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Cardiovascular and renal
burdens among patients with
MAFLD and NAFLD in China

Yuying Wang', Yuetian Yu', Haojie Zhang', Chi Chen,
Heng Wan, Yi Chen, Fangzhen Xia, Shiyan Yu,
Ningjian Wang*, Lin Ye* and Yingli Lu*

Institute and Department of Endocrinology and Metabolism, Shanghai Ninth People’s Hospital,
Shanghai JiaoTong University School of Medicine, Shanghai, China

Background/Purpose: Metabolic associated fatty liver disease (MAFLD) was
proposed as a new definition to put emphasis on the metabolic aspects of
nonalcoholic fatty liver disease (NAFLD). We aim to compare the cardiovascular
and renal burden between MAFLD and NAFLD patients.

Methods: 12183 participants were enrolled in East China. The cardiovascular
burden (Framingham risk score and previous cardiovascular diseases (CVD))
and renal burden (eGFR and chronic kidney disease (CKD)) were measured.

Results: The risk of hypertension, dyslipidemia, diabetes, overweight/obesity,
and central obesity of MAFLD patients were higher than those of NAFLD.
Patients with MAFLD have a similar or higher beta coefficients in Framingham
risk score [beta (95%Cl): male 0.062 (0.055,0.069) vs 0.041 (0.033,0.048);
female 0.014 (0.012,0.016) vs 0.012 (0.01,0.014)], and higher odds ratio in
previous CVD [odds ratio (95%Cl): male 1.50 (1.22,1.85) vs 1.35 (1.1,1.66); female
1.58 (1.33,1.87) vs 1.45 (1.22,1.72)], compared with those with NAFLD. However,
compared with males with MAFLD, the odds ratio of CKD was higher in
those with NAFLD [eGFR: -2.731 (-3.422, -2.041) vs-3.578 (-4.268, -2.887).
CKD: 1.44 (1.05,1.96) vs 1.56 (1.14,2.12)]. In female, CKD was only marginally
associated with NAFLD [0.8 (0.62,1.02), P=0.075], but not MAFLD [0.87
(0.68,1.11), P=0.268].

Conclusions: Patients with MAFLD have a similar or higher risk of future and

previous CVD compared with those with NAFLD, but the risk of CKD was higher
in male with NAFLD.
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Introduction

Over the last decade, non-alcoholic fatty liver disease
(NAFLD) has been the most common cause of chronic liver
diseases all over the world, which affects about a quarter of the
world’s adult population and poses a major health and economic
burden to all societies (1). Given that obesity and type 2 diabetes
mellitus (DM) are consistently considered as two most
important risk factors for NAFLD (2), the emergence of new
definition - metabolic associated fatty liver disease (MAFLD)
instead of NAFLD put emphasis on the metabolic aspects of the
disease (3).

Once considered NAFLD as a disease for the West, NAFLD
and its complications now also pose a major health threat in
China (4). Some researchers predict that China will have the
highest growth in the prevalence of NAFLD all over the world,
with about 300 million cases by 2030 (5). In addition, China is
the youngest median age of NAFLD country in the world, which
means that the impact of its late-stage complications will occur
in the coming decades (5). However, there are few studies about
the prevalence and characteristics of MAFLD, the new definition
of NAFLD.

As for NAFLD is a multisystem disease, some evidences
show that NAFLD is intimately associated with cardiovascular
disease (CVD) that is the primary cause of premature death (6).
According to the new definition of MAFLD, although it is
reasonable to speculate that compared with NAFLD, MAFLD
may be more related to the occurrence of CVD as well as other
metabolism-related diseases, the actual situation needs to be
confirmed (7, 8). Chronic kidney disease (CKD) is another
worldwide health problem that results in high morbidity,
mortality, and health care costs. As the presence of
pathophysiological inter-relationships between the liver and
the kidney is well established, the possible link between fatty
liver and CKD has also attracted scientific interest (9) (10). The
burdens of CKD in MAFLD is unclear and needs to be
assessed (11).

A large ongoing investigation started in 2014, which is
referred to as Survey on Prevalence in East China for
Metabolic Diseases and Risk Factors (SPECT-China). We aim
to understand the differences in the burdens of CVD and CKD
in Chinese population with MAFLD and NAFLD.

Methods
Study population

SPECT-China was a cross-sectional investigation of the
prevalence of metabolic diseases and risk factors in East China

(ChiCTR-ECS-14005052, www.chictr.org.cn). A stratified
cluster sampling method was used to select a sample from the
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general population. In total, 13064 subjects were recruited. The
exclusion criterion was the following: no blood sample
submitted (n=199) and questionnaire data (n=192), younger
than 18 years old (n=7), unable to diagnose MAFLD (missing
liver ultrasound information (n=463), hepatic steatosis by
ultrasound, but missing 1 of the 3 criteria, and the rest are
negative: missing DM diagnosis (n=6), missing BMI (n=11),
missing metabolic risk abnormalities (n=3)). Finally, 12183
participants were included in this study. These participants
were then divided into four groups, the control group
(n=6058), the Non-NAFLD MAFLD group(n=604), the Non-
MAFLD NAFLD group(n=234) and the NAFLD MAFLD group
(n=5287). The flowchart of participants was shown in Figure 1.

Clinical, anthropometric, and laboratory
measurements

The staff were trained according to a standard protocol as
previously applied (12, 13). They used a questionnaire to collect
information on participants’ demographic characteristics and
lifestyle risk factors. Venous blood samples were drawn after an
overnight fast of at least 8 hours. Hemoglobin Alc (HbAlc) was
assessed by HPLC (MQ-2000PT, Medconn, Shanghai, China).
Fasting plasma glucose (FPG), triglycerides (TG), total
cholesterol (TC), high (HDL-C) and low-density lipoprotein
(LDL-C), alanine transaminase (ALT) and aspartate
transaminase (AST) were measured by a Beckman Coulter AU
680 analyzer and insulin by chemiluminescence (Abbott
i2000 SR).

Abdominal ultrasonographic examination was performed in
all subjects by two experienced ultrasonographers using an
ultrasound device (MINDRAY M?7). The diagnostic criteria for
liver steatosis by ultrasonography included increased liver
echogenicity, stronger echoes in the hepatic parenchyma than
in the renal parenchyma, vessel blurring, and narrowing of the
lumen of the hepatic veins (14).

Definition of variables

MAFLD was defined by hepatic steatosis in adults, in
addition to one of the following three criteria: general
overweight/obesity, presence of T2DM, or evidence of
metabolic dysregulation (3). High sensitive C reaction protein
(hsCRP) was not examined in the study population, so it was not
included in the evidence of metabolic dysregulation. NAFLD
was defined as ultrasound evidence of fatty liver and the
exclusion of secondary causes (having a history of excessive
consumption (>20 g/d) of pure alcohol, self-reported viral
hepatitis, using medications associated with secondary NAFLD
(corticosteroids, amiodarone) (15).
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Total participants (n=13064) |
Exclusion
complete missing lab data (n=199)
and questionnaire data (n=192)
Younger than 18 years old (n=7)
A 4
Subjects in SPECT-China study(n=12666)
Exclusion
Unable to diagnose MAFLD
(1) missing liver ultrasound information (n=463)
|| (2) hepatic steatosis by ultrasound, but missing
1 of the 3 criteria, and the rest are negative
a. missing DM diagnosis (n=6)
b. missing BMI (h=11)
¢. missing metabolic risk abnormalities (n=3)
A4
| Final Subjects analyzed in this study(n=12183) |
[
L] L]
Non-MAFLD MAFLD
(n=6292) (n=5891)
Control Non-MAFLD MAFLD MAFLD
(n=6058) NAFLD Non-NAFLD NAFLD
(n=234) (n=604) (n=5287)
FIGURE 1

The inclusion and exclusion criteria of the study participants

Participants who met the diagnostic criteria of NAFLD and
didn’t meet the diagnostic criteria of MAFLD were included in
the Non-MAFLD NAFLD group and participants who met the
criteria of MAFLD but not NAFLD were included in the Non-
NAFLD MAFLD group. The group NAFLD-MAFLD included
participants who met the diagnostic criteria of MAFLD and
NAFLD at the same time, which means they had liver steatosis,
had anyone of the following overweight/obesity, presence of
T2DM, or metabolic dysregulation and without secondary
causes of fatty liver. People who didn’t met the criteria of both
NAFLD and MAFLD were considered as the control group.

For individuals 30 to 74 years old and without CVD at the
examination, the mean 10-year risk of cardiovascular events was
calculated by the modified Framingham risk score (16). Previous
CVD included self-reported myocardial infarction and stroke.
Estimated glomerular filtration rate (eGFR) was calculated by
the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation for “Asian origin” (17). CKD was defined as eGFR
less than 60 mL/min per 1.73 m2 (18).

Overweight was defined as BMI 23-24 kg/m? and obesity as 25
kg/m? or more because these cutoffs have been recommended as
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more reasonable thresholds to define overweight and obesity for
Asians (19).Based on the American Diabetes Association criteria
of 2014, diabetes was defined as a previous diagnosis by healthcare
professionals, FPG > 7.0 mmol/L, or HbAlc > 6.5%. Insulin
resistance was estimated by the homeostasis model assessment
index of insulin resistance (HOMA-IR): (fasting insulin [milli
international units per liter]) * (FPG [millimoles per liter])/(22.5)
(20). Central obesity was defined as waist circumference 90 cm or
more in men and 80 cm or more in women (21). Hypertension
was identified by a systolic BP more than or equal to 140 mm Hg,
a diastolic BP more than or equal to 90 mm Hg, or a self-reported
previous diagnosis of hypertension by a physician. According to
the modified National Cholesterol Education Program-Adult
Treatment Panel III, dyslipidemia was defined as total
cholesterol more than or equal to 6.22 mmol/L, triglycerides
more than or equal to 2.26 mmol/L, LDL-C more than or equal
to 4.14 mmol/L or HDL-C less than 1.04 mmol/L, or a self-
reported previous diagnosis of hyperlipidemia by physicians (16).
ALD and other liver diseases including secondary causes of
hepatic fat accumulation such as significant alcohol
consumption, use of a steatogenic medication, etc.
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Statistical analysis

SPSS Statistics, version 24 (IBM Corp) was used to perform
the statistical analyses. All analyses were 2-sided. P <0.05 was
considered statistically significance. Marginal effect indicated
0.05 < P <0.1. Continuous variables were expressed as the
mean + SD, and categorical variables were described as a
percentage (%). Characteristics of the study sample were
compared by the independent sample t-test or ANOVA for
continuous variables, and Pearson Chi square test for categorical
variables. The associations of MAFLD and NAFLD with CVD,
CKD, and their risk factors were assessed via linear and logistic
regression. Age and smoking were adjusted.

Participants with liver steatosis, normal BMI, no type 2
diabetes, and one metabolic risk abnormalities are potential
patients of MAFLD because of missing hsCRP data, so
sensitivity analysis was performed to include them as MAFLD
patients. Their cardiovascular and renal burden was analyzed by
regression analysis.

Results

Clinical characteristics of participants
with and without MAFLD

The clinical characteristics of the participants with and
without MAFLD were demonstrated in Table 1. The obesity
status (BMI, waist circumference, overweight/obesity, central
obesity), glucose metabolism (FPG, insulin, HbAlc, HOMA-IR,
diabetes), lipid metabolism (TG, TC, HDL-C, LDL-C,
dyslipidemia) and blood pressure (systolic blood pressure,
hypertension) were worse in MAFLD group (P<0.001 for both
male and female). The ALT, AST, and hepatic steatosis by
ultrasound were also higher in MAFLD group (P<0.001 for
both male and female). Naturally, the cardiovascular burden
(Framingham risk score, previous CVD) were heavier in
MAFLD group (P<0.001 for both male and female). However,
eGFR (P<0.001 for both male and female) was lower in MAFLD
group, but the prevalence of CKD was comparable between
MAFLD and non-MAFLD group (P=0.299 for male, and
P=0.256 for female).

Clinical characteristics of participants
with/without MAFLD and NAFLD

To better demonstrate the difference of clinical
characteristics between participants diagnosed with NAFLD
and MAFLD, the Non-NAFLD MAFLD and Non-MAFLD
NAFLD participants were compared in Table 2. Generally,
compared with Non-NAFLD MAFLD participants, the Non-
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MAFLD NAFLD participants have better obesity status (BMI,
waist circumference, overweight/obesity, central obesity),
glucose metabolism (FPG, insulin, HbAlc, HOMA-IR,
diabetes), lipid metabolism (TG, TC, HDL-C, LDL-C,
dyslipidemia), blood pressure (systolic blood pressure,
hypertension), liver function and steatosis (ALT, AST, hepatic
steatosis), cardiovascular burden (Framingham risk score,
previous CVD) and eGFR (P<0.05 for both male and female).
However, the CKD prevalence was higher in Non-NAFLD
MAFLD participants than Non-MAFLD NAFLD ones only in
female (P=0.004).

Moreover, the Non-MAFLD NAFLD participants even have
better metabolic status (BMI, waist circumference, insulin,
HbAlc, systolic blood pressure, overweight/obesity, Central
obesity, Diabetes, Hypertension, Dyslipidemia), CVD outcome
(Framingham risk score) and CKD outcome (eGFR) than Non-
NAFLD Non-MAFLD participants in both male and female
(P<0.05). Meanwhile, The Non-NAFLD MAFLD participants
have worse metabolic status (HbAlc, LDL-C, central obesity)
than NAFLD MAFLD participants in both sexes (P<0.05).

Burden of MAFLD and NAFLD on
hypertension, dyslipidemia, diabetes,
central obesity, and overweight/obesity

The different burden of MAFLD and NAFLD on CVD and
CKD risk factors were shown in Table 3. The odds ratios of
MAFLD and hypertension, dyslipidemia, diabetes, overweight/
obesity, and central obesity were higher than those of NAFLD in
both male and female after adjusting age and current smoking.
The beta coefficients of MAFLD and systolic blood pressure,
LDL-C, fasting glucose, HbAlc, BMI, and waist circumference
were higher than those of NAFLD in both male and female.

Burden of MAFLD and NAFLD on CVD
and CKD

The burden of MAFLD and NAFLD on CVD and CKD were
shown in Figure 2. After adjusting age and smoking, male and
female with MAFLD have a similar or higher beta coefficients of
Framingham risk score and odds ratios of previous CVD
compared with those with NAFLD. However, the odds ratios
of CKD was higher in male with NAFLD. In female, CKD was
only marginally associated with NAFLD, but not MAFLD.

Sensitivity analysis
Because hsCRP was not examined in the study population, it

was not included in the evidence of metabolic dysregulation.
Therefore, sensitivity analysis was performed to analysis the
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TABLE 1 Clinical characteristics of participants with and without MAFLD.

Male
N
age, years
current smoking, %
BMI, kg/m?
Waist Circumference, cm
FPG, mmol/L
insulin, pmol/L
HbAlc, %
HOMA-IR
TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
ALT, U/L
AST, U/L
Systolic blood pressure, mmHg
overweight/obesity, %
Central obesity, %
Diabetes, %
Hypertension, %
Dyslipidemia, %
Hepatic steatosis by ultrasound, %
ALD and other liver diseases, %
Framingham risk score
Previous CVD, %
eGFR, mL/min/1.73 m?
CKD, %

Female
N
age, years
current smoking, %
BMI, kg/m?
Waist Circumference, cm
FPG, mmol/L
insulin, pmol/L
HbAlc, %
HOMA-IR
TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
ALT, U/L
AST, U/L
Systolic blood pressure, mmHg
overweight/obesity, %
Central obesity, %

Diabetes, %

Frontiers in Endocrinology

Non-MAFLD

2296
56 + 14
47.14
23.05 + 2.89
79.92 + 8.56
549 +1.28
31.63 + 33.01
5.52 £ 0.86
1.16 + 1.88
1.38 £ 1.01
4.98 £ 0.94
1.41 £ 0.32
2.96 +0.72
21.73 + 1548
26.41 + 13.19
131.39 + 21.14
47.2
12.28
10.18
44.09
29.18
6.62
0.52
0.17 + 0.15
8.49
87.69 + 14.84
3.53

3996
51 + 14
2.33
22,67 +3
73.75 + 8.39
534+1
36.31 +24.3
532 + 0.69
127 + 1.11
1.24 £0.82
5.07 + 1.06
1.53 £ 0.31
3.02 +0.79
16.89 + 11.87
23.13 + 10.1
125.55 + 21.41
4133
22.67
6.78

05

MAFLD

2639
55+ 13
46.99
26.49 + 3.08
88.92 + 8.42
596 + 1.74
50.45 + 67.85
584 £ 1.17
2.03 £4.29
231 +£227
52912
1.25+£0.29
3.27 £0.78
28.47 + 18.94
28.04 + 18.21
136.58 + 19.87
91.1
45.55
224
59.88
59.67
100
17.58
022 £0.18
10.25
85.79 + 14.52
4.13

3252
58 + 11
1.99
2641 + 3.39
83.91 + 8.64
59+ 1.63
55.01 + 55.35
5.81 + 1.07
2.17 +3.09
1.87 £ 1.39
544 £ 1.16
137 £0.3
3.39 £ 0.83
22.09 + 14.83
25.76 + 16.04
137.29 + 20.83
88.14
68.57
20.61

10.3389/fendo.2022.968766

P value

< 0.001
0.931
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.042
< 0.001
0.299

< 0.001
0.366
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

(Continued)
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TABLE 1 Continued

Non-MAFLD

Hypertension, % 31.72
Dyslipidemia, % 25.11
Hepatic steatosis by ultrasound, % 243

ALD and other liver diseases, % 0.08
Framingham risk score 0.03 £ 0.03
Previous CVD, % 6.65
eGFR, mL/min/1.73 m? 89.97 + 16.46
CKD, % 3.83

cardiovascular and renal burden of participants with liver
steatosis, normal BMI, no type 2 diabetes, and one metabolic
risk abnormalities are potential patients of MAFLD (assuming
their hsCRP level >2mg/L, n=196). The new MAFLD population
(n=6087) still have high beta coefficients Framingham risk score
[beta coefficients (95%CI): male 0.06 (0.05,0.07), female 0.01
(0.01,0.02)], and odds ratios of previous CVD [odds ratios (95%
CI): male 1.422 (1.15,1.76), female 1.56 (1.32,1.86)]. The renal
burden of MAFLD in male remained significant [eGFR -2.73
(-3.42,2.04). CKD 1.42 (1.15,1.76)]. In female, MAFLD was
associated with CKD [1.56 (1.32,1.86)], but not eGFR
[0.20 (-0.38,0.78)].

Discussion

In this study, we found that the metabolic status, liver
function and hepatic steatosis by ultrasound, and CVD burden
were worse in MAFLD group, but the prevalence of CKD was
comparable between MAFLD and non-MAFLD groups.
Compared with Non-NAFLD MAFLD participants, the Non-
MAFLD NAFLD participants have better metabolic status, liver
function and steatosis, cardiovascular burden and eGEFR.
Furthermore, the risk of hypertension, dyslipidemia, diabetes,
overweight/obesity, and central obesity of MAFLD patients were
higher than those of NAFLD after adjusting age and current
smoking. Patients with MAFLD have a similar or higher risk of
Framingham risk score and previous CVD compared with those
with NAFLD. However, the risk of CKD was higher in male with
NAFLD. In female, CKD was only marginally associated with
NAFLD, but not MAFLD. Therefore, the new diagnosis criteria
of MAFLD could better represent the metabolic and CVD
burden of fatty liver than NAFLD.

The association between CVD and NAFLD has been widely
recognized, and with the new diagnosis criteria of MAFLD, the
association is remained and tend to be stronger. Several
pathophysiological mechanisms contribute to CVD including
systemic inflammation, hepatic insulin resistance, lipid
abnormalities, etc (22). With prospective data from a 5-year
follow-up study in individuals with type 2 diabetes, NAFLD was
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MAFLD P value
5831 <0.001
51.62 <0.001

100 <0.001
431 <0.001

0.05 + 0.06 <0.001

12.82 <0.001
85.26 + 14.81 <0.001
4.37 0.256

significantly associated with an increased risk of CVD
independent of diabetes duration, HbAlc, and metabolic risk
factors (23). In this study, we found that the risk of CVD and 10-
year CVD risk were higher in individuals with MAFLD than
with NAFLD both in male and female. Since more independent
risk factors of CVD were included in the MAFLD diagnosis
(liver steatosis with T2DM, insulin resistance, lipid
abnormalities, etc.) than NAFLD (liver steatosis), the MAFLD
diagnosis could reasonably lead to higher risk of CVD.

The relationship between NAFLD and CKD is convincing
(24). NAFLD diagnosed with liver ultrasound was
independently associated with the incidence of CKD (25).
There was a higher prevalence of CKD in people with NASH
and with advanced fibrosis compared with simple steatosis and
non-advanced fibrosis, respectively (26). The common
pathophysiology of NAFLD and CKD could influence the its
development, including insulin resistance, dyslipidemia,
mediators that promote the progression of inflammation,
coagulation, oxidative stress and fibration (11).

In a previous study based on Asian population, evidence was
found that compared to NAFLD, MAFLD patients were more
related to high-risk diseases (27), assuming MAFLD patients
should have had higher prevalence of CKD than NAFLD
patients. However, in this study, we found that the risk of
participants with MAFLD to impair renal clearance and
develop CKD were not higher compared with those without
MAFLD. The potential mechanism of this phenomenon might
have great clinical significance in the application of the new
diagnosis criteria. The major difference of non-MAFLD NAFLD
and non-NAFLD MAFLD groups were the metabolic status and
the pathogenesis that lead to secondary liver steatosis (e.g. excess
alcohol consumption, viral hepatitis, specific medications). Most
of the individuals with liver steatosis but excluded from NAFLD
diagnosis were due to excess alcohol consumption (479 in 604
participants, 79.3%). The role of alcohol consumption in the
development of CKD remained in debate.

Alcohol consumption was found to be positively or inversely
associated with CKD in various studies. A cohort study
including 1883 individuals with CKD during a follow-up of
5555 person-years found that, compared with non-drinking,
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TABLE 2 Clinical characteristics of participants with and without MAFLD and NAFLD. .

Male
N
age, years
current smoking, %
BMI, kg/m?
Waist Circumference, cm
FPG, mmol/L
insulin, pmol/L
HbAlc, %
HOMA-IR
TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
ALT, U/L
AST, U/L
Systolic blood pressure, mmHg
overweight/obesity, %
Central obesity, %
Diabetes, %
Hypertension, %
Dyslipidemia, %
Hepatic steatosis by ultrasound, %
ALD and other liver diseases, %
Framingham risk score
Previous CVD, %
eGFR, mL/min/1.73 m?
CKD, %

Female
N
age, years
current smoking, %
BMI, kg/m?
Waist Circumference, cm
FPG, mmol/L
insulin, pmol/L
HbAlc, %
HOMA-IR
TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
ALT, U/L
AST, U/L
Systolic blood pressure, mmHg
overweight/obesity, %
Central obesity, %
Diabetes, %

Hypertension, %

Frontiers in Endocrinology

Control

2156
57 +13
47.86
23.18 £2.92
80.27 + 8.61
552 +1.31
32.01 +33.91
5.55 +0.87
1.18 £1.93
1.39 £ 1.03
5+ 094
1.41 £ 0.32
2.98 +0.72
21.8 £ 15.67
26.56 + 13.43
132.14 + 21.22
50.31
13.08
10.84
45.83
30.28
0.56
0.56
0.18 £ 0.15
8.81
87.46 + 14.93
3.66

3902
52+ 14
2.33
22.7 +3.01
73.85 + 8.43

535+1
36.41 + 24.48
5.33 + 0.69
128 £ 1.12
1.25+£0.83
5.08 + 1.06
1.53 £ 0.31
3.02 +0.79
16.93 £ 11.97
23.17 £ 10.18
125.87 £ 21.5
42.33
23.22
6.94
32.47

Non-NAFLD MAFLD

464
56 + 10#
56.58*#
26.76 + 2.81*#
91.37 + 7.84*#
5.95 + 1.66*
45.73 + 37.53*#
6.04 + 1.14%#
1.78 £ 1.93*
2.29 + 2.03*
5.57 + 1.38*#
1.3 £0.31*#
3.53 £ 0.79*#
27.37 £ 16.33*
30.72 £ 29.61*
140.2 + 19.9*#
92.64*
59.05*#
25%
70.47*#
63.36*
100*
100*#
0.24 + 0.18*
9.94
88.31 + 13.19#
2.16#

140
59 + 9*
6.47"#
26.5 + 3.11*
85.03 + 8.04*
5.84 + 1.62*
53.23 + 46.63*
5.97 + 1.02%#
2.19 £ 3.05*
1.82 + 1.65*
5.52 + 1.03*
1.37 £ 0.29*
3.57 £ 0.75*#
21.08 + 13.6*
25.36 + 10.72
140.31 + 22.13*
92.14*
77.14*#
21.43*
61.43*

07

Non-MAFLD NAFLD

140
47 + 17%#
36.43*
21.18 * 1.39*#
74.5 + 5.35%#
5.02 £ 0.53*#
26.03 £ 12.15*#
5.09 £ 0.45*#
0.83 + 0.39#
1.12 £ 0.56#
4.72 £ 0.9*#
1.49 = 0.31*#
2.79 £ 0.64*#
20.51 + 12.19#
24.1 + 8.21#
119.6 + 15.81*#

0*#

0*#

0*#
16.91*#
12.14*#

100*
0
0.1 £ 0.09*#
3.65%#
91.24 + 12.88*#
1.43

94
45 £ 11*#
2.17
21.21 + 1.42*#
69.87 £ 5.11*#
4.97 + 0.38#
32.54 + 14.72*#
5.07 + 0.34*#
1.03 + 0.49#
0.97 £ 0.3*#
4.87 + 0.94#
1.53 + 0.29#
2.96 + 0.72#
15.21 + 6.67#
21.35 + 5.36#
111.98 + 10.56*#
0*#
0*#
0*#
0*#
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NAFLD MAFLD

2175
54+ 13
44.9
2644 + 3.13
88.39 + 8.45
5.96 + 1.75
51.43 +72.54
58 £ 1.17
2.08 + 4.63
2.31 £2.32
523+ 1.15
124 £0.29
3.21 £0.77
28.71 £ 19.45
27.47 + 14.62
135.8 £ 19.78
90.77
42.67
21.84
57.6
58.89
100
0
022 £0.18
10.32
8525 + 14.73
4.55

3112
57 £ 11
1.78
264 +34
83.86 + 8.66
59 + 1.64
55.09 + 55.7
58 +1.07
2.17 + 3.09
1.87 £ 1.38
544 +1.17
137 £03
3.39 +0.83
22.14 + 14.88
25.78 £ 16.24
137.15 + 20.76
87.96
68.19
20.57
58.17

(Continued)
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TABLE 2 Continued

10.3389/fendo.2022.968766

Control Non-NAFLD MAFLD Non-MAFLD NAFLD NAFLD MAFLD
Dyslipidemia, % 25.33 50* 15.96*# 51.69
Hepatic steatosis by ultrasound, % 0.08 100* 100* 100
ALD and other liver diseases, % 0.08 100*# 0 0
Framingham risk score 0.03 +0.03 0.06 + 0.06* 0.01 + 0.01*# 0.05 = 0.05
Previous CVD, % 6.73 17.86* 3.33# 12.59
eGFR, mL/min/1.73 m? 89.86 + 16.48 83.06 + 14.77* 94.16 + 14.83*# 85.36 + 14.81
CKD, % 3.92 7.86* 0# 421

*indicates P < 0.05 for the difference between control and Non-NAFLD MAFLD/Non-MAFLD NAFLD groups.
# indicates P < 0.05 for the difference between MAFLD NAFLD and Non-NAFLD MAFLD/Non-MAFLD NAFLD groups.
Bold text indicates P < 0.05 for the difference between Non-NAFLD MAFLD and Non-MAFLD NAFLD groups.

regular and occasional binge drinking were associated with the
risk of CKD progression (28). While another study revealed
inverse associations between alcohol consumption and CKD
(29). Similarly, the prevalence of stage 3 CKD was lower in
drinkers than non-drinkers, and the reverse association between
alcohol consumption and stage 3 CKD was found in men (30).
Based on the above studies, the difference of CKD risk between
MAFLD and NAFLD could be a result of alcohol consumption.
Alcohol consumption could be taken into consideration when
assess CKD risk in MAFLD patients.

Furthermore, taking a deeper look into the underlie
mechanism of the effects of ethanol on the kidneys, it can be
found that ethanol is involved in several pathological processes
of CKD development. Ethanol can directly cause inflammatory
injury in the kidney, independent of liver damage, cause
oxidative stress-related damage in the kidneys, influence the
interaction of RAS overactivity, hypertension, NO, and

prostaglandin E2 deficiency and cause an adverse effect on the
kidney morphological structure and renal function (31).
Moreover, long-term ethyl alcohol consumption can activate
both intrinsic and extrinsic pathways of apoptosis in the kidneys,
but aggravates renal fibrosis, which may be related to epithelial
mesenchymal transdifferentiation and fibrosis induced by
ethanol (32, 33). However, low-concentration ethanol also
improves the antioxidant capacity of the renal cells (31).
Alcohol consumption could. Therefore, considering that the
role of alcohol in CKD is complex, the risk of patients with
both MAFLD and excess alcohol consumption should be
carefully evaluated.

There are several limitations in this study. First, as a cross-
sectional study, causality could not be concluded. Second,
hsCRP has great clinical significance in MAFLD inflammation
progression, and was included in the diagnosis criteria, but it was
not measured in the study population. Therefore, in sensitivity

TABLE 3 Risk of hypertension, dyslipidemia, diabetes, central obesity, overweight and obesity in MAFLD and NAFLD patients.

Male

Female

MAFLD
OR (95%CI)

Hypertension 2.3 (2.03,2.61)
Dyslipidemia 3.65 (3.23,4.12)
Diabetes 2.82 (2.38,3.34)

Overweight & Obesity 11.58 (9.86,13.61)
6.63 (5.7,7.73)
B (95% CI)
6.03 (4.93,7.14)
0.31 (0.27,0.35)
0.5 (0.42,0.59)
0.36 (0.3,0.41)
3.44 (3.27,3.61)

9.18 (8.7,9.66)

Central obesity

Systolic blood pressure
LDL cholesterol

Fasting glucose
glycosylated hemoglobin
Body mass index

Waist circumference

NAFLD
OR (95%CI)

1.48 (1.3,1.67)
231 (2.05,2.59)
1.87 (1.6,2.19)
4.15 (3.6,4.79)
271 (2.38,3.08)
B (95% CI)
2.61 (1.49,3.72)
0.12 (0.08,0.17)
037 (0.28,0.45)
0.19 (0.13,0.24)
228 (2.1,2.47)
5,57 (5.05,6.1)

MAFLD
OR (95%CI)

235 (2.11,2.62)
2.59 (2.33,2.88)
2.93 (2.5,3.43)
9.47 (8.34,10.75)
6.53 (5.85,7.3)
B (95% CI)
7.47 (6.54,8.41)
0.26 (0.23,0.3)
0.41 (0.35,0.47)
0.36 (0.32,0.4)
3.52 (3.37,3.68)
8.64 (8.25,9.03)

NAFLD
OR (95%CI)

2.08 (1.87,2.32)
243 (2.19,2.7)
2.63 (2.26,3.07)
6.63 (5.89,7.48)
525 (4.71,5.85)
B (95% CI)
6.23 (5.3,7.17)
0.24 (0.2,0.27)
037 (0.31,0.43
032 (0.28,0.36
3.18 (3.02,3.33

)
)
)
7.76 (7.37,8.16)

Data are expressed as OR/B (95% CI). All analyses were adjusted for age and current smoking.
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Framingham risk score B (95%Cl)
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*  NAFLD
eGFR B (95% Cl)
—— -2.731(-3.422,-2.041)
o -3.578(-4.268,-2.887)
—— 0.256(-0.329,0.840)
o 0.263(-0.318,0.844)
—
6 4 2 0 2
CKD OR (95% Cl)
—_— 1.44(1.05,1.96)
———— 1.56(1.14,2.12)
—— 0.87(0.68,1.11)
— 0.80(0.62,1.02)
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0.0 0.5 1.0 1.5 2.0 25

Burden of MAFLD and NAFLD on CVD and CKD. Data are expressed as OR/B (95% ClI). All analyses were adjusted for age and current smoking.

analysis, potential patients of MAFLD (with liver steatosis,
normal BMI, no type 2 diabetes, and one metabolic risk
abnormalities) were defined as MAFLD and analyzed for their
cardiovascular and renal burden of MAFLD, and the burdens
were not changed.

In conclusion, the risk of hypertension, dyslipidemia,
diabetes, overweight/obesity, and central obesity of MAFLD
patients were higher than those of NAFLD. Patients with
MAFLD have a similar or higher risk of future and previous
CVD compared with those with NAFLD, but the risk of CKD
was higher in male with NAFLD. The heterogeneity of MAFLD
makes it urgent for endocrinologist and hepatologist to further
investigate the characterization of MAFLD, to develop
appropriate stratification, and to precisely define subtypes of
the disease, so that the prevention and early intervention of
intra-hepatic and extra-hepatic adverse outcomes of MAFLD
could be ensured and improve their health status and quality
of life.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Endocrinology

09

Ethics statement

The study protocol was reviewed and approved by the Ethics
Committee of Shanghai Ninth People’s Hospital, Shanghai
JiaoTong University School of Medicine (approval number
2013 (86)). All procedures followed were in accordance with
the ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration. Written informed consent was obtained
from all participants in the study.

Author contributions
YL, LY and NW designed the study. YW, YY, HZ, CC, HW,
YC, FX and SY conducted the research. YW, YY, HZ and NW

analyzed the data and wrote the manuscript. The
finalmanuscript was read and approved by all authors.

Funding

This study was supported by National Natural Science
Foundation of China (91857117); Science and Technology

frontiersin.org


https://doi.org/10.3389/fendo.2022.968766
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

Commission of Shanghai Municipality (20ZR1432500,
18410722300, 19140902400, 20015800400); the Major Science
and Technology Innovation Program of Shanghai Municipal
Education Commission (2018YFC1705103); Shanghai Municipal
Human Resources and Social Security Bureau (2020074); Clinical
Research Plan of SHDC (SHDC2020CR4006). The funders played
no role in the design or conduct of the study, collection,
management, analysis, or interpretation of data or in the
preparation, review, or approval of the article.

Acknowledgments

The authors thank all team members and participants in the
SPECT-China study.

References

1. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al.
Global burden of NAFLD and NASH: trends, predictions, risk factors and
prevention. Nat Rev Gastroenterol Hepatol (2018) 15(1):11-20. doi: 10.1038/
nrgastro.2017.109

2. Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The
diagnosis and management of non-alcoholic fatty liver disease: practice guideline
by the American association for the study of liver diseases, American college of
gastroenterology, and the American gastroenterological association. Hepatology
(2012) 55(6):2005-23. doi: 10.1002/hep.25762

3. Eslam M, Sanyal AJ, George ], International Consensus P. MAFLD: A
consensus-driven proposed nomenclature for metabolic associated fatty liver
disease. Gastroenterology (2020) 158(7):1999-2014.el. doi: 10.1053/
j.gastro.2019.11.312

4. Zhou F, Zhou J, Wang W, Zhang X]J, Ji YX, Zhang P, et al. Unexpected
rapid increase in the burden of NAFLD in China from 2008 to 2018: A
systematic review and meta-analysis. Hepatology (2019) 70(4):1119-33. doi:
10.1002/hep.30702

5. Estes C, Anstee QM, Arias-Loste MT, Bantel H, Bellentani S, Caballeria J,
et al. Modeling NAFLD disease burden in China, France, Germany, Italy, Japan,
Spain, united kingdom, and united states for the period 2016-2030. ] Hepatol
(2018) 69(4):896-904. doi: 10.1016/j.jhep.2018.05.036

6. Torres DM, Harrison SA. Nonalcoholic fatty liver disease: Fibrosis portends a
worse prognosis. Hepatology (2015) 61(5):1462-4. doi: 10.1002/hep.27680

7. Lee H, Lee YH, Kim SU, Kim HC. Metabolic dysfunction-associated fatty
liver disease and incident cardiovascular disease risk: A nationwide cohort study.
Clin Gastroenterol Hepatol (2021) 19(10):2138-47.e10. doi: 10.1016/
1.cgh.2020.12.022

8. Liang Y, Chen H, Liu Y, Hou X, Wei L, Bao Y, et al. Association of MAFLD
with diabetes, chronic kidney disease, and cardiovascular disease: A 4.6-year cohort
study in China. J Clin Endocrinol Metab (2022) 107(1):88-97. doi: 10.1210/clinem/
dgab641

9. Targher G, Chonchol M, Zoppini G, Abaterusso C, Bonora E. Risk of chronic
kidney disease in patients with non-alcoholic fatty liver disease: is there a link? J
Hepatol (2011) 54(5):1020-9. doi: 10.1016/.jhep.2010.11.007

10. Vuppalanchi R, Chalasani N. Nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis: Selected practical issues in their evaluation and
management. Hepatology (2009) 49(1):306-17. doi: 10.1002/hep.22603

11. Targher G, Byrne CD. Non-alcoholic fatty liver disease: an emerging driving
force in chronic kidney disease. Nat Rev Nephrol (2017) 13(5):297-310. doi:
10.1038/nrneph.2017.16

12. Wang Y, Wan H, Chen C, Chen Y, Xia F, Han B, et al. Association between
famine exposure in early life with insulin resistance and beta cell dysfunction in
adulthood. Nutr Diabetes (2020) 10(1):18. doi: 10.1038/s41387-020-0121-x

13. Wang Y, Weng P, Wan H, Zhang W, Chen C, Chen Y, et al. Economic status
moderates the association between early-life famine exposure and hyperuricemia in

Frontiers in Endocrinology

10

10.3389/fendo.2022.968766

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

adulthood. J Clin Endocrinol Metab (2020) 105(11):1-12. doi: 10.1210/clinem/
dgaa523

14. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, et al.
The utility of radiological imaging in nonalcoholic fatty liver disease.
Gastroenterology (2002) 123(3):745-50. doi: 10.1053/gast.2002.35354

15. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al.
The diagnosis and management of nonalcoholic fatty liver disease: Practice
guidance from the American association for the study of liver diseases.
Hepatology (2018) 67(1):328-57. doi: 10.1002/hep.29367

16. Lenfant C, Cleeman J, Ganiats T, Graham G, Kleinman R, Hixon P, et al.
Executive summary of the third report of the national cholesterol education
program (NCEP) expert panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult treatment panel III). Jama (2001) 285(19):2486—
97. doi: 10.1001/jama.285.19.2486

17. Stevens LA, Claybon MA, Schmid CH, Chen J, Horio M, Imai E, et al.
Evaluation of the chronic kidney disease epidemiology collaboration equation for
estimating the glomerular filtration rate in multiple ethnicities. Kidney Int (2011)
79(5):555-62. doi: 10.1038/ki.2010.462

18. Wang S, Chen R, Liu Q, Shu Z, Zhan S, Li L. Prevalence, awareness and
treatment of chronic kidney disease among middle-aged and elderly: The China
health and retirement longitudinal study. Nephrol (Carlton) (2015) 20(7):474-84.
doi: 10.1111/nep.12449

19. Hsu WC, Araneta MR, Kanaya AM, Chiang JL, Fujimoto W. BMI cut points
to identify at-risk Asian americans for type 2 diabetes screening. Diabetes Care
(2015) 38(1):150-8. doi: 10.2337/dc14-2391

20. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia (1985) 28
(7):412-9. doi: 10.1007/BF00280883

21. Wan H, Wang Y, Xiang Q, Fang S, Chen Y, Chen C, et al. Associations
between abdominal obesity indices and diabetic complications: Chinese visceral
adiposity index and neck circumference. Cardiovasc Diabetol (2020) 19(1):118. doi:
10.1186/512933-020-01095-4

22. Stahl EP, Dhindsa DS, Lee SK, Sandesara PB, Chalasani NP, Sperling LS.
Nonalcoholic fatty liver disease and the heart: JACC state-of-the-Art review. ] Am
Coll Cardiol (2019) 73(8):948-63. doi: 10.1016/j.jacc.2018.11.050

23. Targher G, Bertolini L, Poli F, Rodella S, Scala L, Tessari R, et al.
Nonalcoholic fatty liver disease and risk of future cardiovascular events among
type 2 diabetic patients. Diabetes (2005) 54(12):3541-6. doi: 10.2337/
diabetes.54.12.3541

24. Byrne CD, Targher G. NAFLD as a driver of chronic kidney disease. J
Hepatol (2020) 72(4):785-801. doi: 10.1016/j.jhep.2020.01.013

25. Targher G, Chonchol M, Bertolini L, Rodella S, Zenari L, Lippi G, et al.
Increased risk of CKD among type 2 diabetics with nonalcoholic fatty liver disease.
J Am Soc Nephrol (2008) 19(8):1564-70. doi: 10.1681/ASN.2007101155

frontiersin.org


https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1002/hep.25762
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1002/hep.30702
https://doi.org/10.1016/j.jhep.2018.05.036
https://doi.org/10.1002/hep.27680
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.1210/clinem/dgab641
https://doi.org/10.1210/clinem/dgab641
https://doi.org/10.1016/j.jhep.2010.11.007
https://doi.org/10.1002/hep.22603
https://doi.org/10.1038/nrneph.2017.16
https://doi.org/10.1038/s41387-020-0121-x
https://doi.org/10.1210/clinem/dgaa523
https://doi.org/10.1210/clinem/dgaa523
https://doi.org/10.1053/gast.2002.35354
https://doi.org/10.1002/hep.29367
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1038/ki.2010.462
https://doi.org/10.1111/nep.12449
https://doi.org/10.2337/dc14-2391
https://doi.org/10.1007/BF00280883
https://doi.org/10.1186/s12933-020-01095-4
https://doi.org/10.1016/j.jacc.2018.11.050
https://doi.org/10.2337/diabetes.54.12.3541
https://doi.org/10.2337/diabetes.54.12.3541
https://doi.org/10.1016/j.jhep.2020.01.013
https://doi.org/10.1681/ASN.2007101155
https://doi.org/10.3389/fendo.2022.968766
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

26. Musso G, Gambino R, Tabibian JH, Ekstedt M, Kechagias S, Hamaguchi M,
et al. Association of non-alcoholic fatty liver disease with chronic kidney disease: a
systematic review and meta-analysis. PloS Med (2014) 11(7):e1001680. doi:
10.1371/journal.pmed.1001680

27. Yu C, Wang M, Zheng S, Xia M, Yang H, Zhang D, et al. Comparing the
diagnostic criteria of MAFLD and NAFLD in the Chinese population: A
population-based prospective cohort study. J Clin Transl Hepatol (2022) 10(1):6-
16. doi: 10.14218/JCTH.2021.00089

28. Joo YS, Koh H, Nam KH, Lee S, Kim J, Lee C, et al. Alcohol consumption
and progression of chronic kidney disease: Results from the Korean cohort study
for outcome in patients with chronic kidney disease. Mayo Clin Proc (2020) 95
(2):293-305. doi: 10.1016/j.mayocp.2019.06.014

29. Koning SH, Gansevoort RT, Mukamal KJ, Rimm EB, Bakker SJ, Joosten
MM, et al. Alcohol consumption is inversely associated with the risk of developing
chronic kidney disease. Kidney Int (2015) 87(5):1009-16. doi: 10.1038/ki.2014.414

Frontiers in Endocrinology

11

10.3389/fendo.2022.968766

30. Hsu YH, Pai HC, Chang YM, Liu WH, Hsu CC. Alcohol consumption is
inversely associated with stage 3 chronic kidney disease in middle-aged Taiwanese
men. BMC Nephrol (2013) 14:254. doi: 10.1186/1471-2369-14-254

31. FanZ, Yun], Yu, Yang Q, Song L. Alcohol consumption can be a "Double-
edged sword" for chronic kidney disease patients. Med Sci Monit (2019) 25:7059—
72. doi: 10.12659/MSM.916121

32. Tirapelli LF, Martins-Oliveira A, Batalhao ME, Tirapelli DP, Carnio EC,
Tanus-Santos JE, et al. Ethanol consumption increases the expression of
endothelial nitric oxide synthase, inducible nitric oxide synthase and
metalloproteinases in the rat kidney. J Pharm Pharmacol (2012) 64(1):68-76.
doi: 10.1111/j.2042-7158.2011.01 396.x

33. Wang L, Zhu Y, Wang L, Hou J, Gao Y, Shen L, et al. Effects of chronic
alcohol exposure on ischemia-reperfusion-induced acute kidney injury in mice: the
role of beta-arrestin 2 and glycogen synthase kinase 3. Exp Mol Med (2017) 49(6):
€347. doi: 10.1038/emm.2017.76

frontiersin.org


https://doi.org/10.1371/journal.pmed.1001680
https://doi.org/10.14218/JCTH.2021.00089
https://doi.org/10.1016/j.mayocp.2019.06.014
https://doi.org/10.1038/ki.2014.414
https://doi.org/10.1186/1471-2369-14-254
https://doi.org/10.12659/MSM.916121
https://doi.org/10.1111/j.2042-7158.2011.01 396.x
https://doi.org/10.1038/emm.2017.76
https://doi.org/10.3389/fendo.2022.968766
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Cardiovascular and renal burdens among patients with MAFLD and NAFLD in China
	Introduction
	Methods
	Study population
	Clinical, anthropometric, and laboratory measurements
	Definition of variables
	Statistical analysis

	Results
	Clinical characteristics of participants with and without MAFLD
	Clinical characteristics of participants with/without MAFLD and NAFLD
	Burden of MAFLD and NAFLD on hypertension, dyslipidemia, diabetes, central obesity, and overweight/obesity
	Burden of MAFLD and NAFLD on CVD and CKD
	Sensitivity analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


