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Abstract

AIM: To investigate a simple noninvasive scoring sys-
tem for predicting liver cirrhosis in nonalcoholic fatty
liver disease (NAFLD) patients.

METHODS: A total of 1048 patients with liver-biopsy-
confirmed NAFLD were enrolled from nine hepatology
centers in Japan (stage 0, 216; stage 1, 334; stage 2,
270; stage 3, 190; stage 4, 38). The weight and height
of the patients were measured using a calibrated scale
after requesting the patients to remove their shoes
and any heavy clothing. Venous blood samples were
obtained in the morning after the patients had fasted
overnight for 12 h. Laboratory evaluation was per-
formed in all patients. Statistical analysis was conduct-
ed using SPSS version 12.0. Continuous variables were
expressed as mean + SD.

RESULTS: The optimal cutoff value of platelet count,
serum albumin, and aminotransferase/alanine amino-
transferase ratio (AAR) was set at < 15.3 10*/uL, < 4.0
g/dL, and > 0.9, respectively, by the receiver operating
characteristic curve. These three variables were com-
bined in an unweighted sum (platelet count = 1 point,
serum albumin = 1 point, AAR = 1 point) to form an
easily calculated composite score for predicting cirrho-
sis in NAFLD patients, called the PLALA (platelet, albu-
min, AAR) score. The diagnosis of PLALA = 2 had suf-
ficient accuracy for detecting liver cirrhosis in NAFLD
patients.
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CONCLUSION: The PLALA score may be an ideal scor-
ing system for detecting cirrhosis in NAFLD patients
with sufficient accuracy and simplicity to be considered
for clinical use.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is an
important cause of chronic and progressive liver injury.
We aimed to develop a simple noninvasive scoring
system for predicting liver cirrhosis in NAFLD patients.
These three variables were combined in an unweighted
sum [platelet count = 1 point, serum albumin = 1
point, aminotransferase (AST)/alanine aminotransfer-
ase (ALT) ratio = 1 point] to form an easily calculated
composite score, called the PLALA (platelet, albumin,
AST/ALT ratio) score. The diagnosis of PLALA = 2 had
sufficient accuracy for detecting liver cirrhosis in NAFLD
patients. The PLALA score may be an ideal scoring sys-
tem for detecting cirrhosis in NAFLD patients.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is an impor-
tant cause of chronic liver injury in many countries™”,
NAFLD represents a spectrum of conditions that are
characterized histologically by macrovesicular hepatic
steatosis, and the diagnosis is made after excluding a his-
tory of consumption of alcohol in amounts sufficient to
be considered harmful to the liver. NAFLD range over a
wide spectrum, extending from simple steatosis, which is
generally benign, through to nonalcoholic steatohepatitis
(NASH) to liver cirrhosis, end-stage liver disease, and
even hepatocellular carcinoma despite the absence of sig-
nificant alcohol consumption””. The probability of de-
veloping advanced fibrosis and hepatocellular carcinoma
is significantly greater in individuals with steatohepatitis
than in those with simple steatosis. Data collected from
the United States have shown that the prevalence of
NAFLD has increased steady in recently years, despite
other diseases remaining at steady states. Natural his-
tory studies suggest that fibrosis progression occurs in
32%-37% of patients over 3-6 yearsl&loj, and up to 12%
of patients will progress to cirrhosis over 8-10 year''l, If
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these patients with NAFLD progress liver cirrhosis, they
need to be kept under the surveillance data for early de-
tection of HCC and gastroesophageal varices, similar to

the case, such as hepatitis c.

Liver biopsy as a confirmation tool of NASH can
reveal the histologic activity of steatosis, inflammation,
and fibrosis. It is frequently used for diagnosis as the gold

standard tool in patients with NASH""”, However, it

is difficult to perform liver biopsy for every patient with
NAFLD to ascertain the presence of NASH and deter-

mine the stage and grade of the disease"”. The estimated

number of patients with NAFLD has reached 80-100
million in the United States, and the corresponding
number of patients in Japan has been estimated at 10-20
million. The prevalence of NAFLD and nonalcoholic
steatohepatitis (NASH) is increasing and is becoming a
major target disease not only in Western countries, but
also in Japan. Therefore, alternative diagnostic methods,
noninvasive procedures such as transient elastography,
have recently been developed. However, these are not
appropriate for health check-ups because they cannot be
used in patient with ascites, thick subcutaneous fat, nar-

row intercostal spaces, and hepatic atrophy.

Therefore, the aim of this study was to develop a
mass screening system for general physicians, which can
be used for predicting liver cirrhosis in NAFLD patients,

using routine laboratory parameters.

MATERIALS AND METHODS

Patients

1048 NAFLD patients who underwent liver biopsy were
enrolled between 2002 and 2011 from institutes affiliated
with the Japan Study Group of NAFLD (JSG-NAFLD),
represented by the following 10 hepatology centers:
Yokohama City University, Asahikawa Medical College,
Kurume University, Nara City Hospital, Hiroshima Uni-
versity, Saga Medical School, Osaka City University, Kyoto
Prefectural University of Medicine, Kochi Medical School,
and Saiseikai Suita Hospital. The study was conducted
with the approval of the Ethics Committee of all hepatol-
ogy centers. Liver biopsy was available in all NAFLD pa-
tients for the putpose of diagnosis and staging of NASH.
Macrovesicular steatosis affecting at least 5% of the he-
patocytes was observed in all the cases, with displacement

of the nuclei to the edges of the cells"”. The exclusion

criteria included history of hepatic disease such as chronic
hepatitis C or concurrent active hepatitis B (seropositive
for hepatitis B surface antigen); autoimmune hepatitis; pri-
mary biliary cirrhosis; Wilson disease; hemochromatosis;
al-antitrypsin deficiency; sclerosing cholangitis; hepatic
injury caused by substance abuse, or current or past con-
sumption of > 20 g of alcohol daily. Informed consent
for evaluation of liver histology was obtained from all the
entolled patients, and the present study was petformed in
accordance and compliance with the Ethic Principles of

the 1975 Declaration of Helsinki.
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Table 1 Characteristics of patients in the estimation and

validation groups

Variables Fibrosis stages 0-3 Fibrosis stage 4 P value®
(non-~cirrhosis)' (cirrhosis)'

Age (yr) 51.1+£15.0 63.9+£9.6 <0.0010
n 1010 38 -

BMI (kg/ mz) 27.8+49 28.6+3.9 0.3648
AST (IU/L) 58.3 £38.2 702+74.7 0.0721
ALT (IU/L) 922 +64.4 67.5 = 65.6 0.0208
AAR 0.71 £0.29 115+ 0.41 <0.0010
ALP (IU/L) 258.8 £94.9 312.2 +155.6 0.0012
GGT (IU/L) 88.2+93.8 95.4+73.0 0.6408
ChE (IU/L) 383.0 £ 95.3 298.7 +127.0 < 0.0010
Albumin (g/dL) 442 +041 3.69 £ 047 <0.0010
Ferritin (ng/mL) 255.3 £249.8 227.5+198.0 0.5677
Fasting glucose (mg/dL) 113.3 £38.9 124.0 £57.2 0.1116
Fasting insulin (WU/mL) 14.8 £13.8 18.4£10.5 0.1938
HOMA-IR 4.31+5.10 6.05 £ 5.64 0.1015
Hemoglobin (g/dL) 145+1.6 13.2+15 <0.0010
Platelet (X 104/ uL) 22.6 £6.53 12.08 +4.40 <0.0010
Hyaluronan (ng/mL) 54.5+81.0 250.7 £191.0 < 0.0010
Collagen IV (ng/mL) 470 £3.60 814+180  <0.0010

'Results are presented as numbers for qualitative data or as mean + SD
for quantitative data; *P values were calculated by the t test or the ;° test.
ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspar-
tate aminotransferase; AAR: AST/ALT ratio; BMI: Body mass index; ChE:
Cholinesterase; GGT: y-glutamyl transpeptidase; HOMA-IR: Homeostasis
model assessment-insulin resistance.

Anthropometric and biochemical measurements

Body mass index (BMI) was calculated as body weight (kg)
divided by height (m®). Fasted Human blood was collect-
ed from all biopsy-proven patients in the morning after
overnight for 12 h. In patients with NAFLD, the blood
cell counts and the serum levels of aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phospha-
tase (ALP), y-glutamyl transpeptidase, albumin, ferritin,
cholinesterase (ChE), fasting plasma glucose, fasting im-
munoreactive insulin, hyaluronan, and collagen IV were
measured consecutively in the each hospital’s laboratory.
Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated for NAFLD patients as using
the following formula: fasting insulin (WU/mL) X fasting
plasma glucose (mg/dL)/405.

Histological evaluation

All patients had undergone percutaneous liver biopsy
under ultrasound guidance. Liver biopsies were obtained
with 16 or 18 gauge needle biopsy apparatus. The num-
ber of biopsy specimen fragments was one or two. Liver
tissue specimens were fixed in formalin, embedded in
paraffin and stained, and analyzed independently by an
expert pathologist who was blinded to the clinical data.
Fatty liver was defined as the presence of > 5% ste-
atosis. In addition to steatosis, the diagnosis of NASH
was histologically confirmed as the presence of lobular
inflammation, hepatocyte injures including hepatocyte
ballooning cells or perisinusoidal/pericellular fibrosis in
zone 3 of the hepatic acini™®"”. The grading and staging
of NASH was assessed by Brunt’s modified semi-quanti-
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tative system, which classifies inflammatory activity into 3
grades [grade 1, mild; grade 2, moderate; grade 3, severe,
and the stage of fibrosis into a 4 stages (stage 1, zone3
petivenular and/or petisinusoidal fibrosis; stage 2, stage
1 with periportal fibrosis; stage 3, bridging fibrosis; and
stage 4, cirrhosis)]. The individual parameters of fibrosis
were scored independently according to the NASH Clini-
cal Research Network (CRN) scoring system developed
by the NASH CRN™,

Statistical analysis

Statistical analysis was performed by using SPSS software
version 12.0 for windows (SPSS, Chicago, IL, United
States). Continuous variables were expressed as mean *
SD. Qualitative data were represented as numbers, with
the percentages indicated within parentheses. The statisti-
cal significance of differences between the two groups in
the quantitative data were assessed using the #test or the
;{2 test. Data sets involving more than two independent
groups were assessed by Kruskal-Wallis test, because the
variables were often not normally distributed. The diag-
nostic performance was assessed by analysis of receiver-
operating characteristic (ROC) curves, and the ROC
curve was a plot of sensitivity versus (1-specificity) for
all possible cutoff values. The probabilities of a true-
positive (sensitivity) and true-negative (specificity) were
determined for selected cutoff values, and the area under
the ROC curve (AUROC) was calculated for each index.
Statistical significance was defined as a P < 0.05.

RESULTS

Patient and laboratory characteristics of enrolled
subjects

Using a multicenter database, 1048 biopsy-proven cases
of NAFLD were investigated (fibrosis stage 0, 216; stage
1, 334; stage 2, 270; stage 3, 190; stage 4, 38). The clinical
laboratory data and liver biopsy specimens with charac-
teristics of individuals with fibrosis stages 0-3 and stage
4 (cirrhosis) are shown in Table 1. The age, AST/ALT
ratio (AAR), ALP, hyaluronan, and collagen IV were sig-
nificantly higher, and ChE, albumin, hemoglobin, and
platelet were significantly decreased in NAFLD patients
with liver cirrhosis (fibrosis stage 4), compared with those
with no cirrhosis (fibrosis stages 0-3).

Multiple logistic regression analysis of factors related to
fibrosis: Fibrosis stage 0-3 vs fibrosis stage 4 (cirrhosis)
Multiple logistic regression analysis is performed by using
age, AAR, serum ChE, albumin, hemoglobin, platelet,
hyaluronan, and collagen IV, which were significantly
increased or decreased in NAFLD patients with liver cir-
rhosis (fibrosis stage 4) compared with NAFLD patients
without cirrhosis (fibrosis stages 0-3), by univariate analy-
sis (P < 0.0001) (Table 2). On the factors using multiple
logistic regression analysis associated with fibrosis stage
0-3 compared with stage 4, AAR (P = 0.0427), serum al-
bumin level (P < 0.001), and platelet (P < 0.001) were the
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Table 2 Multiple logistic regression analysis of factors

associated with stage 0-3 compared with stage 4 (cirrhosis)

Variables OR 95%Cl P value
Age (yr) 0.976 0.935-1.018 0.2610
AAR 0.122 0.054-0.279 0.0427
Cholinesterase (IU/L ) 1.000 0.995-1.005 0.9200
Albumin (g/dL) 5.977 2.430-14.703 <0.0001
Hemoglobin (g/dL) 0.988 0.761-1.283 0.9263
Platelet (x 10*/pL) 1.282 1.169-1.405 <0.0001
Hyaluronan (ng/mL) 1.000 0.997-1.003 0.8879
Type IV collagen 7s 0.941 0.883-1.004 0.0671

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AAR:
AST/ALT ratio.

factors related to progression to cirrhosis.

ROC curve for differentiating stage 4 fibrosis based on
albumin, platelet, and AAR

We performed ROC curve analysis for differentiating
fibrosis stage 4 (cirrhosis) based on albumin, platelet, and
AAR (Figure 1). For detecting cirrhosis (fibrosis stage
4) compared with non-cirrhosis (fibrosis stage 0-3), the
AUROC for AAR, albumin, and platelet was 0.843, 0.898,
and 0.918, respectively. Based on the ROC curve, the cut-
off level for the diagnosis of AAR, albumin, and platelet
was set at = 0.9, < 4.0 g/dL, and < 15.3 X 10"/ml, re-
spectively. Sensitivity, specificity, negative predictive value
(INPV), and positive predictive value (PPV) of AAR, albu-
min, and platelet were 76.3%/84.2%/81.6% (sensitivity),
82.9%/84.6%/88.6% (specificity), 98.9%/99.3%/99.2%
(NPV), and 13.9%/17.0%/21.2% (PPV), respectively.

PLALA score (platelet, albumin, AAR)

By multiple logistic regression analysis, three variables re-
mained significant, including platelet, albumin, and AAR.
Thus, these three variables, platelet < 15.3 X 104/ML,
albumin < 4.0 g/dL, and AAR > 0.9, were combined to
form an easily calculated composite score for predicting
NAFLD with cirrhosis, called the PLALA score. The
three variables were given a score of 1 point each (Figure
1), and a score of 0-3 was calculated. Figure 2 shows the
percentage of patients with cirrthosis (fibrosis stage 4)
with a platelet < 15.3 x 10*/pL, albumin < 4.0 g/dI, and
AAR > 0.9.

The diagnostic accuracy of the scoring system in dis-
tinguishing patients with and without cirrhosis was con-
firmed in 1048 patients. The percentage of patients with
cirthosis (fibrosis stage 4) with a PLALA score of 0, 1,
2, and 3 was 0%, 13%, 29%, and 58%, respectively (Fig-
ure 3). When using a PLALA score of 2 as a cutoff, the
sensitivity, specificity, NPV, and PPV were 86.8%, 90.8%,
99.5%, and 26.2%, respectively. All of these data were
superior to those of platelet, albumin, and AAR.

DISCUSSION

We developed a simple scoring system to differentiate cir-
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Platelet (x 10%/uL) < 15.3 x 10%/mL 1 point
Albumin (mg/dL) < 4.0 g/dL 1 point
AAR > 0.9 1 point

Figure 1 Receiver operating characteristic curve. Receiver operating char-
acteristic curve for differentiating fibrosis stage 4 based on albumin, platelet,
and AAR; aspartate aminotransferase (AST)/alanine aminotransferase (ALT)
ratio. PLALA score (platelet, albumin, AAR).

rhosis from non-cirthosis in NAFLD patients. The three
variables platelet, albumin, and AAR were combined in
an unweighted sum (platelet < 15.3 X 104/ uL; 1 point,
serum albumin < 4.0 g/dL; 1 point, and AAR > 0.9; 1
point) and formed an easily calculated composite score
for predicting cirrhosis in NAFLD patients, called the
PLALA score. A PLALA score (2 and 3) was useful for
detecting liver cirrhosis in NAFLD patients (sensitivity,
86.8%; specificity, 90.8%; NPV, 99.5%; PPV, 26.2%).

Bhala e# a/*" reported that 2.4% of patients with
NAFLD followed up for approximately 85.6 £ 54.5 mo
developed HCC, and 66.7% of the patients with NAFLD-
associated HCC had cirrhosis (fibrosis stage 4). Hashi-
moto ¢t al”” reported that 88% of patients with NASH-
associated HCC had advanced fibrosis (stage 3 or 4).
Therefore, advanced fibrosis was recognized as an impor-
tant risk factor for HCC. Furthermore, HCC was the ma-
jor cause of mortality in NASH patients with advanced
fibrosis™?. Tt is important to closely follow cirrhosis pa-
tients with NASH. In the field of NAFLD, vatious scot-
ing systems have been reported, for example NAFIC®,
FIB4 index™ HAIR™ BAAT™ BARD"’ NAFLD
fibrosis score””, and N score (Nippon)lzs], These scoring
systems can differentiate NASH from NAFLD or differ-
entiate advanced fibrosis (stages 3 or 4) from mild fibro-
sis (stage 0-2). However, the PLALA score developed in
our study, with the three variables platelet, albumin, and
AAR, differentiates cirrhosis (stage 4) from non-cirrho-
sis in the NAFLD patients (stages 0-3), and it is easy to
calculate.

The platelet is one of the most commonly reported
parameters associated with clinically significant portal
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Figure 2 The percentage of patients with cirrhosis. The percentage of pa-
tients with cirrhosis (stage 4) with a platelet < 15.3 ><104/u|_, albumin < 4.0 g/dL,
and alanine aminotransferase ratio; aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) ratio (AAR) > 0.9.

hypertension in compensated cirrhosis patientsm]. The
levels of serum albumin reflect the protein-synthesizing
capacity of the liver. Patients with advanced cirrhosis al-
most always have hypoalbuminemia caused by decreased
protein synthesis in the hepatocytes. AAR reflects fibrosis
of the liver™". When only one of three values is posi-
tive, factors that may cause false-positive low cutoff val-
ues for platelet are older age (decreased platelet produc-
tion), idiopathic thrombocytopenic purpura, idiopathic
portal hypertension, and drugs. Factors that may cause
false-positive low levels of serum albumin are loss of
urinary albumin due to renal dysfunction (eg., nephritic
syndrome and diabetic nephropathy), severe burns, and
inadequate protein intake. The possibility of false-positive
values for AAR > 0.9 is within the normal range of AST
and ALT.

Liver cirrhosis simultaneously induces liver fibrosis,
portal hypertension, and decreased production of albu-
min. Thus, PLALA score includes: platelet, which reflects
portal hypertension; albumin, which reflects protein pro-
duction; and AAR, which reflects liver fibrosis. A PLALA
score of 2 or 3 points is highly diagnostic for liver cit-
rhosis in patients with false-positive results for NAFLD.
If these NAFLD patients with liver cirrhosis have early
detection of HCC and portal hypertension, such as gas-
troesophageal varices, it is important for them to need to
be kept under surveillance.

This study had several limitations. The study had a
largely retrospective design. The proportion of patients
with advanced fibrosis was small. Therefore, in contrast
to the NPVs, the PPVs did not have sufficient accuracy
for the diagnosis of advanced fibrosis. Therefore, it
would seem appropriate to consider liver biopsy in all
patients with values above the cutoff of the selected in-
dex, PLALA (2 and 3). We previously reported, possibly
for the first time, that transient elastography and acoustic
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Figure 3 PLALA score and fibrosis stage of 1048 biopsy-proven nonalco-
holic fatty liver disease patients.

radiation force impulse elastography can be used to mea-
sure the severity of fibrosis in patients with NAFLD ),
It is possible that a combination of transient elastogra-
phy and the aforementioned scoring systems may pro-
vide better performance than each of them used alone,
although this needs to be verified. The patients were
recruited from multiple hepatology centers in Japan with
a particular interest in the study of NAFLD; therefore,
the possibility of some referral bias cannot be ruled out.
Patient selection bias could also have existed, because
liver biopsy might have been considered for NAFLD pa-
tients who were likely to have NASH and progression of
fibrosis. Thus, the findings may not represent NAFLD
patients in the community at large. We also acknowledge
that the pathological diagnosis was mainly determined us-
ing liver tissues derived from percutaneous liver biopsies,
which are prone to sampling errors and/or inter-observer
variability”™*, There is a possibility that our results might
not be adaptable for NAFLD patients of other races,
because all participants were Japanese. Because of these
limitations, the present results need to be validated in in-
dependent populations by other investigators.

In conclusions, the PLALA score may be an ideal
scoring system for detecting cirrhosis in NAFLD pa-
tients, because it is easy to use, cost effective, and ac-
curate. Therefore, we consider that this scoring system
is useful for mass screening by general physicians, using
routine laboratory parameters.

COMMENTS

Background

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of
chronic liver damage in many countries around the world. Although liver biopsy
is useful as the gold standard method for diagnosis of nonalcoholic steatohepa-
titis (NASH) with cirrhosis, it is difficult to perform liver biopsy for every patient
with NAFLD. However, noninvasive markers for predicting cirrhosis in NAFLD
patients have not yet been well established.

Research frontiers

In the field of NAFLD, various scoring systems related liver fibrosis have been
reported, for example FIB4 index, NAFLD fibrosis score. These scoring sys-
tems can differentiate advanced fibrosis (stage 3 or 4) from mild fibrosis (stage
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0-2). However, NASH-related cirrhosis (stage 4) is cause of most complication,
especially hepatocellular carcinoma and portal hypertension. Therefore, the
research hotspot is how to find noninvasive scoring systems for detecting with
NASH-associated cirrhosis (stage 4).

Innovations and breakthroughs

The PLALA score developed with the three variables, differentiates cirrhosis (stage
4) from non-cirrhosis in the NAFLD patients (stages 0-3). When using a PLALA

score of 2 as a cutoff, the sensitivity, specificity, negative predictive value, and

positive predictive value were 86.8%, 90.8%, 99.5%, and 26.2%, respectively.

Applications

The study results suggest that PLALA score is to develop a mass screening

system for general physicians, which can be used for predicting liver cirrhosis in

NAFLD patients, using routine laboratory parameters.

Terminology

NAFLD is mainly represents a spectrum of liver disease from simple steatosis

to nonalcoholic fatty steatohepatitis, which can progress to cirrhosis and hepa-

tocellular carcinoma, despite the absence of significant alcohol consumption.

PLALA score is constructed from platelet, Alb, AAR. These three variables were

combined to form an easily calculated composite score for predicting NAFLD

with cirrhosis.

Peer review

The manuscript aimed to develop a simple noninvasive scoring system for pre-

dicting liver cirrhosis in nonalcoholic fatty liver disease patients by using early

available clinical and biochemical variables. This article is interesting, original
and well written, and gives good clues to the readers.
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