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ABSTRACT

Background: Liver fibrosis is the main prognostic factor of liver injury in non alcoholic fatty liver
disease (NAFLD), and liver biopsy is the gold standard method to assess the severity of fibrosis. Currently, BARD
scoring system is an easily tool for predicting liver fibrosis based on available clinical data. Additionally serum
hyaluronic acid (HA) and transient elastography (TE) have also been shown as promising non-invasive tools in
detecting severe fibrosis among patients with NAFLD.

Objective: To determine whether the combination of BARD score and serum HA or TE can reliably
predict the severity of liver fibrosis in Thai NAFLD patients

Methods: A prospective study was conducted in 39 patients with histological proven NAFLD in King
Chulalongkorn Memorial Hospital (KCMH), Thailand during July 2010 and February 2012. Demographic data,
metabolic profile, BARD score were collected. Liver fibrosis was graded according to Brunt scoring system. Se-
rum hyaluronic acid level was measured by ELISA. Transient elastography with FibroScan(tm) was performed.

Results: The 43.6% of our patients were female with the mean age at 45.2+14.0 yrs. Twenty patients
(51.3%) had = 3 components of metabolic syndrome. According to the histological result, 26 patients (66.7%) had
severe liver fibrosis (F2-4). Multivariate logistic analysis showed that higher NAS score and older age were the
significant predictors of severe liver fibrosis in NAFLD patients with OR 3.9 and 1.1, respectively (p<0.05). The
prediction levels expressed by area under the ROC curve (AUC) of serum HA and TE for severe liver fibrosis in
NAFLD were 0.81 and 0.83. For predicting severe liver fibrosis in patients with NAFLD, the cut-off value of 76 ng/
mL of serum HA provided the sensitivity, specificity, PPV, NPV and accuracy were 91.3%, 60%, 84%, 66.7%, and
77.5%. The cut-off value of 6.5 kPa of TE found 87%, 50%, 87%, 50% and 79.3%, respectively. By using the
combination of BARD score and serum HA or TE, at least 50% of our patients can be avoided from liver biopsy.

Conclusion: Combination of BARD score and serum hyaluronic acid or transient elastography is a
promising tool with very high positive predictive value (84.6%) for predicting severe liver fibrosis in NAFLD
patients.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is one
of the most common causes of chronic liver disease
worldwide(23). There is a variation in the disease spec-
trum, ranging from simple steatosis to non-alcoholic
steatohepatitis (NASH) with significant fibrosis(). The
patients with biopsy-proven NASH and especially
those with fibrosis are at risk for progressive liver dis-
ease(5:9), requiring close monitoring and follow-up. At
present, liver biopsy remains the gold standard for di-
agnosing NASH and staging the extent of fibrosis(7).
However, there is some concern about the sampling
variability, interobserver discordance and most impor-
tantly, the risk of the procedure®. All of this empha-
size the clinical importance of developing non-inva-
sive biomarkers for NASH and NASH-related fibro-
sis®. BARD scoring system(1) (BMI >28=1 point,
AST/ALT ratio of >0.8=2 points, DM=1 point),
Fibroscan(tm), serum hyaluronic acid are the promis-
ing non invasive test for the liver fibrosis in NAFLD
from the previous study(10-1)), However, all of them
are still not widely used in Thailand. In this study, we
sought to determine whether combination of BARD
scoring system and transient elastography or serum
hyaluronic is a reliable non-invasive marker for he-
patic fibrosis (especially severe fibrosis) in patients with
NAFLD.
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PATIENTS AND METHODS

Patients

From July 2010 to February 2012, the consecu-
tive thirty-nine patients with histologically confirmed
NAFLD seen at King Chulalongkorn Memorial Hos-
pital, Thailand were included in our study. The diag-
nosis of NAFLD was established based on the follow-
ing criteria: (1) persistently abnormal liver enzymes
for more than 6 months, (2) a radiological evidence of
NAFLD, and (3) the exclusion of other liver diseases.
The patients with clinical evidence of cirrhosis or the
one who consumed more than 70 g and 140 g alcohol/
week in woman and man, respectively were excluded
from this study. For all patients, a complete medical
history and physical examination were performed prior
to liver biopsy. Laboratory evaluation included liver
biochemistries, metabolic profile (fasting glucose, to-
tal and HDL-cholesterol, and triglycerides), serum
hyaluronic acid at the date of liver biopsy. Demographic
and anthropometric data included age, sex, body
weight, height, and body mass index, and BARD score
were calculated. The study was approved by the insti-
tutional review board.

Liver histology

Ultrasound guided liver biopsy was performed via

Table 1. Brunt grading system for NASH.

Grade Steatosis Ballooning Inflammation
Mild (grade 1) 1-2 (up to 66%) Minimal L=1-2; P=0-1
Moderate (grade 2) 2-3 Present L=1;P=1-2
Severe (grade 3) 2-3 Marked L=3;P=1-2
Table 2. Brunt staging system for NASH.
Stage Zone 3 perisinusoidal fibrosis Periportal fibrosis Bridging fibrosis Cirrhosis
1 Focal or extensive 0 0 0
2 As above Focal or extensive 0 0
3 * + + 0
4 + + Extensive 0

Note:  Steatosis: grade 1 < 33%; grade 2 = 33-66%; grade 3 > 66%
Ballooning: zone location noted

Lobular Inflammation (L): 0 = none; 1= < 2 foci/20 x field; 2 = 2-4/20 x field; 3 => 4/20 x field

Portal inflammation (P): 0 = none; 1 = mild; 2 = moderate; 3 = marked
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the percutaneous route in 32 patients (82%). This was
performed using 16G disposable biopsy needles
(Hepafix, Braun, Germany) via the standard Menghini
technique, and during surgery in seven patients (18%).
All liver biopsy specimens were stained with the he-
matoxylin-eosin and Masson’s trichome and assessed
by one experienced pathologist (N.K.). The mean
length of the included liver biopsies was 2.1+1.1 cm.
Features of NAFLD were scored based on scoring sys-
tem proposed by Brunt et al.(13),

Hyaluronic acid

Hyaluronic acid (HA) was measured in serum
samples that were obtained at the day of liver biopsy
and stored at -70°C. Hyaluronic acid was measured by
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ELISA method (S.M.Chemical Supplies Co.,Ltd, Thai-
land).

Transient elastography

FibroScan(tm) (Echosens, Paris, France) is a
medical device based on transient elastography (TE),
performed within 4 weeks prior to liver biopsy. The
examination was performed on the right lobe of the
liver through the intercostal space with the standard
(M) probe. Ten successful acquisitions were performed
on each patient. The success rate was automatically
calculated by the machine as the ratio of the number of
successful acquisitions over the total number of acqui-
sitions. Only TE results obtained with ten valid mea-
surements, with a success rate of at least 60% and an

Table 3. Characteristics of patients with nonalcoholic fatty liver disease, stratified by the severity of liver fibrosis.

Variables Total cases No/mild fibrosis (F0-1) Severe fibrosis (F2-4)  p-value
(n=39) (n=13) (n=26)

Gender (%female) 18 (46.2%) 3 (7.7%) 14 (35.9%) 0.05
Age (years) 45.5+£14.3 36.7114.1 49.7£11.8 0.01
BMI (kg/m?) 33.6%1.2 42.1£15.3 29.4£5.6 0.02
BMI (kg/m?) 28.4+4.7 27.916.1 28.614.4 0.74
(Morbid obese pts. were excluded)
Subjects with metabolic syndrome, 20 (51.3%) 6 (15.4%) 14 (35.9%) 0.50

n(%)
Subjects with morbid obesity, n(%) 7 (17.9%) 6 (15.4%) 1 (2.6%) <0.01
Subjects with IFG/DM 28 (71.8%) 5/2 (17.9%) 12/9 (53.8%) 0.04
BARD score, n(%)

0 2 (5.1%) 1 (2.6%) 1 (2.6%) 0.06

1 14 (35.9%) 7 (17.9%) 7 (17.9%)

2 5(12.8%) 2 (5.1%) 3 (7.7%)

3 16 (41.0%) 3 (7.7%) 13 (33.3%)

4 2 (5.1%) 0 (0%) 2 (5.1%)

>2 23 (58.9%) 5(12.8%) 18 (46.2%)
BARD score 2.1+1.1 1.610.9 2.4+1.1 0.05
AST (IU/L) 50.51£24.0 38.2122.4 53.2422.2 0.08
ALT (IU/L) 72.6£39.9 59.5+42.4 76.1£37.6 0.30
FPG (mg/dL) 120.4+41.6 103.6120.6 132.6146.7 0.02
Serum hyaluronic acid (ng/mL) 167.8+171.4 90.4+£121.0 198.0+180.0 0.06
AST/ALT ratio 0.840.3 0.810.4 0.840.3 0.97
Fibroscan (kPa) 9.443.4 6.611.4 10.0£3.5 0.04
NAS Score 4.4£1.9 2.911.7 5.3%1.2 <0.01
FIB-4* 1.240.6 0.910.6 1.3+0.6 0.08
APRI* 0.910.5 0.7+0.5 1.0+0.5 0.09

FIB-4 ' = age* AST (IU/l)/platelet count (*¥10%/litre)*VALT(IU/L); APRI = AST (IU/L)/(UNL)/platelet count (*10%/litre)*100
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interquartile range (IQR) <30% of the median, were
considered reliable.

Statistical analysis

All statistical analyses were performed using
SPSS software (version 16; SPSS Inc., Chicago, IL,
USA). Clinical and laboratory characteristics of patients
were expressed as the mean £ SD. The Chi-square test
was used to evaluate the association between categori-
cal variables and liver fibrosis. Comparison between
groups was analyzed by a two tail independent t-test.
A p-value less than 0.05 was judged to be statistically
significant. The diagnostic performance to detect liver
fibrosis of TE and serum HA was assessed by receiver-
operating-characteristic (ROC) curves. The sensitiv-
ity, specificity, positive and negative predictive values
were calculated for the best cut-off value to differenti-
ate the cases of NAFLD with severe fibrosis (F2-4)
from those without severe fibrosis.

REsuLTS

The clinical and laboratory data of 39 patients was
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summarized in Table 3, stratified by the severity of liver
fibrosis. There were 18 females (46.2%) and 21 males
(53.8%) with mean age of 45.2+14.0 yrs. Seven pa-
tients (17.9%) were diagnosed as morbid obesity, i.e. a
BMI < 40 kg/m2.

Multivariate logistic regression found that older
age and higher NAS SCORE were significant predic-
tors of severe liver fibrosis in NAFLD patient with odd
ratios of 1.1 and 3.9, respectively.

Despite the significant higher BMI, the patients
with morbid obesity were younger with lower NAS
score and serum HA level. (p<0.01)

Diagnostic performance of serum HA and TE
in predicting liver fibrosis in NAFLD

The prediction levels expressed by area under the
ROC curve (AUC) of serum HA and TE for severe
liver fibrosis (F2-4) in NAFLD were 0.81 and 0.83,
respectively. For the presence of severe fibrosis, the
cut-off value of 76 ng/mL of serum HA was associated
with the maximum AUC with sensitivity of 91.3%,
specificity of 60%, PPV and NPV of 84% and 66.7%,
respectively. When using transient elastography, the

Table 4. Multivariate logistic analysis between mild fibrosis and severe fibrosis.

Variable 0Odd Ratio 95%CI p-value
Age (yrs) 1.1 1.01-1.21 0.02
NAS SCORE 3.6 1.5-9.2 <0.01

Table 5. Characteristics of patients with nonalcoholic fatty liver disease with and without morbid obesity.

Variables Pts. without morbid obesity Pts. with morbid obesity p-value
(n=32) (n=7)
Gender (% female) 17 (53.1%) 2 (28.6%) 0.37
Age (yrs.) 48.7£13.0 31.0£10.5 <0.01
BMI (kg/m?) 29.415.4 55.77.5 <0.01
Subjects with severe fibrosis, n(%) 25 (78%) 1 (14.3%) <0.01
BARD score 1.6x£0.9 2.4+£1.1 0.90
AST (IU/L) 54.2+23.4 24.916.0 <0.01
ALT (IU/L) 79.9+£37.8 29.1£9.2 <0.01
AST/ALT ratio 0.7+0.3 1.0+0.5 0.12
Albumin (mg/dL) 4.510.4 4.240.2 0.02
FPG (mg/dL) 127.9£42.9 92.948.5 <0.01
Serum hyaluronic acid (ng/mL) 199.3£178.5 51.0+44.9 <0.01
NAS score 4.8+1.6 2.3%1.6 <0.01
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Table 6. Histopathological results of liver biopsy specimens.
Variables Total cases No/mild fibrosis (F0-1)  Severe fibrosis (F2-4)  p-value
(n=39) (n=13) (n=26)
Liver biopsy specimens length (cm.) 2.2+1.0 1.6£0.6 2.2+1.0
(1-5 cm) (1-2.7 cm) (1-5 cm)

NAS Score 4.4+1.9 2.9+1.7 5.3%1.2 <0.01
Ballooning

-minimal 23(58.9%) 11(28.2%) 12(30.8%)

-present 15(38.5%) 2(5.1%) 13(33.3%)

-marked 1(2.6%) 0 1(2.6%)
Steatosis

-Up to 33% 17(43.6%) 10(25.6%) 7(17.9%)

-33 to 66% 7(17.9%) 1(2.6%) 6(15.4%)

-more than 66% 15(38.5%) 2(5.1%) 13(33.3%)
Inflammation

-mild 2(5.1%) 2(5.1%) 0

-moderate 26(65%) 11(28.2%) 15(38.5%)

-severe 11(27.5%) 0 11(28.2%)
Fibrosis

FO 2 (5.1%) 2 (5.1%) 0

F1 11 (27.5%) 11 (27.5%) 0

F2 21 (53.8%) 0 21 (53.8%)

F3 5(12.8%) 0 5(12.8%)

F4 0 (0%) 0 0
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Figure 1. Receiver operating characteristics curves (ROCs)
of serum hyaluronic acid and transient
elastography in predicting severe liver fibrosis
(F2-4).

Area Under the Curve

Test Result Variable(s) Areca
Fibroscan(tm) 0.83
HA level 0.81

cut-off value of 6.5 kPa had the maximum AUC with
sensitivity of 87%, specificity of 50%, PPV and NPV
of 87% and 50%, respectively as shown in Figure 1.

DiscussioN

With regard to NAFLD, the determination of the
severity of liver fibrosis is important in the evaluation
of the prognosis of patients. Nowadays, the liver bi-
opsy is the gold standard method to assess the liver
fibrosis among the patient, however, it is quite inva-
sive, expensive and occasionally presents with a sam-
pling error resulting from the heterogenous distribu-
tion of liver fibrosis. Based on our study, transient
elastography and serum hyaluronic acid are the very
promising non-invasive tools with high positive pre-
dictive value for detection of severe liver fibrosis in
Thai NAFLD patients comparable to the liver histol-
ogy, especially when combined with BARD scoring
system or using both of them altogether. We can omit
the liver biopsy in 50% of our patients by using the
combination of BARD score and serum hyaluronic acid
instead and 60% in case of using the combination of
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Table 7. Diagnostic performance of transient elastography for the diagnosis of severe liver fibrosis in NAFLD.

Stage AUROC Cutoff Sensitivity Specificity PPV NPV

(kPa) (“o) (“o) (%) (%)

=>F2 0.83 6.5 87.0 50.0 87.0 50.0
(0.68-0.99)

8.2 70 80 66.7 35.7

=>F3 0.72 9.1 100 583 22.7 94.7
(0.52-0.92)

9.4 80.0 62.5 22.7 94.7

Table 8. Diagnostic performance of serum hyaluronic acid for the diagnosis of severe liver fibrosis in NAFLD.

Stage AUROC Cutoff Sensitivity Specificity PPV NPV

(ng/mL) (%) (%) (%) (%)

>F2 0.82 76 91.3 60.0 84.0 66.7
(0.65-0.98)

110 59.3 78.6 84.2 50

>F3 0.73 200 66.7 80.0 36.4 933
(0.41-1.04)

245 50 85.7 37.5 90.9

Table 9. Sensitivity, specificity, positive predictive value and negative predictive value of combination of BARD scoring

system and serum hyaluronic acid or transient elastography for predicting severe liver fibrosis (F2-4) in NAFLD.

Sensitivity Specificity PPV NPV
(“o) (%) (%) (“0)

BARD score 22 and serum HA 276 ng/mL 96.2% 38.5% 84.6% 83.3%
BARD score >2 and Fibroscan(tm) >6.5kPa 92% 60% 83.3% 60%
Serum HA >76ng/mL and Fibroscan(tm) >6.5kPa 100% 20% 93.3% ND
BARD score >2and serum HA >76ng/mL 100% ND 100% ND

and Fibroscan(tm) >6.5kPa

ND= no data

BARD score and transient elastography. Although there
are some previous studies about the diagnostic perfor-
mance of TE or serum HA in NAFLD patient(20-24),
our study is the first prospective one conducting in Thai
NAFLD patients who may have some differences due
to the ethnic variations of the disease. Moreover, our
study use the ELISA kit, developed in our own coun-
try to measure the serum hyaluronic acid level make it
more available and accessible to use in the real clini-
cal practice. Compared to the previous study@9), the
higher NAS score and older age are the only signifi-
cant predictors for severe liver fibrosis in NAFLD with-

out the effect of BMI. This may result from the signifi-
cant younger age in the group of morbid obese patient,
and may be explained by the slow progression of liver
fibrosis in NAFLD.

However, there are some limitations in our study.
Firstly, there is too small number of cases with ad-
vanced liver fibrosis (F3-4) to conclude the accurate
diagnostic performance of TE and serum HA in this
group, so we need the more number of patients to vali-
date the result. Second, at the time of the study we
have only the standard (M probe) and usual software
of Fibroscan(tm) in our institution, these results in the
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inability to measure TE in some patients with high BMI
or morbid obesity. Third, we found the discordance of
the result of the non-invasive test and the liver histol-
ogy in 5-6% of our patients. Although the liver biopsy
is the gold standard method to detect the liver fibrosis
in NAFLD, there is still a sampling error from a tiny
tissue which is at most of 1/50,000 of the total mass of
the liver, comparable to TE that measures the volume
at least 100 times bigger than a biopsy sample(17). How-
ever, not only the fibrosis but also the necroin-
flammatory activity of the liver that influence the liver
stiffness measurement(26) make the falsely high value
of TE in case of the elevation of transaminase enzyme.
In conclusion, the combination of BARD scoring
system and serum hyaluronic acid or transient
elastography is a promising tool with very high posi-
tive predictive value (84.6%) for predicting severe liver
fibrosis (F2-4) in NAFLD patients. However, the fur-
ther study in the patient with advanced liver fibrosis
and the group who have discordant result of the non-
invasive tools and the liver histology is required.

REFERENCES

1. Fujii H, Enomoto M, Fukushima W, et al. Applicability of
BARD score to Japanese patients with NAFLD. Gut
2009;58:1566-7; author reply 67.

2. Bellentani S, Marino M. Epidemiology and natural history of
non-alcoholic fatty liver disease (NAFLD). Ann Hepatol
2009;8 Suppl 1:54-8.

3. Marchesini G, Bugianesi E, Forlani G, et al. Nonalcoholic
fatty liver, steatohepatitis, and the metabolic syndrome.
Hepatology 2003;37:917-23.

4. Vuppalanchi R, Chalasani N. Nonalcoholic fatty liver disease
and nonalcoholic steatohepatitis: Selected practical issues in
their evaluation and management. Hepatology 2009;49:306-
17.

5. Fassio E, Alvarez E, Dominguez N, et al. Natural history of
nonalcoholic steatohepatitis: a longitudinal study of repeat liver
biopsies. Hepatology 2004;40:820-6.

6. Bugianesi E, Leone N, Vanni E, et al. Expanding the natural
history of nonalcoholic steatohepatitis: from cryptogenic cir-
rhosis to hepatocellular carcinoma. Gastroenterology 2002;
123:134-40.

7. Cheung O, Sanyal AJ. Recent advances in nonalcoholic fatty
liver disease. Curr Opin Gastroenterol 2010;26:202-8.

8. Strassburg CP, Manns MP. Approaches to liver biopsy tech-
niques—revisited. Semin Liver Dis 2006;26:318-27.

9. RatziuV, Bellentani S, Cortez-Pinto H, et al. A position state-
ment on NAFLD/NASH based on the EASL 2009 special
conference. J Hepatol 2010;53:372-84.

10. Harrison SA, Oliver D, Arnold HL, et al. Development and
validation of a simple NAFLD clinical scoring system for iden-

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Combination of Bard Scoring System and Transient Elastography or
Serum Hyaluronic Acid for Diagnosis of Severe Fibrosis in Patients with NAFLD

tifying patients without advanced disease. Gut 2008;57: 1441-
7.

Ruffillo G, Fassio E, Alvarez E, et al. Comparison of NAFLD
fibrosis score and BARD score in predicting fibrosis in non-
alcoholic fatty liver disease. J Hepatol 2010.

Sakugawa H, Nakayoshi T, Kobashigawa K, et al. Clinical
usefulness of biochemical markers of liver fibrosis in patients
with nonalcoholic fatty liver disease. World J Gastroenterol
2005;11:255-9.

Nobili V, Alisi A, Torre G, et al. Hyaluronic acid predicts he-
patic fibrosis in children with nonalcoholic fatty liver disease.
Transl Res 2010;156:229-34.

Tangkijvanich P, Kongtawelert P, Pothacharoen P, et al. Se-
rum hyaluronan: a marker of liver fibrosis in patients with
chronic liver disease. Asian Pac J Allergy Immunol 2003;
21:115-20.

Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient
elastography: a new noninvasive method for assessment of
hepatic fibrosis. Ultrasound Med Biol 2003;29:1705-13.
Wong VW, Vergniol J, Wong GL, et al. Diagnosis of fibrosis
and cirrhosis using liver stiffness measurement in nonalco-
holic fatty liver disease. Hepatology 2010;51:454-62.
Castera L. Non-invasive diagnosis of steatosis and fibrosis.
Diabetes Metab 2008;34:674-9.

Brunt EM, Janney CG, Di Bisceglie AM, et al. Nonalcoholic
steatohepatitis: a proposal for grading and staging the histo-
logical lesions. Am J Gastroenterol 1999;94:2467-74.
McPherson S, Stewart SF, Henderson E, ef al. Simple non-
invasive fibrosis scoring systems can reliably exclude ad-
vanced fibrosis in patients with non-alcoholic fatty liver dis-
ease. Gut 2010;59:1265-9.

Miele L, Forgione A, La Torre G, et al. Serum levels of hyalu-
ronic acid and tissue metalloproteinase inhibitor-1 combined
with age predict the presence of nonalcoholic steatohepatitis
in a pilot cohort of subjects with nonalcoholic fatty liver
disease. Transl Res 2009;154:194-201.

Kaneda H, Hashimoto E, Yatsuji S, et al. Hyaluronic acid lev-
els can predict severe fibrosis and platelet counts can predict
cirrhosis in patients with nonalcoholic fatty liver disease. J
Gastroenterol Hepatol 2006;21:1459-65.

Suzuki A, Angulo P, Lymp J, et al. Hyaluronic acid, an accu-
rate serum marker for severe hepatic fibrosis in patients with
non-alcoholic fatty liver disease. Liver Int 2005;25:779-86.
Gaia S, Carenzi S, Barilli AL, ef al. Reliability of transient
elastography for the detection of fibrosis in non-alcoholic fatty
liver disease and chronic viral hepatitis. J Hepatol 2010.
Raszeja-Wyszomirska J, Miezynska-Kurtycz J, Marlicz W,
et al. Non invasive markers of non-alcoholic steatohepatitis.
Pol Merkur Lekarski 2008;25:166-70.

Sanyal AJ, Contos MJ, Sterling RK, et al. Nonalcoholic fatty
liver disease in patients with hepatitis C is associated with
features of the metabolic syndrome. Am J Gastroenterol
2003;98:2064-71.

Pinzani M, Vizzutti F, Arena U, et al. Technology Insight:
noninvasive assessment of liver fibrosis by biochemical scores
and elastography. Nat Clin Pract Gastroenterol Hepatol
2008;5:95-106.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


