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Introduction: Metabolic dysfunction-associated fatty liver disease (MAFLD) is
closely associated with serum fibroblast growth factor (FGF) 21; however,
previous studies have typically focused on the static fasting state, and the
relationships between postprandial FGF21 levels, postprandial metabolic status,
and MAFLD remain unclear. Therefore, we measured postprandial lipids,
inflammatory factors, and FGF21 levels in MAFLD and further analyzed their
relationship using an oral fat tolerance test (OFTT).

Patients and methods: In total, 103 non-diabetic adult volunteers, including 46
patients with MAFLD, were included in this study. All participants underwent the
OFTT. Venous blood samples were collected at O, 2, 4, and 6 h. Circulating total
cholesterol (TC), triglyceride (TG), free fatty acid (FFA), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), interleukin-6
(IL-6), tumor necrosis factor-a(TNF-o), hypersensitive-C reactive protein(hs-
CRP) and FGF21 were assessed.

Results: Serum FGF21 significantly increased in the fasting state (P < 0.05) and
showed a biphasic change of first decreasing and then increasing in MAFLD
during the OFTT. The postprandial levels of TG, TC, LDL-C, FFA, IL-6, TNF-o. and
hs-CRP were significantly increased in MAFLD (P < 0.05). After adjusting for
multiple factors, the FGF21 incremental area under the curve (IAUC) was linearly
correlated with the FFA iAUC, TG iAUC, and IL-6 iAUC (P < 0.05) and was an
independent factor for MAFLD (P < 0.05, OR=1.403).
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Conclusion: Dyslipidemia and excessive inflammation in MAFLD are associated
to FGF21 levels in the postprandial period. An abnormal postprandial FGF21
response may be an important mechanism of MAFLD.

KEYWORDS

fibroblast growth factor 21, metabolic dysfunction-associated fatty liver disease, lipid,
inflammation, oral fat tolerance test, postprandial state

1 Introduction

Metabolic dysfunction-associated fatty liver disease (MAFLD),
formerly named non-alcoholic fatty liver disease (NAFLD), is the
most common chronic liver disease in Western countries and a
major disease that seriously threatens the global public health (1).
However, no specific drugs have been approved by the Food and
Administration (FDA) for MAFLD. The pathophysiology of
MAFLD is not yet fully understood, and hepatic metabolism is a
dynamic process; however, current studies on MAFLD typically
focus on the static fasting state.

Fibroblast growth factor (FGF) 21 is a powerful metabolic
hormone primarily produced by the liver and acts in an endocrine
manner. FGF21 is a core multifaceted regulator of glycolipid
metabolism and inflammatory response (2). Previous studies
have found that fasting FGF21 is strongly associated with liver
fat content in a dose-dependent manner and is a biomarker of
liver fat content in MAFLD (3). Non-alcoholic steatohepatitis is
associated with fasting FGF21 levels (4). However, humans spend
most of their day in the postprandial state, which is acknowledged
as a complex interplay among nutrients, hormones, and diet-
derived metabolites, and is characterized by the coexistence of
metabolism and inflammation (5). The liver is one of the most
important organs for regulating postprandial metabolism and
hormonal responses in the human body. A recent study has
shown that postprandial metabolic disorders exist in MAFLD
(6). Particularly, postprandial response in healthy adults has been
shown to be closely related to postprandial FGF21 changes (7).
Nutrient intake plays a significant role in the regulation of FGF21
(8), and a high-fat diet is a widely prevalent dietary profile today,
which is a major driver of metabolism-related disorders such as
MAFLD. It is not clear how postprandial responses to a high-fat
diet are associated with MAFLD and whether these are associated
with changes in FGF21.

This study aimed to observe changes in postprandial status after
oral high-fat meals in the MAFLD population and to further
analyze the correlation between postprandial FGF21 and lipids,
inflammatory factors, and MAFLD.
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2 Materials and methods
2.1 Study sample

Volunteers were randomly recruited from the outpatient clinic of
the Department of Endocrinology at Hebei Provincial People’s
Hospital from November 2018 to December 2019, with
participants aged between 18-65 years and with a of body mass
index (BMI) >18 kg/m* The Ethics Committee of Hebei General
Hospital approved the research protocol, which conformed to the
provisions of the Declaration of Helsinki. The study has been
registered with the China Clinical Trial Registry (registration
number: ChiCTR1800019514).

2.2 Exclusion criteria

The criteria for exclusion were as follows: digestive system
diseases (diseases in the liver, gallbladder, pancreas, or spleen),
infectious diseases, vegetarian diet, thyroid dysfunction, heart
disease, blood diseases, malignant tumors, kidney diseases,
psychosis, pregnancy, smokers, stroke, history of surgery and/or
trauma, use of drugs (contraceptives, antibiotic, fish oil, hormone 3
receptor blockers, diuretics), and weight change >3 kg (3 months).
Oral glucose tolerance test (OGTT) was performed in all eligible
participants except diabetes mellitus. To avoid acute pancreatitis
induced by the high-fat test and test errors caused by extreme
values, subjects with fasting TG >5 mmol/L were excluded. The
remaining participants underwent further oral fat tolerance
test (OFTT).

2.3 Oral fat tolerance testing

The OFTT was conducted uniformly in all participants, and all
participants were required to receive a standardized meal for 1 week
before the OFTT and were prohibited from smoking and drinking
alcohol. The formulation of the high-fat meal for the OFTT was
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made by the group with reference to the dietary guidelines for the
Chinese population and was completed with the assistance of a
professional dietitian. Each high-fat meal contained 1500 kcal, 60%
fat (saturated fatty acids 20%, monounsaturated fatty acids: 40%,
polyunsaturated fatty acids: 40%), 20% proteins, 20%
carbohydrates. Food and water were fasted after 22:00 h on the
night before the trial, followed by a standardized high-fat meal at
8:00 h the following day, with a 10-min meal and a 6-h fast, with
free access to water but no smoking or strenuous activity. Venous
blood was collected before and at 2, 4, and 6 h after the meal. Blood
was immediately chilled and centrifuged. Subsequently, aliquots
were immediately frozen at —80°C (Haier MDR-382E; Haier,
Qingdao, China) until assayed.

2.4 Measurement of biochemical indicators

Fasting blood glucose (FBG), hs-CRP, TC, TG, FFA, HDL-C,
and LDL-C levels before and after a high-fat meal were assayed
using a fully automated biochemical analyzer manufactured by
Hitachi, Japan. The serum insulin (FINS) were measured using
electrochemiluminescence. The serum TNF-o. was measured by
ELISA kit(MUTISCIENCES, Hangzhou, China). Serum FGF21 and
IL-6 were assayed using an enzyme-linked immunosorbent assay kit
(R&D Systems, USA).

A homeostasis model was used to evaluate insulin resistance
[HOMA-IR= FBG (mmol/L) x FINS (mIU/L)/22.5) (9). The body
mass index (BMI) was calculated as the ratio of weight to height
squared (kg/m?). Postprandial changes in serum FGF21, lipids, and
inflammatory factors were measured as incremental area under the
curves (1AUCs) during the OFTT compared to the fasting levels,
which were calculated using the trapezoidal area method.

2.5 Diagnosis of MAFLD

MAFLD was diagnosed based on a new guidance from over 70
societies, including the American Association for the Study of Liver
Diseases (AASLD), the American Gastroenterological Society
(AGA), and the European Association for the Study of the Liver
(EASL) (10). Hepatic steatosis was diagnosed based on liver
ultrasound findings.

2.6 Statistical analysis

SPSS version (version 25.0, IBM Corp., Armonk, NY, USA) and
GraphPad Prism software (version 8.0, San Diego, CA, USA) were
used for the statistical analysis. Normally distributed measures were
expressed using mean * standard deviation (SD), and non-normal
measures were expressed using the median [M(P25, P75)].
Normally distributed data between the two groups were
compared by applying an independent samples t-test. Non-
parametric tests should be applied to data that are not normally
distributed or whose variances are not homogeneous. Two-factor
repeated-measures analysis of variance (rmANOVA) was applied to
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assess postprandial changes in parametric indicators over time, as
well as between-group differences with Greenhouse-Geisser
correction. Pearson’s correlations were performed to detected the
associations between normally distributed variables; otherwise,
Spearman’s correlation coefficient was applied. Multiple linear
regression analysis was used to assess the relationship between
FGF21 iAUC and postprandial changes in lipid and inflammatory
indicators. Binary logistic regression analysis was used to assess the
association between the FGF21 iAUC and MAFLD. Statistical
significance was set at P < 0.05 (two-tailed).

3 Results

3.1 Comparison of baseline information
between the two populations

We recruited 103 participants: 57 in the control group and 46
in the MAFLD group. There were no significant differences in sex
or age between the two groups (P>0.05). The median FGF21 level
in the overall population was 266.38 pg/mL. In the MAFLD group,
fasting serum FGF21 levels were significantly higher. In the
MAFLD group, BMI, WC, SBP, DBP, TC, TG, FFA, LDL-C,
FBG, FINS, HOMA-IR, IL-6, TNF-o, and hs-CRP were
significantly higher, and HDL-C was significantly lower, which
were all statistically different from Con group (P < 0.05) (Table 1).
These data demonstrated the characteristics of the MAFLD
population, including metabolic disorders, excessive
inflammation, and higher FGF21 levels.

3.2 Changes in FGF21 during OFTT

FGF21 showed a non-normal distribution, with a wide range of
fluctuations. At all-time points, serum FGF21 levels were
significantly higher in the MAFLD group (P < 0.05). The overall
trend of FGF21 expression in both groups showed a biphasic
change, first decreasing then increasing (Figure 1). Further
analysis revealed that the FGF21 iAUC was significantly higher in
the MAFLD group (P < 0.001) (Figure 2).

3.3 Changes in lipid levels during OFTT

When the two populations were compared, there was no
statistically significant difference in postprandial HDL-C
(P > 0.05); except for FFA at 6 h, which was not statistically
different (P > 0.05), serum TC, TG, LDL-C, and FFA levels at any
time point were significantly higher in the MAFLD group than Con
group (P < 0.05) (Table 2). During the OFT'T, both groups showed
the most significant changes in serum TG and FFA levels compared
to baseline at 0 h. Postprandial TG levels increased significantly at
2 h in both groups (P < 0.05), with the Con group peaking at 4 h,
and the MAFLD group not showing a peak. The FFA levels showed
a biphasic change of decreasing and then increasing, and the trough
time was 2 h, which was statistically different from that at 0 h
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TABLE 1 Comparison of basic characteristics of participants in the two groups.

Total (h=103) Con (n=57) MAFLD (n=46) P
Age (years) 49.62 + 11.49 47.68 + 12.10 52,02 + 10.31 0.056
Male, n (%) 51 (49.5%) 27 (47.4%) 24 (52.2%) 0.694
BMI (kg/m?) 26.84 + 475 24.46 + 381 29.78 + 4.13 <0.001
WC (cm) 90.06 + 12.81 84.00 + 11.07 97.57 + 10.74 <0.001
SBP (mmHg) 126.66 + 17.23 120.56 + 16.75 134.22 + 1478 <0.001
DBP (mmHg) 79.02 + 10.35 75.11 £ 9.66 83.87 £ 9.11 <0.001
TC (mmol/L) 483 +1.03 4.60 + 0.98 513 + 1.02 0.009
TG (mmol/L) 1.68 + 1.04 1.17 + 0.68 231 + 1.07 <0.001
FFA (mmol/L) 0.86 + 0.54 0.67 +0.45 1.10 £ 0.55 <0.001
HDL-C (mmol/L) 1.29 +0.29 1.34 + 0.28 122 %029 0.039
LDL-C (mmol/L) 3.08 +0.76 288 +0.72 332 +0.76 0.004
FBG (mmol/L) 528 +0.49 5.09 + 043 550 + 0.47 <0.001
FINS (uU/mL) 1041 (7.76,14.31) 8.03 (6.01,12.38) 13.62 (10.16,16.00) <0.001
HOMA-IR 252 (1.72,3.39) 1.83 (1.32,2.90) 3.15 (2.60,4.00) <0.001
FGF21 (pg/ml) 266.38 (188.04,466.32) 23478 (170.69,410.80) 288.67 (204.34,550.11) 0.026
IL-6 (pg/ml) 177 + 141 1.38 + 0.87 226+ 1.77 0.001
TNF-0. (ng/dl) 215 + 1.65 1.80 + 1.51 258 + 1.72 0.015
hs-CRP (mg/L) 233+ 150 1.62 + 0.82 321 + 1.68 <0.001

Means + SD for normally distributed variables or medians (interquartile range) for non-normally distributed variables. BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood
glucose; FFA, free fatty acid; FINS, fasting insulin; FGF21, fibroblast growth factor 21; HDL-C, high-density lipoprotein-cholesterol; HOMA-IR, homeostasis model assessment of insulin
resistance; LDL-C, low-density lipoprotein-cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; IL-6, interleukin-6; TNF-o,, tumor necrosis

factor; hs-CRP, C-reactive protein.

(P < 0.05). TC, HDL-C, and LDL-C levels did not change
significantly. TC and HDL-C levels in the MAFLD group showed
significant upward and downward trends at 4 h, respectively
(P < 0.05). LDL-C decreased in both groups at 2 and 4 h and was
significantly different from that at 0 h (P < 0.05) (Table 2, Figure 3).

Further analysis revealed a significantly higher TG iAUC and
lower FFA iAUC in the MAFLD group than in the control group
(P < 0.001 and P < 0.05, respectively).
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FIGURE 1

3.4 Changes in serum inflammatory factor
levels during OFTT

When comparing the two groups after a high-fat test meal, IL-
6 and hs-CRP levels were significantly higher in the MAFLD
group at any time point (P < 0.05), and TNF-o was significantly
different only at fasting levels (P < 0.05). Compared with baseline
levels at 0 h, IL-6 levels showed a significant increase at 2 h in both

4h 6h

Box plots of raw data for Serum FGF21 levels at different time points during oral fat tolerance test. Data are median (central line), 5%-95% range (box

margins), adjacent values (whiskers), and outliers (dots).
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FIGURE 2

Changes in FGF21 after a high-fat meal in the two groups.
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groups (P < 0.05), with the peak time occurring at 4 h in the
control group and no peak in the MAFLD group. IL-6 iAUC was
significantly higher in the MAFLD group than in the control
group (P < 0.01). Compared with 0 h, changes in TNF-o and hs-
CRP were not significant in both groups, except for TNF-c. in the
MAFLD group, which was statistically different at 2 h (P < 0.05)
(Table 2, Figure 4).

3.5 Correlation of FGF21 iAUC with
anthropometric and postprandial
serologic indicators

Based on all subjects, the relationship between FGF21 iAUC
and indexes were analyzed. The results showed that FGF21 iAUC
was positively correlated with DBP, BMI, WC, TCiAUC, TG iAUC,
IL-6 iAUC, and HOMA-IR (P all < 0.05) and negatively correlated
with FFA iAUC (P < 0.05) (Table 3).

TABLE 2 Changes of lipids and serum inflammatory factors during OFTT in two groups.

Oh 2h 4 h 6 h
TC (mmol/L)
Con 4.60 + 0.98 4.56 + 1.01 4.57 + 1.00 4.69 + 1.00
MAFLD 5.13 + 1.02° 5.13 + 1.05" 5.25 + 1.13% 5.41 + 1.15%
TG (mmol/L)
Con 1.17 + 0.68 2.04 + 0.98* 241 + 1.58* 2.17 + 1.42%
MAFLD 231 + 1.07° 3.46 + 1.17*%# 4.45 + 1.63*# 4.60 + 2.07*#
FFA (mmol/L)
Con 0.67 + 0.45 0.48 + 0.48* 0.96 + 0.62* 1.24 + 0.52*
MAFLD 1.10 + 0.55" 0.93 + 0.52*# 131 + 0.50%# 1.44 + 0.54*
HDL-C (mmol/L)
Con 1.34 +0.28 134 +0.28 1.27 + 0.27* 1.25 + 0.28*
MAFLD 1.22 + 0.29° 1.29 + 0.30 1.24 +0.29 1.24 +0.29
LDL-C (mmol/L)
Con 2.88 + 0.72 2.80 + 0.73* 2.77 + 0.69* 2.83 +0.70
MAFLD 332 +0.76" 3.26 + 0.77*# 3.22 + 0.75%% 3.27 +0.75"
IL-6 (pg/ml)
Con 1.38 + 0.87 1.88 + 1.01% 249 + 1.07* 242 + 1.09*
MAFLD 226 + 1.77° 2.82 + 1.82*# 3.42 + 1.75%% 4.14 + 1.79%
TNF-o (ng/dl)
Con 1.80 + 1.51 1.82 + 1.63 1.81 + 1.64 1.88 + 1.66
MAFLD 2.58 + 1.72° 243 + 1.76* 244 + 1.67 2.54 + 1.70
hs-CRP (mg/l)
Con 1.62 + 0.82 1.66 + 0.95 1.70 + 0.97 1.69 + 0.88
MAFLD 321 + 1.68" 326+ 1.76" 3.18 + 1.81° 3.23 + 1.68"

TG, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol;FFA, free fatty acid; IL-6, interleukin-6; TNF-o., tumor necrosis
factor; hs-CRP, C-reactive protein. *P < 0.05 versus 0 h in the same group, *P < 0.05 versus Con group.
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FIGURE 3

Changes in lipid levels after a high-fat meal in the two groups. TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; FFA, free fatty acid; iIAUC, incremental area under the curve. *P < 0.05 versus O h in the same group,

#P < 0.05 versus Con group

3.6 Multiple linear regression analysis was
used to clarify the relationship between
FGF21 iAUC and postprandial lipid and
inflammatory factor changes

Based on the results of the above correlation analysis, the
relationship between changes in lipid and inflammatory factor
levels and the FGF21 iAUC during the OFTT was further analyzed
based on all subjects. Changes in the values of lipids (TC iAUC, TG
iAUC, and FFA iAUC) and inflammatory factors (IL-6 iAUC) were
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respectively included in the regression model as independent
variables and FGF21iAUC as dependent variable for multiple linear
regression analysis, which showed that TG iAUC, FFA iAUC, and IL-
6 1AUC were the influencing factors of FGF21 iAUC (P < 0.001, P <
0.05, P < 0.001). After adjusting for sex, age, SBP, and WC, TG iAUC,
FFA iAUC, and IL-6 iAUC remained the influencing factors for
FGF21 iAUC (P < 0.001, P < 0.05, P < 0.001, respectively). After
further adjustment for HDL-C, LDL-C, HOMA-IR, IL-6, TG iAUC
and FFA iAUC were found to independently influence FGF21 iAUC
(P < 0.01, P < 0.05, respectively). After further adjustment for TG,

frontiersin.org


https://doi.org/10.3389/fendo.2024.1343853
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Li et al. 10.3389/fendo.2024.1343853

IL-6 TNF-a
71 6
6 - Con —-= MAFLD _, - Con -= MAFLD
*# # .
- %7 _ 47
E 4 3
2 ;] c 4
2 27
14
0 1 1 I 1 0 1 I I 1
0 2 4 6 0 2 4 6
time( h) time( h)
hs-CRP
7_
- Con -= MAFLD
6_

# #

|
1

mg/L
w A
1
T—i W—Ht

]
1

[

2_
1_
0 1 1 1 1
0 2 4 6
time( h)

FIGURE 4

Changes in serum inflammatory factors after a high-fat meal in the two groups. IL-6, interleukin-6; TNF-o, tumor necrosis factor; hs-CRP,
C-reactive protein. "P < 0.05 versus 0 h in the same group, #P < 0.05 versus Con group.

HDL-C, LDL-C, and HOMA-IR, the IL-6 iAUC was found to have an
independent influence on the FGF21 iAUC (P < 0.001) (Table 4).

3.7 Binary logistic regression analysis to
clarify the relationship between FGF21
iIAUC and MAFLD

Based on all subjects, binary logistic regression analysis
performed with FGF21 iAUC as the independent variable and
MAFLD as the dependent variable showed that FGF21 iAUC was
an influencing factor of MAFLD (P < 0.001, OR=1.308). After
adjusting for sex, age, SBP, and WC, the FGF21 iAUC remained an
influencing factor for MAFLD (P < 0.01, OR=1.306). After further
adjustment for TG, HDL-C, LDL-C, HOMA-IR, and IL-6, FGF21
iAUC was found to be an independent influencing factor for
MAFLD (P < 0.05, OR=1.403) (Table 5).

4 Discussion

At present, clinical research on MAFLD focuses on exploring
fasting levels. Numerous studies have found a close correlation
between MAFLD and fasting serum FGF21 (11-13). However, the
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relationship among postprandial FGF21, MAFLD, and postprandial
metabolic status remains unclear. Through an oral high-fat meal
clinical trial, we found that serum FGF21 levels were significantly
higher in the MAFLD population. FGF21 showed a biphasic trend
of first decreasing and then increasing during the OFTT, and the
amount of FGF21 decreased compared to that in the control group.
MAFLD is characterized by dyslipidemia and an excessive
inflammatory response after high-fat meals, which are linearly
correlated with changes in postprandial FGF21. Further analysis
revealed that postprandial FGF21 changes indicated an
independently influenced MAFLD. Therefore, the abnormal
regulation of postprandial FGF21 may be an important
mechanism in the occurrence and development of MAFLD.

The present study showed that fasting FGF21 was significantly
elevated in patients with MAFLD, but postprandial FGF21 changes
were reduced compared to those in non-MAFLD patients,
suggesting the presence of FGF21 resistance or impaired FGF21
regulation in the MAFLD population (14, 15). In this study, fasting
FGF21 was significantly positively correlated with BMI and WC.
Previously Alves et al. found a significant positive correlation
between serum FGF21 response and BMI after sucrose intake
(16). Nakanishi et al. aimed to investigate specific conditions that
might influence the functions of FGF21, they found FGF21 levels
correlated with age, BMI, WC and so on (17). They are consistent
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TABLE 3 Relationship between FGF21 iAUC and other indexes.
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TABLE 5 Binary logistic regression analysis to assess the risk of MAFLD.

FGF21 iAUC Characteristic (0]} 95% CL P value
Modle 1
Age <0.001 0.996 FGF21 iAUC ‘ 1.308 1.129, 1.517 <0.001
SBP 0.188 0.058 Modle 2
DBP 0.212* 0.032 FGF21 iAUC ‘ 1.306 1.088, 1.568 0.004
BMI 0.243* 0.013 Modle 3
wC 0.272* 0.005 FGF21 iAUC ‘ 1.403 1.065, 1.849 0.016
TC iAUC 0.208* 0.035 Model 1: without adjustment. Model 2: Based on Model 1, further adjusted for sex, age, SBP
and WC. Model 3: Based on Model 2, further adjusted for TG, HDL-C, LDL-C, HOMA-IR,
TG iAUC 0.445% <0.001 IL-6.
FFA iAUC -0.274* 0.005
calories of high-fat meals, which in this study consist of a mixed
HDLiAUC -0.014 0.891 meal containing a variety of nutrients, such as carbohydrates and
LDL iAUC 0.02 0.843 proteins that had a high calorie content (1500 kcal). This study
found that patients with MAFLD had post prandial dyslipidemia by
IL-6 iAUC 0.45% <0.001 . . . .
measuring blood lipid levels after a high-fat test meal, which is
TNF-au -0.006 0.954 consistent with previous studies (20, 21). Postprandial serum TC,
hs-CRP 0.192 0.052 TG, FFA, and LDL-C levels were significantly elevated in the
MAFLD population, and postprandial changes in TG levels were
HOMA-IR® 0317* 0.001 . . . .
significantly higher than those in the non-MAFLD population. An

BMI, body mass index; DBP, diastolic blood pressure; FFA, free fatty acid; FGF21, fibroblast
growth factor 21; HDL-C, high-density lipoprotein-cholesterol; HOMA-IR, homeostasis
model assessment of insulin resistance; LDL-C, low-density lipoprotein-cholesterol; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; IL-6,
interleukin-6; TNF-0, tumor necrosis factor; hs-CRP, C-reactive protein. r, correlation
coefficient. a: Log transformed (base 10). *P<0.05.

with our conclusion. Nutrient intake regulates serum FGF21 levels
(18). In this study, the MAFLD population was administered as an
oral high-fat test meal, and it was found that FGF21 levels were
higher than those in the non-MAFLD population at all-time points,
and that FGF21 showed a biphasic change with a decrease followed
by an increase after meals. Previous studies on postprandial FGF21
levels have reported different results. Vamvini et al. reported an oral
lipid load in healthy adults and found that postprandial FGF21
levels did not change significantly (19). Another study conducted an
oral high-fat meal (450 kcal) trial in different age groups and found
a gradual decrease in FGF21 levels (8). We believe that the
differences in research results were related to the composition and

TABLE 4 Multiple linear regression analysis of FGF21 iAUC.

Model 1
B (95% CL)

Variable
P value

B (95% CL)

excessive inflammatory response after meals in patients with
MAFLD was observed by examining the levels of inflammatory
factors. The study showed that IL-6, TNF-0, and hs-CRP levels
were significantly higher in the MAFLD population after a test
meal, and serum IL-6 was the only inflammatory indicator that
underwent sustained postprandial changes. This is consistent with
the results of previous studies on changes in postprandial
inflammatory factors in obese individuals (22, 23).

Further analysis revealed that changes in postprandial FFA
levels were associated with changes in serum FGF21 levels.
Previous studies have found that changes in the circadian
rhythm of FGF21 in healthy individuals are related to the FFA
circadian rhythm (24). In animal experiments, Chen et al. found
that growth hormone-induced hepatic production of FGF21 was
achieved through the release of FFA from lipolysis (25). Mai et al.
cultured HepG2 cells with different FFAs (26), which found that
FGF21 showed different degrees of elevation, and further

Model 2

Model 3

P value B (95% CL) P value

0.406 0.366 0.322
TG iAUC <0.001 <0.001 0.002
(0.219, 0.593) (0.170, 0.562) (0.121, 0.523)
-1.286 -1.318 -1.241
FFA iAUC 0.013 0.012 0.018
! (-2.296, -0.276) (-2.341, -0.296) (-2.267, -0.215)
IL-6 iAUC 0890 <0.001 0-846 <0.001 0772 <0.001
(0.542, 1.239) (0.500, 1.192) (0.412, 1.131)

TC, total cholesterol; TG, triglyceride; FFA, free fatty acid; IL-6, interleukin-6; iAUC,incremental area under curve. Model 1: without adjustment. Model 2: Based on Model 1, further adjusted for
sex, age, SBP and WC. Model 3 (TCIiAUC, TG iAUC, and FFA iAUC as independent variables): Based on Model 2, further adjusted for HDL-C, LDL-C, HOMA-IR, IL-6. Model 3 (IL-6 iAUC as

independent variables): Based on Model 2, further adjusted for TG, HDL-C, LDL-C, HOMA-IR.
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knockdown of the PPARa gene showed a decreasing trend in
FGEF21 levels. The result suggested that FFA can stimulate FGF21
secretion by activating the transcription factor PPAR0, which
provided a possible theoretical basis for the results of our study. In
addition, in this study, there was a linear correlation between
postprandial TG and FGF21 changes, which was confirmed in a
previous study by Matikainen et al. (27) who found that
postprandial triglyceride-rich lipoprotein was associated with
postprandial FGF21. This may be related to the internal
transformation of FFA and TG. Chronic low-grade
inflammation in the body can be induced by a high-fat diet
related to the pathogenesis of metabolic diseases (28-31).
Abnormal postprandial metabolism is associated with chronic
systemic low-grade inflammatory diseases, including
atherosclerosis, diabetes, obesity, and NAFLD (32, 33). This
study found that changes in IL-6 levels after meals were
associated with changes in serum FGF21 levels in an MAFLD
population after adjusting for age, WC and so on. Previous studies
have found that fasting FGF21 is strongly associated with IL-6 in
NAFLD after adjusting for multiple risk factors. Even after further
adjustment for fasting CRP, fasting FGF21 remained linearly
associated with IL-6 (34). Yu et al. applied a mouse model of
arthritis to validate that FGF21 can suppress inflammation by
activating Nrf2 and NF-kB signaling pathway (35). Yang et al.
established CCl4 -induced acute liver injury models in C57BL/6
mice and the LO2 cell line. The results revealed that FGF21
reduced IL-6 levels and improved inflammatory damage by
enhancing SIRT1-mediated autophagy (36). Further research
found that postprandial FGF21 regulation was impaired in
MAFLD populations. After adjusting for age, sex, WC and other
possible influencing factors, a change in postprandial FGF21 was
an independent influencing factor of MAFLD. Therefore,
postprandial FGF21 may be an important target for intervention
against the occurrence and development of MAFLD.

To the best of our knowledge, this is the first large-sample
study to determine the relationship between FGF21 and lipids,
inflammation and MAFLD in the postprandial period. However, it
is important to acknowledge certain limitations to this study. First,
the focus of this study was to clarify the relationship between
FGF21 and lipid metabolism. Therefore, the effects of blood
glucose and insulin on postprandial FGF21 were not analyzed
during the trial. Second, the high-fat test meal used in this study
had a higher calorie intake. Hence, our team will conduct further
clinical trials to investigate the optimization of the OFTT to
investigate the response of FGF21 to different types of caloric
diets as well as the serological factors that may influence it. We
received approval from the China Natural Science Foundation and
registered the study in the China Clinical Trial Registry
(registration number: ChiCTR2100048497).

5 Conclusions

This study identified dyslipidemia and excessive inflammation
during the post-meal phase in individuals with MAFLD; both of
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these conditions correlated with postprandial FGF21 levels.
Furthermore, postprandial change of FGF21 was an independent
influencing factor of MAFLD. This suggests that improving the
postprandial FGF21 response may be beneficial for MAFLD,
providing a possible mechanism and target for its prevention
and treatment.

Data availability statement

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

Ethics statement

The studies involving humans were approved by The Ethics
Committee of Hebei General Hospital. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

XL: Data curation, Methodology, Writing - original draft,
Investigation, Validation, Writing - review & editing. KZ: Data
curation, Formal analysis, Writing — review & editing. LL: Formal
analysis, Investigation, Methodology, Writing — review & editing.
TZ: Software, Supervision, Writing — review & editing. WG: Project
administration, Validation, Visualization, Writing - review &
editing. XH: Conceptualization, Project administration, Software,
Writing - review & editing. JG: Formal analysis, Investigation,
Supervision, Writing - review & editing. GS: Conceptualization,
Data curation, Funding acquisition, Methodology, Project
administration, Resources, Writing - review & editing.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of this article.
This study was supported by the Research Fund of Hebei
Provincial Government.

Acknowledgments

We sincerely thank the teachers at the Clinical Medical
Research Centre of Hebei General Hospital for their help with
this study. We would like to thank Editage (www.editage.cn) for
English language editing.

frontiersin.org


http://www.editage.cn
https://doi.org/10.3389/fendo.2024.1343853
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Li et al.

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

References

1. Younossi Z, Stepanova M, Ong JP, Jacobson 1M, Bugianesi E, Duseja A, et al.
Nonalcoholic steatohepatitis is the fastest growing cause of hepatocellular carcinoma in
liver transplant candidates. Clin Gastroenterol H. (2018) 17:748-755.e3. doi: 10.1016/
j.cgh.2018.05.057

2. Yang M, Liu C, Jiang N, Liu Y, Luo S, Li C, et al. Fibroblast growth factor 21 in
metabolic syndrome. Front Endocrinol (Lausanne). (2023) 14:1220426. doi: 10.3389/
fendo.2023.1220426

3. Xiao F, Shi X, Huang P, Zeng X, Wang L, Zeng J, et al. Dose-response relationship
between serum fibroblast growth factor 21 and liver fat content in non-alcoholic fatty
liver disease. Diabetes Metab. (2020) 47:101221. doi: 10.1016/j.diabet.2020.101221

4. Sarkar S, Chen S, Spencer B, Situ X, Afkarian M, Matsukuma K, et al. Non-
alcoholic steatohepatitis severity associates with FGF21 level and kidney glucose
uptake. Metab Syndr Relat D. (2021) 19:491-7. doi: 10.1089/met.2021.0055

5. Meessen ECE, Warmbrunn MV, Nieuwdorp M, Soeters MR. Human
postprandial nutrient metabolism and low-grade inflammation: A narrative review.
Nutrients. (2019) 11:3000. doi: 10.3390/nu11123000

6. Grandt J, Jensen AH, Werge MP, Rashu EB, Moller A, Junker AE, et al.
Postprandial dysfunction in fatty liver disease. Physiol Rep. (2023) 11:e15653.
doi: 10.14814/phy2.15653

7. Foo JP, Aronis KN, Chamberland JP, Paruthi J, Moon HS, Mantzoros CS.
Fibroblast growth factor 21 levels in young healthy females display day and night
variations and are increased in response to short-term energy deprivation through a
leptin-independent pathway. Diabetes Care. (2012) 36:935-42. doi: 10.2337/dc12-0497

8. Herpich C, Hafl U, Kochlik B, Franz K, Laeger T, Klaus S, et al. Postprandial
dynamics and response of fibroblast growth factor 21 in older adults. Clin Nutr. (2021)
40:3765-71. doi: 10.1016/j.clnu.2021.04.037

9. 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) 28:412-9.
doi: 10.1007/BF00280883

10. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, et al.
A new definition for metabolic dysfunction-associated fatty liver disease: An international
expert consensus statement. ] Hepatol. (2020) 73:202-9. doi: 10.1016/j.jhep.2020.03.039

11. Li X, Fan X, Ren F, Zhang Y, Shen C, Ren G, et al. Serum FGF21 levels are
increased in newly diagnosed type 2 diabetes with nonalcoholic fatty liver disease and
associated with hsCRP levels independently. Diabetes Res Clin Pract. (2011) 93:10-6.
doi: 10.1016/j.diabres.2011.02.034

12. Yilmaz Y, Eren F, Yonal O, Kurt R, Aktas B, Celikel CA. Increased serum FGF21
levels in patients with nonalcoholic fatty liver disease. Eur ] Clin Invest. (2010) 40:887—
92. doi: 10.1111/j.1365-2362.2010.02338.x

13. Watanabe M, Risi R, Camajani E, Contini S, Persichetti A, Tuccinardi D. Baseline
HOMA IR and circulating FGF21 levels predict NAFLD improvement in patients
undergoing a low carbohydrate dietary intervention for weight loss: A prospective
observational pilot study. Nutrients. (2020) 12:2141. doi: 10.3390/nul12072141

14. Fisher FM, Chui PC, Antonellis PJ, Bina HA, Kharitonenkov A, Flier JS, et al.
Obesity is a fibroblast growth factor 21 (FGF21)-resistant state. Diabetes. (2010)
59:2781-9. doi: 10.2337/db10-0193

15. Tucker B, Li H, Long X, Rye KA, Ong KL. Fibroblast growth factor 21 in non-alcoholic
fatty liver disease. METABOLISM. (2019) 101:153994. doi: 10.1016/j.metabol.2019.153994

16. Alves JM, Yunker AG, Luo S, Jann K, Angelo B, DeFendis A, et al. FGF21
response to sucrose is associated with BMI and dorsal striatal signaling in humans. Obes
(Silver Spring). (2022) 30:1239-47. doi: 10.1002/0by.23432

17. Nakanishi K, Ishibashi C, Ide S, Yamamoto R, Nishida M, Nagatomo I, et al.
Serum FGF21 levels are altered by various factors including lifestyle behaviors in male
subjects. Sci Rep. (2021) 11:22632. doi: 10.1038/s41598-021-02075-8

Frontiers in Endocrinology

10.3389/fendo.2024.1343853

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2024.1343853/
full#supplementary-material

18. Chu AY, Workalemahu T, Paynter NP, Rose LM, Giulianini F, Tanaka T, et al.
Novel locus including FGF21 is associated with dietary macronutrient intake. Hum Mol
Genet. (2013) 22:1895-902. doi: 10.1093/hmg/ddt032

19. Vamvini MT, Hamnvik OP, Sahin-Efe A, Gavrieli A, Dincer F, Farr OM, et al.
Differential effects of oral and intravenous lipid administration on key molecules
related to energy homeostasis. J Clin Endocr Metab. (2016) 101:1989-97. doi: 10.1210/
jc.2015-4141

20. Sciarrillo CM, Short KR, Keirns BH, Elliott DC, Clarke SL, Palle S, et al
Postprandial triglycerides and fibroblast growth factor 19 as potential screening tools
for paediatric non-alcoholic fatty liver disease. Pediatr Obes. (2023) 18:¢13007.
doi: 10.1111/ijpo.13007

21. Mager DR, Mazurak V, Rodriguez-Dimitrescu C, Vine D, Jetha M, Ball G, et al. A
meal high in saturated fat evokes postprandial dyslipemia, hyperinsulinemia, and altered
lipoprotein expression in obese children with and without nonalcoholic fatty liver disease.
JPEN-PARENTER ENTER. (2012) 37:517-28. doi: 10.1177/0148607112467820

22. Schwander F, Kopf-Bolanz KA, Buri C, Portmann R, Egger L, Chollet M, et al. A
dose-response strategy reveals differences between normal-weight and obese men in
their metabolic and inflammatory responses to a high-fat meal. J Nutr. (2014)
144:1517-23. doi: 10.3945/jn.114.193565

23. Phillips LK, Peake JM, Zhang X, Hickman IJ, Briskey DR, Huang BE, et al.
Postprandial total and HMW adiponectin following a high-fat meal in lean, obese and
diabetic men. Eur ] Clin Nutr. (2013) 67:377-84. doi: 10.1038/ejcn.2013.49

24. Yu H, Xia F, Lam KS, Wang Y, Bao Y, Zhang J, et al. Circadian rhythm of
circulating fibroblast growth factor 21 is related to diurnal changes in fatty acids in
humans. Clin Chem. (2011) 57:691-700. doi: 10.1373/clinchem.2010.155184

25. Chen W, Hoo RL, Konishi M, Itoh N, Lee PC, Ye HY, et al. Growth hormone
induces hepatic production of fibroblast growth factor 21 through a mechanism
dependent on lipolysis in adipocytes. J Biol Chem. (2011) 286:34559-66.
doi: 10.1074/jbc.M111.285965

26. Mai K, Andres J, Biedasek K, Weicht J, Bobbert T, Sabath M, et al. Free fatty acids
link metabolism and regulation of the insulin-sensitizing fibroblast growth factor-21.
DIABETES. (2009) 58:1532-8. doi: 10.2337/db08-1775

27. Matikainen N, Taskinen MR, Stennabb S, Lundbom N, Hakkarainen A,
Vaaralahti K, et al. Decrease in circulating fibroblast growth factor 21 after an oral
fat load is related to postprandial triglyceride-rich lipoproteins and liver fat. Eur J
Endocrinol. (2011) 166:487-92. doi: 10.1530/EJE-11-0783

28. Bozzetto L, Annuzzi G, Ragucci M, Di Donato O, Della Pepa G, Della Corte G,
et al. Insulin resistance, postprandial GLP-1 and adaptive immunity are the main
predictors of NAFLD in a homogeneous population at high cardiovascular risk. Nutr
Metab CARDIOVAS. (2016) 26:623-9. doi: 10.1016/j.numecd.2016.01.011

29. Zilversmit DB. Atherogenesis: a postprandial phenomenon. CIRCULATION.
(1979) 60:473-85. doi: 10.1161/01.¢ir.60.3.473

30. Christen T, Trompet S, Rensen PCN, Willems van Dijk K, Lamb HJ, Jukema JW,
et al. The role of inflammation in the association between overall and visceral adiposity
and subclinical atherosclerosis. Nutr Metab CARDIOVAS. (2019) 29:728-35.
doi: 10.1016/j.numecd.2019.03.010

31. Calder PC. Dietary factors and low-grade inflammation in relation to overweight
and obesity revisted. BRIT J Nutr. (2022) 127:1455-7. doi: 10.1017/S0007114522000782

32. Ruiz-Nufez B, Pruimboom L, Dijck-Brouwer DA, Muskiet FA. Lifestyle and
nutritional imbalances associated with Western diseases: causes and consequences of
chronic systemic low-grade inflammation in an evolutionary context. ] Nutr Biochem.
(2013) 24:1183-201. doi: 10.1016/j.jnutbio.2013.02.009

33. Minihane AM, Vinoy S, Russell WR, Baka A, Roche HM, Tuohy KM, et al. Low-
grade inflammation, diet composition and health: current research evidence and its
translation. BRIT J Nutr. (2015) 114:999-1012. doi: 10.1017/S0007114515002093

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1343853/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1343853/full#supplementary-material
https://doi.org/10.1016/j.cgh.2018.05.057
https://doi.org/10.1016/j.cgh.2018.05.057
https://doi.org/10.3389/fendo.2023.1220426
https://doi.org/10.3389/fendo.2023.1220426
https://doi.org/10.1016/j.diabet.2020.101221
https://doi.org/10.1089/met.2021.0055
https://doi.org/10.3390/nu11123000
https://doi.org/10.14814/phy2.15653
https://doi.org/10.2337/dc12&ndash;0497
https://doi.org/10.1016/j.clnu.2021.04.037
https://doi.org/10.1007/BF00280883
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.diabres.2011.02.034
https://doi.org/10.1111/j.1365-2362.2010.02338.x
https://doi.org/10.3390/nu12072141
https://doi.org/10.2337/db10-0193
https://doi.org/10.1016/j.metabol.2019.153994
https://doi.org/10.1002/oby.23432
https://doi.org/10.1038/s41598&ndash;021-02075&ndash;8
https://doi.org/10.1093/hmg/ddt032
https://doi.org/10.1210/jc.2015&ndash;4141
https://doi.org/10.1210/jc.2015&ndash;4141
https://doi.org/10.1111/ijpo.13007
https://doi.org/10.1177/0148607112467820
https://doi.org/10.3945/jn.114.193565
https://doi.org/10.1038/ejcn.2013.49
https://doi.org/10.1373/clinchem.2010.155184
https://doi.org/10.1074/jbc.M111.285965
https://doi.org/10.2337/db08&ndash;1775
https://doi.org/10.1530/EJE-11&ndash;0783
https://doi.org/10.1016/j.numecd.2016.01.011
https://doi.org/10.1161/01.cir.60.3.473
https://doi.org/10.1016/j.numecd.2019.03.010
https://doi.org/10.1017/S0007114522000782
https://doi.org/10.1016/j.jnutbio.2013.02.009
https://doi.org/10.1017/S0007114515002093
https://doi.org/10.3389/fendo.2024.1343853
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Li et al.

34. Tucker B, McClelland RL, Allison MA, Budoff MJ, Wu BJ, Barter PJ, et al. Relationship
of fibroblast growth factor 21 levels with inflammation, lipoproteins and non-alcoholic fatty
liver disease. ATHEROSCLEROSIS. (2020) 299:38-44. doi: 10.1016/j.atherosclerosis.2020.03.009

35. Yu Y, He J, Li S, Song L, Guo X, Yao W, et al. Fibroblast growth factor 21
(FGF21) inhibits macrophage-mediated inflammation by activating Nrf2 and

Frontiers in Endocrinology

11

10.3389/fendo.2024.1343853

suppressing the NF-xB signaling pathway. Int IMMUNOPHARMACOL. (2016)
38:144-52. doi: 10.1016/j.intimp.2016.05.026

36. Yang X, Jin Z, Lin D, Shen T, Zhang J, Li D, et al. FGF21 alleviates acute liver
injury by inducing the SIRT1-autophagy signalling pathway. J Cell Mol Med. (2022)
26:868-79. doi: 10.1111/jcmm.17144

frontiersin.org


https://doi.org/10.1016/j.atherosclerosis.2020.03.009
https://doi.org/10.1016/j.intimp.2016.05.026
https://doi.org/10.1111/jcmm.17144
https://doi.org/10.3389/fendo.2024.1343853
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Relationship of postprandial fibroblast growth factor 21 with lipids, inflammation and metabolic dysfunction-associated fatty liver disease during oral fat tolerance test
	1 Introduction
	2 Materials and methods
	2.1 Study sample
	2.2 Exclusion criteria
	2.3 Oral fat tolerance testing
	2.4 Measurement of biochemical indicators
	2.5 Diagnosis of MAFLD
	2.6 Statistical analysis

	3 Results
	3.1 Comparison of baseline information between the two populations
	3.2 Changes in FGF21 during OFTT
	3.3 Changes in lipid levels during OFTT
	3.4 Changes in serum inflammatory factor levels during OFTT
	3.5 Correlation of FGF21 iAUC with anthropometric and postprandial serologic indicators
	3.6 Multiple linear regression analysis was used to clarify the relationship between FGF21 iAUC and postprandial lipid and inflammatory factor changes
	3.7 Binary logistic regression analysis to clarify the relationship between FGF21 iAUC and MAFLD

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	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 /sRGB
  /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


