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Association between Serum Fibroblast Growth Factor-21 Levels and
Nonalcoholic Fatty Liver in Korean Men with Type 2 Diabetes

Yong Jae Han, Ji Hye Huh, Jae Ho Seong, Jung Soo Lim,
Mi Young Lee, Choon Hee Chung, and Jang Yel Shin

Department of Internal Medicine, Yonsei University Wonju College of Medicine, Wonju, Korea

Background/Aims: Serum fibroblast growth factor-21 (FGF-21) levels are elevated in obesity, metabolic syndrome, and type 2
diabetes. Clinical studies have demonstrated an association between FGF-21 and nonalcoholic fatty liver (NAFL) in the general
population. This study investigated the association between FGF-21 and NAFL in Korean men with type 2 diabetes.

Methods: Clinical and biochemical metabolic parameters were measured in 135 Korean men with type 2 diabetes (mean age: 56.2
+ 9.2 years; HbAIC: 7.6 £ 1.5%). Serum FGF-21 was determined by enzyme-linked immunosorbent assay. NAFL severity was
assessed by ultrasound of the liver. High-grade (hg) NAFL was defined as moderate or severe fatty liver.

Results: The patients were divided into three subgroups according to NAFL severity: normal (17.0%), low-grade (50.4%), and
high-grade (32.6%). Patients with hgNAFL had a larger waist circumference and higher body mass index (BMI), homeostatic
model assessment-estimated insulin resistance (HOMA-IR) score, and triglyceride (TG), liver enzyme, and FGF-21 levels than
those with a normal liver. FGF-21 correlated positively with BMI, serum creatinine (Cr), TG, liver enzymes, and high-sensitivity
C-reactive protein, but negatively with high density lipoprotein (HDL). In multivariate regression analysis, Cr and TG were
independently associated with FGF-21. BMI, TG, HDL, HOMA-IR, and FGF-21 correlated strongly with hgNAFL. The odds ratio
(OR) of a 1-standard-deviation increase in FGF-21 predicting hgNAFL was 2.39 (95% confidence interval, 1.55-3.68). The OR
remained significant after adjustment for Cr, TG, BMI, and HOMA-IR.

Conclusions: Our findings suggest an independent association of serum FGF-21 with NAFL in Korean men with type 2 diabetes.
(Korean J Med 2015;88:273-280)
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Table 1. Characteristics of the study patients according to the severity of fatty liver

Severity of fatty liver

Normal Low-grade High-grade p value

n=23 n=068 n=44
Age, yr 56.1+£9.4 57.3+8.7 544+97 0.3
Hypertension, % 43.5 54.4 70.5 0.08
Current smoker, % 7(30.4) 23 (33.8) 17 (38.6) 0.8
Duration of diabetes, yr 6.0 (3.0-12.0) 4.5(2.0-11.5) 3.5(2.0-6.0) 0.2
Anti-diabetic medication
Insulin use, % 7(30.4) 17 (25.0) 8(18.2) 0.5
Metformin use, % 9(39.1) 32 (47.1) 28 (63.6) 0.10
PPAR-y agonist use, % 2(8.7) 3(44) 6(13.6) 0.22
ACEV/ARB use, % 11 (47.8) 37 (54.4) 27 (61.4) 0.6
BMI, kg/m’ 244+£2.6 252+2.6 272+29° <0.001
Waist circumference, cm 86.5+£6.2 90.1+7.0 92.2+14.3" 0.09
Systolic BP, mmHg 1279+ 114 127.2+£13.6 1273+ 144 0.9
Diastolic BP, mmHg 76.0+8.5 73.5+10.9 74.5+8.3 0.6
Fasting blood glucose, mg/dL 164.0 +£54.9 140.0 +36.5° 155.4+50.5 0.06
Fasting insulin, pU/mL 4.1(2.3-6.4) 5.5(3.8-10.2) 9.1 (5.9-14.0)° 0.01
HOMA-IR 1.5 (1.0-3.1) 1.9 (1.2-3.7) 3.3(2.1-5.0) <0.001
HbAIC, % 7.7+1.9 74+14 77+15 0.5
Serum creatinine, mg/dL 0.88+0.17 0.92+0.14 0.95+0.15 0.3
24-hour albuminuria, mg/day 14.0 (8.4-37.4) 12.5(7.1-47.3) 14.8 (10.1-33.4) 0.7
Total cholesterol, mg/dL 163.4+34.2 172.1+£44.0 158.2+22.4 0.1
Triglycerides, mg/dL 105.0 (80.0-148.0) 113.5 (80.0-158.3) 161.5 (131.8-241.8)° <0.001
HDL cholesterol, mg/dL 47.7+113 48.7+14.0 422495 0.02
LDL cholesterol, mg/dL 92.2+28.6 97.9+40.4 83.5+213 0.09
AST, units/L 21.7£55 235+73 283+9.9° 0.001
ALT, units/L 23.0 (16.0-35.0) 26.0 (16.0-34.0) 37.0 (25.0-48.0)° 0.004
yGT, units/L 21.0 (17.0-40.0) 28.5(17.3-48.5) 37.5 (25.3-56.8)° 0.02
FGF-21, pg/mL 103.2 (75.3-182.2) 154.3 (111.7-252.3) 222.1(178.9-358.5)° <0.001
hsCRP, mg/L 0.4 (0.3-1.4) 0.6 (0.3-1.1) 0.7 (0.4-1.7) 0.2

Categorical variables are presented as n (%) and continuous variables as means + SD or median (interquartile range). P value represents
the difference among the three groups using the x test and ANOVA.

PPAR-y, peroxisome proliferator activated receptor-gamma; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor
blocker; BMI, body mass index; BP, blood pressure; HOMA-IR, homeostatic model assessment-estimated insulin resistance; HDL, high
density lipoprotein; LDL, low density lipoprotein; AST, aspartate transaminase; ALT, alanine transaminase; yGT, gamma-glutamyl-
transferase; FGF-21, fibroblast growth factor-21; hsCRP, high-sensitivity C-reactive protein; ANOVA, analysis of variance.

*p <0.05, compared with normal value.

bp <0.01, compared with normal value.

°p <0.001, compared with normal value.
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Table 2. Correlations of serum FGF-21 and high-grade fatty liver
with metabolic parameters

FGF-21*
r p value B p value
Age, yr -0.07 0.2
Duration of diabetes’, yr ~ -0.23 0.004 -0.12 0.1
hgNAFL 0.22 0.01
BMI, kg/m’ 0.22 0.005  0.02 0.8
Waist circumference,cm  0.09 0.2
Systolic BP, mmHg 0.10 0.1
Diastolic BP, mmHg 0.09 0.2
Fasting blood glucose, 0.04 0.3
mg/dL
Fasting insulin®, puU/mL ~ 0.13 0.07
HOMA-IR* 0.14 0.05
HbAIC, % 0.05 0.3
Serum creatinine, mg/dL.  0.20 0.01 0.16 0.04
AER’, mg/day 0.03 04

Total cholesterol, mg/dL.  0.03 0.4

Triglycerides®, mg/dL 0.39 <0.001 0.26 0.007
HDL cholesterol, mg/dL.  -0.23 0.004 -0.03 0.7
LDL cholesterol, mg/dL.  -0.06 0.3

AST, units/L 0.16 0.04 0.02 0.9
ALT, units/L 0.01 0.4

yGT", units/L 0.21 0.008  0.04 0.7
hsCRP*, mg/L 0.15 0.04 0.03 0.8

FGF-21, fibroblast growth factor-21; », Pearson correlation co-
efficient; B, multivariate regression coefficient; hgNAFL, high
grade nonalcoholic fatty liver; BMI, body mass index; BP, blood
pressure; HOMA-IR, homeostatic model assessment-estimated
insulin resistance; AER, 24-hour albumin excretion rate; HDL,
high density lipoprotein; LDL, low density lipoprotein; AST, as-
partate transaminase; ALT, alanine transaminase; yGT, gamma-
glutamyltransferase; hsCRP, high-sensitivity C-reactive protein.
"Data were log-transformed before the analysis.

L ©0)5}4 Z7}3itk(Table 4).
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ool wet 5= ol ARt FHkY] e sl
7RSS A9l vs. ZaL AHE9]5= OR [95% CT]
= 349 [1.22-10.04] vs. 5.81 [2.06-16.38], p < 0.05). AT}7}
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691, oA FGE-217} A|}7ke] Ak —

Table 3. Multiple logistic regression analysis of metabolic pa-
rameters in which a 1-standard-deviation increase predicted the
presence of high-grade fatty liver

Metabolic parameter OR (95% CI) p value
FGF-21%, pg/mL 2.39(1.55-3.68) <0.001
BMI, kg/m’ 2.33(1.52-3.58) <0.001
Triglyceride’, mg/dL 2.01 (1.33-3.05) 0.001
HDL, mg/dL 0.55(0.35-0.85) 0.007
yGTP?, units/L 1.55(1.07-2.25) 0.02

AST, units/L 1.91 (1.29-2.82) 0.001
ALT®, units/L 1.98 (1.32-2.97) 0.001
HOMA-IR" 2.23(1.45-3.41) <0.001

Data are the mean odds ratios (ORs) for a 1-standard-deviation
increase in each variable.

OR, odds ratio; CI, confidence interval; FGF-21, fibroblast
growth factor-21; BMI, body mass index; HDL, high density
lipoprotein; YGTP, gamma-glutamyl transpeptidase; AST, aspar-
tate transaminase; ALT, alanine transaminase; HOMA-IR, ho-
meostatic model assessment-estimated insulin resistance.

"Data were log-transformed before the analysis.

[1.02-11.38], p < 0.05) (Table 5).
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Table 4. Characteristics of the study patients according to the tertiles of FGF-21 levels

Tretile of FGF-21

Ist 2nd 3rd p value
n=44 n=45 n=46

FGF-21, pg/mL 91.9 (70.3-110.3) 178.8 (152.6-198.6) 317.0 (261.9-472.8)° <0.001
Age, yr 552+8.5 57.8+9.5 554+93 0.3
Duration of diabetes, yr 7.0 (3.3-12.0) 5.0 (2.0-10.0) 3.5(2.0-7.0) 0.2
BMI, kg/m’ 246425 26.1+2.4° 26.4+3.4° 0.008
HOMA-IR 2.0 (1.0-3.9) 2.4 (1.4-4.3) 2.2 (1.6-4.2) 0.9
Serum creatinine, mg/dL 0.90+0.13 091 +0.16 0.96 £ 0.15 0.1
Triglycerides, mg/dL 90.0 (73.0-136.0) 136.0 (105.0-171.0)* 160.0 (104.0-261.0)° 0.001
HDL cholesterol, mg/dL 50.6 £ 14.0 46.3+11.1 £25+11.1° 0.008
AST, units/L 22.7+82 246+7.5 26.8 +8.8" 0.07
ALT, units/L 27.0 (18.0-40.0) 26.0 (16.0-40.0) 30.0 (20.0-39.0) 0.6
yGT, units/L 22.0 (17.0-37.0) 30.0 (19.0-52.0) 37.0 (21.0-67.0)° 0.006
hsCRP, mg/L 0.5 (0.3-0.7) 0.7 (0.4-1.31) 0.7 (0.4-1.5) 0.8
High-grade NAFL, % 31.8 48.9 58.7 0.04

Categorical variables are presented as n (%) and continuous variables as the means =+ standard deviation or median (interquartile range).
The p value represents the difference among the three groups according to the xz test and ANOVA.
FGF-21, fibroblast growth factor-21; BMI, body mass index; HOMA-IR, homeostatic model assessment-estimated insulin resistance;
HDL, high density lipoprotein; AST, aspartate transaminase; ALT, alanine transaminase; YGT, gamma-glutamyltransferase; hsCRP,
high-sensitivity C-reactive protein; NAFL, nonalcoholic fatty liver; ANOVA, analysis of variance.

p <0.05, compared with the 1st tertile.
bp <0.01, compared with the 1st tertile.
‘p <0.001, compared with the 1st tertile.

Table 5. Odds ratios (ORs) for the presence of high-grade fatty liver according to the tertiles of serum FGF-21

ORs (95% CI)
FGF-21 tertile Ist 2nd 3rd
Model 1° 1 3.49 (1.22-10.04)° 5.81(2.06-16.38)°
Model 2 1 2.63 (0.88-7.84) 3.58 (1.18-10.83)"
Model 3° 1 2.28(0.71-7.33) 3.38(1.02-11.38)°
FGF-21, fibroblast growth factor-21; CI, confidence interval.
*Unadjusted.
®p < 0.05.
< 0.01.

*Model 1 + further adjusted for serum creatinine and triglyceride

‘Model 2 + further adjusted for body mass index and homeostatic model assessment-estimated insulin resistance.
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