated in Caucasian.8 In Asian patients, NASH and other 

metabolic complications have a propensity to occur at 

a lower body mass index (BMI).20 It is uncertain whether 

ethnicity affects the accuracy of these simple non-

invasive fibrosis scoring systems.1 Therefore, these sys-

tems should be validated in Asian patients prior to their 

global use. In addition, P2/MS, a simple and non-

invasive test that was developed and has been con-

firmed for the detection of hepatic fibrosis in Korean pa-

tients with virus-related CLD.21-23 Although P2/MS was 

known to be accurate, the applicability of P2/MS in pa-

tients with NAFLD has not yet been validated. In this 

study, we aimed to validate the diagnostic performance 

of P2/MS and to compare it with other noninvasive fib-

rosis scoring systems in terms of identifying the pres-

ence of advanced fibrosis in Korean patients with 

NAFLD.

SUBJECTS AND METHODS

1. Patients

We performed a retrospective cohort study. We en-

rolled consecutive patients who underwent liver biopsy 

for the evaluation of an abnormal liver function or a liver 

donor work-up for liver transplantation at Seoul National 

University Hospital, Seoul, Korea between January 2002 

and December 2009. Patients with the following were 

excluded: coexistent liver disease including chronic viral 

hepatitis, drug-induced liver disease, autoimmune hep-

atitis, primary biliary cirrhosis, primary sclerosing chol-

angitis, hemochromatosis, Wilson’s disease, α1-anti-

trypsin deficiency, or biliary obstruction. Patients that 

consumed more than 20 g of alcohol per day were also 

excluded. In addition, patients that met any of the fol-

lowing conditions were also excluded: prior or current 

malignancy; a concomitant serious medical illness such 

as chronic kidney disease, congestive heart failure, or 

hematological disease; or active infection. If the fasting 

plasma glucose was more than 126 mg/dL or symptoms 

of diabetes plus casual plasma glucose concentration 
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Table 1. Formulae of Noninvasive Fibrosis Scoring Systems

Formula Equation

AST to ALT ratio AST/ALT
AST to platelet ratio (AST/platelet count [109/L])×100
APRI ([AST/upper limit of normal]/platelet count [109/L])×100
Simple panel for distinguishing 1.224+0.01×age (years)+0.105×BMI+1.946×diabetes/IFG (yes=1, no=0)−1.786×AST/ALT
 moderate fibrosis  ratio−0.01×platelet count [109/L]−0.04×albumin (g/dL)
BARD score: Scale 0-4 BMI≥28 kg/m2=1 point

AST to ALT ratio≥0.8=2 points
Diabetes mellitus=1 point

GUCI (AST/upper limit of normal)×INR×100/(platelet count [109/L])
Cirrhosis discriminant score: 1) Platelet count 2) AST/ALT ratio 3) INR
 Score is the sum of three (0-11)   ＞340=0   ＞1.7=0   ＜1.1=0

  280−339=1   1.2−1.7=1   1.1−1.4=1
  220−279=2   0.6−1.19=2   ＞1.4=2
  160−219=3   ＜0.6=3
  100−159=4
  40−99=5
  ＜40=6

NAFLD fibrosis score −1.675+0.037×age (years)+0.094×BMI (kg/m2)+1.13×IFG/diabetes (yes=1,
 no=0)+0.99×AST/ALT ratio−0.013×platelet (109/L)−0.66×albumin (g/dL)

FIB-4 (Age [years]×AST [U/L])/(platelet [109/L]×(ALT [U/L])1/2)
P2/MS [Platelet count (109/L)]2/[monocyte fraction (%)×segmented neutrophil fraction (%)]

AST, aspartate transaminase; ALT, alanine transaminase; APRI, AST to platelet ratio index; BMI, body mass index; IFG, impaired 
fasting glucose; INR, international normalization ratio; GUCI, Goteborg University Cirrhosis Index; NALFD, nonalcoholic fatty liver 
disease.

was more than 200 mg/dL, a patient was diagnosed to 

have diabetes mellitus. Impaired fasting glucose was 

defined as a fasting glucose between 110 and 125 

mg/dL.1 Pediatric subjects were excluded due to the var-

iable patterns of fibrosis observed in children.24 This 

study was reviewed and approved by the Institutional 

Review Board of Seoul National University Hospital.

2. Noninvasive fibrosis scoring systems

The following noninvasive fibrosis scoring systems 

were calculated for each patient: AAR, APR, APRI, the 

BARD score, GUCI, CDS, the simple panel, the NAFLD 

fibrosis score, the FIB-4 score, and P2/MS. The specific 

formulae used to determine these markers are listed in 

Table 1.

3. Liver biopsy specimen examination

Liver biopsy specimens were fixed in formalin and 

embedded in paraffin. Hematoxylin and eosin (H&E) and 

Masson’s trichrome staining were performed. Histologi-

cal examinations were carried out by an experienced 

pathologist (J.J.J., with over 20 years of experience) who 

was blinded to any clinical information. Liver tissues 

that contained ＜11 portal tracts or with a length of 

＜20 mm were also excluded.21,25 Fatty liver was defined 

as the presence of more than 5% steatosis.26 Fibrosis 

stage was reviewed and assessed according to the 

METAVIR scoring system.25 Fibrosis was staged on a 

0-4 scale as following: F0=no fibrosis, F1=portal fibrosis 

without septa, F2=few septa, F3=numerous septa with-

out cirrhosis, F4=cirrhosis. Advanced fibrosis was de-

fined as F3 or F4.

4. Statistical analysis

Receiver operating characteristic (ROC) curves were 

constructed and area under the ROC curves (AUROCs) 

were calculated to assess the diagnostic accuracies of 

ten noninvasive fibrosis scoring systems. The AUROCs 

of these noninvasive fibrosis scoring systems for detect-

ing advanced fibrosis were calculated. The method sug-

gested by Hanley and McNeil was applied for the com-

parison of AUROC values among these noninvasive fib-

rosis scoring systems.27 The sensitivity, specificity, pos-

itive predictive value (PPV), negative predictive value 
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Table 2. Baseline Characteristics of All Patients

Variables F0-F2 (n=228) F3-F4 (n=7) p-value

Age (years)  40.6±8.1  60.4±15.3 0.001a

Male, n (%) 124 (54.4)   1 (14.3) 0.037b

BMI (kg/m2)  24.1±3.1  30.2±6.3 0.004a

Waist circumference (cm)  81.7±7.7  90.7±11.0 0.026a

Diabetes, n (%)  30 (13.2)   1 (14.3) 1.000b

IFG, n (%)  57 (25)   2 (28.6) 1.000b

Platelet count (109/L) 238.4±71.1 115.0±38.9 ＜0.001a

Total bilirubin (mg/dL)   1.5±2.8   1.2±0.4 0.337a

Albumin (g/dL)   3.9±0.6   3.4±0.7 0.071a

AST (IU/L)  53.5±57.5  60.0±35.0 0.167a

ALT (IU/L)  66.0±77.9  46.3±32.3 0.944a

Prothrombin time (INR)  1.02±0.07  1.25±0.10 ＜0.001a

Fasting glucose (mg/dL) 110.6±32.0 120.7±50.8 0.622a

HbA1c (%)  5.57±0.53  6.95±1.91 0.170a

Total cholesterol (mg/dL) 159.4±45.8 142.0±35.1 0.336a

HDL-cholesterol  50.3±13.1  40.7±6.47 0.049a

LDL-cholesterol  85.2±42.0  64.4±54.3 0.211a

Triglycerides 133.1±274.0 181.5±100.5 0.020a

Values are expressed as mean±SD.
BMI, body mass index; IFG, impaired fasting glucose; AST, aspartate transaminase; ALT, alanine transaminase; INR, interna-
tional normalization ratio; HbA1c, hemoglobin A1c; HDL, high density lipoproteins; LDL, low density lipoproteins.
aMann-Whitney test. bTwo-sided Fisher’s exact test.

(NPV), positive likelihood ratio, and negative likelihood 

ratio were then calculated for each of the scoring sys-

tems using the previously published cut-off values. All 

analyses were conducted using SPSS version 17.0 (SPSS 

Inc., Chicago, IL, USA) and p-values of ＜0.05 were con-

sidered significant.

RESULTS

1. Patient characteristics

Of the 297 patients initially included, 62 patients with 

at least one potential cause of chronic liver disease were 

excluded: 23 with hepatitis B, 10 with hepatitis C, 12 

with autoimmune hepatitis, 7 with excessive alcohol 

consumption, and 10 with a prior or a current 

malignancy. A total of 235 patients finally included in 

this study. Patient characteristics are summarized in 

Table 2. There was no evidence of liver decompensation 

among the included patients. Fibrosis stage was de-

termined in all 235 patients: 212 patients with 

METAVIR F0, 11 with F1, 5 with F2, 1 with F3, and 6 

with F4.

2. Comparison of P2/MS with the other noninvasive 

fibrosis scoring systems

To determine the clinical utility for detecting ad-

vanced fibrosis, i.e. METAVIR F3-F4, ROC curves were 

plotted for each of the ten noninvasive fibrosis scoring 

systems. The AUROC was greatest for FIB-4 (0.964; 95% 

CI, 0.935-0.992) and NAFLD fibrosis score (0.964; 95% 

CI, 0.917-1.000) (Fig. 1A) and then followed by P2/MS 

(0.940; 95% CI, 0.841-1.000) (Fig. 1B), CDS (0.936; 95% 

CI, 0.859-1.000), GUCI (0.860; 95% CI, 0.780-0.940), APRI 

(0.825; 95% CI, 0.737-0.914), APR (0.825; 95% CI, 

0.737-0.914), AAR (0.787; 95% CI, 0.687-0.888), BARD 

score (0.691, 95% CI, 0.542-0.841), and the simple panel 

(0.691, 95% CI, 0.464-0.919). There was no significant 

difference between the AUROC for P2/MS and the 

AUROC for FIB-4, NAFLD fibrosis score, P2/MS, CDS, 

GUCI, APRI, APR, or AAR (Table 3).

3. Determination of an optimal cut-off values of P2/ 

MS for reflection of advanced fibrosis in patients 

with NAFLD

P2/MS scores ranged from 0.620 to 764.35 and its 

mean value decreased as a function of the METAVIR 
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Fig. 1. Comparisons of the ROC of P2/MS and other noninvasive fibrosis scoring systems for the diagnosis of advanced fibrosis 
(defined as METAVIR F3-F4). (A) P2/MS versus FIB-4 and (B) P2/MS versus NAFLD fibrosis score.

Table 3. AUROC of Noninvasive Fibrosis Scoring Systems for Predicting Advanced Fibrosis (METAVIR F3-F4)

Noninvasive fibrosis scoring systems   AUROC (95% CI) p-valuea

P2/MS 0.940 (0.841-1.000) −
FIB-4 0.964 (0.935-0.992) 0.764
NAFLD fibrosis score 0.964 (0.917-1.000) 0.764
Cirrhosis discriminant score: Score is the sum of three (0-11) 0.936 (0.859-1.000) 0.964
Goteborg University Cirrhosis Index 0.860 (0.780-0.940) 0.465
AST to platelet ratio index 0.825 (0.737-0.914) 0.320
AST to platelet ratio 0.825 (0.737-0.914) 0.320
AST to ALT ratio 0.787 (0.687-0.888) 0.206
BARD score: Scale 0-4 0.691 (0.542-0.841) 0.054
Simple panel for distinguishing moderate fibrosis 0.691 (0.464-0.919) 0.054

AUROC, area under the receiver operating characteristic curve; CI, confidence interval; NAFLD, nonalcoholic fatty liver disease; 
P2/MS, [Platelet count (109/l)]2/[monocyte fraction (%)×segmented neutrophil fraction (%)].
aCompared to AUROC of P2/MS.

fibrosis stage, ranging from 171.4±144.8 in F0 cases to 

33.5±32.7 in F4 cases. Furthermore, P2/MS showed a 

significant inverse correlation with the METAVIR fib-

rosis stage (Spearman’s correlation coefficient=−0.127, 

p＜0.001) (Fig. 2A).

Based on our ROC curve analysis, we suggested opti-

mized cut-off values of P2/MS for the reflection of ad-

vanced fibrosis in patients with NAFLD. At a cut-off val-

ue of 49, P2/MS detected advanced fibrosis with a spe-

cificity of 92.1% (95% confidence interval [CI], 87.6-95.1) 

and a PPV of 21.7% (95% CI, 8.3-44.2); and at a cut-off 

value of 95, P2/MS ruled out advanced fibrosis with a 

sensitivity 100% (95% CI, 56.1-100) and a NPV of 100% 

(95% CI, 97.1-100). If liver biopsies were only performed 

in patients with a P2/MS ＜95, 162 (68.9%) of 235 biop-

sies could have been avoided (Table 4).

4. Clinical utility of FIB-4 and NAFLD fibrosis score for 

detecting advanced fibrosis

FIB-4 scores ranged from 0.24 to 13.15 and its mean 

value increased as a function of the METAVIR fibrosis 

stage, ranging from 1.24±1.00 in F0 cases to 4.87±2.38 

in F4 cases. FIB-4 showed a significant positive correla-

tion with the METAVIR fibrosis stage (Spearman’s cor-

relation coefficient=0.235, p＜0.001) (Fig. 2B). NAFLD 

fibrosis score ranged from −7.85 to 8.50 and its mean 

value increased as a function of the METAVIR fibrosis 

stage, ranging from −2.30±1.38 in F0 cases to 1.93± 

3.32 in F4 cases. NAFLD fibrosis score showed a sig-

nificant positive correlation with the METAVIR fibrosis 
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Fig. 2. Scatter plot of noninvasive fibrosis scoring systems 
versus pathologically determined fibrosis stage. Fibrosis stage 
was determined using the METAVIR scoring system.25 Circles 
represent the values of each noninvasive fibrosis scoring 
systems. The solid line represents a trend-line. (A) P2/MS 
values showed a significant inverse correlation with the 
METAVIR fibrosis stage (Spearman’s correlation coefficient=
−0.127, p＜0.001), (B) FIB-4 scores showed a significant in-
verse correlation with the METAVIR fibrosis stage (Spearman’s
correlation coefficient=0.235, p＜0.001), (C) NAFLD fibrosis 
score values showed a significant inverse correlation with the 
METAVIR fibrosis stage (Spearman’s correlation coefficient= 
0.263, p＜0.001).

Table 4. Predictive Values of P2/MS for Advanced Fibrosis 
(METAVIR F3-F4)

Low 
(＜49)

Intermediate
High 
(＞95)

Total

Total 23 50 162 235
No advanced fibrosis 18 48 162 228
Advanced fibrosis  5  2 0   7
Sensitivity 　71.4% 100%
Specificity 　92.1% 71.1%
PPV 21.7% 9.60%
NPV 99.1% 100%
PLR 9.05 3.45
NLR 0.31 0

PPV, positive predictive value; NPV, negative predictive 
value; PLR, positive likelihood ratio; NLR, negative likelihood 
ratio.

stage (Spearman’s correlation coefficient=0.263, p＜ 
0.001) (Fig. 2C).

We evaluated the clinical utilities of FIB-4 and 

NAFLD fibrosis score based on the results of AUROC 

comparisons of the noninvasive fibrosis scoring systems. 

At a lower cut-off value of 1.45, FIB-4 ruled out ad-

vanced fibrosis with a sensitivity of 100% (95% CI, 

56.1-100) and a NPV of 100% (95% CI, 97.2-100); and at 

a cut-off value of 3.25, FIB-4 detected advanced fibrosis 

with a specificity of 95.6% (95% CI, 91.8-97.8) and a PPV 

of 33.3% (95% CI, 13.0-61.3). If liver biopsies were only 

performed in patients with an FIB-4 above the low 

cut-off value (1.45), 168 (71.5%) of 235 biopsies could 

have been avoided.

At a cut-off value of −1.455, NAFLD fibrosis score 

ruled out advanced fibrosis with a sensitivity of 100% 

(95% CI, 56.1-100) and a NPV of 100% (95% CI, 97.2- 

100); and at a cut-off value of 0.676, NAFLD fibrosis 

score detected advanced fibrosis with a specificity of 

99.1% (95% CI, 96.5-99.8) and a PPV of 33.3% (95% CI, 

1.8-87.5). If liver biopsies were only performed in pa-

tients with a NAFLD fibrosis score above the low cut-off 

value −1.455, 170 (72.3%) of 235 biopsies could have 
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been avoided.

DISCUSSION

The principal findings of this study relate to the de-

tection of severe hepatic fibrosis in patients with 

NAFLD using P2/MS. P2/MS was showed a statistically 

significant inverse correlation with the METAVIR fib-

rosis stage and diagnostic accuracy for detecting ad-

vanced fibrosis (METAVIR F3-F4) in patients with 

NAFLD. In addition, FIB-4 and NAFLD fibrosis score 

were found to have greater diagnostic accuracy than the 

other eight noninvasive fibrosis scoring systems for de-

tecting advanced fibrosis in Korean patients with 

NAFLD, though P2/MS was found to have a diagnostic 

accuracy similar to FIB-4 or NAFLD fibrosis score. To 

our knowledge, this is the first study validating the diag-

nostic accuracy of P2/MS for detecting advanced fibrosis 

in patients with NAFLD.

In this study, we focused on patients with advanced 

fibrosis (METAVIR F3-F4).4,28 The underlying rationale 

was that this approach would help identify those who 

should or not undergo a biopsy because the detection 

of advanced fibrosis would lead to closer screening for 

HCC,28 as patients with CLD tend to show a gradual 

progression from hepatic fibrosis to liver cirrhosis and 

HCC.29 In our cohort, 68.9% of the liver biopsies might 

have been avoided if the procedure was only performed 

in patients with a P2/MS score below the high cut-off 

value of 95. Therefore, P2/MS would be particularly use-

ful to reduce unnecessary liver biopsies in Korean pa-

tients with NAFLD.

It is well known that a proportion of patients with 

NAFLD, even those with advanced fibrosis, have normal 

liver enzyme levels and low AST levels until the late dis-

ease stage.1,30 P2/MS which is based on a complete 

blood cell count will work well in such patients and our 

findings that the AUROC of P2/MS is similar to or better 

than those of the other tests, which require liver enzyme 

information, support the implementation of P2/MS for 

the detection of advanced fibrosis in patients with 

NAFLD. Furthermore, P2/MS has advantages over other 

noninvasive fibrosis scoring systems based on BMI, be-

cause P2/MS is not based on BMI. Although there was 

a significant difference in the mean value of BMI be-

tween patients with advanced fibrosis and patients with 

F0-F2 in this study, the mean value of BMI of Asian pa-

tients with advanced fibrosis was lower than those of 

Caucasian patients with advanced fibrosis (30.2±6.3 vs. 

35±6.0).28 Indeed, 62 patients were classified as inter-

mediate according to NAFLD fibrosis score, whereas 50 

patients were classified as intermediate according to 

P2/MS (p=0.06).

In addition, we also investigated other noninvasive 

fibrosis scoring systems, which were mainly derived in 

Caucasians. Of these, FIB-4 and NAFLD fibrosis score 

were found to have greatest diagnostic accuracy for the 

detection of advanced fibrosis. In our cohort, 71.5% and 

72.3% of the liver biopsies might have been avoided if 

the procedure was only performed in patients with an 

FIB-4 ＜1.45 and an NAFLD fibrosis score ＜−1.455, 

respectively. These findings are in agreement with those 

of previous studies, which reported that 70% and 79% 

of liver biopsies could be replaced by FIB-4 and NAFLD 

fibrosis score, respectively.1,31 Therefore, it appears that 

FIB-4 and NAFLD fibrosis score could be used to reduce 

unnecessary liver biopsies in the Korean population 

where advanced fibrosis is uncommon.

This study has several limitations that bear considera-

tion. The prevalence of advanced fibrosis in our cohort 

was only 2.98%. This proportion is smaller than that re-

ported by other Asian studies,32,33 which would tend to 

increase the NPV of the noninvasive fibrosis scoring sys-

tems examined in the present study. This divergence 

may have been caused by the low mean BMI of our pa-

tients, which was ＜25 kg/m2 in 67.2% of our cohort. 

Thus, in further study, the NPV of P2/MS could be de-

creased after statistical adjustment of the number of pa-

tients with F0-F2. Although patients were recruited at 

a single tertiary referral medical center, our patients 

may have represent NAFLD patients in the community. 

However, potential applications of P2/MS and other non-

invasive fibrosis scoring systems as a screening method 

for silent liver disease with advanced fibrosis in the gen-

eral population require validation in properly designed 

studies.28 Although the prevalence of NAFLD was re-

ported to be high in male patients in previous studies, 

female patients were predominant in advanced fibrosis 
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group in this study. This is similar to previous studies 

in which 59-71% of patients with advanced fibrosis were 

female patients.12,28 In this study, this might be asso-

ciated with the significant difference of mean age be-

tween female and male patients (43.5 years vs. 39.1 

years, p＜0.001). Indeed, the mean age of female pa-

tients with advanced fibrosis was 64.5 years in this 

study and postmenopausal status was thought to be re-

lated with high prevalence of advanced fibrosis. There-

fore, further prospective studies including more patients 

with advanced fibrosis are needed to validate the high 

cut-off values of FIB-4 and NAFLD fibrosis score and the 

low cut-off value of P2/MS. As in all validation studies 

of noninvasive fibrosis scoring systems for hepatic fib-

rosis, in the present study, liver biopsy was used as the 

gold standard, which introduces potential sampling 

errors.1 We tried to minimize these errors by excluding 

liver biopsy samples with inadequate tissue length and 

numbers of portal tracts.21,25 In addition, fibrosis stage 

was assessed according to the METAVIR scoring system 

which was developed for viral hepatitis. However, the 

METAVIR system was also used in NAFLD and was 

thought to be a better reference for noninvasive panels 

based on blood tests.34 Another major issue relates to 

whether changes in P2/MS scores correspond to 

changes in hepatic fibrosis over time. In the present 

study, the sensitivity of the P2/MS to changes in hepatic 

fibrosis was not examined, and thus, further studies 

should be undertaken to determine if changes in P2/MS 

can be utilized to monitor hepatic fibrosis in patients 

with NAFLD. Finally, since we performed a retrospective 

analysis with data from a single medical center, an in-

dependent external validation of P2/MS in patients with 

NAFLD is also required.

In conclusion, P2/MS as well as FIB-4 and NAFLD 

fibrosis score were found to have good negative pre-

dictive values for excluding the possibility of advanced 

fibrosis in Korean patients with NAFLD, and thus, could 

be used to reduce the burden of liver biopsies. A further 

larger-scale prospective study containing more patients 

with advanced fibrosis is warranted.
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