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Abstract

Background & Aims

It remains unknown what the prevalence of minimal hepatic encephalopathy is in Taiwan, a
highly endemic country for chronic viral hepatitis infection. It is also unclear whether abnor-

mal serum cytokine levels can be indicative of the presence of minimal hepatic encephalop-
athy. We aimed to standardize the tests of psychometric hepatic encephalopathy score and
predictive value of proinflammatory cytokines in minimal hepatic encephalopathy in Taiwan.

Methods

180 healthy subjects and 94 cirrhotic patients without a history of overt hepatic encephalop-
athy from a tertiary center were invited to participate in this cross-sectional study. Blood
sampling for determination of serum levels of interleukin 6 and 18 and tumor necrosis fac-
tor-a was performed. Based on the normogram of psychometric hepatic encephalopathy
score from healthy volunteers, patients with minimal hepatic encephalopathy were identified
from the cirrhotic patients using the criterion of a psychometric hepatic encephalopathy
score less than —4.

Results

In the healthy subjects, age and education were predictors of subtests of psychometric he-
patic encephalopathy score. Minimal hepatic encephalopathy was identified in 27 (29%) cir-
rhotic patients. Serum interleukin 6 level (OR = 6.50, 95% Cl = 1.64-25.76, P = 0.008) was
predictive of the presence of minimal hepatic encephalopathy after multivariate analysis.

Conclusions

The psychometric hepatic encephalopathy score can be a useful tool for detecting patients
with minimal hepatic encephalopathy in Taiwan and around one third of cirrhotic outpatients
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fulfill this diagnosis. A high serum interleukin 6 level is predictive of the presence of minimal
hepatic encephalopathy.

Introduction

Hepatic encephalopathy (HE) comprises of a broad spectrum of neuropsychiatric abnormali-
ties of varying severity, and affected patients usually suffer from psychomotor, cognitive, emo-
tional, behavioral, and motor coordination dysfunctions [1]. Patients with minimal HE
(MHE), a subclinical form of HE, usually have a normal mental and neurological status upon
routine clinical examination. The subtle deficits in patients with MHE can only be elicited by
specialized neuropsychological tests [2]. Despite the subclinical presentation of MHE, MHE
patients are a significant burden on society and are burdened themselves, because they are
more likely to suffer from car accidents, falls, a lower quality of life, and overt HE (OHE) as
well as increased risk of requiring health care, hospitalization and even overall mortality [3-5].
The pathogenesis of MHE has not been fully clarified, but neuroinflammation may play a piv-
otal role. For example, serum interleukin 6 (IL-6) and IL-18 cytokines levels correlate with the
grade of MHE [6]. Rodent studies also show that MHE rats display neuroinflammation and
cognitive and motor alterations which can be reversed with anti-inflammatory drugs [7]. De-
spite this fact, it remains unknown whether abnormal serum cytokine levels can be predictive
of the presence of MHE among cirrhotic patients.

Taiwan is highly endemic for chronic viral hepatitis infection, with viral hepatitis B sero-
prevalence of 17.3% in the general population. These factors led to chronic liver disease/cirrho-
sis being the ninth leading cause of death in Taiwan in 2012 [8]. Thus, early detection and
subsequent treatment for MHE among cirrhotic patients in Taiwan is crucial to minimize the
negative effect of MHE. Evidence have recommended using the Psychometric Hepatic Enceph-
alopathy Score (PHES) as an efficient tool for detecting MHE [2,9]. The PHES combines 5
subtests: the digit symbol test (DST), number connection test-A (NCT-A), number connection
test-B (NCT-B), serial dotting test (SDT), and line tracing test (LTT), to assess psychomotor
speed and accuracy, visual perception, visuospatial orientation, visual construction, concentra-
tion, attention, and working memory [2]. Patients with MHE can be reliably distinguished
from patients with OHE and from healthy controls by using this simple ‘paper and pencil’ test
[2,10-15]. For patients awaiting liver transplantation, the PHES has also been demonstrated to
be the most robust method for HE diagnosis and follow-up [16]. Because the results of the
PHES can be affected by multiple factors, such as age, gender, and educational status, an age-
corrected normogram may differ among different tested populations. The International Society
on Hepatic Encephalopathies and Nitrogen Metabolism has suggested that MHE should be
diagnosed using standardized tests and that results should be validated for the respective study
population [17]. The PHES has been standardized in countries of low and intermediate en-
demicity for hepatitis B infection such as Germany [2], Italy [10], Spain [11], India [12],
Mexico [13], South Korea [14], and China [15]. Furthermore, in previous studies with the ap-
plication of PHES in other countries, many of their cirrhotic were alcoholism in etiology (49%
in Italy, 42.1% in Spain, 49.4% in India, 21.1% in Korea, and 11% in Mexico) [10-14] Alcohol-
ism per se might also affect cognitive function,[18] which would cause a bias in the recognition
of MHE. In addition, previous studies were conducted in the countries with low or medium
epidemic for hepatitis B. To date, PHES has not been applied in cirrhotic patients in highly
endemic area for chronic hepatitis B, such as Taiwan. Thus, the aim of this study is to (1)
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standardize the PHES to a healthy population in Taiwan; (2) evaluate the prevalence of MHE
among cirrhotic patients in Taiwan; (3) identify whether proinflammatory cytokines could be
independently predictive factors for MHE occurrence.

Materials and Methods
Study Population

This study was conducted from January 2011 to March 2014 at outpatient clinic in a tertiary
2,700-bed referral center in Northern Taiwan. Two samples of subjects were invited to partici-
pate in the study. A sample of healthy adult Taiwanese (> = 20-year-old) were enrolled for the
purpose of creating a standardized PHES. Another sample was composed of consecutive pa-
tients with liver cirrhosis to compare their PHESs to those of the Taiwan PHES standardiza-
tions. The study protocol was reviewed and approved by the institutional review board of
Taipei Veterans General Hospital. (IRB No: 2011010080B) Written informed consent was
obtained from the all participants or their legally authorized representatives according to the
Declaration of Helsinki.

PHES standardization sample

Advertisement posters were used to invite healthy subjects to participate in the study as stan-
dardized samples. Those who accompanied the cirrhotic patients to the clinics were also al-
lowed to join. The following exclusion criteria were applied: abnormal results for liver or renal
function; presence of chronic liver or renal, neurological or psychiatric diseases, or other dis-
eases that can affect cognitive function; a history of chronic liver disease or a neurologic or psy-
chiatric disorder; alcohol abuse (> 60 g/day for men and > 30 g/day for women); a history of
psychotropic drug consumption.

Cirrhotic patients sample

Patients with liver cirrhosis but without a history of OHE were enrolled [9]. Cirrhosis was diag-
nosed by liver biopsy or by the presence of biochemical, ultrasonographic, or endoscopic fea-
tures of portal hypertension and/or liver dysfunction.The exclusion criteria included: presence
of OHE; taking lactulose, antibiotics, or psychoactive drugs; presence of significant comorbidi-
ty including heart, respiratory, or renal failure; presence of neurological or psychiatric diseases;
presence of hepatocellular carcinoma or other malignancy; alcohol abuse within the past 3
months (> 60 g/day for men and > 30 g/day for women). Blood samples of all the cirrhotic pa-
tients were taken for the etiological diagnosis of liver cirrhosis, including hepatitis B surface an-
tigen (HBsAg) and antibody for hepatitis C virus (antiHCV). Serum samples were also saved
for further testing, including antinuclear antibody, liver kidney microsomal antibody, and ce-
ruloplasmin, if the etiology was not detected at these initial tests. History was also noted for
any hepatotoxic drug intake, including homeopathic and herbal medications. An ultrasonogra-
phy was also performed later on. Cryptogenic cirrhosis connoted the absence of serologic evi-
dence of other causes of liver disease or a history of significant alcohol use. Blood sampling was
also performed for liver function tests, hematologic parameters and serum proinflammatory
cytokine measurements. Hepatic function of the cirrhotic patients was graded according to the
Child-Pugh classification [19].

Cytokine measurements

Blood sample (10 mL) was collected using BD Vacutainer tubes (RSTs; BD, Franklin Lakes,
NJ) and was centrifuged at 1000 g for 15 minutes. The supernatants were collected and stored
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at -80°C until use. IL-6, IL-18, and tumor necrosis factor-o. (TNF-a.) levels were quantified
using commercially available ELISA kits (Bender MedSystems, Vienna, Austria).

Neuropsychological Testing

Psychometric Hepatic Encephalopathy Score. The 5 tests composing the PHES were pro-
vided to C.F. Tsai by Dr. Karin Weissenborn. The DST results were measured as points; those
of the NCT-A, NCT-B, and SDT were measured as seconds. The line tracing test results were
measured as both time to complete (LTTt, second) and as an error score (LTTe), as described
previously [20,21], and LTT was defined as sum of LTTt and LT Te. The PHES procedure was
repeated in a 30 sub-sample randomly selected from healthy volunteers at 4 weeks after the
initial tests.

Variables affecting PHES results were included in multiple linear regression models to assess
the magnitude of the effects, and variables with large standardized coefficients were included in
subsequent multiple linear regression analyses. The unstandardized beta coefficients of these
analyses were used in the final formulae to correct for these factors. These formulae were subse-
quently used to predict values for cirrhotic patients, and the difference between the predicted
and observed results for each test was divided by the corresponding standard deviation (SD) of
the reference population to obtain the deviation from “normal” as a multiple of the SD. Finally,
differences for each test in multiples of the SD were summed as follows: a result<1 SD above
the predicted value was scored as + 1; results -1 SD and -2 SDs below the predicted value were
scored as -1 and -2, respectively; a result < -3 SDs was scored as -3. Thus, the sum of scores for
the PHES ranged from +5 to -15. Cirrhotic patients exhibiting a PHES of < -4 SD were consid-
ered to have MHE.

Hospital Anxiety and Depression Scale (HADS). Prior studies have shown that a signifi-
cant proportion of patients with liver cirrhosis suffer from depression, which would affect their
cognition [22]. Thus, we measured the psychological distress using the Taiwanese version of
the HADS, which has been developed for non-psychiatric medical patients [23].

Statistical analysis

Results are expressed as the mean + SD. Bivariate analyses were performed using the Pearson
correlation, Student’s t-test, Mann-Whitney U-test, and chi-square test, as appropriate. PHES
results from healthy volunteers were used to compile reference values with which results for
the cirrhotic population were compared. Using bivariate analyses of the effects of variables, fac-
tors that affected the results of each test in the PHES were identified. Test-retest and inter-rater
reliability of the PHES were assessed using the intra-class correlation coefficient. Variables
shown by univariate analysis to affect the outcome of the PHES total score and the diagnosis of
MHE were included in multiple regression models. Age, years of education, IL-6, IL-18, and
Child-Pugh scores were included in the multiple linear regression analysis with PHES as the
dependent variable. A logistic regression analysis was conducted with the presence of MHE as
the dependent variable and age, education level, IL-6, IL-18, and Child-Pugh category as inde-
pendent variables. The cut-off level of IL-6 and IL-18 were determined from the healthy con-
trol group to be the mean plus three SDs. A two-tailed P value of <0.05 was considered
statistically significant. Analyses were performed using SPSS version 15.0 software (SPSS Inc.,
Chicago, IL).
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Results
PHES standardization sample

A total of 180 healthy subjects were enrolled in this study.(Table 1) The age distribution of par-
ticipants was as follows: 20-29 years, 32 (17.78%); 30-39 years, 29 (16.11%); 40-49 years, 32
(17.78%); 50-59 years, 43 (23.89%); 60-69 years, 37 (20.56%), and 70-79 years, 7 (3.89%). Age
and years of education showed positive (DCT-A/B, SDT, LTT) or negative (DST) correlations
with all individual PHES tests, while gender was negatively associated with the NCT-A/B
(Table 2). No association was found between the HADS score and any PHES test. The predic-
tive equations were generated on the relating factors and used to compute the standard devia-
tions and to calculate scores for each test (Table 3). The PHES in the standardization sample
was -0.17£1.24 (median, 0; range: -5 to 3) and was not correlated with age (P =. 30), gender

(P =. 38), education (P =. 54), or the HADS score (P =. 26).

Cirrhotic patients sample

The clinical and demographic data of a total of 94 cirrhotic patients were showed in Table 1.
The PHES in the cirrhotic group was correlated with age (r = -0.29, P =. 005), education-year
(r=0.32, P =.002), Child-Pugh score (r =-0.34, P =. 001), serum IL-6 level (r = -0.40, P =.
005), and serum IL-18 (r = -0.41, P =. 005), but not with gender (P =. 94), HADS score (P =.
05) or serum TNF-a level (P =. 63). Multivariate linear analysis showed that IL-6 (B = -0.32,
P =.01) and years of education ( = 0.35, P =. 01) were associated with PHES score.

Table 1. Clinical and demographic characteristics of controls and cirrhotic patients.

Controls Cirrhosis P

(N =180) (N=94)
Age(years) 46.58+15.04  58.98+9.34 <.001
Gender(Male) 87 (48.33%) 54 (57.45%) 0.16
Education(years) 14.03+2.78 10.21£3.70 <.001
PHES: DST 60.44+13.25 42.21+14.19 <.001
PHES: NCT-A 34.36+13.47 57.88+29.76 <.001
PHES: NCT-B 79.23+43.32 144.20+80.73  <.001
PHES: SDT 74.17+26.54  94.95+41.45 <.001
PHES: LTT 122.08+32.75 166.09+45.72  <.001
PHES total score -0.17+1.24 -2.31+3.45 <.001
IL-6 (pg/ml) 1.48+0.20 2.42+1.25 <.001
IL-18 (pg/ml) 102.94454.63 113.00+128.51 <.001
TNF-a 29.24+17.83  47.54+53.50 <.001
HADS score 9.22+5.85 9.6816.90 0.59
Etiology of liver cirrhosis: B/C/dual B and C/alcohol/ - 50/30/4/5/5
cryptogenic
Child-Pugh A/B/C - 80/13/1
Child-Pugh score - 5.55+1.27

Digit symbol test(DST); Number connection test-A (NCT-A); Number connection test-B (NCT-B); Serial
dotting test (SDT); Line tracing test (LTT); psychometric hepatic encephalopathy score (PHES); Interleukin-
6 (IL-6); Interleukin-18 (IL-18); Tumor necrosis factor-a (TNF-a); Hospital Anxiety and Depression Scale
(HADS)

doi:10.1371/journal.pone.0128437.t001
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Table 2. Correlation coefficients between psychometric tests and age, gender, years of education, and HADS score in healthy subjects.

DST NCT-A NCT-B SDT LTT
Age(years) -0.65%* 0.59%* 0.66** 0.41%* 0.49%*
Gender(male) -0.03 -0.17* -0.15* 0.04 0.01
Education(years) 0.53** -0.46%* -0.45%* -0.29%* -0.26%*
HADS 0.01 -0.04 0.02 0.06 0.07
*P<0.05
**P<0.001

Digit symbol test(DST); Number connection test-A (NCT-A); Number connection test-B (NCT-B); Serial dotting test (SDT); Line tracing test (LTT); Hospital
Anxiety and Depression Scale (HADS)

doi:10.1371/journal.pone.0128437.t002

Prevalence of MHE

MHE was detected in 27 (28.7%) out of the 94 cirrhotic patients. The proportion of patients
with MHE progressively increased with the Child-Pugh grade (18 patients in grade A
(22.50%); 8 in grade B (61.54%); and 1 in grade C (100.00%)). The correlation between IL-6
levels and the presence of MHE were found in both patients with HBV related cirrhosis
(r=0.54, P =.003) and those with etiologies of other causes (r = 0.45, P =. 04). Cirrhotic pa-
tients with MHE had an older age, lower mean years of education, a higher serum IL-6 and IL-
18 levels, and a higher Child-Pugh score than their non-MHE counterparts (Table 4). Multiple
logistic analysis showed that years of education (OR = 0.21, 95% CI = 0.05-0.80) and IL-6 levels
(OR =6.50, 95% CI = 1.64-25.76) were independently predictive of a diagnosis of MHE as de-
fined by PHES (Table 5).

Reliability and test-Retest

Regarding the repeatability of PHES, the results showed the correlations between the baseline
and 4-week follow-up of the PHES tests were excellent. The intra-class correlation coefficients
of the DST, NCT-A, NCT-B, SDT, and LTT between the baseline and 4-week follow-up data
were, respectively: 0.93 (95% CI = 0.84-0.97, P <. 001), 0.91 (95% CI = 0.81-0.96, P <. 001),
0.88 (95% CI = 0.74-0.95, P <. 001), 0.73 (95% CI = 0.41-0.88, P =. 001), and 0.82 (95%

CI =0.60-0.92, P <. 001). Improved performance was noted after re-test in all 5 PHES tests.
(Results of the 5 neuropsychological test/re-tests were: DST: 60.38+13.24 vs. 65.77+14.60
points; NCT-A: 34.37+13.45 vs. 26.33+11.41 s; NCT-B: 79.21+ 43.34 vs. 63.43 £ 28.42; SDT:
74.24+ 26.55 vs. 63.77+12.77 s; LTT: 122.13+32.87 vs. 114.734+41.81 points).

Table 3. Equations for predicting test results from gender, age and education years.

Test Equation SD

DST 53.84-(Agex0.43)+(Edux1.91) 13.25
NCT-A 42.44+(Agex0.41)+(Edux1.79)-(Genderx3.61) 13.47
NCT-B 87.92+(Agex1.42)-(Edux4.78)-(Genderx14.70) 43.32
SDT 81.80+(Agex0.59)-(Edux2.50) 26.54
LTT 125.08+(Agex0.86)-(Edux3.01) 32.75

Gender: O(female); 1(male); Digit symbol test(DST); Number connection test-A (NCT-A); Number
connection test-B (NCT-B); Serial dotting test (SDT); Line tracing test (LTT); Standard deviation (SD)

doi:10.1371/journal.pone.0128437.t003
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Table 4. Clinical characteristics of cirrhotic patients with and without minimal hepatic encephalopa-
thy (MHE).

MHE(N = 27) Non-MHE(N = 67) P
Age(years) 63.44+10.46 57.18+8.27 0.008
Gender(male) 55.56% 58.21% 0.82
Education(years) 8.07+3.13 11.07+3.58 0.001
Child-Pugh score 6.15+1.38 5.32+1.15 0.009
Child-Pugh A/B/C 18/8/1 62/5/0 0.007
IL-6 3.17+1.63 1.98+0.69 0.008
IL-18 168.72+162.71 77.17+86.34 0.02
TNF-a 58.14174.16 41.38+36.82 0.38
HADS score 10.374+4.93 9.39+7.58 0.47

Interleukin-6 (IL-6); Tumor necrosis factor-a (TNF-a); Hospital Anxiety and Depression Scale (HADS).

doi:10.1371/journal.pone.0128437.t004

Discussion

In the current study, we set up a standardization of the PHES in healthy Taiwanese individuals.
Around one third of our cirrhotic outpatients had MHE, and the serum level of IL-6 was pre-
dictive of the presence of MHE in Taiwanese cirrhotic patients.

In the standardization sample, we found that all 5 subtests of the PHES were affected by age
and years of education. Age and years of education are widely recognized to be associated with
PHES performance [2,10-15]. Gender differences in PHES performance have been noted in
validation studies from Spain, Mexico, and South Korea. In our study, we also demonstrated
that male subjects showed better results in the NCT-A and NCT-B subtests [11]. The Mexican
study [13] revealed a gender effect on the DST and SDT subtests, whereas the South Korean
study [14] reported that the SDT subtest was more favorable for women than for men. Howev-
er, no such gender difference was noted in any of the PHES tests in the studies from Italy [10]
or China [15]. In addition, we found no association between the level of mood symptoms mea-
sured by the HADS and any of the 5 PHES tests. None of the factors including age, years of ed-
ucation, gender and HADS were found to be independently predictive of PHES after multiple
linear regression analysis.

Weissenborn et al. were the first to show that the PHES exhibited optimal sensitivity and
specificity for diagnosing MHE when the diagnostic cut-off was set at -4 [2]. This PHES criteria
was employed by many subsequent studies of screening for MHE [2,10,11,13,14,20,24]. By

Table 5. Risk factors associated with the diagnosis of minimal hepatic encephalopathy as defined by
the psychometric hepatic encephalopathy score.

B OR(95% CI) P
Interleukin-6 1.87 6.50(1.64-25.76) 0.008
Interleukin-18 - - 0.78
Education -1.58 0.21(0.05-0.80) 0.02
Age - - 0.28
Child-Pugh category - - 0.17

Education level: 0(0-6), 1(7—-12), 2(over 12 years)
Age: 0(20-29), 1(30-39), 2(40-49), 3(50-59), 4(60-69), 5 (over 70 years)
Child-Pugh: 0(A), 1(B), 2(C)

doi:10.1371/journal.pone.0128437.t005
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using the same cut-off in the current study, we found that nearly one third of our cirrhotic pa-
tients (29%) were identified to meet the criteria for an MHE diagnosis. This prevalence among
cirrhotic patients is in agreement with those in previous reports from Western countries (15—
31%) [10,11,13]. When compared with the MHE prevalence from other Asian countries, our
result was similar to the reports from South Korea (26%), [14] but lower than those from
China (49%) [15] and India (48%) [12]. The severity of the chronic liver disease may result in
this discrepancy, because the majority of cirrhotic patients in this study (85%) and the Korean
study (81%) had a Child-Pugh grade A status, while only 45% and 22% of patients had this
status in the Chinese and Indian studies, respectively. Previous studies shown that the MHE
prevalence was increasing with Child-Pugh grade [11,15]. We also demonstrated that MHE pa-
tients have a higher trend for Child-Pugh score, though the case numbers in each Child-Pugh
category were too small to make a firm conclusion. Nearly one-third of the present sample (pa-
tients with cirrhosis of mild severity) had MHE in Taiwan. We should be cautious in taking
care of these cirrhotic patients without MHE since the severity of chronic liver disease is ex-
pected to progress. Some patients may eventually develop MHE.

The pathogenesis of HE is heterogeneous. Hyperammonemia and neuroinflammation have
been considered to play synergistic roles in inducing neurological manifestations of HE [25].
Nevertheless, previous validation studies have failed to show a consistent relationship between
high blood ammonia concentrations and MHE [14,26,27]. On the contrary, elevated levels of
serum cytokines have been repeatedly reported in patients with chronic liver disease [28,29].
Previous literatures have revealed that IL-6 and IL-1p showed significant correlations with
PHES score and correlate with health-related quality of life irrespective of MHE [30] Serum IL-
6 and IL-18 levels are reported to be correlated with the degree of encephalopathy [6,31]. We
also identified that higher serum IL-6 levels can be independently predictive of MHE, which
may support that IL-6 had a more robust association with cognitive impairment in liver cirrho-
sis [32]. Furthermore, IL-6 is linked with cognitive decline among the older participants, inde-
pendent of other vascular risk factors such as C-reactive protein (CRP).[33] Higher IL-6 level
in midlife was also associated with cognitive decline. These evidences suggested that IL-6
might be a more appropriate marker for cognition impairment, such as the MHE in the current
study [34] Although literature has shown an increased serum level of TNF-a. in cirrhotic pa-
tients with HE [35-37], we did not detect such a phenomenon in the current study. We suggest
that the severity of cirrhosis may have accounted for this discrepancy, because most of our cir-
rhotic patients were of Child-Pugh grade A status. And previous report has shown that serum
TNEF-a levels correlate with the severity of cirrhosis [38,39]. In addition, one study even dem-
onstrated that TNF-o could contribute to OHE, but not MHE [40]. Thus, IL-6 is independently
predictive of MHE occurrence, and may have the potential to be the objective biomarker of
MHE. [6,41].

After test and re-test, we found that the PHES is a reliable tool to detect neuropsychiatric
dysfunction. Correlation coefficients exceeded 0.80 for the DST, NCT-A, NCT-B, and LTT
tests, but not for the SDT test (0.73). However, we also observed a learning effect between the 2
tests, which agrees with previous findings from Italy and Mexico. Therefore, we should be cau-
tious when using PHES tests repeatedly in the same patients.

Limitations do exist in this study. First, we did not examine the relationship between
serum ammonia level and MHE. Although ammonia is considered to play a role in the patho-
genesis of HE/MHE [20], no consistent correlation can be clearly identified between the blood
ammonia level and the presenting symptoms of HE [1,42]. Thus, its use in diagnosing HE is
not recommended [43]. Nevertheless, a recent study has identified a positive correlation be-
tween serum IL-6 levels and plasma ammonia levels in cirrhotic patients with OHE and sug-
gested that IL-6 might be involved in the mechanism by which ammonia contributes to the
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pathogenesis of HE.[44] Secondly, in the current study cohort, only one patient had been diag-
nosed as cirrhosis by liver biopsy. The others were clinically diagnosed by blood tests (low
platelet count), endoscopic finding (presence of varices), and abdominal imaging study
(splenomegaly with signs of liver cirrhosis in ultrasonography and/or fibroscan). Traditionally,
pathologic examination of percutaneous biopsy specimens is considered to be the golden stan-
dard for diagnosis of chronic liver disease including cirrhosis. But, this procedure is invasive
and not indicated for patients with bleeding tendency and ascites. Furthermore, the ‘non-inva-
sive’ diagnosis of hepatic fibrosis in patients with chronic liver disease has progressed signifi-
cantly recently and have shown high diagnostic accuracy for significant fibrosis and liver
cirrhosis. [45] Thus, the need for liver biopsy has been challenged in many clinical situations
where patients have chronic hepatitis B or C. It is suggested that the need for liver biopsy
should be performed when there is sufficient uncertainty about diagnosis, severity of disease,
prognosis, and treatment decisions.[46] Therefore, clinical diagnosis instead of liver biopsy was
mainly used for cirrhosis in all recent studies in the PHES validation for MHE. However, we
agreed that this approach may underestimate the diagnosis of liver cirrhosis resulting in over-
estimation of MHE prevalence. Finally, all of our cirrhotic patients were Taiwanese outpatients
who mainly had mild to moderate disease severity. This hinders the generalizability of our find-
ings to patients with acute liver disease, patients of other nationalities, or patients hospitalized
with advanced cirrhosis.

In summary, the PHES can be a simple and useful tool for detecting MHE among cirrhotic
patients in Taiwan. Around one third of cirrhotic patients from an outpatient clinic were iden-
tified to have MHE based on a PHES score < -4. High serum IL-6 levels are predictive of the
presence of MHE among cirrhotic patients.

Author Contributions

Conceived and designed the experiments: CFT CLL FYL. Performed the experiments: CFT
CJC YHH HCL. Analyzed the data: CFT YPW YPW CLL. Contributed reagents/materials/
analysis tools: CLL FYL. Wrote the paper: CFT PYL CLL.

References

1. Bismuth M, Funakoshi N, Cadranel JF, Blanc P (2011) Hepatic encephalopathy: from pathophysiology
to therapeutic management. Eur J Gastroenterol Hepatol 23: 8-22. doi: 10.1097/MEG.
0b013e3283417567 PMID: 21099434

2. Cordoba J (2011) New assessment of hepatic encephalopathy. J Hepatol 54: 1030—1040. doi: 10.
1016/j.jhep.2010.11.015 PMID: 21145874

3. BajajJS, Hafeezullah M, Hoffmann RG, Saeian K (2007) Minimal hepatic encephalopathy: a vehicle for
accidents and traffic violations. Am J Gastroenterol 102: 1903—-1909. PMID: 17640323

4. Roman E, Cordoba J, Torrens M, Torras X, Villanueva C, Vargas V, et al. (2011) Minimal hepatic en-
cephalopathy is associated with falls. Am J Gastroenterol 106: 476—482. doi: 10.1038/ajg.2010.413
PMID: 20978484

5. Hartmann IJ, Groeneweg M, Quero JC, Beijeman SJ, de Man RA, Hop WC, et al. (2000) The prognostic
significance of subclinical hepatic encephalopathy. Am J Gastroenterol 95: 2029-2034. PMID:
10950053

6. Montoliu C, Piedrafita B, Serra MA, del Olmo JA, Urios A, Rodrigo JM, et al. (2009) IL-6 and IL-18 in
blood may discriminate cirrhotic patients with and without minimal hepatic encephalopathy. J Clin Gas-
troenterol 43: 272-279. doi: 10.1097/MCG.0b013e31815e7f58 PMID: 18562979

7. Cauli O, Rodrigo R, Piedrafita B, Llansola M, Mansouri MT, Felipo V. (2009) Neuroinflammation contrib-
utes to hypokinesia in rats with hepatic encephalopathy: ibuprofen restores its motor activity. J Neurosci
Res 87: 1369-1374. doi: 10.1002/jnr.21947 PMID: 19025766

8. Taiwan Ministry of Health and Welfare (2013) 2012 Annual statistical report of cause of death Taipei,
Taiwan: Taiwan Ministry of Health and Welfare.

PLOS ONE | DOI:10.1371/journal.pone.0128437 June 3,2015 9/11


http://dx.doi.org/10.1097/MEG.0b013e3283417567
http://dx.doi.org/10.1097/MEG.0b013e3283417567
http://www.ncbi.nlm.nih.gov/pubmed/21099434
http://dx.doi.org/10.1016/j.jhep.2010.11.015
http://dx.doi.org/10.1016/j.jhep.2010.11.015
http://www.ncbi.nlm.nih.gov/pubmed/21145874
http://www.ncbi.nlm.nih.gov/pubmed/17640323
http://dx.doi.org/10.1038/ajg.2010.413
http://www.ncbi.nlm.nih.gov/pubmed/20978484
http://www.ncbi.nlm.nih.gov/pubmed/10950053
http://dx.doi.org/10.1097/MCG.0b013e31815e7f58
http://www.ncbi.nlm.nih.gov/pubmed/18562979
http://dx.doi.org/10.1002/jnr.21947
http://www.ncbi.nlm.nih.gov/pubmed/19025766

@’PLOS ‘ ONE

PHES for Hepatic Encephalopathy in Taiwan

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT. (2002) Hepatic encephalopathy—
definition, nomenclature, diagnosis, and quantification: final report of the working party at the 11th
World Congresses of Gastroenterology, Vienna, 1998. Hepatology 35: 716-721. PMID: 11870389

Amodio P, Campagna F, Olianas S, lannizzi P, Mapelli D, Penzo M, et al. (2008) Detection of minimal
hepatic encephalopathy: normalization and optimization of the Psychometric Hepatic Encephalopathy
Score. A neuropsychological and quantified EEG study. J Hepatol 49: 346-353. doi: 10.1016/j.jhep.
2008.04.022 PMID: 18602716

Romero-Gomez M, Cordoba J, Jover R, del Olmo JA, Ramirez M, Rey R, et al. (2007) Value of the criti-
cal flicker frequency in patients with minimal hepatic encephalopathy. Hepatology 45: 879-885. PMID:
17393525

Dhiman RK, Kurmi R, Thumburu KK, Venkataramarao SH, Agarwal R, Duseja A, et al. (2010) Diagno-
sis and prognostic significance of minimal hepatic encephalopathy in patients with cirrhosis of liver. Dig
Dis Sci 55: 2381-2390. doi: 10.1007/s10620-010-1249-7 PMID: 20508990

Duarte-Rojo A, Estradas J, Hernandez-Ramos R, Ponce-de-Leon S, Cordoba J, Torre A. (2011) Vali-
dation of the psychometric hepatic encephalopathy score (PHES) for identifying patients with minimal
hepatic encephalopathy. Dig Dis Sci 56: 3014-3023. doi: 10.1007/s10620-011-1684-0 PMID:
21461913

Seo YS, Yim SY, Jung JY, Kim CH, Kim JD, Keum B, et al. (2012) Psychometric hepatic encephalopa-
thy score for the detection of minimal hepatic encephalopathy in Korean patients with liver cirrhosis. J
Gastroenterol Hepatol 27: 1695—-1704. doi: 10.1111/j.1440-1746.2012.07217.x PMID: 22743001

Li SW, Wang K, Yu YQ, Wang HB, Li YH, Xu JM. (2013) Psychometric hepatic encephalopathy score
for diagnosis of minimal hepatic encephalopathy in China. World J Gastroenterol 19: 8745-8751. doi:
10.3748/wjg.v19.i46.8745 PMID: 24379595

Goldbecker A, Weissenborn K, Hamidi Shahrezaei G, Afshar K, Rumke S, Barg-Hock H, et al. (2013)
Comparison of the most favoured methods for the diagnosis of hepatic encephalopathy in liver trans-
plantation candidates. Gut 62: 1497—-1504. doi: 10.1136/gutjnl-2012-303262 PMID: 23297006

Bajaj JS, Cordoba J, Mullen KD, Amodio P, Shawcross DL, Butterworth RF, et al. (2011) Review article:
the design of clinical trials in hepatic encephalopathy—an International Society for Hepatic Encepha-
lopathy and Nitrogen Metabolism (ISHEN) consensus statement. Aliment Pharmacol Ther 33: 739—
747.doi: 10.1111/j.1365-2036.2011.04590.x PMID: 21306407

Zahr NM, Kaufman KL, Harper CG. (2011) Clinical and pathological features of alcohol-related brain
damage. Nat Rev Neurol 7: 284-294. doi: 10.1038/nrneurol.2011.42 PMID: 21487421

Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL, et al. (2001) A model
to predict survival in patients with end-stage liver disease. Hepatology 33: 464—470. PMID: 11172350
Dhiman RK, Saraswat VA, Sharma BK, Sarin SK, Chawla YK, Butterworth R, et al. (2010) Minimal he-
patic encephalopathy: consensus statement of a working party of the Indian National Association for
Study of the Liver. J Gastroenterol Hepatol 25: 1029—-1041. doi: 10.1111/j.1440-1746.2010.06318.x
PMID: 20594216

Morgan M, and Stubbs M.(2010) Hepatic Encephalopathy in Patients with Cirrhosis CML — Gastroen-
terology 29: 91-104.

Stewart CA, Enders FT, Mitchell MM, Felmlee-Devine D, Smith GE (2011) The cognitive profile of de-
pressed patients with cirrhosis. Prim Care Companion CNS Disord 13.

Zigmond AS, Snaith RP (1983) The hospital anxiety and depression scale. Acta Psychiatr Scand 67:
361-370. PMID: 6880820

Weissenborn K (2013) Psychometric tests for diagnosing minimal hepatic encephalopathy. Metab
Brain Dis 28: 227-229. doi: 10.1007/s11011-012-9336-4 PMID: 22993201

Felipo V (2013) Hepatic encephalopathy: effects of liver failure on brain function. Nat Rev Neurosci 14:
851-858. doi: 10.1038/nm3587 PMID: 24149188

Ong JP, Aggarwal A, Krieger D, Easley KA, Karafa MT, Van Lente F, et al. (2003) Correlation between
ammonia levels and the severity of hepatic encephalopathy. Am J Med 114: 188-193. PMID:
12637132

Bajaj JS, Thacker LR, Heuman DM, Fuchs M, Sterling RK, Sanyal AJ, et al. (2013) The Stroop smart-

phone application is a short and valid method to screen for minimal hepatic encephalopathy. Hepatol-
ogy 58:1122-1132. doi: 10.1002/hep.26309 PMID: 23389962

Swain MG (2006) Fatigue in liver disease: pathophysiology and clinical management. Can J Gastroen-
terol 20: 181—-188. PMID: 16550262

Yamamoto Y, Sezai S, Sakurabayashi S, Hirano M, Kamisaka K, Oka H. (1994) A study of endotoxae-
mia in patients with primary biliary cirrhosis. J Int Med Res 22: 95-99. PMID: 8020644

PLOS ONE | DOI:10.1371/journal.pone.0128437 June 3,2015 10/11


http://www.ncbi.nlm.nih.gov/pubmed/11870389
http://dx.doi.org/10.1016/j.jhep.2008.04.022
http://dx.doi.org/10.1016/j.jhep.2008.04.022
http://www.ncbi.nlm.nih.gov/pubmed/18602716
http://www.ncbi.nlm.nih.gov/pubmed/17393525
http://dx.doi.org/10.1007/s10620-010-1249-7
http://www.ncbi.nlm.nih.gov/pubmed/20508990
http://dx.doi.org/10.1007/s10620-011-1684-0
http://www.ncbi.nlm.nih.gov/pubmed/21461913
http://dx.doi.org/10.1111/j.1440-1746.2012.07217.x
http://www.ncbi.nlm.nih.gov/pubmed/22743001
http://dx.doi.org/10.3748/wjg.v19.i46.8745
http://www.ncbi.nlm.nih.gov/pubmed/24379595
http://dx.doi.org/10.1136/gutjnl-2012-303262
http://www.ncbi.nlm.nih.gov/pubmed/23297006
http://dx.doi.org/10.1111/j.1365-2036.2011.04590.x
http://www.ncbi.nlm.nih.gov/pubmed/21306407
http://dx.doi.org/10.1038/nrneurol.2011.42
http://www.ncbi.nlm.nih.gov/pubmed/21487421
http://www.ncbi.nlm.nih.gov/pubmed/11172350
http://dx.doi.org/10.1111/j.1440-1746.2010.06318.x
http://www.ncbi.nlm.nih.gov/pubmed/20594216
http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://dx.doi.org/10.1007/s11011-012-9336-4
http://www.ncbi.nlm.nih.gov/pubmed/22993201
http://dx.doi.org/10.1038/nrn3587
http://www.ncbi.nlm.nih.gov/pubmed/24149188
http://www.ncbi.nlm.nih.gov/pubmed/12637132
http://dx.doi.org/10.1002/hep.26309
http://www.ncbi.nlm.nih.gov/pubmed/23389962
http://www.ncbi.nlm.nih.gov/pubmed/16550262
http://www.ncbi.nlm.nih.gov/pubmed/8020644

@’PLOS ‘ ONE

PHES for Hepatic Encephalopathy in Taiwan

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Wounsch E, Koziarska D, Milkiewicz M, Naprawa G, Nowacki P, Hartleb M, et al. (2013) In patients with
liver cirrhosis, proinflammatory interleukins correlate with health-related quality of life irrespective of
minimal hepatic encephalopathy. Eur J Gastroenterol Hepatol 25: 1402—1407. doi: 10.1097/MEG.
0b013e328365a447 PMID: 24025977

Jain L, Sharma BC, Sharma P, Srivastava S, Agrawal A, Sarin SK. (2012) Serum endotoxin and inflam-
matory mediators in patients with cirrhosis and hepatic encephalopathy. Dig Liver Dis 44: 1027-1031.
doi: 10.1016/j.dld.2012.07.002 PMID: 22883217

Felipo V, Urios A, Montesinos E, Molina |, Garcia-Torres ML, Civera M, et al. (2012) Contribution of
hyperammonemia and inflammatory factors to cognitive impairment in minimal hepatic encephalopa-
thy. Metab Brain Dis 27:51-58. doi: 10.1007/s11011-011-9269-3 PMID: 22072427

Economos A, Wright CB, Moon YP, Rundek T, Rabbani L, Paik MC, et al.(2013) Interleukin 6 plasma
concentration associates with cognitive decline: the northern Manhattan study. Neuroepidemiology 40:
253-259. doi: 10.1159/000343276 PMID: 23364322

Singh-Manoux A, Dugravot A, Brunner E, Kumari M, Shipley M, Elbaz A, et al.(2014) Interleukin-6 and
C-reactive protein as predictors of cognitive decline in late midlife. Neurology 83:486—493. doi: 10.
1212/WNL.0000000000000665 PMID: 24991031

Odeh M, Sabo E, Srugo |, Oliven A (2005) Relationship between tumor necrosis factor-alpha and am-
monia in patients with hepatic encephalopathy due to chronic liver failure. Ann Med 37: 603-612.
PMID: 16338762

Daniluk J, Szuster-Ciesielska A, Drabko J, Kandefer-Szerszen M (2001) Serum cytokine levels in alco-
hol-related liver cirrhosis. Alcohol 23: 29-34 PMID: 11282449

Kalaitzakis E, Josefsson A, Castedal M, Henfridsson P, Bengtsson M, Andersson B, et al.(2013) Hepat-
ic encephalopathy is related to anemia and fat-free mass depletion in liver transplant candidates with
cirrhosis. Scand J Gastroenterol 48: 577—-84. doi: 10.3109/00365521.2013.777468 PMID: 23452072

Erta M, Quintana A, Hidalgo J (2012) Interleukin-6, a major cytokine in the central nervous system. IntJ
Biol Sci 8: 1254—1266. doi: 10.7150/ijbs.4679 PMID: 23136554

Genesca J, Gonzalez A, Segura R, Catalan R, Marti R, Varela E, et al. (1999) Interleukin-6, nitric oxide,
and the clinical and hemodynamic alterations of patients with liver cirrhosis. Am J Gastroenterol 94:
169-177. PMID: 9934750

Krabbe KS, Reichenberg A, Yirmiya R, Smed A, Pedersen BK, Bruunsgaard H. (2005) Low-dose endo-
toxemia and human neuropsychological functions. Brain Behav Immun 19: 453—-460. PMID: 15963684

Teunissen CE, van Boxtel MP, Bosma H, Bosmans E, Delanghe J, De Bruijn C, et al. (2003) Inflamma-
tion markers in relation to cognition in a healthy aging population. J Neuroimmunol 134: 142—150.
PMID: 12507782

Odeh M, Sabo E, Srugo |, Oliven A (2004) Serum levels of tumor necrosis factor-alpha correlate with
severity of hepatic encephalopathy due to chronic liver failure. Liver Int 24: 110-116. PMID: 15078474

Odeh M, Sabo E, Srugo |, Oliven A (2005) Relationship between tumor necrosis factor-alpha and am-
monia in patients with hepatic encephalopathy due to chronic liver failure. Ann Med 37: 603-612.
PMID: 16338762

Luo M, LiL, Yang EN, Dai CY, Liang SR, Cao WK. (2013) Correlation between interleukin-6 and ammo-
nia in patients with overt hepatic encephalopathy due to cirrhosis. Clin Res Hepatol Gastroenterol
37:384-390. doi: 10.1016/j.clinre.2012.08.007 PMID: 23084463

Morikawa Hiroyasu, Kawada Norifumi. (2011) Non-invasive diagnosis of liver fibrosis Clin J Gastroen-
terol 4:283-291.

Campbell MS, Reddy KR. (2004) Review article: the evolving role of liver biopsy. Aliment Pharmacol
Ther 20:249-259. PMID: 15274661

PLOS ONE | DOI:10.1371/journal.pone.0128437 June 3,2015 11/11


http://dx.doi.org/10.1097/MEG.0b013e328365a447
http://dx.doi.org/10.1097/MEG.0b013e328365a447
http://www.ncbi.nlm.nih.gov/pubmed/24025977
http://dx.doi.org/10.1016/j.dld.2012.07.002
http://www.ncbi.nlm.nih.gov/pubmed/22883217
http://dx.doi.org/10.1007/s11011-011-9269-3
http://www.ncbi.nlm.nih.gov/pubmed/22072427
http://dx.doi.org/10.1159/000343276
http://www.ncbi.nlm.nih.gov/pubmed/23364322
http://dx.doi.org/10.1212/WNL.0000000000000665
http://dx.doi.org/10.1212/WNL.0000000000000665
http://www.ncbi.nlm.nih.gov/pubmed/24991031
http://www.ncbi.nlm.nih.gov/pubmed/16338762
http://www.ncbi.nlm.nih.gov/pubmed/11282449
http://dx.doi.org/10.3109/00365521.2013.777468
http://www.ncbi.nlm.nih.gov/pubmed/23452072
http://dx.doi.org/10.7150/ijbs.4679
http://www.ncbi.nlm.nih.gov/pubmed/23136554
http://www.ncbi.nlm.nih.gov/pubmed/9934750
http://www.ncbi.nlm.nih.gov/pubmed/15963684
http://www.ncbi.nlm.nih.gov/pubmed/12507782
http://www.ncbi.nlm.nih.gov/pubmed/15078474
http://www.ncbi.nlm.nih.gov/pubmed/16338762
http://dx.doi.org/10.1016/j.clinre.2012.08.007
http://www.ncbi.nlm.nih.gov/pubmed/23084463
http://www.ncbi.nlm.nih.gov/pubmed/15274661

